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Seven textbook-size volumes covering all current commercial 
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Linear Integrated Circuits and DMOS Devices 
(Application Notes only) .................... SSD-202C 

COS/MOS Digital Integrated Circuits ........... SSD-203C 

Power Transistors .......................... SSD-204C 

RF/Microwave Devices ...................... SSD-205C 

Thyristors, Rectifiers, and Diacs .............. SSD-20eC 

High-Reliability Devices ..................... SSD-207C 

Announcement Newsletter: "What's New in Solid State:' 
Availabe FREE to all DATABOOK users. 

"Bingo-type Response-Card Service" included with News­
letter Available FREE to all DATABOOK users. 
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use the form on page 4 (unless you received your 
DATABOOK directly from RCA). You must qualify 
annually since a new mailing list is started for each 
edition of the DATABOOKS. 
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This DATABOO!< contains complete data and 
related application notes on power transistors 
presently available from RCA Solid State Division 
as standard products. For ease of type selection, 
product matrix charts are given on pages 11-25. 
Data sheets are then included in type-number 
sequence, followed by dimensional outlines and 
suggested mounting hardware for all types, by 
application notes in numerical order, and finally by 
a comprehensive subject index. 

To simplify data reference, data sheets are arranged 
as nearly as possible in numericalcalphabetical­
numerical sequence of type numbers. Because 
some data ~heets include more than one type 
number, however, -some types may be out of 
sequence. If you don't find the type you're looking 
for where you expect it to be, please consult the 
I ndex to Devices on pages 6-9 . 
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RCA Solid State 
Total Data Service System 

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

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

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

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

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

(a) from U.S.A. and Canada: 

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

(b) from Latin America and Far East: 

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

(c) from United Kingdom, Europe, Middle East, and Africa: 

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

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

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

I I I I I I I I I I I I I I I I I I I 
, (Last) (initials) 

Company I 1 1 1 1 I I I I I I I I I I I I I I I I I I I 
Address 

Home 
Business 

I I I 1 I I I I I I II 1 I I I I I II I I I I 
(Number) (Street, RFD, P.O. Box) 

81 1 II' I I I I 1 I I I I I '--1 "'--1 "'--1 "'--1 '--1 I~I "--'1 I 
(City) , (State or Prov.) 

I I I I I I I I I 1 I I I I I I 1 I I I I I I I 

Function: (Check One) 

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

Engineer 

F 0 Production/Manufacturing 
GO Documentation/Library 
H 0 Reliability/OA 
I 0 Education/Trairiing 
J 0 Program/Project Management 
K 0 Marketing 

(Country) 

Activity: IChock On.1 

A 0 Broadcast 
'B 0 Communication 
C 0 Instrumentation/Control 
D 0 Computer/Data Processing 
E 0 Computer, Peripheral 
F 0 Automotive 
G 0 Industrial 
H 0 Medical 
I 0 Research 
J 0 Transportation 
K 0 Consumer, Electronic 
L 0 Consumer, Appliance 
M 0 Space 
N 0 Ordnance 
00 Avionics 
P 0 Electronic Warfare 

(Zip or Pstl. Zone) 

Product Interest: 
(Indicate order of interest if 
more than ona is marked) 

AD Linear IC's 

BOOigitaIIC·s. COS/MOS 

cD Digital IC's, Bipolar 

00 Thyristors/Rectifiers 

eDLiquid Crystals 

FDsemiconductor Diodes 

GO RF. Power Semiconductors 

HOMOSFETS 

I o Power Transistors 

J DPower Hybrid Circuits 
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Index to Power Transistors and Power Hybrid Circuits 

Type No. 

2N697 
2N699 
2N918 
2N1479 
2N1480 

2N1481 
2N1482 
2N1483 
2N1484 
2N1485 

2N1486 
2N1487 
2N1488 
2N1489 
2N1490 

2N1613 
2N1711 
2N1893 
2N2015 
2N2016 

2N2102 
2N2270 
2N2405 
2N2857 
2N2895 

2N2896 
2N2897 
2N3053 
2N3054 
2N3055 

2N3263 
2N3264 
2N3265 
2N3266 
2N3439 

2N3440 
2N3441 
2N3442 
2N3478 
2N3583 

2N3584 
2N3585 
2N3600 
2N3771 
2N3772 

2N3773 
2N3839 
2N3878 
2N3879 
2N4036 

2N4037 
2N4063 
2N4064 
2N4240 
2N4314 

2N4347 
2N4348 
2N5034 
2N5035 
2N5036 

2N5037 
2N5038 
2N5039 
2N5109 
2N5179 
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Page 
No. 

28 
30 
33 
37 
37 

37 
37 
40 
40 
40 

40 
44 
44 
44 
44 

48 
53 
57 
63 
63 

48 
66 
57 
70 
74 

74 
74 
80 
85 
92 

99 
99 
99 
99 
104 

104 
109 
116 
124 
128 

128 
128 
33 
135 
135 

143 
151 
155 
155 
162 

162 
104 

104 
128 
162 

116 
143 
168 
168 
168 

168 
174 
174 
181 
187 

Collector-to­
Base Voltage 
(Max.l- V 

60 
120 
30 
60 
100 

60 
100 
60 
100 
60 

100 
60 

100 
60 
100 

75 
75 
120 
100 
130 

120 
60 
120 
30 

120 

140 
60 
60 
90 
100 

150 
120 
150 
120 
450 

300 
160 
160 
30 

250 

375 
500 
30 
50 
100 

160 
30 
120 
120 
·90 

·60 
450 

300 
500 
·90 

140 
140 
55 
55 
70 

70 
150 
120 
40 
20 

Power 
Dissipation 
(Max.I-W 

0.3 

25 
25 
25 

25 
75 
75 
75 
75 

150 
150 

0.3 
1.8 

1.8 
1.8 

25 
115 

20 
30 
24 
28 
10 

10 
25 

117 
0.2 
2.5 

2.5 
2.5 
0.3 
150 
150 

150 
0.3 
35 
35 

10 
2.5 

100 
120 
83 
83 
83 

83 
140 
140 
3.5 
0.3 

DC Current Data 
Transfer Sheet 

Ratio File No. 

40·120 16 
40·120 22 
20 min. 83 
20·60 135 

20 min. 135 

35·100 135 
35·100 135 
20-60 137 
20-60 137 

35·100 137 

35·100 137 
15·45 139 
1545 139 
25·75 139 
25·75 139 

20 min. 106 
35 min. 26 
40·120 34 
15·50 12 
15·50 12 

20 min. 106 
50·200 24 
60·200 34 
30·150 61 
40·120 143 

60·200 143 
50·200 143 
50·250 432 
25·150 527 
20·70 524 

25·75 54 
20-80 54 
25·75 54 
20·80 54 

40·160 64 

40·160 64 
25·100 529 
20·70 528 

25·150 77 
40 min. 138 

25·100 138 
25·100 138 
20·150 83 
15·60 525 
15·60 525 

15-60 526 
30·150 229 
50·200 766 
20-80 766 

20·200 216 

50·250 216 
40·160 64 
40·160 64 
30·150 138 
50·250 216 

15·60 528 
15-60 526 
20-80 244 
20-80 244 
20·80 244 

20-80 244 
50·200 698 
30·150 698 
40·120 281 
25·250 288 

Type No. 

2N5189 
2N5202 
2N5239 
2N5240 
2N5262 

2N5293 
2N5294 
2N5295 
2N5296 
2N5297 

2N5298 
2N5320 
2N5321 
2N5322 
2N5323 

2N5415 
2N5416 
2N5490 
2N5491 
2N5492 

2N5493 
2N5494 
2N5495 
2N5496 
2N5497 

2N5575 
2N5578 
2N5671 
2N5672 
2N5781 

2N5782 
2N5783 
2N5784 
2N5785 
2N5786 

2N5804 
2N5805 
2N5838 
2N5839 
2N5840 

2N5954 
2N5955 
2N5956 
2N6032 
2N6033 

2N6055 
2N6056 
2N6077 
2N6078 
2N6079 

2N6098 
2N6099 
2N6100 
2N6101 
2N6102 

2N6103 
2N6106 
2N6107 
2N6108 
2N6109 

2N6110 
2N6111 
2N6175 
2N6176 
2N6177 

Page 
No. 

192 
155 
196 
196 
202 

207 
207 
207 
207 
207 

207 
214 
214 
214 
214 

220 
220 
225 
225 
225 

225 
225 
225 
225 
225 

231 
231 
237 
237 
242 

242 
242 
242 
242 
242 

253 
253 
258 
258 
258 

264 
264 
264 
271 
271 

277 
277 
281 
281 
281 

287 
287 
287 
287 
287 

287 
293 
293 
293 
293 

293 
293 
304 
304 
304 

Collector-to­
Base Voltage 
(Max.) - V 

60 
120 
300 
375 
75 

80 
80 
60 
60 
80 

80 
100 
75 

·100 
·75 

·200 
·350 
60 
60 
75 

75 
60 
60 
90 
90 

70 
90 
120 
150 
-80 

-65 
45 
80 
65 
45 

300 
375 
275 
300 
375 

·85 
·70 
·50 
120 
150 

60 
80 
300 
275 
375 

70 
70 
80 
80 
45 

45 
-80 
-80 
-60 
-60 

40 
40 
300 
350 
450 

Power 
Dissipation 
(Max.) -W 

5 
35 
100 
100 

36 
36 
36 
36 
36 

36 
10 
10 
10 
10 

10 
10 
50 
50 
50 

50 
50 
50 
50 
50 

300 
300 
140 
140 
10 

10 
10 
10 
10 
10 

110 
110 
100 
100 
100 

40 
40 
40 
140 
140 

100 
100 
45 
45 
45 

75 
75 
75 
75 
75 

75 
40 
40 
40 
40 

40 
40 
20 
20 
20 

DC Current Data 
Transfer Sheet 

Ratio File No. 

30 min. 296 
10·100 766 
20-80 321 
20-80 321 

35 min. 313 

30·120 322 
30·120 322 
30·120 322 
30·120 322 
20-80 322 

20·80 322 
30·130 325 
40·250 325 
30·130 325 
40·250 325 

30·150 336 
30·120 336 
20·100 353 
20·100 353 
20·100 353 

20·100 353 
20·100 353 
20·100 353 
20·100 353 
20·100 353 

1040 359 
1040 359 

20·100 383 
20·100 383 
20·100 413 

20·100 413 
20·100 413 
20·100 413 
20·100 413 
20·100 413 

10·100 407 
10·100 407 
8·40 410 
10·50 410 
10·50 410 

20·100 675 
20·100 675 
20·100 675 
10·50 462 
10·50 462 

100·18000 563 
100·18000 563 

12·70 492 
12·70 492 
12·50 492 

20-80 485 
20-80 485 
20-80 485 
20-80 485 
15-60 485 

15·60 485 
30·150 676 
30·150 676 
30·150 676 
30·150 676 

30·150 676 
30·150 676 
30·190 508 
30·150 508 
30·150 508 



Index to Power Transistors and Power Hybrid Circuits (Cont'd) 

Type No. 

2N6178 
2N6179 
2N6180 
2N6181 
2N6211 

2N6212 
2N6213 
2N6214 
2N6246 
2N6247 

2N6248 
2N6249 
2N6250 
2N6251 
2N6253 

2N6254 
2N6257 
2N6258 
2N6259 
2N6260 

2N6261 
2N6262 
2N6263 
2N6264 
2N6288 

2N6289 
2N6290 
2N6291 
2N6292 
2N6293 

2N6354 
2N6371 
2N6372 
2N6373 
2N6374 

2N6383 
2N6384 
2N6385 
2N6386 
2N6387 

2N6388 
2N6389 
2N6467 
2N6468 
2N6469 

2N6470 
2N6471 
2N6472 
2N6473 
2N6474 

2N6475 
2N6476 
2N6477 
2N6478 
2N6479 

2N6480 
2N6461 
2N6462 
2N6466 
2N6487 

2N6488 
2N6469 
2N6490 
2N6491 
2N6496 

Page 
No. 

310 
310 
310 
310 
318 

318 
318 
318 
323 
323 

323 
332 
332 
332 
92 

92 
135 
135 
143 
85 

85 
116 
109 
109 
293 

293 
293 
293 
293 
293 

339 
345 
264 
264 
264 

350 
350 
350 
356 
356 

356 
362 
264 
264 
323 

323 
323 
323 
293 
293 

293 
293 
366 
366 
372 

372 
372 
372 
379 
379 

379 
379 
379 
379 
174 

Collector·to­
Base Voltage 
(Max.) -V 

100 
75 

·100 
·75 

·275 

·350 
400 
450 
·70 
·90 

·110 
300 
375 
450 
55 

100 
50 
100 
170 
50 

90 
170 
140 
170 
40 

40 
60 
60 
80 
80 

150 
50 
50 
70 
90 

40 
60 
80 
40 
60 

80 

20 
·110 
·130 
-SO 

50 
70 
90 
110 
130 

·110 
·130 
140 
160 
100 

100 
100 
100 
50 
70 

90 
·50 
·70 
·90 
150 

Power 
Dissipation 
IMax.I-W 

25 
25 
25 
25 
35 

35 
35 
20 

125 
125 

125 
175 
175 
175 
115 

150 
150 
250 
250 
29 

50 
150 
20 
50 
40 

40 
40 
40 
40 
40 

140 
117 
40 
40 
40 

100 
100 
100 
40 
40 

40 

0.2 
40 
40 
125 

125 
125 
125 
40 
40 

40 
40 
20 
25 
50 

50 
67 
67 
75 
75 

75 
75 
75 
75 

140 

DC Current Data 
Transfer Sheet 

Ratio File No. 

30·130 562 
40·250 562 
30·130 562 
40·250 562 
30·175 507 

30·175 
30-150 
10-100 
20-100 
20-100 

20-100 
20-100 
20-100 
20-100 
20-70 

20-70 
15-75 
20-60 
15-60 

20-100 

25-100 
20-70 

20-100 
20-60 

30-150 

30-150 
30-150 
30-150 
30-150 
30-150 

20-150 
15-60 

20-100 
20-100 
20-100 

1000-20000 
1000-20000 
1000-20000 
1000-20000 
1000-20000 

1000-20000 

25-250 
15-150 
15-150 
20-150 

20-150 
20-150 
20-150 
15-150 
15-150 

15-150 
15-150 
25-100 
25-100 
20-300 

20-300 
20-300 
20-300 
20-150 
20-150 

20-150 
20-150 
20-150 
20-150 
12-100 

507 
507 
507 
677 
677 

677 
523 
523 
523 
524 

524 
525 
525 
526 
527 

527 
528 
529 
529 
676 

676 
676 
676 
676 
676 

582 
607 
675 
675 
675 

609 
609 
609 
610 
610 

610 

617 
675 
675 
677 

677 
677 
677 
676 
676 

676 
676 
680 
680 
702 

702 
702 
702 
678 
678 

678 
678 
678 
678 
698 . 

Type No. 

·2N6500 
2N6510 
2N6511 
2N6512 
2N6513 

2N6514 
40250 
40250Vl 
40251 
40309 

40310 
40311 
40312 
40313 
40314 

40315 
40316 
40317 
40318 
40319 

40320 
40321 
40322 
40323 
40324 

40325 
40326 
40327 
40328 
40346 

40346Vl 
40346V2 
40347 
40347Vl 
4034V2 

40348 
40348Vl 
40348V2 
40349 
40349Vl 

40349V2 
40360 
40361 
40362 
40363 

40364 
40366 
40367 
40368 
40369 

40372 
40373 
40374 
40375 
40385 

40389 
40390 
40391 
40392 
40394 

40406 
40407 
40408 
40409 
40410 

Page 
No. 

155 
385 
385 
385 
385 

385 
391 
391 
391 
395 

395 
395 
395 
395 
395 

395 
395 
395 
395 
395 

395 
395 
395 
395 
395 

395 
395 
395 
395 
402 

402 
402 
405 
405 
405 

405 
405 
405 
405 
405 

405 
395 
395 
395 
395 

395 
411 
411 
411 
411 

85 
109 
128 
155 
411 

80 
104 
162 
80 
162 

416 
416 
416 
416 
416 

Collector-to­
Base Voltage 
(Max.l-V 

120 
250# 
300# 
350# 
400# 

350# 
50 
50 
50 
18' 

35" 
30" 
60# 
300# 
40" 

35' 
40# 
40-

300# 
40' 

40-
300# 
300# 
10-
35-

35-
40" 

300# 
300# 
175# 

175# 
175# 

60 
60 
60 

90 
90 
90 
160 
160 

160 
70" 
70# 
·70# 
70# 

60# 
120 
100 
100 
100 

90 
160 
250 
120 
450 

60 
300 
-60 
60 
·60 

·50' 
50" 
90" 
90# 
·90# 

Power DC Curront Data 
Dissipation Transfer Sheet 
(Max.) - W Ratio File No. 

35 15-60 766 
125 10 min. 848 
125 10 min. 848 
125 10 min. 848 
125 10 min. 848 

125 
29 
5.8 
117 

5 

29 

29 
35 

5 
29 

35 
5 

35 
5 

29 

117 
5 

35 
10 

10 
4 

8.75 
4.4 
11.7 

8.75 
4.4 
11.7 
8.75 
4.4 

11.7 
5 
5 

115 

35 
5 
5 

25 
75 

25 
25 
5.8 
5.8 
5 

3.5 
3.5 
3.5 

3 

10min. 
25·100 
25-100 
25-100 
70·350 

20·120 
70-350 
20-120 
40·250 
70·350 

70·350 
20·120 
40-200 
50 min. 
35-200 

40·200 
25·200 
75 min. 
70·350 
20·120 

12-60 
40-200 
40·250 
40 min. 
25 min. 

25 min. 
25 min. 
25·100 
25·100 
25·100 

30·125 
30·125 
30·125 
30·125 
30·125 

30·125 
40·200 
70·350 
35·200 
20·70 

35·175 
40-120 
35·100 
35-100 
25·75 

25·150 
25·100 
40 min. 
50-200 
40·160 

50-250 
40-160 
50-250 
50·250 
50·250 

30·200 
40·200 
40·200 
50·250 
50-250 

848 
112 
112 
112 
78 

78 
78 
78 
78 
78 

78 
78 
78 
78 
78 

78 
78 
78 
78 
78 

78 
78 
78 
78 

211 

211 
211 
88 
88 
88 

88 
88 
88 
88 
88 

88 
78 
78 
78 
78 

78 
215 
215 
215 
215 

527 
529 
138 
766 
215 

432 
64 
216 
432 
216 

219 
219 
219 
219 
219 
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Index to Power Transistors and Power Hybrid Circuits (Cont'd) 

Type No. 

40411 
40412 
40412Vl 
40412V2 
40537 

40538 
40539 
40542 
40543 
40544 

40594 
40595 
40608 
40611 
40613 

40616 
40618 
40621 
40622 
40624 

40625 
40627 
40628 
40629 
40630 

40631 
40632 
40634 
40635 
40636 

40829 
40830 
40831 
40850 
40851 

40652 
40853 
40854 
40885 
40886 

40887 
40894 
40895 
40896 
40897 

40910 
40911 
40912 
40913 
40915 

41500 
41501 
41502 
41503 
41504 

41505 
41506 
43104 
CH2102 
CH2270 

CH2405 
CH3053 
CH3439 
CH3440 
CH4036 

8 

416 
402 
402 
402 
422 

422 
425 
428 
428 
425 

432 
432 
435 
432 
432 

432 
432 
432 
432 
432 

432 
432 
432 
432 
432 

432 
432 
432 
432 
432 

264 
264 
264 
439 
439 

439 
439 
439 
304 
304 

304 
443 
443 
443 
443 

85 
85 
109 
109 
448 

452 
456 
459 
462 
465 

469 
471 
475 
698 
698 

698 
698 
698 
698 
698 

90# 
250# 
250# 
250# 
-55# 

-55# 
55# 
50# 
60# 
50# 

95# 
-95# 
40 

25" 
25" 

32" 
30" 
32' 
40' 
45' 

45' 
55" 
55' 
35# 
40# 

45# 
60# 
-75# 
75# 
95# 

-90 
-70 
-50 
450 
450 

450 
450 
450 
300 
350 

450 
20 
20 
20 
20 

50 
90 
140 
170 
35 

35 
-35 
30' 
-30' 
35# 

200' 
200 
160 
60' 
45' 

90" 
30' 

325' 
250· 
-65" 

Power DC Current Data 
Dissipation Transfer Sheet Type No. 
(Max.) - W Ratio File No. 

Collector·to· 

~s:~ Base Voltage 
(Max.I-V 

150 
10 
4 
10 
5 

5 
83 
83 

10 
10 
3.5 
5 

36 

5 
36 
36 
36 
50 

3.5 
50 
3.5 
36 
36 

36 
50 

115 

40 
40 
40 
35 
45 

100 
100 
110 
20 
20 

20 
0.3 
0.3 
0.3 
0.3 

29 
50 
20 
50 
0.2 

40 
40 
3 
1 

36 

20 
100 
150 

35-100 
40 min. 
40 min. 
40 min. 
50-300 

15-90 
15-90 
20-70 
20-70 

35-200 

70-350 
70-350 
35-120 
70-500 
30-120 

70-500 
30-120 
25-100 
25-100 
20-100 

100-300 
20-100 
100-300 
20-70 
20-70 

20-70 
20-70 

50-250 
50-250 
20-70 

20-100 
20-100 
20-100 
25 min. 
12min. 

12min. 
10 min. 
10min. 
30-190 
30-150 

30-150 
50-250 
40-250 
27-250 
70-250 

20-100 
25-100 
20-100 
20-60 

20 min. 

25 min. 
25 min. 
30 min. 
20 min. 
25 min. 

20 min. 
8min. 
15-60 

50 min. 
50 min. 

50 min. 
so min. 
30 min. 
30 min. 
35 min. 

219 CH4037 698 
698 
698 
698 
698' 

211 CH5320 
211 CH5321 
211 CH5322 
302 CH5323 

302 CH5262 698 
698 
704 
709 
479 

303 CH6479 
304 HC2oo0H 
304 HC2500 
303 RCA1AOl 

358 RCA1A02 479 
479 
479 
479 
479 

358 RCA1A03 
356 RCA1A04 
358 RCA1A05 
358 RCA1A06 

358 RCA1A07 479 
479 
479 
479 
479 

358 RCA1A08 
358 RCA1A09 
358 RCA1Al0 
358 RCA1All 

358 RCA1A15 479 
479 
479 
479 
479 

358 RCA1A16 
358 RCA1A17 
358 RCA1A18 
358 RCA1A19 

358 RCA1BOl 489 
493 
498 
503 
507 

358 RCA1B04 
358 RCA1B05 
358 RCA1B06 
358 RCA1B07 

675 
675 
675 
498 
498 

498 
498 
498 
508 
508 

508 
548 
548 
548 
548 

527 
527 
529 
529 
574 

772 
770 
773 
774 
775 

771 
776 
622 
632 
632 

632 
632 
632 
632 
632 

RCA1B08 507 
RCA1C03 512 
RCA1C04 512 
RCA1C05 515 
RCA1C06 515 

RCA1C07 519 
RCA1C08 519 
RCA1C09 523 
RCA1Cl0 527 
RCA1Cll 527 

RCA1C12 512 
RCA1C13 512 
RCA1C14 532 
RCA1E02 536 
RCA1E03 536 

RCA29 538 
RCA29A 538 
RCA29B 53B 
RCA29C 538 
RCA29/S0H 542 

RCA29A/SOH 542 
RCA29B/imH 542 
RCA29C/SOH 542 
RCA30 54B 
RCA30A 546 

RCA30B 546 
RCA30C 546 
RCA31 552 
RCA31A 552 
RCA31B 552 

RCA31C 552 
RCA31/S0H 556 
RCA31 A/SOH 556 
RCA31 B/SOH 556 
RCA31 C/SOH 556 

-40' 
SO" 
55' 
-80' 
-55" 

35' 
60" 
75" 
75" 
70' 

-SO' 
95 
-95 
-75 
75 

50 
-50 

175· 
·175* 
175* 

100' 
-100' 
90' 
10' 
·10· 

95 
225 
275 
120 
80 

-80 
120 
-120 
60 
-60 

75 
-75 
75 
40 
-40 

140 
-140 
60 
200 
-200 

40 
SO 
80 

,100 
40 

60 
80 

'100 
-40 
-60 

-80 
-100 
40 
SO 
80 

100 
40 
60 
80 
100 

Power DC Current Data 
Dissipation Transfer Sheet 
(Max.) - W Ratio File No. 

35 
';;100 

5 

7 
10 
10 
5 

10 
10 
10 

10 
10 
5 

115 
150 
150 
150 
100 

100 
40 
40 
40 
40 

75 
75 
75 
40 
40 

40 
40 
50 
35 
35 

30 
30 
30 
30 
36 

36 
36 
50 
30 
30 

30 
30 
40 
40 
40 

40 
36 
36 
36 
SO 

35 min. 632 
30 min. 632 
30 min.' 632 
30 min. 632 
30 min. 632 

30 min. 632 
40 min. 632 

7A· 566 
7AA 681 

40-200 651 

30-200 651 
70-300 651 
70-300 651 
50-250 651 
50-250 651 

50-250 651 
70-250 651 
20-100 651 
40-250 651 
40-250 651 

20-100 651 
40-250 651 
40-200 651 
40-250 651 
40-250 651 

20-70 647 
15-75 649 
15-75 650 
10-50 648 

1000-15000 791 

1000-15000 791 
50-250 652 
SO-250 6S2 
20-120 644 
20-120 644 

20-120 646 
20-120 646 
20-120 645 
50-250 642 
50-2S0 642 

40-250 652 
40-250 652 
20-70 643 
30-1 SO 653 
30-150 653 

15-75 583 
15-75 583 
15-75 583 
15-75 583 

40 min. 792 

40 min. 792 
40 min. 792 
40 min. 792 
15-75 584 
15-75 584 

15-75 584 
15-75 584 
10-S0 585 
10-50 58S 
10-50 585 

10-50 
25 min. 
25 min. 
25 min. 
25 min. 

585 
793 
793 
793 
793 



Index to Power Transistors and Power Hybrid Circuits (Cont'd) 

Type No. 

RCA32 
RCA32A 
RCA32B 
RCA32C 
RCA41 

Page 
No. 

562 
562 
562 
562 
566 

RCA41A 566 
RCA41B 566 
RCA41C 566 
RCA41/SDH 570 
RCA41A/SDH 570 

RCA41 B/SDH 570 
RCA42 574 
RCA42A 574 
RCA42B 574 
RCA42C 574 

RCA120 578 
RCA121 578 
RCA122 578 
RCA125 583 
RCA126 583 

RCA410 587 
RCA411 592 
RCA413 597 
RCA423 602 
RCA431 607 

RCA1000 612 
RCA100l 612 
RCA3054 615 
RCA3055 615 
RCA3441 622 

RCA6263 622 
RCAB203 627 
RCA8203A 627 
RCA8203B 627 
RCAB350 633 

RCA8350A 633 
RCA8350B 633 
RCPlllA 639 
RCPlll B 639 
RCPlllC 639 

# 

VCEO 

VCER 

Collector·to· 
Base Voltage 
(Max.l - V 

-40 
-60 
·80 

·100 
40 

60 
80 
100 
40 
60 

80 
-40 
·60 
·80 

·100 

60 
80 
100 
·60 
·80 

200 
300 
400 
400 
400 

60 
80 
90 
100 
140 

160 
-40 
-60 
-80 
-40 

·60 
-80 
200 
250 
300 

Supply Voltage 

Output Current 

Power DC Current Data 
Dissipation Transfer Sheet 
(Max.) - W Ratio File No. 

40 10·50 586 
40 10·50 586 
40 10·50 586 
40 10·50 586 
65 15·75 587 

65 
65 
65 
75 
75 

75 
65 
65 
65 
65 

60 
60 
60 
6 
6 

125 
125 
125 
125 
125 

90 
90 
36 
75 
36 

36 
60 
60 
60 
70 

70 
70 

6.25 
6.25 
6.25 

15·75 
15·75 
15·75 

30 min. 
30 min. 

30 min. 
15·75 
15·75 
15·75 
15·75 

587 
587 
587 
794 
794 

794 
588 
588 
588 
588 

1000 min. 840 
1000 min. 840 
1000 min. 840 
1000 min. 841 
1000 min. 841 

30·90 509 
30·90 510 
20-80 511 
30·90 512 
15·35 513 

750 min. 594 
750 min. 594 
25·100 618 
20·70 618 

20.150 666 

20·150 666 
1000·20,000 835 
1000·20,000 835 
1000·20,000 835 
1000·20,000 861 

1000·20,000 861 
1000·20,000 861 

50·300 822 
50·300 822 
50·300 822 

Type No. 

RCPlllD 
RCPl13A 
RCPl13B 
RCPl13C 
RCPl13D 

Page 
No. 

639 
639 
639 
639 
639 

RCPl15 639 
RCPl15B 639 
Repl17 639 
RCPl178 639 
RCP700A 649 

RCP700B 649 
RCP700C 649 
RCP7000 649 
RCP701A 659 
RCP701B 659 

RCP701C 659 
RCP701D 659 
RCP702A 649 
RCP702B 649 
RCP702C 649 

RCP702D 649 
RCP703A 659 
RCP703B 659 
RCP703C 659 
RCP703D 659 

RCP704 649 
RCP704B 649 
RCP705 659 
RCP705B 659 
RCP706 649 

RCP706B 649 
RCP707 659 
RCP707B 659 
RCS242 669 
RCS559 673 

RCS560 673 
RCS564 678 
RCS880 685 
RCS881 689 
RCS882 693 

Collector-to­
Base Voltage 
(Max.) - V 

350 
200 
250 
300 
350 

100 
250 
100 
250 
·55 

-85 
·105 
·125 
55 
85 

105 
125 
·55 
-85 

·105 

·125 
55 
85 
105 
125 

-45 
-85 
45 
85 
-45 

-85 
45 
85 
50 

·275 

·250 
300 

·150' 
·250 
·350 

Power DC Current Data 
Dissipation Transfer Sheet 
(Max.) - W Ratio File No. 

6.25 50·300 822 
6.25 30·150 822 
6.25 30·150 822 
6.25 30·150 822 
6.25 30·150 822 

6.25 
6.25 
6.25 
6.25 

10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 

115 
35 

35 
175 

0.75 
0.75 
7.5 

50 min. 
SO min. 
20min. 
20 min. 
50·250 

50·250 
50·250 
50·250 
50·250 
50·250 

50·250 
50·250 
30·150 
30·150 
30·150 

30·150 
30·150 
30·150 
30·150 
30·150 

50 min. 
5Cmin. 
50 min. 
50 min. 
20 min. 

20 min. 

20 min. 
20 min. 
20 min. 
10·100 

7.5m;n. 
5 min. 
20·150 
20 min. 
20 min. 

822 
822 
822 
822 
821 

821 
821 
821 
820 
820 

820 
820 
821 
821 
821 

821 
820 
820 
820 
820 

821 
821 
820 
820 
821 

821 
820 
820 
778 
782 

782 
779 
777 
780 
781 
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MONOLITHIC DARLINGTON TYPES 
Ie to 10 A ... PT to 100 W ... hFE to 1000 min. 

Ic =-10Amax: Ie"" SA max. 
PT = 60Wmax. PT = 90W max. 
VERSAWATT ITO·3) 

ITO·220) 

130 X 130& 136 X 136 

RCA8203 2N6385 
[P·N·P] [N·P·N] 

RCA8203 RCA1000 
VCERlsus) = -40 V 
hFE = 1000·20,000 

VCEolsu,) = 60 V 
hFE = lOGO min. 

@-3A @3A 
fT = 20 MHz min. "on=lPStyp· 
le= -S A 'I = 3ps'yp. 

t, = 1 ps,yp. 

File No.S35 File No. 594 

RCA125 RCA100l 
VCEO = -60 V VCEOlsus) = SO V 
hFE = 1000 min. hFE = 1000 min. 
@-3A @3A 
fT = 20 MHz min. ton = 11.ls typo 
le= -SA 't=3pstyp. 

's= 1 PS'yp· 

File No. 841 file No. 594 ._. 

RCA8203A 
VCER(sus) = -60 V 
hFE = 1000·20,000 
@-5A 
fT ". 20 MHz min. 
le= -lOA 

File No. S35 

RCA126 
VCEO=-SOV 
hFE = 1000 min. 
@-3A 
fT = 20 MHz min. 
le= -SA 

File No. 841 

RCA8203B 
VeER(sus) = -SO V 
hFE = 1000·20,000 
@-5A 
fT => 20 MHz min. 
'c=-10A 

File No. 835 

"Pellet size-values shown are edge dimensions 
in thousands-of-an-inch (mils). 

'c=8Amax. Ie'" 10"A max. le= 10 A max. 
PT = 60 W max. PT = 100W max. PT = SOW max. 
VERSAWATT ITO·3) VERSAWATT 

ITO·220) ITO·220) 

136 X 136 136 x 136 136 x 136 

Family Designation 

TA8904 2N6385 2N6388 
[N·P·N] [N·P·N] [N·P·N] 

RCA122 2N6383 2N6386 
VCERlsus) = 100 V 
hFE = 1000 min. 

VCEolsus) = 40 V 
hFE = 10DO min. 

VCEolsus) = 40 V 
hFE = 1000 min. 

@3A @5A @3A 
.fT = 20 MHz min. 'on = 1 ps typo ton == 1 JJs typo 

'1= 3ps 'yp. '1= 3ps 'yp. 
t,= 1 ps typo t s "" 1 /JStyp. 
le= lOA Ie = 10 A, PT = 40 W 

CT CT 
File No. 840 file No. 609 File No.6l0 

2N6055 RCA120 
V CEOlsus) = 60 V VCER(sus) = 60 V 
hFE = 750 min. . hFE = 1000 min. 
@4A @3A 
'on = 1 ps typo fT = 20 MHz min. 
'f= 3pstyp. le=SA 
ts = 1 ps typo 
le=SA 

PT=60W 

File No. 563 File No. 840 

2N6384 2N6387 
VCEO(sus) = 60 V 
hFE = 1000 min. 

VCEOlsus) = 60 V 
hFE = 1000 min. 

@5A @5A 
ton"'" 1 J.1s typo ton"" 1 JJs typo 
'f = 3PS'YP· 'f=3pstyp. 
ts= 1 PS'yp. 's= 1 pstyp. 
le= lOA Ie = 10 A, PT = 40 W 

CT CT 
File No. 609 File No.6l0 

2N6056 RCA121 
V CEO(sus) = SO V VCER(su,) = 80 V 
hFE => 750 min. hFE = 1000 min. 
@4A @3A 
ton = 1 /.l:s typo fT = 20-MHz min. 
'f=3ps,yp. le=SA 
's = 1 pstyp. PT =60W 
le=SA 

File No. 563 File No. 840 

2N6385 2N6388 
VCEO(sus) = 80 V 
hFE = 1000 min. 

VCEO('us) - SO V 
hFE = 1000 min. 

@5A @5A 
'on = 1 ps typo ton = 1 JJs typo 
'f=3pstyp. 'f=3pstyp. 
t, = 1 ps typo 's= 1 pstyp. 
le= lOA le= 10A,PT =40W 

CT CT 
file No. 609 File No.6l0 

CT -Complementary Type available 

le= 10Amax. 
PT = 70 W max. 

ITO.J) 

136 x 136 

RCA8350 
[P·N·P] 

RCA8350 
VCERlsus) = -40V 
hFE = 1000·20,000 
@-5A 
fT"" 20 MHz min. 

File No.S61 

RCA8350A 
VCER(sus) = -60 V 
hFE = 1000,20,000 

'@-5A 
fT"" 20 MHz min. 

File No.S61 

RCA8350B 
V CER Isus) = -so V 
hFE = 1000·20,000 
@-5A 
fT = 20 MHz min. 

File No.B6l 

11 



Ie"" 1.5 A max. 
PT = 5 Wmax. 

ITO-39)* 

90 X 904 

2N1482 

2N147ge 
VCEV =60V 
hFE = 20-60 
@200mA 

File No.13S 

2N1481-
VCEV =60V 
hFE = 35-100 
@200mA 

File No. 135 

2N1480-
VCEV = l00V 
hFE = 20 min. 
@200mA 

File No. 135 

2N148~ 
VCEV = 100V 
hFE = 35-100 
@200mA 

File No. 135 

12 

HOMETAXIAL-BASE N-P-N POWER TYPES 
IC to 80 A ... PT to 300 W ... VCE to 170 V 

Ie'" 1.5 A max. Ie = 1.5 A max. le::O 3.5 A max. Ie"" 4 A max. 
PT = 8.75 W max. PT = 8.75 W max. PT = lOW max. PT = SOW max. 

ITO-39)*, ITO-39)* ITO-39)* ITO-66)** 

90x 90 90 x 90 9Ox90 130 x 130 

Family Designation 

2N1482 40349 2N5786 2N3054 

40347 40349 2N5786- 40250 
VCEvl,u,) = 60 V VCEvlsu,) = 160 V VCERlsus) = 45 V VCEvlsus) = 50 V 
hFE = 25-100 hFE = 30-125 hFE = 20-100 hFE = 25-100 
@450mA @150mA @1.6A @1.5A 
IT = 1.5 MHz typo IT = 1.5 MHz typ_ 'T = 1 MHz min. IT = 1.2 MHz typo 

PT = 29W 

CT CT 
File No. 88 File No. 88 File No. 413 FileNo. 112 

40348 2N5785- 2N6260 
VCEVlsus) = 90 V VCERlsus) = 65 V VCEvlsus) = 50 V 
hFE = 30-125 hFE = 20-100 hFE = 20-100 
@300mA @1.2A @1.5A 
IT = 1.5 MHz typo fT = 1 MHz. min. fT = 0.8 MHz min. 

PT =29W 

CT 
File No. 88 File No. 413 File No. 527 

2N5784- 2N3054 
VCERlsu,) = 80 V V CER Isus) = 60 V 
hFE = 20-100 hFE = 25-150 
@IA @0.5A 
fT"" 1 MHz min. fT = 0.8 MHz min. 

PT =25W 

CT CT 
File No.413 File No. 527 

.4 Pellet size-values shown are edge dimensions 
2N6261 

VCERlsus) = 85 V 
in thousands-of-an-inch (mils) hFE = 25-100 

*Availabla with @1.5A 
a. flange for easy heat sinking ROJC = 150 e/W 'T = 0.8 MHz min. 
b. free..air radiator R8JA = 40-500 CIW PT = 50W 

HAvailable with free..air radiator R8JA = 300 CIW 

-These transistors are also available in TO-5 packages 
in U.S.A., Canada, Latin America, and Far East File No, 527 

CT -Complementary Type available 

Ie = 4 A max. 
PT = 36 W max. 
VERSAWATT 

ITO-220) 

130 x 130 

2N5298 

41504 
VCERlsus) = 35 V 
hFE "" 25 min. 
@IA 
fT = 0.8 MHz min. 

File No. 775 

2N5295 
2N5296 

V CER Isus) = 50 V 
hFE = 30-120 
@IA 
fT = 0.8 MHz min. 

CT 
File No. 322 

2N5297 
2N5298 

VCERlsus) = 70 V 
hFE = 20-80 
@1.5A 
fT "" O.S MHz min. 

CT 
File No. 322 

2N5293 
2N5294 

VCERlsus) = 75 V 
hFE = 30-120 
@0.5A 
fT "" 0.8 MHz min. 

CT 
FileNo. 322 



Ic =3 A max. 
PT =25W max. 

ITO·S) 

130 X 130A 

2N1486 

2Nl483 
VCEV = 60V 
hFE = 20·60 
@750mA 

File No. 137 

2N1485 
VCEV =60V 
hFE = 35·100 
@750mA 

File No. 137 

2N1484 
VCEV = looV 
hFE = 20·60 
@750mA 

File No. 137 

2N1486 
VCEV = 100 V 
hFE = 35·100 

·@750mA 

File No. 137 

HOMETAXIAL-BASE N-P-N POWER TYPES 
IC to 80 A ... PT to 300 W ... V CE to 170 V 

Ie:;;; 3A max. Ie = 3A max. Ic"" 4 A max. 

PT = SOW max. PT = 36W max. PT == 50Wmax. 
VERSAWATT VERSAWATT ITO-66)" 

ITO-220) !TO-220) 

130 X 130 130 x 130 130 X 130 

Family Designation 

2N3441 2N6478 

2N6263 2N6477 
VCERI,u,) = 130 V VCERI,u,) = 130 V 
hFE = 20-100 hFE = 25-100 
@0.5A '@lA 
IT = 1.2 MHz typo 
PT =20W 

fT = 0.8 MHz min. 

File, No. 529 file No .. SBO 

2N3441 2N6478 
VCER(sus)'" 150 V VCERlsu,) = 150 V 
hFE = 25-100 hFE = 25·100 
@0.5A @lA 
IT = 1.2 MHz typo 
PT = 25W 

ofT = 0,8 MHz min. 

CT 
File No. 529 File No. 680 

2N6264 
VCERI,u,) = 170 V 
hFE = 20-60 
@lA 
IT = 1.2 MHz typo 
PT =50W 

File No. 529 

"Pellet size-values shown are edge dImensions 
in thousands·of·an·inch (mils) 

2N6478 

RCA29/SDH 
VCEO =40V 
hFE = 40 min. 
@0.2A 
fT = 0.8 MHz min. 
Ic""4A 
PT = 36W 

File No. 792 

RCA29A/SDH 
V CEO =60V 
hFE =40 min. 
@0.2A 
fT = 0.8 MHz min. 
le=4A 
PT =36W 

File No. 792 

RCA29B/SDH 
VCEO =SOV 
hFE ::::; 40 min. 
@0.2A 
fT = 0.8 MHz min. 
le=4A 
PT=36W 

FileNo. 792 

RCA29C/SDH 
VCEO = 100 V 
hFE "" 40 min. 
@0.2A 
'fT "" 0.8 MHz min. 
le= 2.5A 
PT = 50W 

File No. 792 

** Available with free-air radiator ROJA "" 300 elW 

CT - Complementary Type available 

'c::::;4Amax: 
PT "" SOW max. 
VERSAWATT 

(TO·220) 

130 X 130 

2N6478 

RCA311SDH 
VCEO =40V 
hFE ;; 25 min. 
@lA 
fT "" 0.8 MHz min. 
le=4A 
PT = 36W 

File No. 793 

RCA31A/SDH 
V CEO =60V 
hFE::::I 25 min. 
@lA 
fT '" 0.8 MHz min. 
Ic=4A 
PT =36W 

file No. 793 

RCA31B/SDH 
VCEO=SOV 
hFE = 25 min. 
@lA 
fT ;:: 0.8 MHz min. 
le=4A 
PT = 36W 

File No. 793 

RCA31C/SDH 
VCEO = 100 V 

'hFE "" 25 min. 
@lA 
fT =: 0.8 MHz min. 
'IC = 2.5 A 
PT =50W 

File No. 793 

le= 7 A max. 
PT = 50W max. 
VERSAWATT 

(TO·220) 

150 X 150 

2N5496 

2N5491 
2N5490 

VCERI,u,) = 50 V 
hFE = 20-100 
@2A 
fT"" 0.8 MHz min. 

CT 
File No. 353 

2N5495 
2N5494 

VCERI,u,) = 50 V 
hFE = 20-100 
@3A 
fT = O.B MHz min. 

CT 
File No. 353 

2N5493 
2N5492 

V CER I,u,) = 65 V 
hFE = 20-100 
@2.5A 
fT = 0.8 MHz min. 

CT 
File No. 353 

2N5497 
2N5496 

VCERI,u,) = SO V 
hFE = 20·100 
@3.5A 
fT = 0.8 MHz min. 

CT 
FJle No. 353 

13 



HOMETAXIAL-BASE N"P-N POWER TYPES 
IC to 80 A ___ PT to 300 W - __ VCE to 170 V 

le= 6A max. Ie = 8 A max. Ie = 10 A max. Ie = 15 A max. le= 16 A max. 
PT = 75 W max. PT ' 83 W PT "50W PT = 150 W max. PJE'R~~::;;· !TO-3) -VERSAWATT ITO-36) ITO-3) 

ITO-220) !TO-220) 

180x 18~ 180 X 180 180x 180 180 X 180 180 X 180 

Family Designation 
2N1490 2N5037 2N2016 2N3055 2N6103 

2N1487 2N5034 2N2015 RCS242 RCA41/SDH 
VCEV '60V VCER!,u,), 45 V V CEO!'u,) c 50 V VCERI,u,)' 50 V VCEO '40V 
hFE - 15-45 hFE ' 20-80 hFE "5-50 hFE = 20 min. hFE = 30 min. 
@1.5A @4A @5A @3A @0.3A 

fT "" 800 kHz min. fT ::::: 0.8 MHz min. fT = 0.8 MHz min. 
Ic =6A PT "15W Ic= l6A 

File No. 139 File No. 244 File No. 12 File No. 778 File No. 794 

2N1489 2N5035 2N2016 2N6371 RCA41A/SDH 
VCEV '60V VCER!'u') , 45 V VCEOI,u,)' 65 V VCEVI,u,)' 50 V VCEO '60V 
hFE ' 25-75 hFE ' 20-80 hFE "5-50 hFE "5-60 hFE = 30 min. 
@1.5A @4A @5A @8A @0.3A 

fT = 800 kHz min. fT = 1 MHz typo ofT = 0.8 MHz min. 
le'6A PT "17W Ie' lOA 

CT 
File No. 139 File No. 244 File No. 12 File No. 607 File No. 794 

2N1488 2N5036 2N6253 RCA41B/SDH 
VCEV ' 100 V VCER!,u,), 60 V VCER!,u,), 55 V VCEO ' 80V 
hFE "5-45 hFE ' 20·80 hFE ' 20·70 hFE::::< 3D min. 

-@1.5A @5A @3A @0.3A 
fT = 800 kHz min. fT = 0.8 MHz min. fT = 0.8 MHz min. 
Ic=8A PT "15W Ie' lOA 

File No. 139 file No. 244 file No. 524 File No. 794 

2N1490 2N5037 2N3055 
VCEV ' 100 V VCER!'u') , 60 V VCER!,us)' 70 V 
hFE ' 25-75 hFE ' 20-80 hFE ' 20-70 
@1.5A @5A @4A 

fT = 800 kHz min. 
le'8A 

fT = 0.8 MHz min. 
PT "15W 

CT 
File No. 139 File ,No. 244 File No. 524 

2N6254 
VCER!,u,), 85 V 
hFE ' 20-70 
@5A 
fT = 0.8 MHz min 
PT "50W 

.. Pellet size-values shown are edge di~nsions 
in thousands-of-an-inch (mils) 

File No. 524 
CT -Complementary Type available 

14 



HOMETAXIAL-BASE N-P-NPOWER TYPES 
IC to 80 A ... PT to 300 W ... VCE to 170 V 

Ie"'" 16 A max. Ie'" lOA max. 
PT "" 75 W max. PT "" 150 W max. 
VERSAWATT (TO·3l 

(TO-220l 

180 X 180& 180 X 180 

2N6103 2N3442 

2N6102 2N1347 
2N6103 VCEv(susl- 140 V 

VCER(susl - 45 V hFE - 15-60 
hFE '15-60 @2A 
@8A fT - O.B MHz typo 
fT = 0.8 MHz min. 
le= 16 A max. 

PT -l00W 

CT 
File No. 485 File No. 528 

2N6098 2N3442 
2N6099 VCEV(susl- 160 V 

VCER(susl = 55 V hFE = 20-70 
hFE - 20-80 @3A 
@4A IT - 0.8 MHz typo 
fT = 0.8 MHz min. PT -I17W 
le= lOA max. 

File No. 485 File No. 528 

2N6100 2N6262 
2N6101 VCEV(susl- 170 V 

VCER (susl-75 V hFE 20-70 
hFE '-20-80 @3A 
@5A fT = 0.8 MHz min. 
IT - 0.8 MHz min. PT " 150W 
le= 10 A max. 

File No. 485 File No. 528 

"Pellet size-values shown are edge dimensions 
in thousands-of-an-inch (mils) 

CT -Complementary Type available 

Ie'" 30 A max. 
PT - 250 W max. 

(TO-3l 

250 X 250 

Familv Designation 
2N3771 

2N6257 
VeER(susl- 45 V 
hFE - 15-75 
@8A 
fT ::: 0.6 MHz min. 
PT '150W 
Ie = 20 A 

File No_ 525 

2N3771 
VCER(su.l = 45 V 
hFE - 15-60 
@15A 
fT = 0.8 MHz min. 
PT -150W 
le= 30A 

File No. 525 

2N3772 
VCER.(susl- 70 V 
hFE -15-60 
@10A 
IT - 0.8 MHz min_ 
PT = 150W 

CT 
File No. 525 

2N6258 
VCER(susl- 85 V 
hFE - 20-60 
@15A 
fT = 0.6 MHz min. 

.PT -250W 
le- 30A 

File No. 525 

Ie"" 16 A max. 
PT "" 250 W max. 

(TO-3l 

Ic""BO A max. 
PT - 300 W max. 
(Modified TO-3l 

250 X 250 380 X 380 

2N3773 2N5578 

2N4348 2N5575 
VCEV(susl- 140 V VCEO(susl- 50 V 
hFE - 15-60 hFE -10-40 
@5A @60A 
fT - 0.7 MHz typo 
PT -120W 

fT = 0.4 MHz min. 

Ie-lOA 

File No. 526 File No. 359 

2N3773 2N5578 
VCEV(.usl = 160 V 
hFE - 15-60 

VCEO(susl- 70 V 
hFE '10-40 

@8A @40A 
IT = 0.7 MHz typo 
PT '150W 
le'16 A 

fT "" 0.4 MHz min. 

File No. 526 File No. 359 

2N6259 
VCER(susl" 160 V 
hFE '15-60 
@8A 
IT - 0.6 MHz typo 

·PT -250W 
Ie -16 A 

File No. 526 

43104 
VCEX = 160 V 
hFE 'I5-60 
@8A 
I T - 0.7 MHz typo 
le- 4A 
PT -150W 

File No, 622 

15 



EPITAXIAL-BASEN-P-N and P-N-P TYPES 

IC to 15 A ... PT to 200 W ... VCE to 125 V 

Ie'" -2 A max. le= 2 A max. 
PT- 1OWmax. PT "" lOW max. 

Rep Plastic RCPPlastic 

42 x42A 42x42 

RCP700 RCP701 
[P-N-P) [N.-P-N) 

RCP706 RCP707 
VCEolsusl = -30 V VCEolsusl- 30 V 
hFE = 20 min. hFE = 20 min. 
@-500mA @500mA 
fT "" 50 MHz min. fT = SO MHz min. 

CT CT 
File No. 821 File No. 820 

RCP704 RCP705 
VCEOIsusl- -30 V 
hFE = 50 min. 

V CEolsusl - 30 V 
hFE = 50 min. 

@-500mA @500mA 
fT = 50 MHz min. fT"" 50 MHz min. 

CT CT 
File No. 821 File No. 820 

RCP706B RCP707B 
V CEO Isusl - -60 V 
hFE'" 20 min. 

VCEOIsusl- 60 V 
hFE::> 20 min. 

@-500mA @500mA 
fT = 50 MHz min. fT = 50 MHz min. 

CT CT 
File No. 821 File No. 820 

RCP704B RCP705B 
VCEOIsusl- -60 V VCEOIsusl- 60 V 
hFE"" 50 min. hFE "" 50 min. 
@-500mA @500mA 
fT "" 60 MHz min. fT "" 50 MHz min. 

CT CT 
File No. 821 File No. 820 

.Pellet size-values shown are edge dimensions 
in thousands·of--an-inch (mils). 

CT -Complementary Type available 

16 

Ie'" -2 A max. Ie'" 2 A max. le= -2 A max. 
PT = lOW max. PT '" 10 W max. PT = 10 W max. 

Rep Plastic Rep Plastic Rep Plastic 

42x 42 42x 42 42x42 

Family Designation 
RCP700 RCP701 RCP700 
[P-N-P) [N-P-N) [P-N-P) 

RCP702A RCP703A RCP700A 
VCEOIsusl- -40 V 
hFE - 30-150 

VCEolsusl- 40 V 
hFE - 30·150 

VCEolsusl- -40V 
hFE - 50-250 

@-500mA @500mA @-500mA 
fT"" 50 MHz min. fT = 50 MHz min. fT D 50 MHz min. 

CT CT CT 
File No. 821 File No. 820 File No. 821 

RCP702B RCP703B RCP700B 
V CEO Isusl = -60 V VcEolsusl- 60 V VCEOIsusl- -60 V 
hFE - 30-150 hFE - 30·150 hFE - 50-250 
@-500mA @500mA @-500mA 
fT = 50 MHz min. fT = 50 MHz min. fT "" 50 MHz min. 

CT CT CT 
File No. 821 File No. 820 File No. 821 

RCP702C RCP703C RCP700C 
VCEOIsusl- -80 V VCEOIsusl- 80 V VCEolsusl- -80 V 
hFE - 30·150 hFE - 3()'150 hFE - 50·250 
@-500mA @500mA @-500mA 
f T :: 50 MHz min. fT = 50 MHz min. fT = 50 MHz min. 

CT CT CT 
File No. 821 File No. 820 File No.B21 

RCP704D RCP703D RCP700D 
VCEOlsusl- -100 V 
hFE - 30-150 

VCEOIsusl- 100 V 
hFE - 30-150 

VCEOIsusl- -100 V 
hFE - 50-250 

@-500mA @500mA @-500mA 
fT"" 50 MHz min. fT"" 50 MHz min. fT := 50 MHz min. 

CT CT CT 
File No. 821 File No. 820 File No. 821 

Ie'" 2A max. 
!T-l0Wmax. 

Rep Plastic 

42 x42 

RCP701 
[N-P-N) 

RCP701A 
V CEO Isusl = 40 V 
hFE - 50-250 
@500mA 
fT ::: 50 MHz min. 

CT 
File No. 820 

RCP701B 
VCEOIsusl- 60 V 
hFE - 50·250 
@500mA 
fT = 50 MHz min. 

CT 
File No. 820 

RCP701C 
V CEO Isusl - 80 V 
hFE = 50-250 
@500mA 
fT ::: 50 MHz min. 

CT 
File No. 820 

RCP701D 
VCEOIsusl- 100 V 
hFE - 50-250 
@500mA 
fT - 50 MHz min. 

CT 
File No. 820 



EPITAXIAL-BASE N-P-N and P-N-P POWER TYPES 
IC to 15 A ... PT to 200 W ... VCE to 125 V 

Ie = -3.5 max. Ie = SA max. 
PT =10Wmax .. PT = 40 W max, 

(T0-39)* (TO·66)" 

90 x 9()A 90 x 90 

2N5783 2N6372 
[P·N·P] [N·P·N] 

2N5783- 2N6374 
VCER!susl = -45 V VCER!sus) = 45 V 
hFE = 20·100 hFE = 20·100 
@-1.6A @3A 
fT = 8 MHz min. fT = 4 MHz min. 

CT CT 
file No.413 File No. 675 

2N5782- 2N6373 
VCER!sus) = -65 V 
hFE = 20·100 

VCER!sus) = 65 V 
hFE = 20·100 

·@-1.2A @2.5A 
fT = 8 MHz min. fT = 4 MHz min. 

CT CT 
File No. 413 File No. 675 

2N5781- 2N6372 
VCER!sus) = -80 V VCER!sus) = 85 V 
hFE = 20·100 hFE = 20·100 
@-IA @2A 
fT = 8 MHz min. fT = 4 MHz min. 

CT CT 
File No. 413 File No. 675 

"'Pellet s ize-values shown are edge dimensions 
in thou sands-of-an-inch (milsl. 

itAvaiiab Ie with 
a. flange for easy heat sinking R8JC "" 150 CIW 

ir radiator ROJA "" 40-500 C/W b. free-a 

**Availab 

-These t 
Ie with freeooair radiator R8JA "" 300 CIW 

ransistors are also available in TO·5 packages 
in U.S.A " Canada, latin America, and Far East. 

CT-Com plementary Type available 

le= -6 A max. le= 7 A max. 'e::: 7 A max. 
PT = 40W max. PT = 40W max. PT = 40W max. 

(TO·66)" VERSAWATT VERSAWATT 
(T()·220) (TO·220) 

90x 90 90x 90 90 x 90 

Family Designation 
2N5954 2N6292 2N6292 
[P·N·P] IN·P·N·] IN·P·N] 

2N5956 2N6288 41500 
VCER!sus) = -45 V 2N6289 " vCEX = 35V 
hFE = 20·100 VCER!sus) = 40 V hFE = 25 min. 
@-3A hFE = 30·150 @IA 
fT = 5 MHz min. @3A fT = 4 MHz min. 

fT = 4 MHz min. 

CT CT CT 
File No. 675 File No. 676 File No. 772 

2N5955 2N6290 
VCER!sus) = -65 V 2N6291 
hFE - 20·100 VCER(SUS) = 60 V 

@-2.5A hFE = 30·150 

fT = 5 MHz min. @2.5A 
fT = 4 MHz min. 

CT CT 
File No. 675 File No. 676 

2N5954 2N6292 
VCER!sus) = -85 V 2N6293 
hFE = 20·100 VCER!sus) = 80 V 
@-2A hFE = 30-150 
fT = 5 MHz min. @2A 

fT = 4 MHz min. 

CT CT 
File No. 675 File No. 676 

2N6467 2N6473 
VCER!sus)' -105 V 
hFE = 20·100 

VCER!sus) = 110 V 
hFE = 30·150 

@-IA @1.5A 
fT = 5 MHz min. IT = 5 MHz typo 

CT 
File No. 675 Fil~ No. 676 

2N6468 2N6474 
VeER!sus)· -125 V VCER!sus) = 130 V 
hFE = 20·100 hFE = 30-150 
@-IA @IA 
fT "" 5 MHz min. IT = 5 MHz typ. 

CT 
File No. 675 File No. 676 

17 



Ic ""-7Amax. 
PT = 40 1N max. 
VERSAWATT 

(TO-220) 

90x 9()& 

2N6107 
[P-N-P] 

41501 
V CER (sus) = -35 V 
hFE= 25 min. 

.\1;>-1 A 

CT 
File No. 770 

18 

EPITAXIAL-BASE N-P-N and P-N-P POWER TYPES 
IC to 15 A ... Prto 200W ... VCE to 125 V 

le= -7 A max. ·c"'"15Amax. Ie'" -15 A max. le= 15 A max. 

P.J;R~~::';:· PT -125Wma •• PT = 125W rna •. PT = 75Wma •. 
(TO-3) (TO-3) VERSAWATT 

(TO-220) (TO-220) 

9Ox90 150 X 150 150 x 150 150 x 150 

Familv Designation 
2N6107 2N6472 2N6248 2N6488 
[P-N-P] [N-P-N] [P·N-P] [N-P·N] 

2N6110 2N6470 2N6469 2N6486 
2N6111 V CER (SU') = 45 V V CER ('us) = -45 V V CER (sus) = 50 V 

: VCER(su,) = -40 V hFE = 20-100 hFE = 20·100 hFE = 30-150 
hFE = 31).150 @5A @-5A @6A 
@-3A IT = 5 MHz typo fT = 6 MHz min. IT = 5 MHz typ. 
fT"" 10 MHz min. 

CT CT CT CT 
File No. 676 File No. 677 FileNo. 677 File No. 678 

2N6108 2N6471 2N6246 2N6487 
2N6109 V CER ('u,) = 65 V V CER (sus) = -65 V V CER(sus) = 70 V 

V CER I,u,) = -60 V hFE = 20-100 hFE = 20-100 hFE = 30-150 
hFE - 31).150 @7A ·.@-7A @5A 
@-2.5A IT = 5 MHz typ. fT ::: 6 MHz min. IT = 5 MHz typo 
IT = 10 MHz min. 

CT CT CT CT 
File No. 676 File No. S77 File No. 677 File No. 678 

2N6106 2N6472 2N6247 2N6488 
2N6107 V CER ('u,) = 85 V V CER ('u,) = '-85 V V CER ('us) = 90 V 

VCER(,u,) = -80 V hFE = 21).100 hFE = 20·100 hFE = 30-150 
hFE = 30-150 @6A @-6A @4A 
@-2A 'T = 5 MHz typo fT "" 6 MHz min. IT = 5 MHz typo 
fT'" 10 MHz min. 

CT CT CT CT 
File No. 676 File No. 677 File No. 677 FileNo. 678 

2N6475 2N6248 
VCER(,us)=-110V 
hFE = 30-150 

VCER(su,) = -105 V 
hFE = 21).100 

@-1.5A @-5A 
IT = 5 MHz typo fT = 6 MHz min. 

CT 
File No. 676 File No. 677 

2N6476 
VCERI,u,) = -130 V 
hFE = 30-150 
@-lA 
.IT = 5 MHz typ. 

CT 
• Pellet size-values shown are edge dimensions File No.67S 

in thousands-of-an-inch (miisJ. 

CT -Complementary Type available 

Ie"" -15 A max. 
PT -75Wm ••. 
VERSAWATT 

(TO-220) 

150 x 150 

2N6491 
[p·N·P] 

2N6489 
V CER (sus) = -50 V 
hFE = 30-150 
@-6A 
IT - 5 MHz typo 

CT 
File No. 678 

2N6490 
VCER(su,) = -70 V 
hFE = 30-150 
@-5A 
IT = 5 MHz typ. 

CT 
FileNo. 678 

2N6491 
VCER('u,) - -90 V 
hFE = 30·150 
@-4A 
'T' 5 MHz typ. 

CT 
File No. 678 



HIGH-VOLTAGE N-P-N and P-N-P POWER TYPES 
Ie to 30 A ... fT to 20 MHz .' .. PT to 175 W 

Ie"" 150 rnA max. Ie::::; 150 rnA max. 
PT '" 6.25 W max. PT ", 6.25 W max. 

Rep Plastic Rep Plastic 

32 X 32'" 32x 32 

RCP111 RCP111 
IN-P-Nl IN-P-Nl 

RCP117 RCP113A 
VCEolsusl = 100 V 
hFE = 20 min. 

VCEolsusl = 200 V 
hFE = 30·150 

@25mA @25mA 
IT = 80 MHz typo fT = 80 MH~ typo 

File No. 822 File No. 822 

RCP115 RCP113B 
VCEOlsusl - 100 V 
hFE"" 50 min. 

VCEOlsusl = 250 V 
hFE = 30-150 

@25mA @25mA 
IT = 80 MHz typo IT = 80 MHz typo 

File No. 822 File No. 822 

RCP117B RCP113C 
VCEolsus) = 250 V 
hFE = 20 min. 

VCEolsusl = 300 V 
hFE = 30-150 

@25mA @25mA 
IT = 80 MHz typo IT = 80 MHz typo 

File No. 822 File No. 822 

RCP115B RCP113D 
VCEOlsus) = 250 V 
hFE = SO min. 

VCEO(sus) = 350 V 
hFE = 30·150 

@25mA @25mA 
IT = 80 MHz typo IT = 80 MHz typo 

File No. 822 File No. 822 

.6.Pellet size-values shown are edge dimensions 
in thousands-of-an-inch (mils). 

* Available with 
a. flange for easy heat sinking ROJC = 150 C/W 
b. free-air radiator ROJA = 450 CIW 

• Type with a factory-attached heat clip 

Ie:::::; 150 rnA max. 
PT = 6.25 W max. 

Rep Plastic 

32x 32 

Family Designation 

RCP111 
IN-P-Nl 

RCP111A 
VcEolsusl = 200 V 
hFE = 50·300 
@25mA 
IT = 80 MHz typo 

File No. 822 

RCP111B 
VCEOlsusl = 250 V 
hFE = 50-300 
@25mA 
IT = 80 MHz typo 

File No. 822 

RCP111C 
VcEolsusl = 300 V 
hFE = 50·300 
@25mA 
IT = 80 MHz typo 

File No. 822 

RCP111D 
VCEOlsus) = 350 V 
hFE = 50·300 
@25mA 
IT = 80 MHz typo 

File No. 822 

• These transistors are also available in TO-5 packages 
in U.S.A .• Canada. Latin America, and Far East 

CT -Complementary Type available 

Ie'" 1 A max. 
PT = 20 Wmax. 

(Plastic TO·S) 

Ie'" 1 A max. 
PT = 10Wmax. 

ITO·391* 

32x32 42 x42 

2N6177 2N3439 
IN-P-Ni IN-P-Nl 

41505 2N3440· 
VCEolsusl = 200 V V CER Isusl = 300 V 
hFE = 20 min. hFE = 40-160 
@50mA @20mA 

fT == 15 MHz min. 

File No.,771 File No. 64 

2N6175 2N3439· 
40885- VCERlsusl = 400 V 

"Plastic 2N3440" hFE = 40-160 
VCERlsusl = 300 V @20mA 
hFE = 30·190 fT ;::: 15 MHz min. 
@20mA 
,fT::; 20 MHz min. 

CT 
File No. 508 File No. 64 

2N6176 
40886-

V CER Isusl = 350 V 
hFE = 30·150 
@20mA 
tT:::: 20 MHz min. 

CT 
file No. 508 

2N6177 
40887-

"Plastic 2N3439" 
VCERlsusl = 400 V 
hFE = 30-150 
@50mA 
fT'" 20 MHz min. 

CT 
File No. 508 
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HIGH-VOLTAGE N-P-N and P-N-P POWER TYPES 
Ie to 30 A .. ; fT to 20 MHz ... PT to 175 W 

'c""-1Amax. le= 5 A max. Ie = -SA max. le= -2 A max. Ie = 10 A peak 
PT = lOW max. PT = 35W max. PT = 35Wmax. PT = 20W max .. PT = 45W max. 

ITO-39)' ITO·55)" ITO·55)" ITO·55)" ITO·55)" 

42 X 42A 103 X 103 124 X 124 124 X 124 130 X 130 

Family Designation 

2N5415 2N3585 2N6213 2N6213 2N6079 
[P·N·P] [N·P·N] [P·N-P] [P·N·P] [N·P·N] 

RCS880 2N3583 2N6211 RCS560 2N6078 
VcEolsus) = -150 V VCERlsus) = 250 V VCERlsus) = -250 V V CER Isus! = -225 V V CER Isu,! = 275 V 
hFE = 20·150 hFE "" 40 min. hFE.= 10·100 hFE =" 7.5 min. hFE = 12·70 

@-50mA @100mA @-lA @-0.75A @1.2A 
:PT =7.5W hFE = 10 min. fT = 20 MHz min. 'T = 20 MHz min. I, = 0.3 /JS Iyp. 

@lA If = 0.3 /JS typo 
'T = 15 MHz min. 

CT 
File No. 777 File N.~.138 File No. 507 File,No.782 File No. 492 

2N5415 2N3584 2N6212 RCS559 2N6077 
VCEOI,u,! = -200 V VCERI,u,! = 300 V V CER Isu,! = -325 V VCERI,u,! = -250 V V CER I,us! = 300 V 
hFE - 3()'150 hFE = 40 min. hFE = 1().100 hFE = 10·100 hFE = 12·70 
@-50mA @loomA @-lA @-0.75A @1.2A 
'T = 15 MHz min. hFE = 25·100 fT "" 20 MHz min. fT == 20 MHz min. I, = 0.3 /JS Iyp. 
RT =10W @lA If = 0.3/JS typo 

'T = 15 MHz min. 

CT CT CT CT 
File No. 336 File No. 138 File No. 507 File No. 782 File No. 492 

RCS881 2N3585 2N6213 2N6079 
VCEOI,u,! = -250 V VCERI,u,! = 400 V V CER I,u,! = -375 V VCERI,u,! = 375 V 
hFE = 20 min. hFE = 40 min. hFE = 10·100 hFE = 12·50 
@-35mA @100mA @-lA @1.2A 
fT ::: 15 MHz min. hFE = 25·100 fT = 20 MHz min. I, = 0.3/JS typo 
PT = 7.5W @lA 'f = 0.3 /JS typo 

fT = 15 MHz min. 

CT 
File No. 780 File No, 138 File No. 507 File No. 492 

RCS882 2N4240 2N6214 40851 
VCER(su,) = -350 V VCERI,u,) = 400 V :VCERI,u,) = -425 V VCERI,u,) = 375 V 
hFE = 20 min. hFE = 40 min. hFE = 10·100 hFE ::: 12 min. 
@-35mA @ 100 mA @-lA .@1.2A 
fT = 15 MHz min. hFE = 30·150 fT '" 20 MHz min. tr - 0.3 J.1s typo 
PT=7.5W @750mA tf = 0.3 /JS typo 

'T = 15 MHz min. 

File No. 781 File No. 138 File No. 507 File No. 498 

2N5416 40850 
V CER lsu,) = -350 V VCERI,u,) - 400 V 
hFE = 30·120 hFE = 25 min. 

.. Pellet size-values shown are edge dimensions @-50mA @750mA 
fT' 15 MHz min. fT = 15 MHz min. in thousands-of·an-inch (mils). 

PT = lOW *Available with 
8. flange for easy heat sinking R6JC = 150 cm 
b. free-air radiator R6JA = 450 CIW 

CT 
** Available with free-air radiator R9 JA 30° C/W File No. 336 File No. 4gB 
CT -Complementary Type available 



Ie = 10 A peak 
PT ::: 125 W max. 

(TO-3! 

130 X 13().l. 

2N5840 
[N-P-N] 

RCA 410# 
VCEoIsus! = 200 V 
hFE = 30-90 
@IA 
" = 0.351lS typo 
'f = 0.15IlStyP. 

file No. 509 

RCA 411# 
VcEOlsus! = 300 V 
hFE = 30·90 
@IA 
" = 0.351lS typo 
'1= 0.15IlS'YP. 

File No. 510 

RCA 413# 
VCEO(sus! = 325 V 
hFE = 20-80 
@0.5A 
" = 0.351lS Iyp. 
'f = 0.151lS typo 

File No. 511 

RCA 423# 
VCEO(sus! • 325 V 
hFE = 30-90 
@lA 
", = 0.351lS typo 
'f = 0.151lS Iyp. 

FiI,e No. 512 

RCA 431# 
VCEO(sus! = 325 V 
hFE = 15-35 
@2.5A 
" = 0.351lS ,yp. 
'1= O.15IlStyp· 

File No, 513 

HIGH-VOLTAGE N-P-N and P-N-P POWER TYPES 
Ie to 30 A ... fT to 20 MHz ... PT to 175 W 

Ie"" 5 A max. Ie::: 7 A max. Ie::: 15 A peak 
PT = 100 W max. PT = 125 W max. PT = 110Wmax. 

ITO-31 (TO-31 ITO-31 
Switching Linear 

130 X 130 130 X 130 180 X 180 210 X 210 

Family Desi~nation 
2N5840 2N5240 2N6510 2N58D4 
[N-P-N] [N-P-N] [N-P-N] [N-P-N] 

41506 2N5239 2N6510 2N5804 
VCEO(sus! = 200 V V CER Isus! = 250 V VCERlsus! = 250 V V CER Isus! = 300 V 
hFE = 8 min. hFE ::: 20 min. hFE ;; 10 min. hFE = 25-250 
@2A @2A @3A @0.5A 

hFE = 20-80 fT = 3 MHz min. hFE = 10·100 
@O.4A @5A 
fT "" 5 MHz min. t,:::: 0.4 J1s typo 

FiI~ No. 776 File No. 321 file No. 848 
'1 = 1.21lS typo 

File No. 401 

2N5838 2N5240 2N6511 2N5805 
V CER Isus! = 275 V V CER I,u,! = 350 V VCER(sus) = 300 V VCER('us! = 375 V 
hFE == 20 min. hFE =. 20 ,min. hFE ::: 10 min. hFE = 25-250 

@0,5A @2A @4A @0.5A 

hFE = 8-40 hFE = 20·130 fT = 3 MHz min. hFE = 10·100 

@3A @OAA @5A 

" = 0.81lS typo fT :: 5 MHz min. ',= 0.41lS 'yp. 
'f = 0.41lS 'yp, 'f = 1,21lS typo 

File No. 410 File No. 321 File No. 848 File No. 407 

2N5839 2N6512 40853 
VCERlsus! = 300 V VCER(Sus! = 350 V VCER(sus! = 375 V 
hFE = 20 min. hFE = 10m;n. hFE ::: 10 min. 
@0.5A @4A @5A 
hFE = 10-50 iT::: 3 MHz min. ',= 0.41lS typo 
@2A 'f= 1.21lS'yp. 
tr::: 0.6 J.l.s typo 
'f = 0.351lS typ, 

File No. 848 File No. 498 File No.410 

2N5840 2N6514 
V CER Isus! = 375 V 
hFE = 20 min. 

VCER(,us! = 350 V 
hFE = 10min. 

@0,5A @5A 

hFE = 10-50 'fT "" MHz min, 

,@2A 

" = 0.61lS typo 
'f = 0,351lS 'YP· 

File NO',848 File No. 410 

40852 2N6513 
VCER(sus! = 375 V VCER('us! = 400 V 
hFE = 12 min. hFE ;; 10 min. 

@1.2A @4A 

',= 0.51lS typo fT = 3 MHz min. 
'f = 0.35 1lS 'yp. 

File No. 498 File No. 848 

A Pellet size-values shown are edge dimensions 
in thousands-of'an-inch (mils). 

#For new equipment design only-not recommended 
for retrofit. 

Ie::: 30 A peak 
PT = 175 W max. 

ITO-31 
Switching 

260 X 260 

2N6252 
[N-P-N] 

2N6249 
VCERlsus! = 225 V 
hFE =, 10-50 
@10A 
tr = 0.8 JJs typo 
'f = 0,51lS 'yp, 

Fi!e No. 523 

RCS564 
VCER(sus! = 225 V 

,hFE == 5 min. 
@10A 
" = 0.81lS 'yp. 
'f = 11lS 'YP, 

File No. 782 -
2N6250 

VeERIsus! = 300 V 
hFE = 8-50 
@10A 
tr::: O.8JJs typo 

'f = 0.51lS 'yp. 

File No. 523 

2N6251 
VCERI,us! = 375 V 
hFE = 6-50 
@10A 
tr = a.81JS typo 
'f = 0,51lS typo 

File No. 523 

40854 
V CER Isus! = 325 V 
hFE = 8 min. 
@10A 
" = 0.81lS typo 
'1 = 0,51lS ,yp. 

File No. 498 
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HIGH-SPEED SWITCHING N-P-N and P-N-P POWER TYPES 
fT to 250 MHz ... IC to 60 A ... PT to 140 W 

le=1 Amex. le= ..... 1 A max. Ie'" 2 A max. le= 2 A max. le= -2 A max. Ie = 2 A max. 
PT =5 Wmax. PT=7W max. PT = 5W max. PT = lOW max. PTc 10Wmax. PT = 25 W max. 

ITO-391* ITO'39I* ILo Profile TO-391 ITO-391* ITO-391* IPIastic TO-51 

30 X 30"- 30x30 32x 32 42x42 42x42 42x42 

Family Designation 
2N2102 2N4036 2N5262 2N5320 2N5322 2N6179 
[N-P-N) [P-N-P) [N-P-N) [N-P·N) [P-N·P) [N-P-N) 

41502 41503 2N5189 2N5321· 2N5323· 2N6179 
VCEolsusl = 30 V VCEol,us) = -30 V V CEoI,u,1 = 35 V VCERlsus) = 65 V V CER Isus) = -455 V "Plastic 2N5321" 
hFE = 20 min. hFE"" 20 min. hFE = 15 min. hFE = 40-250 hFE = 40-250 VCERlsu,1 = 65 V 
@150mA @-150mA @lA @500mA ·@-500mA hFE = 40-250 
PT =3W fT = 250 MHz min. fT = 50 MHz min. fT"" 50 MHz min. @500mA 

ton = 40 os max. ton = 80 os max. fT = 50 MHz min. 
toff = 70 os max. toff = BOO ns max. ton = 80 os max. 

toft = 800 os max. 
CT CT CT CT CT 

File No. 773 File No. 774 File No. 296 File No. 325 File No. 325 FileNo. 562 

2N30Sae 2N4037· 2N5262 2N5320· 2N532~ 2N6178 
. VCERl,u,1 = 50 V VCERlsu,1 = -450 V VCEOl,u,1 = 50 V V CER I,usl = 90 V VCERlsu,1 = -90 V "Plastic 2N5320" 
hFE = 60-250 hFE = 50-250 hFE = 2Smin. hFE = 30-130 hFE = 30-130 VCERlsu,1 = 90 V 
@l50mA @-150mA @lA @500mA @-500mA hFE '" 30-130 
fT = 100 MHz min. fT = 60 MHz min. fT c: 250 MHz min. fT = 50 MHz min. hfE = 10min. @500mA 
PT=5W ton = 30 os max. ton = 80 ns max. @--'lA fT = 50 MHz min. 

toff = 60 ns max. toff = BOO os max. fT '" 50 MHz min. ton = 80 os. max. 
toff '" 800 os. max. 

CT CT CT CT CT 
File No. 432 File No. 216 File No. 313 File No. 325 File No. 325 File No. 562 

2N210~ 2N4036· 
VCERlsu,1 = 80 V 
hFE = 40-120 

VCERlsusl = -85 V 
hFE = 40-140 

@150mA @-l50mA 
fT = 120 MHz min. 
PT =5W 

fT =< 60 MHz min. 

CT CT 
File No. 106 File No. 216 

2N4314· 
VCERl,u,1 = -85 V "'Pellet size-values shown are edge dimensions 
hFE = 50-250 in thouSBnd~f·an·inch (mils). 
@-150mA ... Available with 
fT =< 60 MHz min. B. flange for easy heat sinking RaJC =< 150 CIW 

b. free-air radiator RaJA =: 500 C/W 

• These transistors are also available 

File No. 216 in TO·5 packages in U.S.A., Canada, Latin 
America, and Far East 

CT -Complementary Type available 
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I "-2Amax. 
~1>'25wm.x. 

IlasticTO-5) 

42 X 42" 

2N6181 
IP·N.p) 

2N6181 
"Plastic 2N5323" 
VCERfsus) = -65 V 
hFE " 40-250 
@-500mA 
fT " 50 MHz min. 

CT 
File No. 562 

2N6180 
. "Plastic 2N5322" 
VCERlsus) = -90 V 
hFE" 3D-130 

'@-500mA 
:hFE'" 10 min. 
@-1A 
fT'" 50 MHz min. 

CT 
File No. 562 

HIGH-SPEED SWITCHING N-P-N and P-N-P POWER TYPES 
fT to 250 MHz ... IC to 60 A ... PT to 140 W 

Ic "'7Amax. le= 1SAmax. le= 20 A max. 'cc25Amax. 'c=30Amax. 
PT = 35W max. PT "'85Wmax. PT '" 140 W max. PT '" 125 W max. PT " 140 W max. 

ITO·66)-· IRadiall (TO·3) ITO·63) (TO·3) 

103 X 103 155x 155 146 X 183 215 X 222 220 X 220 

Family Designation 
2N3879 2N6480 2N5038 2N3263 2N5671 
[N·P·N) [N·P·N) . [N·P·Nl [N·P·N) [N·P·N) 

2N3878* 2N6479 2N5039 2N3266 2N5671 
VCEA(sus) = 60 V (Isolated Collector) 

VCER(sus) = 95 V 2N3264" 
hFE '" 20 min. VCER(sus} '" BO V 

VCEAlsus) = 110 V 
@l4A 2N6481 hFE " 20 min. 

hFE = 20-80 hFE" 20 min. 

hFE ;;; SOo2D? (Non-Isolated Coli,' @10A @20A 
VCERfsus) = 80 V hFE = 30·150 @lSA 

hFE = 20-100 @O.SA fT " 20 MHz min. 
fT '" 60 MHz min. hFE'" 20 min. @l2A 

ton'" 0.5 /lS max. @ISA 
tr '" 400 ns max. @12A fT "'60MHz min. tau =2p.s max. fT I: 50 MHz min. 
tf '" 400 ns max. fT = 100 MHz typo ton'" 0.5 p.s max. ton = 0.5 /.lS max. 
I .. 7 A Radiation Hard toff '" 2p.smax. toff" 2 /JSmax. 
C File No. 766 File No. 702 File No. 698 File No. 54 File No. 383 

2N3879 2N6480 2N5038 2N3265 2N5672 
VCERlsus) '" 90 V Iisolated Colleelor} VCERlsusl'" 110 V 2N3263- VCERlsus. '" 140 V 
hFE '" 40 min. 2N6482 hFE '" 20 min. VCERlsus) '" fl0V "FE '" 20 min. 
@0.4A INon-lsolated ColLI @12A hFE = 25-75 @20A 
hFE " 20·80 VCER(sus) '" 80 V hF:E'" 50·200 @15A hFE'" 20-100 
@l4A hFE '" 20 min. @l2A fT = 20 MHz min. @15A 
fT = 60 MHz min. @12A fT '" 60 MHz min. Ion = 0.5ps max. fT'" 50 MHz min. 
Ir = 400 ns max. 

fT'" 100 MHz tYPo ton = 0.5 J.ls max. toft = 2 ps max. ton =- 0.5 jJs max. 
If """400 ns max. Radiation Hard toft = 2 ps max. toff "'2fJS max. 

Ie "'F~eA No. 766 File No. 702 File No. 698 File No. 54 File No. 383 

2N5202 2N6496 
V CEA (sus) '" 75 V 
hFE'" 10·100 

VCERlsus} = 130 V 
hFE z:: 12·100 

@l4A @l8A 
fT '" 60 MHz min. fT = 60 MHz min. 
Ir '" 400 ns max. Ir = 0.5 J.l5 max. 
If '" 400 ns max. Is = 1.5p.smax. 
Ic "4A If:: 0.5 p.s max. 

File-No. 766 File No. 698 

2N6500 2N6354 
VCE:R(susl= 110V 
hFE'" 1!)·60 

VCEA(sus)" 130 V 
hFE = 20·150 

@l3A @l5A 
fT = 60 MHz min. hFE'" 10-100 .. Pellet size-values shown are edge dimensions 
tr '" 400 ns max. @10A in thousands-of·an-inch (mils). 

Ie :60A max, 
PT = 140 W max. 
(Modified TO·31 

220 X 220 
[2CHIPS) 

2N6033 
[N·P·Nl 

2N6032 

VCER(SUS)= ',0V 
hFE = 10-50 
@50A 
fT ;;; 50 MHz min. 
Ir " 1 p.smax. 
tf "'O.sps max. 

File No. 462 

2N6033 
VCERlsusl'" 140 V 
hFE'" 10-50 
@40A 
fT = 50 MHz min. 
tr '" 1 J.lsmax. 
tf = 0.5 J.ls max. 

File No. 462 

It .. 500 os max. 
Ic=4A 

fT = 80 ,..,Hz min. 
I, ~ 0.3 p.s max. 

HAvailable with free-air radiator ROJA = 300 C/W 
:I: Also available with heat radiator (403751. 

If = 0.2 p.s max. 
le= 12Apeak • Flat radial lead version 

File No. 766 File No. 582 CT -Complementarv Tvpe available 
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TYPES FOR AUDIO-FREQUENCY LINEAR AMPLIFIERS 

Power Output Class 8 Driver 
Output· Bull • Circuit Transistors Transistors V'Ki:i'It. . (8 n Impod.1 FileNo. No. N·P-N P-N.p N.p·N P·N.p 

AOl2B RCA1Cl0 RCA1Cll - - -
642 (True·Comp.1 (2N62921 (2N61 071 

12W 
A012D RCA1Cl0 RCA1Cll 

642 fie Driving (2N62921 (2N61071 - - -
TrueComp.) 

RCA1C14 
643 A025C [2J - RCA1A06 RCA1A05 -

2SW 
(Quasi-Camp.) (2N54961 (2N21021 (2N40361 

A02SB RCAICOS RCA1C06 RCA1A06 RCA1A05 
644 (Full-Comp.1 (2N62921 (2N61071 -(2N21021 (2N40361 

RCA1C09 
645 A040C [2J - RCA1A06 RCAIAOS -

(Qu8si-Comp.) (2N61031 (2N21 021 (2N40361 

A040B RCA1C07 RCA1C08 RCA1A06 RCAIAOS 
40W 646 (Full-Comp.1 (2N64881 (2N6491I (2N21021 (2N40361 -

A040D 
(Full·Comp. RCA1B07 RCA1B08 RCA1A18 

791 Darlington (2N638SI (TA892SI - - (2N21021 
Outputl 

A070A RCA1BOl 
647 (Quasi-Comp. [2J - RCA1A03 RCA1A04 -

Hom. Output) (2N30551 (2NS3201 (2N53221 

70W 
RCA1B06 

648 A070C [2J - RCA1C03 RCA1A04 RCA1A18 
(Quasi-Comp.) (2N58401 (2N64741 (2N64761 (2N21021 

A120C RCA1B04 
120W 649 (Quasi-Comp. [4J - RCA1C12 RCA1C13 RCA1A18 

Parallel Output) (2NS2401 (2N64741 (2N64761 (2N21021 

A200C RCA1B05 RCA1B05 
200W 650 (Quasi-Comp. [6J - [2J - RCA1A18 

Parallel Output) (2NS2401 (2NS2401 (2N21021 

Numbers in brackets indicate number of devices used in the stage. 
Typo numbers in parentheses indicate the transistor-family designation. 

Typical Power Output for 4 nand 16 n Load for AF Linear Amplifiers 

Amplifier 
A012B A012D A02SA A02SB A040A A040B A040D A070A A070C A120C A200C Circuit No. 

Impedance - n 
4 16 4 16 4 16 4 16 4 16 4 16 4 8 4 16 4 16 4 16 4 16 (loodl 

Typical Power 
12' 6.5 9' 6.S 45 16 4S 16 55 25 75 25 40 30 100 40 1(iO SO 180 80 300 130 Output-W 

·Power output limited by driver-circuit capability. 
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\ TYPES FOR AUDIO-FREQUENCY LINEAR AMPLIFIERS 

Class B Pre-Driver Class A Pra-Driver 
Transistors Protection Circuit Transistors Input 

N.p-N P-N-P N-P-N P-N.p N-P-N P-N.p Devices 

RCA1A07 
- - - - - RCA1A08 [2) 

(2N40361 (2N21021 

- - - - - - CA3094AT 

RCA1A02 
- - RCA1A18 RCA1A19 RCA1AOl - [2) 

(2N21021 (2N40361 (2N21021 (2N40361 

RCA1A02 
- - RCA1A18 RCA1A19 RCA1AOl - [2) 

(2N21021 (2N40361 (2N21021 (2N40361 

RCA1A02 
- - RCA1A18 RCA1A19 RCA1AOl - [2) 

(2N21021 (2N40361 (2N21021 (2N40361 

RCA1A02 
- - RCA1A18 RCA1A19 RCA1AOl - [2) 

(2N21021 (2N40361 (2N21021 (2N40361 

RCA1A15 RCA1A16 RCA1A17 
- - RCA1A18 RCA1A19 [2) [2) [2) 

(2N21021 (2N40361 (2N34401 (2N54161 (2N21021 

RCA1A02 
- - RCA1A18 RCA1A19 RCA1A17 - [2) 

(2N21021 (2N40361 (2N21021 (2N40361 

RCA1A1S- RCA1A16 RCA1A17 
- - RCA1A18 RCA1A19 [2) [2) [2} 

(2N21021 (2N40361 (2N34391 (2NS41S1 (2N21 021 

RCA1AOO- RCA1A10 RCA1All 
- - RCA1A18 RCA1A19 [2) [2} [2} 

(2N21021 (2N40361 (2N34391 (2NS4151 (2N34391 

RCA1AOO- RCA1Al0 RCA1All 
RCA1E02 RCA1E03 RCA1A18 RCA1A19 [2) [2} [2} 
I1N3S851 (2N6211l (2N21021 (2N40361 (2N34391 (2NS41S1 (2N34391 

• Current Source 

Other applications for the types above ... 

Audio Power Amplifiers-Linear Modulators-Servo Amplifiers-Operational Amplifiers 
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Technical Data 
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________________________ --, ________ File No. 16 

OOCrBLJD 
Solid State 
Division 

Power Transistors 

2N697 

Silicon N-P-N 
Planar Transistor 
For High-Speed Switching Service in 
Electronic Data-Processing Systems 

2N697L 

JEDECTO-5 

H-1380 

2N697S 

JEDEC TD-39 

H-1381 

Features: 
• Characteristics stabilized by 

prolonged baking at 3000 C 

• Typical pulse beta = 75 

• Low saturation voltages 

RCA-2N697 is a silicon n-p-n transistor designed for use in 
high-speed-switching applications in military and industrial 
data-processing equipment. 

This transistor is especially designed and processed to assure 
stability of characteristics and reliable performance under 
conditions of severe thermal and mechanical stress, and 
other environmental hazards. 

These devices are available with either 1%· 
inch leads (TO-5 package) or %-inch leads 
fTO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num· 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 

CASE TEMPERATURE I MEASURED AT 
CENTER OF SEATING SURFACE 

FREE-AIR TEMPERATURE 

-100 -50 a 50 100 
TEMPERATURE-·C 

150 200 

92CS-11161R1 

Fig. 1- Current derating chart. 
MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE . - - _ ..... _. _. - - _. - - - - _. _ ... - - - _. _ .... - VCBO 60 V 
COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (RBE) ":10!1 _ .. _ . _ - _ - . - . _ .. - ... - . . VCER 50 V 

EMITTER-TO-BASE VOLTAGE. _. _ .... _. _. _ .• _. _ .......... _ ... - _. _. - _.. VEBO 5 V 

COLLECTOR CURRENT .. - _. - _ .. _. - - _. - _. _ .. _. _. _. - _. - - - - - .. _ .. - _ ... - IC 0_5 A 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 25°C _ .. _ .. _ . ____ . _ . _ . _____ .. _ ...... __ . _ .. . 2 W 
At case temperatures above 25°C ........... __ . _ . _ •. _ ..... _ . _ .... __ .. __ See Fig. 1 
At free-air temperatures up to 250 C .. ___ ... _ . _ .. ___ .... __ . _ ... __ ... _ .. _ 0_6 W 
At free-air temperatures above 25°C .. __ .. _ . _ . _ .. _ . _ .. _ . ____ .. __ .•.. _ . _ . See Fig. 1 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ........ _ . ___ ... _ . _ . _ .. _ . _ . _ .. __ .. _ .. . -65 to +175 °c 

LEAD TEMPERATURE (During soldering): 
At distance;;' 1/16 in. (1.58 mm) from seating plane for 10 s max. . .. _ . ___ .... 255 °C 

28 
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ELECTRICAL CHARACTERISTICS At Ambient Temperature (TA' = 2ff>C Unless Otherwise Specified 

TEST CONDITIONS 
VOLTAGE CURRENT 

CHARACTERISTIC SYMBOL V de 
VCB 

Coliector·Cutoff Current: ICBO 
With Emitter Open 30 

At TA = 1500-C 30 

DC Forward-Current 
hFE 

Transfer Ratio 

Coliector·to·Base 
V(BR)CBO Breakdown Voltage 

Emitter·to·Base 
V(BR)EBO Breakdown Voltage 

Collector-to-Em itter 
Voltage: 
With External Base-to-
Emitter Resistance VCER 
(R BE ) = Ion 

Collector-to-Emitter VCE(sat) 
Saturation Voltage 

Base-to-Emitter VBE(sat) 
Saturation Voltage 

Small-Signal Forward-
Current Transfer Ratio: hfe 
f = 20 MHz 

Output Capacitance Cob 10 

Gain-Bandwidth ProductC fT 

a Pulsed to prevent excessive heating of collector junction. 

bPulsed: Pulse duration:::; 12ms; duty factor:::; 2%. 

CFrequency at which hfe = 1. 

VCE 

10 

10 

IC 

150b 

0.1 

0 

100a 

150b 

150b 

50 

TERMINAL CONNECTIONS 

Lead 1 - Em itter 
Lead 2 - Base 
Lead 3 - Collector, Case 

mA de 

IE 

0 
0 

0 

0.1 

0 

LIMITS 

IB Min. Typ. 

- 0.01 

- 1 

40 75 

60 75 

5 7.5 

50 60 

15 - O.S 

15 - 1 

5 10 

- 20 

- 100 

UNITS 

Max. 

1 p.A 
100 

120 

- V 

- V 

- V 

1.5 V 

1.3 V 

-

35 pF 

- MHz 
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OOCIBLJD Power Transistors 

m 
I \ 
I \ 

2N699L 

Solid State 
Division 

~ 
2N699S 

JEDECTO-5 JEDEC TO-39 

H·1380 H·1381 

Silicon N-P-N 
Planar Transistor 
General-Purpose Type for Small-Signal, 
Medium-Power Applications 

Features: 
• Minimum gain-bandwidth product = 50 MHz 

• High breakdown voltage 
• Planar construction for low-noise 

and low-leakage characteristics 

• Low output capacitance 

2N699 

These devices are available with either 1~· 
inch leads (TO·S package) or %-inch leads 
CTO-39 package). The longer-lead versions are 
specified by suffix "Lu after the type num­
ber: the shorter-lead versions are specified by 
suffix "s" after the type number. 

RCA-2N699 is a silicon n-p-n planar transistor intended for a 
wide variety of small-signal and medium-power applications in 
military and industrial equipment_ The 2N699 features a 
minimum gain-bandwidth product of 50 MHz making it well 

suited for vhf and video appl ications_ 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE _ _ _ _ _ _ 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (R BE) ~10 n 
EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT _ _ _ 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

At free-air temperatures up to 25°C 

At free-air temperatures above 25°C 

TEMPERATURE RANGE: 

Storage. . . . . . . . . 

Operating (Junction). . . . . 

LEAD TEMPERATURE (During soldering): 

The junction design of the 2N699 makes possible higher 
breakdown-voltage ratings, lower saturation voltages, higher 
sustaining voltages, and lower output capacitance. 

120 

80 

5 

See Fig.1 

0_6 

See Fig.1 

-65 to +200 

175 

V 

V 

V 

A 

w 

w 

At distance ~ 1 /16 in. 11.58 mm) from seating plane for 10 s max. 230 

30 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 

Lead 3 - Collector. Case 

4-74 



File No. 22 _____________________________ 2N699 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T d = 2f1lC 

TEST CONDITIONS I 

DC VOLTAGE OCCURRENT LIMITS 
CHARACTERISTIC SYMBOL V rnA UNITS 

VCB VCE VEB IC IE IB Min. Max. 

Collector-Cutoff Current ICBO 60 0 - 0.05 p.A 

Emitter·Cutoff Current lEBO 5 0 - 0.05 p.A 

Coliector-to·Base Breakdown Voltage V(BR)CBO 0.1 0 120 - V 

DC Forward·Cur,ent Transfer Ratio hFE 10 150a 40 120 

Coliector-to·Emitter Sustaining Voltage: 
External Base·to-Emitter Resistance 
(R BE) = 10 n. VCER(sus) 100a 80 - V 

Coliector·to·Emitter 
Saturation Voltage VCE(sat) 150 15 - 2 V 

Base-to·Em itter 
Saturation Voltage VSE(sat) 150 15 - 1.3 V 

Small-Signal Forward·Current 
Transfer Ratio: 

f = 1 kHz hfe 5 1 35 100 
f = 1 kHz 10 5 45 -
f= 20 MHz 10 50 5 -

Output Capacitance Cob 10 0 - 15 pF 

Input Resistance' hib 5 1 20 30 n. 
f= 1 kHz 10 5 - 10 

Voltage· Feedback Ratio' hrb 5 1 - 2.5xl0-4 
f = 1 kHz 10 5 - 3xl0-4 

Output Conductance: 
hob 

5 1 0.1 0.5 p.mho 
f = 1 kHz 10 5 0.1 1 

Thermal Resistance: 
Junction·to·Case ROJC - 75 

°CIW 
Junction-to-Ambient ROJA 250 

apulsed: Pulse duration = 300 IlS; duty factor 5; 2 %. 

92CS-1I474 tze$-lII80 

Fig. 1 - Current derating curves. Fig.2 - Typical output characterilticlllt TA = "XPC. 
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92CS-I1t89 

/=';g.3 - Typical output characteristics at TA = 2~C. 

I 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92CS-1l11!iRI 

Fig.5 - Typical output characteristics at T A = 2s<'C. 

it COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREQUENCY" 20 MHl =:""-ru··nl s 9 -

lli • ~l\ ~rSrv. ,,- ~~~:~- ~., 
~=~ 7 ;<.°0V ~'$ 
;~ 6 ... c:t: 
~: 5 ~" 
a~ 4 

r-~"~ 
-z., , 

~~ 3 ---I'" 1/ ~I-

;i 2 

iii , 
0 

2 4 •• 2 4 • 8 2 4 •• 10 \00 1000 
COLLECTOR MILLIAMPERES (XC) 

92CS-11l71RI 

Fig.l- Typical small-signal. forward-current transfer ratio characteristics. 
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'iii 
t 

92CS-1I191 

Fig.4 - Typical output characteristics at TA sz -5!PC. 

COLLECTOR-TO-EMITTER VOLTS (VCE)-IO 

go 220 
IIII S2 
IIII 

i '.0 
1.'.0" ~ 160 

~~I '\ ~ 140 
'.$.~ ,o!?r 

!5 120 
~ /' J) 

~ 100f-1- ~ ~ 
"\~ 

I 
.Of-~,~l\ ..... 
60 ~~ ..... -55 

40i-':::J..-- .-- r-. 
20r:t" -g r-r 
0.01 0.1 10 100 1000 

COLLECTOR CURRENT (Iel-MILLIAMPERES 
92CS-Ul81R2 

Fig.6 - Typical de beta characteristics. 

100 EMITTER OPEN. 

II 10 ,~ 

I- ... "" ~., .... 0" 'ilL-
~~ I ~ 20.~F "w UG. 

~" ~ ~g 
55[0- 1 <II ,,<: \'j 
~-
~S[0-2 
~I-I S-

[0- 3 

10-' 
-100 -

,,<t!W 
~ 

~ 0 ~ [00 
JUNCTION TEMPERATURE (TJ)-·C 

ISO 200 

92C5-11480 

Fig.8 - Typical collector-cutoff current characteristics_ 
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ffilrnLJD 
Solid State 
Division 

RCA-2N918 and RCA-2N3600 are double-diffused 
epitaxial planar transistors of the silicon n-p-n type. 
They are extremely useful in low-noise-amplifier, oscil­
lator, and converter applications at VHF frequencies. 

These devices utilize a hermetically sealed four­
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 minimum feedback capacitance, shielding of 
the device, or both. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N918 2N3600 

COLLECTOR-TD-BASE 
VOLTAGE, VCSO' . . . . . . . . . .. 30 30 mnx. V 

COLLECTOR-1'D-EMITTER 

VOLTAGE, VCEO' .......... . 

EMITTER-TD-SASE 

VOLTAGE.VESO··········· . 

15 15 max. V 

max. V 

COLLECTOR CURRENT, Ic ..... 50 max. rnA 

TRANSISTOR DISSIPATION, P T: 
For operation with heat sink: 

At case up to 25 C . . . . {
' 0 

temperatures** above 25°C ... 

For operation at ambient 
temperatures: 

At ambient 

temperatures 
{

UP to 25°C ... . 
above 25°C .. . 

TEMPERATURE RANGE: 

300 300 max. mW 

Derate at 1.71 mW/oC 

200 200 max. mW 

Derate at 1.14 mW/oC 

Storage and Operating (Junction). .. -65 to +200 °c 
LEAD TEMPERATURE 

(During Soldering): 

At distances.?=. 1116 inch from 
seating surface for 60 seconds 

max.. . . . . . . . . . . . . . . . . . .. 300 

* Limited by transistor di!:lsipution. 

** Measured at center of seating surface. 

10.66 

300 max. °c 

RF Power Transistors 
2N918 
2N3600 

SILICON N-P-N 
EPITAXIAL PLANAR 
TRANSISTORS 
For VHF Applications 
In Military, Communications, 
and Industrial Equipment 

FEATURES 

• high gain.bandwidth product 

• hermetically sealed four· lead package 

o low leakage current 

• high 200·MHz power gain 

2N3600 

• low noise figure 
NF = 4.5 dB max. at 200 MHz 

• low collector~to~base time constant 
rb'Cc = 15 ps max. 

• high power gain as neutralized amplifier 
Gpe = 17 dB min. at 200 MHz 

15 

COMMON-EMITTER CIRCUIT, BASE INPUTi 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f) ., 100 MHz 
COLLECTOR-TO-EMITTER VOLTS (VCE). 6 
AMBIENT TEMPERATURE (T A ):: 25° C 

10 15 20 25 30 

COLLECTOR MILLIAMPERES (Icl 

JEDEC 
TO·72 

92CS-12845RI 

Fig. I - Small-signal beta characteristic for types 2N918 
and 2N3600. 
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ELECTRICAL CHARACTERISTICS 

. TEST CONDITIONS 

DC 
Ambient Frequency Collector-

Characteristics Symbols Temperature to· Base 
Voltage 

TA I VCB 

°c MHz V 

Collector-Cutoll Current ICBO 
25 15 
150 15 

Collector·to-Base BVCBO 25 
Breakdown Voltage 

Colledor-to-Emitter 
Sustaining Voltage 

BVCEO(SUS) 25 

Emitter-tn-Base 
Breakdown Voltage 

BVEBO 25 

Collector-to-Emitter 
Saturation Voltage 

VCE(sat) 25 

Base-to-Emitter 
Saturation Voltage 

VBE(sat) 25 

static Forward Current-
Transfer Ratio hFE 25 

Small-Signal Forward 100 

Current-Transfer Ratio" hfe 25 100 
1 kHz 

Common-Base Oulput Cob 25 0.1 to 1 \0 
Capacitanceb 0 

Collector-tn-Base 
Ccb 25 O_lto 1 10 

Feedback Capacitanceb 

Common-Base Input 
Cib 

Capacitance' (VEa =O.5V) 
25 O.lto 1 

Collector-to-Base rb'Cc 25 40 6 
Time Constant" 31.9 6 

Small-Signal Power Gain 
in Neutralized Common- Gpe 25 200 
Emitter Amplifier CircuitG 

(See Fig_2 & Fig.!) 

Small-Signal Power Gain 
in Unneutralized Common- Gpe 25 200 
Emitter Amplifier Circuit" 
(See Fig.4) 

Power Output in Common-
Emiller Oscillator Cir- Po 25 ~500 10 
cuit" (See Fig.5) 

rlose Figure" (See Fig_2) NF 25 200 

Noise Figure",d NF 25 60 

a Lead No.4 (case) grounded. 
b Three-Iermina) measuremenl of Ihe colleclor-Io-base capacilance 

wilh Ihe case. and em tiler teads connecled 10 the guard lerminal. 

34 

DC 
Collector· 
tn-Emitter 
Voltage 

VCE 
V 

1 

\0 
6 
6 

12 
6 

10 

6 

6 

LIMITS 

DC DC DC 
Emitter Collector Base Type Type 
Current Current Current 2N918 2N3600 Units 

IE IC IB 
rnA rnA rnA Min. Typ. Max. Min. Typ. Max. 

0 0.01 0.01 iJA 
0 1 1 iJA 

0 0.001 30 30 V 

3 0 15 15 V 

0.01 0 3 3 V 

\0 1 0.4 0.4 V 

10 1 1 1 V 

3 20 20 150 

4 6 -
5 8.5 15 
2 40 200 

0 1.7 pF 
0 3 pF 

0 1 pF 

0 2 1.4 pF 

2 15 ps 
5 4 15 ps 

6 15 21 dB 
5 17 24 dB 

5 13 dB 

12 30 20 mW 

1.5 4_5 dB 

1 6 3 dB 

c Lead No.4 (case) ftoating. 
d Generalor Resislance (Rg) = 400 ohms. 
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1-8 pF 3 TURNS 
No. 22 WIRE 

.1',0 JI. i' LONG 

21 TURNS 

No. 18 WIRE 
3" I" 

\ C7 
..---iI--.:.,..-"l~_.0VOUT 

i iJl2: LONG 

~~~~-1f-+-q~ 
Y,N 1000 

,F 

1500 
OHMS 

2200 
OHMS 

r 
ce 

1000 pF 

+Vcc 

92CS-11930R2 

NOTE: (Neutralization Procedure): (a) Connect a 5()'O rf voltmeter 
to the output of a 200·MHz signal generator (Rg = 50 0), and adjust 
the generator output to 5 mY. (b) Connect the generator to the input 
and the rf voltmeter to the output of the amplifier, as shown above. 

~ ::llffi~Eo~t~~~ ~Cfm~~d td~j¥'Jn~h~~,e~e~~t~~do~~~~rt':n~~~~i~~ 
amplifier output, readjusting the generator output, as required, to 
maintain an output of 5 mV from the amplifier. (e) Interchange the 
connections to the signal generator and the rf voltmeter. (f) With 
sufficient signal applied to the output terminals of the amplifier, 
adjust CN for a minimum indication at the amplifier input. (g) Repeat 
steps (a), (b), (e), and (d) to determine if retuning is necessary. 

Q = TYpe 2N3600 

Fig.2 - Neutralized amplifier circuit used to measure 

power gain ancl noise figure at 200 MHz for type 2N3600. 

O.05"F 

INPUTr 

LI 

0.05,..F r 

+Vcc 

LI - I loop n2 AWG wire; 10 = 13/16" 

L2 - 1/2 loop n2 AWG wire; 10 = 1-3/16" 

Q = 2N918 

92CS-1264BRI 

Fig.4 - Circuit usecl to measure 200-MHz unneutralizecl 
power gain for type 2N918. 

+Vcc 

t-__ O_,..,OI~ 

0.001 r iMP~'b~~CE 
. =50 OHMS 

1.5-7.5pF 

SOURCE 
IMPEDANCE 
=50 OHMS 

',--'.'--'11--+---' 

l O,OI,..F 

92CS-12B47RI 

L I - 3.5 turns No.16 tinned copper wire; 5/16" dia.; 7/16" long; 
turns ratio::::: 4:2 

L 2 - 8 turns No.16 tinned copper wire; 1/8" dia.; 7/8" long; 
turns ratio::::: 8: 1 

L3 - MILLER #4303 (0.4 - 0.65 PH) or equivalent 

Q = Type 2N918 

Fig.3 - Neutralizecl amplifier circuit usecl to measure 
power gain at 200 MHz for type 2N918. 

NOTE 2 
RFC 

50, 

NOTE • 
7T~UT 

SEE NOTE I 

11000 ,F 

vcc 

Note 1 ... Coaxial"'Line output network conSisting of: 

2 General Radio Type 874 TEE or equivalent 

92CS-12B49R2 

1 General Radio Type 874-020 Adjustable Stub or equivalent 

1 General Radio Type 874-LA Adjustable Line or equivalent 

1 General Radio Type 874-WN3 Short-circuit termination or equivalent 

Note 2 - RFC = 0.2 ILH Ohmite #2-460 or equivalent 

Note 3 - Lead Number 4 (case) floating 

LI - 2 turns #l6AWG wire, 3/8 inch 00, 1-1/4 inch long 

Q = 2N918 or 2N3600 

Fig.S - Circuit usecl to measure SOO-MHz oscillator 
power output for types 2N918 ancl 2N3600. 
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15 

36 

TWO·PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT (lC) FOR RCA TYPES 2101918 AND 21013600 

COMMON EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f)· 200 MHz 
AMBIENT TEMPERATURE (TA1=2S"'c 

~~(I\ 
o-~\II\.. <II 

c;tol\""~~c~)' 
CO'-\..l(jo\..~S \~ 

6 

I~ 

5 10 15 
COLLECTOR MILLIAMPERES Ilel 

Fig.6 . Inpuf admittance (Yie)' 

20 

92CS-127S7R2 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT CIRCUITED. 

FREQUENCY (f)-200 MHz 0 

AMBIENT TEMPERATURE (TN" 25 C 

iC CO(( 
"/i~~iC CCTOR_ TO 

Ii VOLTS (V~~:'5 
6 bfe 

5 10 15 20 
COLLECTOR MILLIAMPERES (Ie) 

Fig.8 -Forward fransadmittance (Yle)' 

.,," 00 

1~ 
~~2 

H-ttt 
a 

-1.5 
a 

COMMON-EMITTER CIRCUIT; 
INPUT SHORT-CIRCUITED. 

FREQUENCY If)· 200 MHz 
AMBIENT TEMPERATURE (TAJ-25"c 

6 

COLLECTOR_ T 
EMITTER VOLTS (~ 

c}'IS 

VCE=6 

.e 

g •• 
15 

5 10 15 
COLLECTOR MILLIAMPERES (Ie> 

Fig.7 - Outpuf admittance (Yoe)' 
92CS-127~8R2 

NOTE-Gre IS NEGLIGIBLE AT THIS FREQUENCY (200 MHz 

COMMON-EMITTER CIRCUIT; 
INPUT SHORT - CIRCUITED. 

FREQUENCY (f)- 200 MHz 
AMBIENT TEMPERATURE (TA)-25"'c 

COLLECTOR-TO '5 
~MITTER VOLTS lVeE)'\ 

6 

5 10 15 

bra 

COLLECTOR MILLIAMPERES lId 
20 

92CS-12760R2 

Fig.9 - Reverse fransadmittance (Yre). 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2- BASE 

LEAD 3 - COLLECTOR 

LEAD 4 - CONNECTED TO CASE 
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OOOBLJD Power Transistors 
Solid State 
Division 

~ 
! I i 
I' ! I ii 

i ! 
2N1479L 
2N1480L 
2N1481L 
2N1482L 

JEDEC TO-S 

H13BO 

~ m 
2N14795 
2N148OS 
2Nl4815 
2N14825 

JEDEC TO-39 

H-1381 

Silicon N-P-N 
Power Transistors 

General·Purpose Types for 
Medium-Power Applications 

Features: 

• High·temperature characterization 
• High de beta at 200 mA 
• Full switching-time d1aracterization 

at 200 mA 

2N1479 
2N1481 

2N1480 
2N1482 

These devices are available with either 1%­
inch leads (TO-5 package) or %-inch leads 
(TO·39 package). The longer-lead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are specified by 
suffix "S·~ after the type number. 

RCA-2NI479-2NI482 are diffused-junction silicon n-p-n circuits; and as class A and class 8 push-pull audio and 
power transistors. These transistors are intended for a wide servo amplifiers. 
variety of applications in inqustrial and military equipment. 

They are particularly useful in power-switching circuits such 
as in dc·to·dc converters, inverters, choppers, solenoid and 
relay controls; in oscillator. regulator. and ·pulse-amplifier 

These transistors feature high beta at high current. and ex­
cellent high-temperature performance_ They employ the 
JEDEC TO-39 or TO-5 hermetic package. 

Maximum Ratings, Absolute-Maximum Values: 
'COLLECTOR-TO-BASE VOLTAGE ____ .. _ .. _ .... ___ .... _ .... _ ...... . 

"COLLECTOR-TO-EMITTER VOLTAGE: 
With base open. sustaining ______ .. _ . _ . _ .... __ ... ___ ... ___ .. ____ .. _ . 

With emitter-to-base reverse biased 
(VE8 = 1_5 volts) .. _ .. __ ... ____ . ______ . _ . __ . __________ . ____ .. _ 

*EMITTER-TO-BASE VOLTAGE .. ____ . _ .. _____ . __ . _____ . ____ .. ___ .. _ 

'COLLECTOR CURRENT __ . __ .. __ .... __________ . _____ . ____ . ____ . __ _ 

"EMITTER CURRENT _____ . ____ .... _ ...... _ ... ___ .. __ .. __ . _ .... _ .. 
"BASE CURRENT _. ______ .. : __ ..... __ . __ . ____ . ___ ... __ ... _ . _ . _ ... 

"TRANSISTOR DISSIPATION: 
(See Rating Chart Fig. 1): 
At case temperature of 25°·C ..................................... . 
At case temperature of 100° C .. __ ... _____ . ___ . _____ ..... _ . ___ .. __ . 

TEMPERATURE RANGE: 
Operating and Storage ___ .. ____________ . _______ . ___________ . 

*In accordance with JEDEC registration data 

4-74 

VCBO 

VCEO(sus) 

VCEX 

VEB 

Ic 

IE 
IB 

PT 

2N1479 2N1480 

2N1481 2N1482 

60 100 V 

40 55 V 

60 100 V 

12 12 V 

1.5 1.5 A 

-1.75 -1.75 A 

A 

1; 5 W 
2_86 2.86 W 

-65 to +200 °c 
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ELECTRICAL CHARACTERISTICS, At Case Temperatute (T cJ = 2!f'C unless otherwise specified 

TEST CONDITIONS 

CHARACTERISTIC SYMaOL VOLTAGE CURRENT 
Vde mAde 

Vca VCE VEa IC la IE 

· CoIIBCtOf Cutoff Current: ICBO 30 0 

TC - 150°C 30 0 

· Emitter Cutoff Current lEBO 12 0 

· Collector·To~Emitter 

Voltago: 
IJIIIth bue-emitter junction 

reverse-biased VCEX 1.5 0.25 
With base open, 

sustaining Vceo(sus) 60 0 

Base--To-Emitter Voltage Vae 4 200 

DC Current Tran,'er Ratio hFE 4 200 
5malloSignai CUrren' 

Transfer Ratio hIe 4 5 

· DC Collector-To-Emitter 
Saturation Resistance rCE ("') 200 20 

200 10 

· Coliector·To-Base 
Capacitance Cob 40 

· Thermal Time CoN'I8nt '1 · Alpha-Cutoff Frequency lab 2B 5 

· SWitching lime: 
Delay Tim. 'l 
Rise Time " r Storage Time " I 

Fall Time ,t' 

· Thermal Resistance: 
Junction-to-easa R8JC 
Junction-to-free air R8JFA 

, In ~cordllnc. with JEDEC registration deta 

-Ie· 200 mA,I S1 ., 20 mA, 182 "" -8.5 mA; see Figs. 6 and 7. 

9ZCS-I044&R4 

Fig.' - Derating ch.n for 1111 types. 
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LIMITS 

2N1479 2Nl4BO 2NI481 2NI482 

Min. Max. Min. Max. Min. Max. Min. Max. 

10 10 10 10 

500 500 500 500 

10 10 10 10 

60 100 60 100 

40 55 40 55 

3 3 3 3 

20 60 20 60 35 100 35 100 

60 TVp. 50 TVp. 50 TVp. 60 TVp. 

7 7 
7 7 

150 TVp. 150 TVp. 150Tvp. 150 TVp. 

10 TVp. 10 TVp. 10 TVp. 10 TVp. 

1.5 TVp. 1.5 TVp. 1.5 TVp. 1.5 TVp. 

0.2 Tvp. 0.2 Typ. 0.2 Typ. 0.2 Typ. 

1 Typ. 1 Typ. 1 Typ. 1 Typ. 

0.6 Typ. 0.6Typ. 0.6 Typ. 0.6Typ. 

1 Typ. 1 Typ. 1 Typ. 1 Typ. 

35 35 35 35 

200 200 200 200 

TERMINAL CONNE~l,lQ""'S 

Lead 1 . Emitter 
Lead 2· Base 

Case, Lead 3 . Collector 

UNITS 

,.A 

,.A 

V 

V 

n 

pF 

ms 
MHz 

.. 
·cm 



File No. 135 _________________________ 2N1479'-2N1482 

.. 
• 00 
I 
3-
~40 

a 30 

COLLECTOR-TO-EMITTER VOLTAGE tvCE1~ 4 v 

~ CASE TEMPERATURE (T )~25°C 

~ 20 _6SoC 

ZOO·C 
10 

0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE IVBE)-V 

92CS-I0438R2 

Fig.2 - Typical input characteristics for all types. 

COLLECTOR CURRENT IIc)-A 
92CS-I0450R2 

Fig.4 - Typical de beta characteristics for all types. 

INPUT 
RZ iBz 

C&:~~riOR ;~ n 
RG~Wo-n_~~I_W ____ ~8.,5r~V----~~ 

IC·ZOOmA 
IB,"20mA 

'8Z--B.SmA 

92CS-I0427R3 

Fig.6 - Test circuit for measurement of saturated switching times. 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V 92CM-I045JRI 

Fig.3 - Typical output characteristics for all types. 

0.1 
250 50 7S 100 125 15;0 175 200 

JUNCTION TEt.tPERATURE- °c 
92CS-I08SIRI 

Fig.5 - Typical leakage characteristics for all types. 

+~ SA~E ! CURRENT I 

- U~- TIME _ I I.2 U-
INPUT WAVE FORM 11 
+~ COLLECTOR C 

CURRENT 

OUTPUT WAVE FORM 

-- --10"'0 
TIME 

" 

92CS-I0029 

Fig. 7 - Oscilloscope display for measurement of switching times 
(test circuit in Fig. 6). 
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_________________________________ File No. 137 

ffilffiLJD 
Solid State 
Division 

Power Transistors 

2N1483 2N1484 
2N14852N1486 

RCA.2NI483-2NI486 are diffused-junction power tran­
sistors of the silicon n-p-n type. These transistors are 
intended for a wide variety of applications in industrial 
and military equipment. They are particularly useful in 
power-switching circuits such as in dc-ta-de converters, 
inverters, choppers, solenoid and relay controls; in os­
cillator, regulator, and pulse amplifier circuits; and as 
class-A and chiss-B push-pull audio and servo ampli­
fiers. 

Intermediate·Power Types 

JEDEC·TO_8 

These transistors feature high beta at high current, 
and excellent high temperature performance. • Maximum dissipation rating of 25 watts at a case temperature of 250C 

• 2N1485 and 2N1486 have If maximum saturation resistance of 1 ohm 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE •..•......••......... 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open (sustaining voltage) .................. . 
With emitter .. to-bas~. reverse 

biased (VEB = 1.5 volts) ••.•.•..•............... 

EMITTER-TO-BASE VOLTAGE ••.•.•••....•........... 

COLLECTOR CURRENT •.......•.•.•........••..•.• 

EMITTER CUR~ENT ..•........••••....•...•••..... 

BASE CURRENT ...•..........••...•............. 

TRANSISTOR DISSIPATION: 
(See Rating Chart Fig. 3): 
At case temperature of 25°C .....••.•••........•..•.. 
At case temperature of 1000C ........•.••.•...•...•. 

TEMPERATURE RANGE: 

2N1483 
2N1485 

60 

40 

60 

12 

3 

-3.5 

1.5 

25 
14.1 

2N1484 
2N1486 

100 

55 

100 

12 

3 

-3.5 

1.5 

25 
14.1 

Operating and Storage ......•...........•..•...••• -65 to +200 

40 

max. volts 

max. volts 

max. volts 

max. volts 

max. amp 

max. amp 

max. amp 

max. watts 

max. watts 

°C 

6-66 



File No. 137 ________________________ 2N1483-2N1486 

ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ = 25°C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

2N1483 2N1484 UNITS Vdc mAdc 
VCB VCE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open 30 - 15 - 15 

At TC = 1500 C 
ICBO 

30 750 750 
}J.A 

- -

Emitter Cutoff Current IESO 0 - 15 - 15 }J.A 
VEB= 12V 

DC Forward·Current Transfer 
hFE 4 750a 20 60 20 60 

Ratio 

Coliector·to·Emitter Sustaining 
Voltage: 
With base open VCEO(sus) 100a 0 40 - 55 -

V 
With baS'!-emitter junction 

reverse·biased (VBE = VCEX 0.25 60 - 100 -
-1.5 V) 

Base-to·Emitter Voltage VSE 4 750a - 3.5 - 3.5 V 

Collector·to-Emitter 
rCE(sat) 750 75 2.67 2.67 n 

Saturation Resistance - -

Collector-to-Base Capacitance Cob 40 175 (typ.) 175 (typ.) pF 

Thermal Ti me Constant 'I 10 (typ.) 10 (typ.) ms 

Alpha Cutoff Frequency fab 28 5 1.25 (typ.) 1.25 (tyP.) MHz 

Saturated Switching Time I I 
Delay time td 0.2 (typ.) 0.2 (typ.) 

Rise time t, 1 (typ.) 1 (typ.) 

0.8 (typ.) 0.8 (typ.) 
}J.S 

Storage time ts 

Fall time It 1.1 (typ.) 1.1 (typ.) 

Thermal Resistance: 
Junction-to-case ROJC - 7 - 7 

oCIW 
Junction-ta-ambient ROJA - 100 - 100 

8pulsed. pulse duration = 300 /lS, duty factor = 1.8%. 

92C$-I0443R3 92CS-I0444R2 

Fig. 1-Typical input characteristics for all types. Fig. 2-Typical operation characteristic, for sll types. 
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2N1483-2N1486 __________ -.,-_____________ File No. 137 

ELECTRICAL CHARACTERISTICS, AtCase Temperature (TCl = 2SOC unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

2N1485 2N1486 UNITS 
Vde mAde 

VCB VCE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open 30 - 15 - 15 

At TC = 1500 C 
ICBO 

30 750 750 
pA 

- -
Emitter Cutoff Current lEBO 0 - 15 - 15 JJA 

VEB=12V 

DC Forward·Current Transfer 
hFE 4 750a 35 100 35 100 

Ratio 

Collector-to-Emitter Sustaining 
; Voltage: 
With base open VCEO(sus) 100a 0 40 - 55 -

V 
With base-emitter junction 

reverse-biased (V B E = VCEX 0.25 60 - 100 -
-1.5 V) 

Base-to·Emitter Voltage VBE 4 750a - 2.5 - 2.5 V 

Collector-to-Emitter rCE(sat) 750 40 1 1 n 
Saturation Resistance - -

Collector-to-Base Capacitance Cob 40 175 (typ.) 175 (typ.) pF 

Thermal Time Constant T1 10 (typ.) 10 (typ.) ms 

Alpha Cutoff Frequency fab 28 5 1.25 (typ.) 1.25 (typ.) MHz 

Saturated Switching Time I I 
Delay time td 0.2 (typ.) 0.2 (typ.) 

Rise time tr 1 (typ.) 1 (typ.) 

Storage time 0.8 (typ.) 0.8 (typ.) 
ps 

to 
Fall time tf 1.1 (typ.) 1.1 (typ.) 

Thermal Resistance: 
Junction-to-case ROJC - 7 - 7 

Junction-to·ambient 
oelW 

ROJA - 100 - 100 

a Pulsed, pulse duration = 300 ps, duty factor'" 1.8%. 

EMITTER OPEN. 
2 COLLECTOR-TO-BASE VOLTS=30 

() / .. 100 

t! · · L l- · z .. / Ii! Ii! 2 

/ 0: .. 

o'li 10 

f::~ · · 00: · HI ./ =>::E 
2 

~I V ~ I · ~ · .J · .J 
0 
U 2 

---..QJ -"- . 
CASE T .. ,.FR,,·UR,,-··C 2$ $0 750 100 12$ 150 175 200 

.JUNCTION TEMPERAT.URE--C 

92CS'-I0442R2 92CS-I0882 

Fig. 3-Rating chart for sll types. Fig. 4-Typical operation characteristics for all ty(Jl1l. 
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File No. 137 _______________________ --;; 2N1483-2N1486 

VcM=VOLTAGE AT WHICH ALPHA(4) AT 
LOW VOLTAGE X THE MULTIPLICATION 
FACTOR (M) = I 

'!l 

:a 
" C/I 

'" 0 a: 
'" '" D. 
:l: 

0 5 
" ...J 

0/) :i! 
0 '" C/I .., « 

I;! '" 

j 
Ii! 
" 

.. 
~ 

'3 

:2 ~ 
COLl..E.CTOR AMPERES 

0 .. 
H 

0 g 
'" u 

II 

Sl 

0 

" 

0 .. 

Ii! 

92CM-I0445RI 

Ie, 
- 2 

INPUT 
FROM 
PUL.SE 

RZ IS; 

GENERATOR 

81 = 8.5volts 

82 = 12vohs 

B, 

92CS-I0427R2 

RI = 50 oh~sl I watt 

R2 = 220ohms, 1 wan 

Ra = 15.9 ohms, 2 watts 

BASE +1 ~ CURRENT I. 

'~-T''''E _ I IB2U-
INPiJT WAVE FORM 11 

+e: COLLECTOR C 
CURRENT ----10..,. 

TIME 

'd If 

OUTPUT WAVE FORM 
92CS-10029 

Typical Operation of the 2N1483- 2N1486 
At Case Temperature (T CJ = 2fiOC: 

DC Supply Voltage (B2) .... : . . . . . . . . .. 12 V 
DC Base Bias Voltage (BI)' •........... -8.5 V 
Generator Resistance. . • . . . . . . . . . . . . .. 50 n 
"On" DC Collector Current. . . • . . . . . . . .• 750 rnA 
"Turn-On" Base Current (IBI ). . . . . . . . . .. 65 rnA 

"Turn-Off" Base Current (IB2~ • . . . • . . . .. -35 rnA 

Fig. 5-Typical collector characteristics for all types. Fig. 6-Typical power-switching circuit. 

TERMINAL CONNECT/ONS 

Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 
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_______________________________ File No. 139 

oocram Power Transistors 
Solid State 
Division 2N1487 

2N1489 

RCA-2N1487 -2N1490 are diffused-junction power tran­
sistors of the silicon n-p-n type. These transistors are 
intended for a wide variety of applications in industrial 
and military equipment. They are particularly useful in 
power-switching circuits such as in dc-to-dc converters, 
inverters, choppers, solenoid and relay controls; in os­

cillator, regulator, and pulse-amplifier circuits; a~d as 
class-A and class-B push-pull audio and servo ampli­
fiers. 

High·Power Types 

These transistors feature high pow,er-dissipation 
ratings, high beta at high current, and excellent high 
temperature performance. 

• Maximum dissipation rating 91 75watts at a mounting flange temper· 
ature 01 250C 

• 2N1489 and 2N1490 have a maximum saturation resistance 01 0.67 ohm 

Maximum Ratings, Absolute-Maximum Values: 

2N1487 
2N1489 

COLLECTOR-TO-BASE VOLTAGE. . . . . . . . . . . . . . . . . . . . . 60 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open (sustaining voltage} . . . . . • . . . . . . . . . . . . . 40 
With emitter-ta-base reverse 

biased (VEB = 1.5volts}..... . . . . . . . . . . . . . . . . . . . 60 

EMITTER-TO-BASE VOLTAGE. . . . . . . . . . . . . . . . . . . . . . . . 10 

COLLECTOR CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

EMITTER CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -8 

BASE CURRENT ............................... , . 3 

TRANSISTOR DISSIPATION: 
(See Rating Chart Fig. 1): 

At mounting-flange temperature of 250C .............. ; .. 
At mounting-flange temperature of 1000C ......•.•....... 

TEMPERATURE RANGE: 

75 
43 

JEDEC TO.l 

2N1488 
2N1490 

100 

55 

100 

10 

6 

-8 

3 

75 
43 

Operating and Storage ..•......•.................. -65 to +200 

44 

2N1488 
2N1490 

-max. 

max. 

max. 

max. 

max. 

max. 

max. 

max. 
max. 

volts 

volts 

volts 

volts 

amp 

amp 

amp 

watts 

watts 

°C 

6-66 



File No. 139 _________________________ 2N1487-2N1490 

ELECTRICAL CHARACTERISTICS 
Mounting-flange temperature = 250 C unless otherwise specified. 

TEST CONDITIONS 

DC DC. 
Calloe- Emitter 

Characteristic Symbol to, Voltage 
Voltage 
(volts) (yolts) 

VCB VCE VEB 

Collector-Cutoff Current: 'CBO 
With IE = 0 and at mount-
ing flange temperature of; 

250 C 30 
ISaaC 30 

Emitter-Cutoff Current 'EBO 10 

Collector-To-Emi tter 

Voltage: 

(Emitter-ta-base 
reverse bias) VCEX 1.5 

(Base apen sustaining 
voltage) VCEO 

(sus) 

DC Current Transfer Ratio hFE 4 

DC Collector-To-Emitter 
Saturation Resistance relfsa! 

Base-To-Emitter Voltage VBE 4 

Thermal Resistance: ROJC 
Junction-ta-mounting 
flange 

TEMPERATURE--C 
9ZCS-I0437R3 

Fig. I-Rating Chart for Types 2N1487, 2N1488, 
2N 1489, and 2N 1490. 

DC 
Collee_ 

fO' 
Current 

(rna) 

IC 

a 

0.5 

100 

1.5amps 

l.Samps 

1.5amps 

1.5amps 

LIMITS 

DC 
Base 

Current Type Type Type Type Units 
2NI487 2NI488 2N1489 2N1490 

(rna) 

IB Min. Max. Min. Max. Min. Max. Min. Max. 

25 25 25 25 !La 

1000 1000 1000 000 !La 

25 25 25 25 !La 

60 100 60 100 volts 

a 40 55 40 55 volts 

IS 45 15 45 25 75 25 75 

300 2 2 ohms 

100 0.67 0.67 ohm 

3.5 3.5 2.5 2.5 volts 

2.33 2.33 2.33 2.33 °C/W 

: ~~Lll~'+J>:_ETNO-BA5E VOL T5=3O 
/ 'Cl · '" V 0 

100 ,!:j, · l- · Z · ~:3 · "'''' I--""': :> ... 
Oa. 10 ... " · ... < · 00 
1-'" · V :>!! 
V" · ~I 

I -l- · i:l · -I · -I 
0 
0 · 0.1 

2!lo !loO 7!lo 100 12!lo I!loO 17!lo 200 
JUNCTION TEMPERATURE-DC 

CJ2CS-10883 

Fig. 2 - Typical Operation Characteristics for Types 
2N 1487, 2N 1488, 2N 1489, and 2N 1490. 
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'2N1487-2N1490 ________________________ File No. 139 

46 

Typical Operation of the 2N1487, 2N1488, 2N1489, and 2N1490 in the Power-Switching Circuit of Fig. 3: 

DC Supply Voltage (B2) .................................... . 
DC Base Bias Voltage (HI) .....................•............. 
Genera~or Resistance ...................................... . 
"On" DC Collector Current .........•..•........•............. 
"Turn-On" Base Current (IBl)' ............................... . 

"Turn-OW' Base Current (IB21 .................•.............. 

Switching Time: 
Delay Time (td)' ....................................... . 
Rise Time (ITl. .....•...............•................... 
Storage Time (ts )' ...................................... . 
Fall Time (If) ......•.•................................. 

12 
-8.5 

50 
1.5 
300 

-150 

0.2 
1.0 
1.0 

1.2 

volts 
volts 
ohms 
amp 

rna 

rna 

~sec 

/-Lsec 

,usee 

f.Lsec 

Typical Characteristics of the 2N1487, 2N1488, 2N1489, and2N1490ata Mounting-Flange Temperature of 250C: 

Collector-to-base capacitance: Cob 
(VCB = 40voltsl. .........•............................. 

Thermal Time Constant, 71' ............•..................... 
Alpha-Cutoff Frequency fab 

(VCB = 12 volts, Ic = 100ma) 

200 
12 msec 

Mc 

2N1487,2N1488, 
2N1489, or 2N1490 

BAS< +1 ~ CURRENT I 

1-. -jU=l,Br'-:''-I--==~T''''E _ I 1B2U--

INPUT 
FROM 
PULSE 

GENERATOR 

., 

BI = 8.5 volts 

B2 = 12 volts 

:!!..I 

8, 

- + 

RI = 50 ohms, 1 watt 

92CS-I0427R3 

R2 = 30 ohms, I watt 

Ra = 7.8 ohms, 2 watts 

INPUT WAVE FORM fl 
+~ COLLECTOR C 

CURRENT 

td 

OUTPUT WAVE FORM 

Fig. 3 - Typical Power-S witching Circuit. 

----101>J0 

TIME 

t, 

92CS-I0029 



'File No. 139 _______________________ --': 2N1487-2N1490 

COtAICIN-EWrTER CIRCUIT. BASE INPUT. 
MC)UIITWG-F'LANGE TEMPERATURE=2!J- C 

VC~A'~I:L~~;.:;(~~~~I~;::) 
VGW=VOLTAGE AT WHICH ALPHA (a) AT 
~T~i~~EI X THE MULTIPLICATION 

i!! g 
'" N N 

.. 

~ 

COLLECTOR AtoPERES 

... 
~ 

'i: g 
... 
0 

11 

0 

\l 

~ 

~a 
~ 
" 'I' 

~~ 

I 
g 8 

92Ct.A-I0447 

BASE-TO-[MITTER \/OLTS (VaE) 

92CS-I04!!IiR2 

Fig. 5- Typicallnput Characteristics for Types 
2Nl487, 2N1488, 2N1489, and 2N1490. 

Fig. 4. Typical Collector Characteristics for Types 
2N1487, 2N1488, 2N1489, and 2N1490. 

92CS-I0454RI 

Fig. 6 - Typical Operation Characteristics for Types 
2N1487, 2N1488, 2N1489, and 2N1490. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 

Case - Collector 

Mounting Flange - Collector 
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_______________________________ File No. 106 

DDJI1LlD 
Solid State 
Division 

Power Transistors 

2N2102 
2N1613 

Medium-Power Silicon 
N-P-N Planar Transistors 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 

2N2102L 
2N1613L 

2N2102S 
2N1613S 

• For operation at junction 
temperature up to 200° C 

These devices are available with either 1%­
inch leads (TO-5 package) or %·jnch leads 
(TO-39 packagel. Thelonger·'aad venions are 
specified by suffix o'L" after the type num­
ber; the shorter-lead versions are spacified by 
suffix ''S'' after the type number. JEDEC TO-5 

H-1380 

JEDEC TO-39 

H-1381 

• Planar construction for 
low noise and low leakage 

• Low output capacitance 

RCA-2N2102 and 2N1613 are silicon n-p-n planar transistors 
intended for a wide variety of small-signal and medium-power 
applications in military and industrial equipment. They 
feature exceptionally low noise, low leakage, high switching 
speed, and high pulsed beta. 
RCA·2N2102 is a direct replacement for the 2N1613. In 
addition, because of its junction aesign, the 2N2102 has 
higher. breakdown-voltage ratings, higher dissipation ratings, 
lower saturation voltages, higher stlstaining Voltages, and 
lower output capacitance. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

'COLLECTOR-TO·BASE VOLTAGE .............. , .. 

'COLLECTOR·TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance 
(RBE) = 10!1 ............................ . 

With base open ................................ . 

'EMITTER-TO·BASE VOLTAGE , .................. . 

COLLECTOR CURRENT ... , .................... . 

'TRANSISTOR DISSIPATION: 
At case temperatures up to 25° C ................. _ 
At free-air temperatures up to 25° C ............... . 
At temperatures above 25° C ......... , .......... . 

'TEMPERATURE RANGE: 
Storage and operating (Junction) ....... , ......... . 

'LEAD TEMPERATURE (During soldering): 
At distance ;;;'1/16 in. (1.58 mm) from 

seating plane for IDs max. 

"In accordance with JEDEC registration data format 

48 

VCBO 

RCA-2N2102 Features: 

• Gain bandwidth product (fT) = 120 MHz (typ.); 
useful in applications from dc to 20 MHz 

• High breakdown voltage: 
V!BR)CBO = 120 V min. at IC = 0.1 mA 

• Low saturation voltages: 
VCE!sad = 0.5 V max. at IC = 150 mA 
VBE!sat) = 1.1 V max. at IC = 150 mA 

• Beta (h FE) controlled over 5 decades of I C 

2N2102 2N1613 

120 75 

VCER!sus) 80 50 

VCEO!sus) 65 

VEBO 7 7 

IC l' 1 

PT 
5 3 

0.8 

See Figs. 1 and 2 

--65 to+ 200-

--300---

V 

V 

V 

V 

A 

W 
W 

°c 

°c 
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File No. 106 ________________________ 2N2102, 2N1613 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cl = 25" C unless otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL V de mAde 2N2102 2N1613 UNITS 

VCB VCE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open 60 - 0.002 - 0.01 

AtTC= 1500 C ICBO 60 - 2 - 10 J.LA 

* Emitter Cutoff Current: 
VEB = 5 V lEBO 0 - 0.002 - 0.01 J.LA 

10 0.01 10 - - -
10 0.1 20 - 20 -

* DC Forward·Current Transfer Ratio hFE 10 loa 35 - 35 -
10 150a 40 120 40 120 
10 500a 25 - 20 -

At TC = -550 C 10 loa 20 - 20 -
Collector·to-Emitter 

Reachthrough Voltage: VRT 120 - - - V 

VEB = 1.5V,IE=0 

* Collector-to-Base 
Breakdown Voltage: V(BR)CBO 0.1 120 - 75 - V 

With emitter open 

Emitter-to-Base 
Breakdown Voltage: V(BR)EBO 0 7 - 7 - V 

IE=O.lmA 

Collector-to-Emitter 
Sustaining Voltage: VCEO(SUS) 100a 0 65 - - - V 

With base open 

With external base·to-emitter 
resistance (RBE) = 10n VCER(SUS) 100S 80 - 50 - V 

Base-to-Emitter Saturation 
VBE(sat) 150S 15 1.1 1.3 V 

Voltage - -* 

Collector-to-Emitter Saturation 
VCE(sat 0.5 1.5 V 

Voltage 150S 15 - -

Common-Emitter, Small-Signal, 
5 1 30 100 30 100 Forward-Current Transfer Ratio hfe 

(f = 1 kHz) 10 5 35 150 35 150 

* 

Magnitude of Common-Emitter, 

Small-Signal, Forward-Current Ihfel 10 50 3 - 3 -
Transfer Ratio If = 20 MHz) 

I nput Resistance: 
hib 

5 1 24 34 24 34 
f = 1 kHz 10 5 4 8 4 8 

n 

* Small-Signal Reverse Voltage 5 1 - 3 x 10-4 - 3 x 10-4 

Transfer (Feedback) Ratio: hrb 10 1 - - - 3x 10.4 
f = 1 kHz 10 5 - 3 x 10-4 - -

Output Conductance: 5 1 0.01 0.5 0.05 0.5 
f = 1 kHz hob 10 5 0.01 1 0.05 0.5 I'mho 

Output Capacitance: 
Cob 10 15 25 pF 

IE = a - -

Input Capacitance: 
80 pF 

VEB = 0.5 V Cib 0 - - 80 
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2N2102, 2N1613 ________ -:-~ ____ ~--------- File No. 106 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25"C 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
2N2102 2N1613 UNITS CHARACTERISTIC SYMBOL V de mAde 

VCE VBE IC IB Min. Max. Min. Max. 

* Noise Figure: 
Circuit Bandwidth IBW) = 1 Hz 
Reference signal freq. = 1 kHz 

NF 10 0.3 6 12 dB 
Generator resistance (RG) = - -

51012 (2N1613);(ZG) = 
100012 (2N2102) 

Saturated Switching Time 
t<J+tr+tf - 30 - 30 ns 

(See Fig. 14) 
* 

Thermal Resistance: 

Junction-ta-case ROJC - 35 - 58.3 
oCIW 

Junction-te-ambient ROJA - 175 - 219 

* I n accordance with JEDEC registration data format. 

a Pulsed, pulse duration = 300 ILS, duty factor = 1.8% (2N2102)" 2% (2N1613). 

50 

92CS-1I172R2 

Fig. 1 - Rating chart for 2N2102. 

001 01 10 100 rooo 
COLl.ECTOR CURRENT (IC)- mA 

92CS-UISIR3 

F;g.3 - Typical de beta characteristics lor both types. 

:::.; 

: I::: 
::::1· . 

;Ie: ITli'tt#iU.lJi'tIl! 
TEMPER'TIUR~:":C~ ;0 '5 200 

92CS-III73R2 

Fig.2 - Rating chart for 2N1613. 

it COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREQUENCY- 20 MHz . 
AMBIENT TEMPERATURE {TA) .. 2S·C 

10 
1 I ... • Z 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-12667RI 

Fig.5 - Typical output characteristics for both types. 
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Fig.7 - Typical output characteristics for both types. 
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Fig.9 - Typical noise figure characteristics for both types. 
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Fig.6 - Typical output characteristics for both types. 
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Fig.S - Typical output characteristics for ~oth types. 
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Fig. to - Typical transfer characteristics for both types. 
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COMMON-EMITTER CIRCUIT, BASE INPUT 
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Fig. IT - Typical sustaining voltage vs. base-ta-emitter 
resistance for 2N1613. 
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Fig. 13 - Typical leakage characteristics for both types. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 
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Fig. 12 - TVPical sustaining voltage vs. base-to--emitter 
, resistance for 2N2102. 
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OOCl8LJD Power Transistors 
Solid State 
Division 

\ 
2N1711L 2N1711S 

JEDEC TO·5 JEDEC TO·39 

H.1380: H·1381 

Silicon 'N-P-N 
Planar Transistors 
General-Purpose Type for Small-Signal, 
Medium-Power Applications 

Features: 

• Minimum gain·bandwidth· product = 70 MHz; 

useful in applications from de to 25 MHz 

• Operation at high junction temperatures 

• Planar construction for low-noise and 
low·leakage characteristics 

• Low output capacitance 

2N1711 

These devices are available with either 1%­
inch leads (TO-S package) or %·inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num· 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 

RCA-2N1711 is a silicon n·p·n planar transistor intended for 
a wide variety of small-signal and medium-power applications 
in military and industrial equipment. It features exceptionally 

low noise and leakage characteristics, high pulse beta (hFE), 
high breakdown-voltage ratings, low saturation voltages, high 
sustaining voltages, and low output capacitance. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ................................ . VCBO 75 V 
COLLECTOR-TO·EMITTER VOLTAGE: 

With external base-to-emitter resistance (RBE)';;; 10 n ................ . 50 V 

EMITTER·TO·BASE VOLTAGE ...........................•........ 7 V 

COLLECTOR CURRENT ........................................ . A 

TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C ................................ . 3 W 
At case temperatures above 25°C ................................ . See Fig. 1 
At free-air temperatures up to 25°C .............................. . 0.8 W 
At free-air temperatures above 250 C ......................... : .... . See Fig. 1 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ................................ . -65 to +200 °C 

LEAD TEMPERATURE (During soldering): 
At distance;;' 1/16 in. (1.58 mm) from seating plane for 10 s max. . ..... . 230 °c 

3-74 
53 



2N1711 ______ -,...-______________________ File No. 26 

ELECTRICAL CHARACTERISTICS 

TEST COIIDITI OIlS LIMITS 

DC DC DC DC DC DC 

Ca.e Call ector- Coil ector- Einitter- Collector Emitter Base 
Chlracterl.tle Symbol T_pera- Fro- to-Ba .. to-Einltter to-Base Current Current Current ... Ib 

ture queney Voltage Voltage Voltege Min. Nax. 

Oc kHz V V V mA mA mA 
YCS VCE YES IC IE IS 

Col lector-Cutoff 
ICBO 

25 &l 0 - 0.01 
"A Current 150 &l 0 - 10 

EIII tter-Cutoff 
lEBO 25 5 "A Current 0 - 0.005 

OC-Pul .. Forward- 25 10 10 75 -Current Transfer hFE 25 10 150 100 300 
HltioO 25 10 500 40 -
DC Forward-Current 25 10 0.01 20 -
Tran.fer Ratio hFE 25 10 0.1 35 -

-55 10 10 35 -
Collector-to-Ba.e 

V(BR)CBO 25 0.1 0 75 V Break_ Voltage -
Ell I tter-to-Ba .. 

V(BR)EBO 25 0 0.1 7 V Breal<_ Vol tage -
Coil ector-to-Einl tter 

1.5 b Reach-Through VRT 25 0.1 75 - V 
Voltege 

Collector-to-Eml tter 

I 
Susteinlng Voltege 
wi th External VCER(sus) 25 100 SO - V 
aa-to-Eml tter (pulsed) 
Re.l.t_ .. = 10 0 .... 

Collector-to-Eini tter VCE(sat) 25 150 15 - 1.5 V 
Saturation Voltage 

Ba ..... to-Emi ttor YBE(··t) 25 I Saturation Vol tage 
ISO 15 - 1.3 V 

_II-Signal 25 1 5 1 50 200 
forward-Current hfe 25 1 10 5 70 300 
Transfer Ratio 25 20 MHz 10 50 5 -
1101 •• Figure: 

Generator reli s-
tane. (RG) = 510 MF .25 1 "I, ci rcui t 10 0.3 - 8 dB 

bandwidth (aw) = 
I cycle 

Output Capac I tance Cob 25 10 0 - 15 pF 

Input Capacitance Clb 25 0.5 0 - 80 pF 

Input Heilote"nce hlb 
25 1 5 1 24 34 on 
25 1 10 5 4 8 

Voltlge-Feedback hrb 
25 1 5 1 - 5x10-4 

Hatlo 25 1 10 5 - 5x 10-4 

Output Conductence h.., 
25 1 5 1 0.1 0.5 

"mho 25 1 10 5 0.1 1 

The ... 1 Hlliotenee: 
dunctlon-to-ca .. R8JC - - 58.3 
dunctlon-to- °CIW 

free II r RqJA - - 219 

a Pulse duration -$00 JAI~ duty factor <2%. b Vmr • Fmitter-to-base lIoating potential. 
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92CS-1lI73RI 

Fig. 1"- Current derating curves. 
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Fig. 5- Typical collector-cutoff-current characteristics. 
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Fig. 2- Typical output characteristics. 
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Fig. 4- Typical output characteristics. 
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Fig. 6- Typical small-signal beta characteristics. 
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BASE-lO-EMITTER VOL.TS (VSE) 

Fig. 7- Typical transfer characteristics. 
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1.2 

92CS-nl8SAI 92CS-1I627 

Fig. 8- Typical audio-frequency noise-figure characteristic. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector. Case 
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oornLJD 
Solid State 
Division 

Power Transistors 

Medium-Power Silicon 
N-P-N Planar Transistors 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 

2N1893 
2N2405 

2N1893L 
2N2405L 

JEDEC TO·5 

H-1380 

2N1893S 
2N2405S 

JEDEC TO·39 

H·1381 

• For operation at junction 
temperature up to 2000 C 

• Planar construction for' 
low noise and low leakage 

• Low output capacitance 

These devices ara availabl. with either 1%­
inch leads (TO-6 package) or Y..:·inch Iuds 
(TO-39 packageJ. The longer-lead val'3ions ara 
spacified by suffix ··Lu aftar the type num­
ber; the shoner·lead versions ar. specified by 
suffix "S" after the type number. 

RCA·2N240S" and 2N1893 are silicon n·p·n planar tran· 
sistors intended for a variety of small-signal and medium· 
power applications. They feature exceptionally high collector· 
to·emitter sustaining voltage. low leakage characteristics. high 
switching speeds, and high pulse beta (hFE). 

RCA-2N240S isa direct replacement for type 2N1893 for most 
applications. In addition, the 2N240S has higher voltage 
ratings, lower saturation voltages, and higher sustaining volt· 
ages than the 2N 1893. 

• Formerly Dev. Type TA2235A. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR·TO·8ASE VOLTAGE . . . . . 
COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With external base·to·emitter resistance (R8E) .;; 10 n. 
With base-emitter junction reverse-biased 

* With base open. . . . . . 
*EMITTE R·TO-BASE VOLTAGE. 
*COLLECTOR CURRENT. . . 
*TRANSISTOR DISSIPATION: 

At case temperatures up to 250 C . 
At free·air temperatures up to 250 C 
At temperatures above 250 C . 

*TEMPERATURE RANGE: 
Storage and operating (Junction) 

*LEAD TEMPERATURE (During soldering): 
At distance from seating plane for lOs max. 

;;. 1/16 in. (1.58 mm) for 2N1893 and 
;;. 1/32 in. (0.8 mm) for 2N240S . . . 

* In accordance with JEOEC registration data format IJS-9 RDF-2) 

9-73 

RCA-2N2405 Features: 

• Minimum gain-bandwidth product (tTl of 120 MHz; 
useful in applications from dc to 50 MHz 

• High sustaining voltage: 
VCEO(SUS) = 90 V min. 

• Low saturation ,voltages: 
VCE(sa!) = O.S V max. at IC = lS0 rnA 

VeE (sat) = 1.1 V max. at Ie = 1S0 mA 

2N2405 2N1893 

VC80 120 120 

VCER(SUS) 140 100 
VCExlsus) 120· 120 
VCEO(sus) 90 80 

VEBO 7 

IC 0.5 

PT 
5 3 

0.8 
See Figs. 1 and 2 

4- -65 to +200 -

-255-

• ABE = 500 n 12N2405) 

V 

V 
V 
V 
V 
A 

W 
W 

°C 

°c 
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ELECTRICAL CHARACTERISTICS. Case Temperature (T cJ = 2!f'C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC DC DC 
CHARACTERISTIC SYMBOL ColiectOl Emitler Current Type Type UNITS 

Voltage (V) Voltage (mA) 2N2405 2N 1893 
(V) 

VCB VCE VEB IC IE IB Min. Max. Min. Max. 

• Collector-Cutoff Current: 90 0 0.01 O.ot 
T C _. 1500 C ICBO 90 0 10 IS !J.A 

Emitter'Cutoff Current lEBO 5 0 0.01 0.01 !J.A 

Collector-to-Em itler 
Sustaining Vollage: VCEO(sUS) 100· 0 90 · With base open 30· 0 90 80 V 

With external base·to-
emitler resistance 

VCER(SUS) 
(RBE) 0 \0 0 100· 140 .. 100 V 

(RBE) =500 [l 100· 120 

Collector·to·Base 
V(BR)CBO 0.1 0 120 120 V 

Breakdown Voltage 

Emitler·to·Base 
V(BR)EBO 0 

Breakdown Voltage 
0.1 7 7 V 

Collector·to·E mitler VCE(sal) ISO· IS 0.5 5 V 
Saturation Voltage 50· 5 0.2 1.2 

• Base-to-Emitler VBE(sat) . ISO· IS 1.1 1.3 V 
Saturation Voltage 50· 5 0.9 0.9 

10 ISO· 60 200 40 120 
DC F OIward·Current hFE 10 10· 35 35 

Transfer Ratio 10 0.1 20 

T C • '550C hFE 
10 10 20 
10 10 20 

Small·Signal Forward· 
Current Transfer Ratio: 

I = I kHz 5 1 30 100 
1 kHz hfe 5 5 50 275 
1 kHz 10 5 45 

20 MHz 10 50 2.5 
20 MHz \0 50 6 

Input Resistance hib 5 1 24 34 20 30 n 
(at I = I kHz) 10 5 4 8 4 8 

• Voltage·Feedback Ratio hrb 5 1 3 x 10.4 1.25 x to-4 
(at f $1 kHz) 10 5 3 x 10-4 1.5 x 10-4 

· Output Conductance 
hob 5 1 0.5 0.5 "mho 

(at f = 1 kHz) 10 5 0.5 0.5 

· Output Capacitance Cobo 10 0 15 15 pF 

· Input Capacitance Cibo 0.5 0 80 85 pF 

Noise Figure (Wide-Band) 
Generator resistance (RG) 

= 5000 
Circuit Bandwidth (BW) NF 10 0.3 6 dB 

= 15 kHz 
Relerence signal 

frequency = I kHz 

· Thermal Resistance: 
Junclion·toocase eJ•C 35 58.3 °C/W 
Junction·to- ambient eJ-A 175 21!i 

• Pulsed. Pulse duration. 300 "sec max.; duty factor :;; 2%. • In accOldanee with JEDEC registration data lormat (JS-9 RDF·.2). 
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Fig.! - Dissipation derating curves for types 2N2405 
and 2N!893. 
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BASE-lo-EMITTER VOLTS (VaE) 

Fig.3 - Typicaltransler characteristics lor types 2N240S 
and 2N1893. 

1000 FREE-AIR nMPERATllRE ITFAI- 2.· 

o 10 20 40 50 .0 70 

COLLEcrOR-TO-EMITTER VOLTS (VeE} "'J2~S 11660 

Fig.s - Typical gain bandwidth product chara,cteristlcs 
lor types 2N240S and 2N1893. 

-.-COLLECTOR-TO-EMITTER VOLTS (VCE) 92CS-1t176 

Fig.7 - Typical collector characteristics at 2Soc lor 
type 2N240S. 
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Fig.4 - Typical cutoll characteristics lor types 2N240S 
and 2N1893. 
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92CS 11647 

Fig.9 • Typical collector characteristics at 2SoC for 
type 2N240S. 
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Fig.11 • Typical clo-beto characteristics for types 2N240S 
ancl2N1B93. 
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Fig.10 • Typical collector characteristics at 2SoC for 
t)'pe 2N1B93. 
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COLLECTOR MILLIAMPERES (lel-IOO 
VCERtsusl COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE WITH 

EXTERNAL RESISTANCE BETWEEN BASE ANO EMITTER 
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F ig.l 5 - Sustaining voltage characteristiclor type 2H240S. 
Fig.16 - Typical wide.band noise characteristic for 
type 2H240S. 
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Fig.17 - Typical narrow-band noise characteristic for 
type 2H240S. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector. Case 



File No. 12 ________________________________ _ 

OOCD5LJD 
Solid State 
Division 

RCA 2N2015 and 2N2016 are diffused-junction power 
transistors of the silicon n-p-n type having very high power­
dissipation capabilities (150watts). The 2N20l5 and 2N2016 

are particularly useful in power-switching circuits such as 
those employed in dc-ta-de converters, inverters, choppers, 
and relay-control equipment. They are also extremely useful 
in oscillator, regulator, and pulse-amplifier circuits, and as 
class A and class B push-pull amplifiers for af and servo 

applications. 

Maximum Ratings, Absolute-Maximum Values: 
2H2015 2N2016 

COLLECTOR-TO-BASE YOLTAGE. 100 130 max. volts 
COLLECTOR-TO- EMITTER 

VOLTAGE: 
Wi th base open 

(Sustaining voltage) 50 65 
EMITTER-TO-BASE YOLTAGE. 10 10 max. 
COLLECTOR CURRENT. 10 10 
EMITTER CURRENT. -13 -13 max. 

BASE CURRENT . 6 6 max. 
TRANSISTOR DISSIPATION:' 

At case t.emperatures 
up to 25° C. . • • 150 150 max. 

At other case 
temperatures See Fig.1 

TEMPERATURE RANGE: 
Operating and Storage. -65 to +200 

LEAD TEMPERATURE. 
1/16" ± 1/32" from case. 
for immersion in mol ten 
so 1 der for 10 sec. max •• 235 235 max. 

Typical Characteristics of 2N2015 and 2H2016 
at a Case Temperaturec of 250 C: 

Collector .. to~Base Capacitance, Cob: 
(YCS • 40 vol ta) .•••.. 

Thermal Time Constant, "rl' .. 
Forward Current-transfer-Ratio 

Cutoff Frequency; fae' •.• 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - C~lIector. Case 
Lead 3 - Base 

vol ts 
vol ts 

amp 
amp 
amp 

watts 

°c 

°c 

400 1"1"£ 
30 msec 

25 Kc 

Power Transistors 

2N2015 2N2016 

High·Power 
Types for 
Military and 

Industria'· 
Applications 

JEDEC TO.36 

• for operation at high junction temperatures­
up to 2000 C 

• very high dissipation rating -150 watts 

• very low thermal resistance, junction-to- case-
1.170 CIWatt 

• very low saturation resistance -0.25 ohm max. 
atlC·5 amp, I B =0.5 amp 

• JEDEC TO-36 single- ended stud -type package 
with cold -weld hermetic seals 

150 

-100 -50 +50 +100 +150 +200 
CASE TEMPERATURE-·C 

Fig. I - Rating Chart for Types 
2N2015 and 2N2016. 

92ca-II089 
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ELECTRICAL CHARACTERISTICS 
Case temperature = 250 C unless otherwise specified. 

Characteristic 

Co II ector-Cutoff 
Current (IE=O) 
at case 
temperature of: 

250 C 
1500 C 

Emi tter-Cutoff Current 

DC Forward-Current 
Transfer Ratio 

CoIl ector-ta-Emi tter 
Saturation Resistance 

8ase-to-Em i tte r Vo Itage 

Coli ector-ta-Em i tter 
Voltage: 
Sustaining voltage 

wi th base open 
With reverse bias 

between em i tter 
and base 

Thermal Resistance 
Junction-ta-case 

6.3 VOLTS 
60 CPS 

*c.P. CLARE TYPE HGP-I028 
OR EQUIVALENT 

Symbol 

leoo 

IEOO 

hFE 

Rs 

VOE 

VCEO 
(sus) 

VCEX 

RT 

Collector Sopply Voltage (Vee). 
IX: Base Bi as Vol tage (VBB). • 
"On" IX: Collector Current . .. 
"Turn-On" Base Current (lBl)' . 

TEST COND III ONS LIMITS 

DC DC 
Col I ector- Coli ector-

ta-Oase ta-Emitter 
Vol tage Voltage 

Vca VCE 

Volts Volts 

30 
30 

q 
q 

q 

TO 

Re ~T~~# 

... TEKTRONIX TYPE 545 
OR EQUIVALENT 

24 volts 
6 vol ts 

10 amperes 
2 amperes 

DC 
DC Emitter-

ta-Oase Collector 

Vol tage Current 

VEO Ie 

Volts Amperes 

10 

5 
10 

5 

5 

0.2 

1.5 2 rnA 

DC 
Oase Type Type 

Current 2N2015 2N2016 

10 

Amperes Min. Max. Min. Max. 

- 50 - 50 - 2 - 2 

- , 50 - 50 

15 50 15 50 
7.5 - 7.5 -

0.5 - 0.25 - 0.25 

- 2.2 - 2.2 

0 - 50 - 65 

- 100 - 130 

- 1.17 - 1.17 

RELAY OPENS, 

!i====~ '~ON 

Units 

!LA 
rnA 

!LA 

ohm 

volt. 

volts 

volts 

°C!W 

L __ -+-ft-f-----t--t-'lc.:~:.._._~TIME 

"OFF" TIME 

"ON" TIME.DELAY TIME (tdHRrSE TIME (tr) ........ 4p.sl'c 

"OFF· TIME,STORAGE TIME (ta)+FALL TIME {tft_ .. 7I'see 

Base Resistance (RaI> . . 10 
Base Resi stance (RB2) . . 10 
Collector Resistance <Rc) 2 
Swi tchi ng Time: 

"On" Time 
[Delay time (td) + Rise time (tr)l. 

·Off" Time 
[Storage time (ts ) + Fall time (tf~. 

ohms 

ohms 
ohms 

"",,sec 

J.Lsec 

Fig.2- Pulse-Response Test Circuit for Types 2N2015 and 2N2016. 
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~ I ~~TT,~~o'If=~Il_ 'AS' L TS IIIeB"'" , /' 

!Z 
10' 

~r /' 

~ 102 
~5 • 

/' G:i 2 

~I '! ti-g 04 

~t! , ./ 
I, , . 

'" ,,,' 
- -, 2 -. 0 20 .0 70 100 12. '"0 17 

JUNCTION TEMPERATURE-"C 

92CS-II094 

Fig.3- Typical Operation Characteristic 
fa r Types 2N20 15 and 2N20 16. 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE-Z5·C 

ECTOR-lO-EMITTER 
IBASE OPEN) 

AL"\;''t'TI'~,tlTION 

YCE'-nt REVERSE BIA~MI~~£>LTAGE 

0 
0 

BETWEEN BASE AND DITTER 

2 
15 

~ 
S 
>. 

~ !!l 
0 
N 
Z 
N 

0 

8 ~ .. 
II! 0 

0 0 ~ 
o -~ !! 

...I 

...I 
liE ... 
~ 

... .. 
COLLECTOR AMPERES IIC) 

92CM-II092 

Fig.lI- Typical Collector Characteristics 
for Types 2N2015 and 2N2016. 

" 

90 

-1 BO 

~ 70 

15 60 

~ .0 

1-40 

!;; 
1;:1 30 

a 20 
g 

10 

0 

92CS-II09~ 

Fi g. 5 - Typical Input Characteri sti cs 
for Types 2N20 15 and 2N20 16. 

COLLECTOR AMPERESIIC) 

92CS-II090 

Fig. 6- Typical Operation Characteristics 
for Types 2N2015 and 2N2016. 

COMMON-EMITTER CIRCUIT, SASE INPUT. 
COLLECTOR-YO-EMITTER VOLTS (VCE),"4 

_1.,)15 
I.k/ , 
~ ", rI!;~'" 

f--
~ 

~~ 
t-... 

~65 ~ 
~~ ~ 

[, 

V ...... ~t:"~~ 25 
~~ 

~ 

10 
, , • 100 , . , , 

COLLECTOR .MlLLlAMPERES (Ie) 
1000 

92CS-II095 

Fig. 7- Typical Operation Characteristics 
for Types 2N2015 and 2"2016. 
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OO(]8LlD 
Solid State 
Division 

Power Transistors 

Silicon N-P-N 
Planar Transistor 
General-Purpose Type for Small-Signal, 
Medium-Power Applications 

Features: 

2N2270 

2N2270L 
JEDEC T().5 

H·1380 

2N227OS 
JEDEC TO·39 

H-,381 

• Minimum gain-bandwidth 
product = 100 MHz; useful in 
applications from dc to 20 MHL 

• Operation at high junction 
temperatures 

• Planar construction for low-noise 
and low-leakage characteristics 

• Very low output capacitance 

These devices are available with aither 1%­
inch leads (TO-5 package) or %·inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "l" after the type num­
ber; the shorter-lead versions are specified by 
suffix ''S'' after the type number. 

RCA·2N2270 is a silicon n·p·n planar transistor intended for 
a wide variety of small-signal and medium-power applications 
in military and industrial equipment. It features exceptionally 

low noise and leakage characteristics, and very low output 
capacitance. 

MAXIMUM RATINGS, Absolute-Maximum Value!: 

• COLLECTOR-TO-BASE VOLTAGE - - - - .... - .... - - .. _ . . . . . . . . . . . . . . . . .. VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

With external base·to-emitter resistance (RBE)';; 10 Q ..••.....•.........• VCER 
With base open . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V CEO 

• EMITTER·TO-BASE VOLTAGE ....................................... VEBO 

• COLLECTOR CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IC 

• TRANSISTOR DISSIPATION: PT 
At case temperatures up to 25Q C .................................... . 
At case temperatures above 25Q C .................................... . 
At free·air temperatures up to 25Q C .................................. . 
At free-air temperatures above 25°C . ................................. . 

• TEMPERATURE RANGE: 
Storage and operating (Junction) ..................................... . 

• LEAD TEMPERATURE (During soldering): 
At distance;;' 1/16 in. (1.58 mm) from seating plane for 10 s max 

-In accordance with JEDEC registration data format (JS-6 RDF-1) 

66 

60 V 

60 V 
'45 V 

7 V 

A 

5 W 
See Fig. 1 

1 W 
See Fig. 1 

-65 to +200 
Q C 

230 Q C 
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ELECTRICAL CHARACTERISTICS. At Case Temperature (T c! ~ 25"C unless otherwise specified 

VOLTAGE 

CHARACTERISTIC SYMBOL V 

VCB VCE 

Co lIector Cutoff Current: 
With emitter open ICBO 60 
AtTC 150 C 60 

Emitter Cutoff Current lEBO 

Coliector·to·Base 
V(BR)CBO Breakdown Voltage 

Emitter·to·Base 
V(BR)EBO Breakdown Voltage 

Collector·to·Emitter 
Sustaining Voltage: 
With external base·to· VCER(sus) 
emitter resistance 
(RBEI = 10 n 

With base open VCEO(sus) 

Co Ilector ·to· Em itter 
VCE(sat) Saturation Voltage 

Base·to·Emitter 
VBE(sat) Saturation Voltage 

DC Forward Current 
hFE 

10 
Transfer Ratio 10 

Small·Signal Forward 
Current Transfer 
Ratio: hfe 
f = 1 kHz 10 
f = 20 MHz 10 

Gai n-Bandwidth Product fT 10 

Noise Figure: 
Generator resistance 
(RGI ~ 1 kn 

NF 
10 

Circuit bandwidth (Vee) 
(BW) = i Hz 
f = 1 kHz 

Output Capacitance Cob 10 

I nput Capacitance Cib 

Saturated Switching Time 
td+tr+t,+tf 

(See Fig. 8) 

Thermal Resistance: 
Junction·to~case ROJC 

Junction-ta-free air ROFA 

* In accordance With JEDEC registration data format (JS'6 RDF-ll. 

a Pulsed: Pulse duration"" 300 IlS; duty factor = 1.8% 

CURRENT 
mA LIMITS 

VEB IC IE IB MIN. MAX. 

0 - 0.05 
0 - 50 

5 0 - 0.1 

0.05 
p.A 0 60 -

0 0.1 7 -

100a 60 -

100a 0 45 -

150a 15 - 0.9 

150a 15 - 1.2 

150a 50 200 
1 30 -

5 50 275 
50 5 -

50 100 -

0.3 - 10 

0 - 15 

0.5 0 - 80 

- 30 

- 35 

- 175 

UNITS 

p.A 

p.A 

V 

V 

V 

V 

V 

MHz 

dB 

pF 

pF 

n, 

·C/W 
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-75 -50 -25 0 25 50 75 100 125 150 175 200 
TEMPERATURE-oC 

Fig. 1-Rating chart. 
92CS-1II72R1 

o 2 4 6 B 10 
COLLECTOR-TO-EMITTER VOL T5 (VCE) 

92CS-1U89 

Fig, 3-Typical collecror characteristics. 

... COLLECTOR-TO-EMITTER VOLTS (VcE)'" 
k 
0 220 

IIII S2 IIII a: 180 J.!oc. ,.. r--~ 160 

~I 1\ .. a: 140 ~~!f:\~ >-
>- 120 

! 100 ~<; V ~ 
~ 

~ 
801-~_1>\~ 

I--" 60 ~i@ I--" -55 
~ f--::r:.-- 1-..... t... a: 
~ : F-t" 1-1- I 
g r-r I 

0.01 OJ I 10 100 1000 
COLLECTOR CURRENT (Ic)-MILLIAMPERES 

92CS-1tI81R2 

Fig. 5-Typical de forward-current transfer ratio characteristics. 

68 

ttl COL.LECTOR CURRENT (Ie ) .. 0 

I EMITTER CURRENT (IE)=Q I 
FREE-AIR TEMPERATURE(TFA)-2&' C . 

6f-- :r-EMITTER-TRANSITION CAPACITANCE FOR VeE 

~ 4r-- --r--'" l- t-il! l-S 2 r-iL 

I-to I 
tJ 10 . 
~ L -6 

~ OUTPUT CAPACITANCE FOR Vce 
4 

I I <'! 
2 

I I I 
2 4 6. 2 4 6 • 2 4 6 • -o.r -I -10 -100 

REVERSE-BIAS VOL T5 (VeE OR Vee) 
92CS-1II95 

Fig. 2-Typical emitter-transition-capacitance and output­
capacitance characteristics, 

COLLECTOR-TO-EMITTER VOLTS (VeE) 

92CS-1I175RI 

Fig. 4-Typical collector characteristics. 

Ht COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREQUENCY'" 20 MHz 
FREE-AIR TEMPERATURE (TFA) "25- C 

10 1 
i 9 

~~~" ~L7'.J rvc 8 ,,- ~~\ ~I- J""(Jo/8 'f.t::.!£. 7 
0_ R-'"<.90V ~ ig 6 

i!j" 5 f--
~~a ~8 .. '" L-.... ,,~ 

ct~ 4 c.~ z., 
",z !P" ., .. 

'1/ I'" 
:1>- 2 .. 
ill I 

0 
2 4 . . 2 4 6 • 2 

10 100 
COLLECTOR MILLIAMPERES (ICI 

Fig. 6-7Vpical small-signal fOfWBrd-current tranSNr ratio 
,characteristics. 

-

4 6 • 
1000 

92CS-11I7IRI 
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SIGN.AUR"O"ENC ',,'T' 'H' c!H ,,::':'11:1,1 
:'. 

IH ••••• ~. !:: 

1. 1 I'll 'I, •• ··1: I! ~~I;l1 ~=i 

...•• 'IL I'i,; -t;;~~i 
'i2t;:;.fg.: tCi:;[::IR " .. it 

~~ .. ~ =-crf f'i 

0.2 0.4 0,6 0.8 
COLLECTOR MILLIAMPERES (Ie) 

92CS-Ul79Rt 

Fig. 7-Typical af noise.figure characteristics. 

-50V +20V 

1000"* 

4700 

0,01,.. F "A" 

INPUT 100 
FROM 100 
PULSE 

GENERATOR-

OUTPUT 
~------(:::l TO 

-50V 

~;~;o---4---O----/~:.../--' ALL RESISTANCE VALUES 
ARE IN OHMS 

TYPE 
It-J3064 .. Mercury Type: Rise and Fall Times < 1 nsec 

u Adjustfor±1-VoltPulseat"A" 
*H Rise Time';;; 0.4 nsec: Input Impedance 

(Through Probe) ~ 2000 ohms 

+1 V 1 r- '5ns 

o----n­
-lvJ L 

INPUT- PULSE 
WAVE FORM 

AT "A" 

+20V, I 
+18V-U 

OUT PUT - PULSE 
WAVE FORM 

Fig. 8-Test circuit for measurement of saturated switching time and associated waveforms. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector. Case 
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oornLJI] 
Solid State 
Division 

RCA-2N2857 is a double-diffused 
epitaxial planar transistor o'fthe silicon 
n-p-n type. It is extremely useful in 
lowwnoise-amplifier, oscillator, and con­
verter applications at. frequencies up to 
500 MHz in the common-emitter configuration, 
and up to 1200 MHz in tbe common-base 
configuration. 

The 2N2857 utilizes a hermetically 
sealed four-lead JEDEC TO-72 package. All 
active elements of the transistor are insu-
1 ated from the case, which may be grounded 
by means of the fourth lead in applications 
requiring shielding of the device. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE, VCBO.. 30 max. 
COLLECfOR-TO-EMITTER VOLTAGE, VCEO 15 max. 
EMITTER-TO-BASE VOLTAGE, VEBO. 2.5 max. 
COLLECfOR CURRENT, IC. • . . 40 max. 

V 
V 
V 

rnA 
TRANSISTOR DISSIPATION6 PT: 300 max. W 

~~rCaatsuer~:W- {~bo~~ ~~o~: Derate at 1. 72 mW/EC 

At ambi ent {UP to 25°C . 
temperatures above 25° c. 

TEMPERATLRE RANGE: 
Derate 2~~ i~i4 mW/E~ 

LE~DoTE~PERA~nEr(h~~~nVusnocl~ieorni)ng)~5 to +200 °c 
At distances ~ 1/32 inch from 
seating surface for 10 
seconds max . 265 max. °c 

* Measured at center of seating surface. 

50016800 

Q = 2N2857 

roooI500 

-::- *1/2 TURN. 110.16 WIRE: LOCATED 

('000"1 
I/~· FROM AND PARALLEL TO L2 

RESISTANCEVAlUESINDIIMS. 
CAPACITANCE VALUES IN pF. +1 VEE =7.5 V 

92CS-14112 

NOTE I: (NEUTRALIZATION PROCEDURE): (A) mNNECTA 
450-MHz SIGNAL GENERATOR (WITIl RG = 50 11) TO THE 

W:W RVV~l~mE~F A~~6s~M!rii~ FM~i>UT (¥~R~?~~E~T O~ 
~~E~~~~F~~~UST~g) F~~PLl m~~rw W}rJM ~fE ~~~~~ 
FIER, TUNE Cl, C3, AND C4 ~'OR MAXIMUM OUTPUT. 

70 

RF Power Transistors 

SILICON N-P-N 
EPIT AXIAL PLANAR 
TRANSISTOR 

2N2857 

For UHF Applications 
JEDEC 
TO-72 

in Industrial and Milnary Equipment 

FEATURES 
• high gain-bandwidth product-­

fT = 1000 MHz min. 

• high converter (~50-to-30 MHz) gain-­
Gc =15 dB typo for circuit bandwidth of 
approximately 2 MHz 

• high power gain as neutral ized ampl ifier-­
Gpe = 12.5 d8 min. at 1i50 MHz for circuit 
bandwidth of 20 MHz 

• high power output as uhf asci llator--

130 mW min. '. ~O mW typo at 500 MHz 
Po = 20 mW typ., at I GHz 

• low device noise figure--

NF~I~.5 d8 max. as ~50 MHz amplifier 
7.5 dB typo as ~50-to-30 MHz converter 

• low· collector-to-base time constant-­
rb'Cc = 7 ps typo 

• low collector-to-base feedback capacitance­
Ccb = 0.6 pF typo 

(D) INTERCHANGE TilE CONNECTIONS TO THE SIGNAL 
GENERATOR AND THE RF-VOLTMETER. (E) WITH SUF­
FICIENT SIGNAL APPLIED TO TIlE OUTPUT TERMINALS OF 
HIE AMPLI FI ER, ADJUST C2 FOR A MINIMUM INDICATION 
AT TIlE INPUT. (F) REPEAT STEPS (A), (B), AND (C) 
TO DETERMINE IF RETLNING IS NECESSARY. 

~g1~ 2; r} 4~L2DIA. SIi~~~:ttT~~ Bt:f~l~%"I}'~~ 
NEAREST VERTICAL CHASSIS SURFACE. 
NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE. 
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS. 

Fig.l - Neutral ized ampl ifier circuit used to 
measure ~50 MHz power gain and noise figure 

for type 2N2857. 

9·66 



File No. 61 2N2857 

ELECT R I CAL CHARACTER I ST I CS, At an Ambient Temperature, TA 2SO C, Unless Otherwise Specified 

TEST CONDITIONS 

DC DC DC DC DC DC 

ymbol 
Coli ector- Coli ector- Emi tter- Emitter Base Collec-

Characteristic Frequency to-Base to-Emitter to-Base Current Current tor 
Vol tage Vol tage Vol tage Current 

f 
VCB VCE VEB IE IB Ic 

MHz V V V mA rnA mA Min. 
Collector-Cutoff 

ICBO * = 25~C 15 0 -Current A= 1500C 15 0 
Coil ector-to-Base 

BVCBO 0 O.QOI 30 Breakdown Voltage 
Coil ector-to-Emi tter 

BVCEO 0 3 15 Breakdown Voltage 
Emi tter-t o-Base 

BVEBO -0.01 0 2.5 Breakdown Voltage 
Static Forward-
Current Transfer hFE I 3 30 
Ratio 

ru;~!~~ i ¥~~!t,,:~ard-
hfe 

O.OOlg 6 2 50 
Ratio 100 6 5 10 

Collector-to-Base 
Ccb 0.1 to Ib 10 0 -Feedback Capac i tance 

I nput Capac i tance Ci b 0.1 to Id 0.5 0 -
Collector-to-Base 

rb'Cc 31.9c 6 -2 ~ Time Constant 

~m;~ip~:!~ ~~07~ 
Gpe ~Oc 6 1.5 12.5 Neutral ized Am~1 ifjer 

Ci rcui t (See FIg. I 
Power ~utPut as ysci 1-
I ator Sea Fi g. 2 Po 2: 500a 10 -12 30 

UHF Device Noise Figure NF ij50C, d, f 6 1.5 -
UHF Measured Hoi se HF ij50c,d 
Fi Qure 6 1.5 -
VHF Device Hoi se Figure HF 60b,d 6 I -

a Fourth lead (case) not connected 

b Three-terminal measurement: Lead No.1 (Emitter) and lead No.4 (Case) connected to guard terminal. 

C Fourth lead (case) grounded. 

LIMITS 

2m~7 

Typ. Max. 

10 - 1.0 

- -
- -
- -
- 150 

- 220 - 19 

0.6 1.0 

I.~ -
7 15 

- 19 

- -
3.8 11.5 

- 5.0 

2.2 -

Units 

nA 
p.A 

V 

V 

V 

pF 

pF 

ps 

dB 

mW 

dB 

dB 

dB 

d Generator resistance, Rg = 50 ohms. 

e Generator ·resistance, Rg = 400 ohms. 

f Device noi se figure is approximately 0.5 dB lower than the measured noi se Ii gure. The di fference is due to the 
insertion loss at the input of the test cireui t (0. 25 dB) and the contri bution of the following stages in the test set­
up (0.25 -dB). 

Q = 2H2857 

'0 II 
W POWER 

METER 

92C5-14111 

Fig.2-0scillator circuit used to measure 5OO-MHz 
power output for type 2H2857. 
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72 

o 

CIRCUIT, BASE INPUT; 
lNTED 
MHz 

TURE (TA) ·2~·C 
COLLECTOR·TO-EMITTER VOLTS (YcE)-S 

IOI5202S'5035 
COLLECTOR MilliAMPERES (Iel 

92CS-I04169 

Fig.S - Small-signal beta characteristic 
for type 2"2857. 

Fig.5 - Input admittance (Yie)~2CS-I2"ORI 

92CS-IZI49RI 

Fig.7- Forward transadmittance (Yfe)' 

-100 -50 0 50 100 150 200 
TEMPERATURE - ·c 

,ZCS-12483RI 

flg.q- Rating chart for type 2"2857. 

o 2 
COLLECTOR MILLIAMPERES (Iel 

Fig.6 - Output admittance (Yoe)."CS-1214SRI 

COLLECTOR MILLIAMPERES (:Iel 

92CS-12154R2 

Fig.8 - Reverse transadmittancB (y re ). 
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10 68100 2: 

FREQUENCY If) - MHz 
92CS-12151RI 

Fig.9 - Input admittance (Yie). 

FREQUENCY If) -MHz 

92CS-12152RI 

2 2 CO~~~iE~~~UWE~~cUI1:: INPUT 

20 
COLLECTOR-TO-EMITTER.VOLTS (VeE)-
COLLECTOR MILLIAMPERES (Iel-I.S 

~ AMBIENT TEMPERATURE (TAl = 25·C 
~18 

" 31. 
i 
114 
JI2 
~IO 
z 

~8 
:to 
iil 
i4 b •• V 
S2 - ~ 0 L--0 

2 
10 

. . , 2 
100 

FREQUENCY (fl-MHz 

1l 
'" '" j 
i 

1 
tl z 
O! 
u 

25 
z 

L58 .. 
I :> 

0 •• ~ 
1 

o.so . . , 
1000 

92CS-12156R2 

Fig.IO - Output admittance (Yoe ). 

COMMON EMITTER CIRCUIT; INPUT SHORT CIRCUITED. 
COLLECTOR-fO-EMITTER VOLTS (VCEI=6 
COLLECTOR MILLIAMPERES lIe)" 1.5 
AMBIENT 

1~ 0 .. ;; 
!ij 
r!:i -I 
gl 
~e 
8 e 
ffi tf-2 
~z 

~" n a:: w -3 

~~ 
ilj", 
~O_4 

10 

TEMPERATURE (TAl" 25° C 

2 

II 
r • 

........... 

• • , 
100 

FREQUENCY (f)-MHz 

" 

2 

II 
II 

I 
gr. 

. , • 1000 

92CS-121!5lRa 

Fig.11 - Forward transadmittance (Yfe). Fig.12 - Reverse transadmittance (Y re ). 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector 

Lead 4 - Connected to case 
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OO(]5LJD 
Solid State 
Division 

~ I . 
i 

JEDEC TO·18 

Power Transistors 
2N2895 
2N2896 
2N2897 

Silicon N-P-N 
Planar Transistors 

General·Purpose Types for Small·Signal, and 
Low·to·Medium·Power Applications 

Features: 
• Hi!#! minimum gain·bandwidth products 

useful in applications from dc to 40 MHz 

• Operation at high junction temperatures 

• Planar construction for low-noise and low-leakage char~cteristics 

• Very low output capacitance 

• Hi!#! switching·speed capabilities (non·sad 

power military and industrial applications_ RCA 2N2895, 2N2896, and 2N2897 are silicon n·p·n planar 
transistors intended for a wide variety of small'signal and low· 
to-medium-power applications in military and industrial equip­
ment. 

These transistors are TO·18 versions of RCA's versatile 2N2l02 
family of n-p-n silicon transistors for small-signal and medium-

These transistors feature extremely low leakage characteristics, 
high pulse de ·beta, high small-signal beta, very low output 
capacitance, and large gain-bandwidth products. Type 2N2895 
also has an exceptionally low noise figure of 8 dB max_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE... •. .. ••...• •••.••••••. . .•• VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-ta-emitter resistance (R BE) <;; 10 n .......... VeER 

With base open':................ .. .. .... . ....... .. ....... VCEO 
EMITTER-TO-BASE VOLTAGE ........................ '. . • . . .• . VEBO 

COLLECTOR CURRENT .•••••.•.•..•..•.•••••••••••••.....• 

TRANSISTOR OISSIPATION: 
At case temperatures up to 25°C ...... ..................... . 
At case temperatures above 25°C .. ......................... . 
At free·air temperatures up to 25°C . ........................ . 
At free-air temperatures above 25°C ........................ . 

TEMPERATURE RANGE: 
Storage and operating ijunction) ........................... . 

LEAD TEMPERATURE lOuring soldering): 
At distance ~ 1/32 in. (0.8 mm) from seating plane for 10 s max ... 

74 

2N2895 

120 

80 

65 

1.8 

0.5 

2N2896 2N2897 

140 60 V 

140 60 V 

90 45 V 

V 

A 

1.8 1.8 W 
See Fig. 1 

0.5 0.5 W 
See Fig. 1 

-65 to +200 °c 

255 °c 

8-74 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T C' = 2fiOC unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

2N2895 2N2896 2N2897 UNITS Vdc mAde 

VCB VCE IC IB Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: 

With emitter open 
90 - - - 0.01 - -
60 - 0.002 - - - 0.05 

ICBO 
90 10 

p.A 

AtTC= 1500 C 
- - - - -

60 - 2 - - - 50 

Emitter Cutoff Current 
lEBO 0 0.002 0.01 (J.05 p.A 

(VEB=5V) 
- - -

10 150a 40 120 60 200 50 200 
DC Forward·Current Transfer 

hFE 
10 500a 25 - - - - -

Ratio 10 0.1 20 - - - - -
10 1 - - 35 - 35 -
10 10 35 - - - - -

At TC = -550 C 10 10 20 - 20 - - -
Collector·to·Base Breakdown 

Voltage: V(BR)CBO 0.1 120 - 140 - 60 - V 
With emitter open 

Emitter·to·Base Breakdown 
Voltage V(BR)EBO 0 7 - 7 - 7 - V 
(I£=O.1 mAl 

Collector·to·Emitter 
Sustaining Voltage: VCEO(sus) 100a 0 65 - 90 - 45 -
With base open 

V 
With external base·to·emitter 

VCER(sus) 100a 80 - 140 - 60 -
resistance (RBE) = 10 n 

Collector·to·Emitter 
VCE(sat) 150a 15 - 0.6 - 0.6 - 1 V 

Saturation Voltage 

Base·to·Emitter Saturation 
VBE(sat) 150a 15 - 1.2 - 1.2 - 1.3 V 

Voltage 

Common·Emitter, Small· 
Signal, Forward·Current hfe 
Transfer Ratio: 

f = 1 kHz 5 5 50 200 50 275 50 275 
= 20 MHz 10 50 6 - 6 - 5 -

Noise Figure: 
Generator resistance = 
510 n, circuit bandwidth NF 10 0.3 - 8. - - - - dB 
= 1 cps, f = 1 kHz 

Output Capacitance: 
Cob 10 - 15 - 15 - 15 pF 

(lE=O, f=140 kHz) 

Input Capacitance: 
Cib 0 - 80 - BO - BO pF 

(VEB=0.5 V, f=140 kHz) 

Thermal Resistance: 
Junction-ta-case ROJC - 97 - 97 - 97 

oCIW 
Junction·to·free air ROJFA - 350 - 350 - 350 

a Pulsed, pulse duration :::z 300 1'5, duty factor = 1.8%. 
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TEMPERATURE,--C 

Fig. I-Rating chart for 2N2895, 2N2896, and 2N2897. 

COLLECTOR-TO-EMITTER VOLTS (VCE' 

92CS-12102 

Fig. 3-Typical collector characteristics at 1DOce for 
2N2896 and 2N2897. 

92CS-12097 

Fig. 5-Typical collector characteristics at 2fjDC for 
2N2896 and 2N2897. 

COLLECTOR-TO-EMITTER VOLTS (VCE) 

92C5-11177 

Fig. 2-Typical collector characteristics at 10t1'C for 2N2895. 

COLLECTOR-TO-EMITTER VOLTS (VCE) 

92C5-11176 

Fig. 4-Typical collector chariJCteristics at 2SOC for 2N2895. 

COLLECTOR-TO-EMITTER VOLTS (VCE) 

92CS-lims 

Fig. 6-Typical col/ector characteristics a't 2SOC for 2N2895. 
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COLLECTOR-TO-EMITTER VOLTS (VeE) 

Fig. 7-Typical collector characteristics at 2SOC for 2N2896. 

4 6 • 
COLLECTOR-TO-EMITTER VOLTS (Vee) 

92C5-11190 

Fig. 9-Typical collector characteristics at -5SOC for 2N2895. 

BASE-lO-EMITTER VOLTS (VSE) 

92CS-1II85 

Fig. 11-Typical transfer characteristics for 2N2895 and 2N2896. 

COLLECTOR-TO-EMITTER VOLTS (VeE) 

92CS-1II78 

Fig. 8-Typical collector characteristics at 2dJ C for 2N2897. 

COLLECTOR-TO-EMITTER VOLTS (VeE) 

92CS-12099 

Fig. 10-Typical collector characteristics at -5SOC for 
2N2896 and 2N2897. 

I 
BASE-TcrEMITTER VOLTS (VSE) 

92CS-12104 

Fig. t 2-Typical transfer characteristics for 2N2891. 
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10 EMITTER OPEN. 

I ~ .. <.'" AC z ",0" ~" !f5 10-1 

~~ 
~31o-
~! 
~§IO-3 
gt! 

10 

-100 

... ~ /~ 

.. ~ <.oq: 
",c. 

c.~ 
~ 

-~ 0 ~ 100 
JUNCTION TEMPERATURE (TJl-oC 

'" ~-I"-

150 200 

Fig. 13-Typical collector-cutoff-current characteristics for 

2N2895 and 2N2896. 

VCER~COlLECTOR-TO-EMITTER VOLTAGE WITH EXTERNAL RESISTANCE 
BETWEEN BASE AND EMITTER 

VCEQ-COlLECTOR-TO-EMITTER VOLTAGE WITH BASE OPEN 
COLLECTOR MILLIAMPERES {Iel a 100 
FREE-AIR TEMPERATURE !TFA)=2S- C 

~160 
VeER 

- 150 

~ 140 

~ r-,. 
~ 130 ; 
~ 120 

i! 
~ 110 

VCEO 
~ 100 

8 90 
2 , ,. 2 , ,. 2 , ,. 2 ". 2 , ,. 

I 10 102 IOJ 104 IO~ 
EXTERNAL BASE-lO-EMITTER RESISTANCE (RBEl-OHMS 

92CS-12122. 

Fig. 15-Typical colJector-to-emitter-voltage characteristic for 2N2896. 

~ 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-lO-EMITTER VOLTS {VeE'-IO 

0 

~ 240 
~ -~ i.--
~ 
~ 

" 200 oct 

~ ~~ \00 I-
160 ... "-<f:>-"~~V m~ , f- R~-" 
120 j- <.~~'.? 

"'-.. V l~~ 
"'"' I 8°131~ 401/ 

g 
0 

0.01 0.1 10 100 1000 

COLLECTOR MILLIAMPERES {lei 
92CS-I2123 

Fig. 17-Typical de beta characteristics for 2N2896 and 2N2897. 
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VCER~COLLECTOR-TO-EMITTER VOLTAGE WITH EXTERNAL RESISrANGE 
BETWEEN BASE AND EMIT.TER 

VCEO·COl.L.ECTOR-TO-EMfTTER VOLTAGE WITH BASE OPEN 
COLLECTOR CURRENT {Ie'- 100 MA. 
FREE-AIR TEMPERATURE (iFA)- 25- C 

-W 130 
V ER S' 

- 120 

~ g 110 

~ ~ 
~ 100 

Ii 
't 90 l" ; 80 

VCEO 

!;l 70 

~ 60 ." • 6. ". " . 2 ... 2 2 2 2 
I 10 102 103 IC)4 105 
EXTERNAL BASE-To-EMITTER RESISTANCE (RBE}-OI-NS 

92CS-12119 

Fig. 14-Typical collecror-co-emitter-vo/rage characteristic 
for2N2895. 

COMMON-EMITTER CIRCUIT, BASE INPUT, ! COLLECTOR-TO-EMITTER VOLTS (VCE}=IO 

~220'f-'-"TT-,-,,,,-,-.-,,,-+-444+-+-~-l-
~ 200 I I III 
- I TTTT 

0.01 0.1 I 10 100 1000 
COLLECTOR Mill [AMPERES (Ie) 

92CS-llIiS 

Fig. 16-Typical de beta characteristics for 2N2895. 

rrt COMMON-EMITTER CIRCUIT I BASE INPUT. 
FREQUENCY=20 Me 
FREE -AIR TEMPERATURE tTFAI = 25 0 C 

10 II I .. • 1-Z 

II .~'i2-Lrs ~ w 

~~ 
, 

II ",~<.<' I- ~)~ 'bf 7 ,<.~V ~-f-
i~ • ,,-,,<.oq: " .. 
ii'~ Sf--

~i5 
~~ 4 

!2z 
~~ 

'17 I~ 

~~ 2 

~ I 

0 

"&v"IP 

" 
2 , , , 2 , , , 

10 100 
COLLECTOR MILLIAMPERES t:ICI 

2 , , , 
1000 

92CS-1II71 

Fig. 18-Typical small-signal beta characteristics for all types. 
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tU COLLECTOR CURRENT CIC''''O 

I EMITTER CURRENT (IEI"-O I 
FREE-AIR TEMPERATURE(TFAI-25" C 

· '= ~EMITTER-TRANSIT10N CAPACITANCE FOR V~E · - -I- -I-, 
-....... 

10 
I-t;, 

· ./' :-, 

· OUTPUT CAPACITANCE FOR Vce 

, I I 
I I I , . , . , . . . , . .. 

-0.1 -I -10 -100 
92CS-11195 REVERSE-BIAS VOLTS (VeE OR Vesl 

Fig. 19-Tvpical emitter-transition capacitance and 
output-capacitance characteristics for all types. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 
Lead 4 - Connected to case 

COLLECTOR MILLIAMPERES IIel 

Fig. 20- Tvpical af noise-ngure characteristics for 2N2895. 
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CRlm500 Power Transistors 
Solid State 
Division 2N3053 

40389 40392 

~~ ...... ;;.~RC .... . 
'~~ tel iTI 

General-Purpose, Medium-Power 
Silicon N-P-N Planar Transistors 

I I ' 
40392 For Small-Signal Applications 

2N3053S 

II \ 
H-1375 I n I ndustrial and Commercial Equipment 

2N3053L 

I I \ 
H-1468 H-1380 

Features: 
III Maximum safe~area-of-operation 

curve 

• Forward- and reverse-bias operation 
without second breakdown 

• low leakage current 

Applications: 
• Audio amplifiers 

These devices are available with either 1~· 
inch leads (TO-5 package) or %-inch leads 
ITO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 

RCA·2N3053 is a silicon n-p-n planar transistor useful up 

to 20 MHz in small-signal, medium-power applications. Type 

40389 is a 2N3053 with a factory-attached diamond-shaped 

mounting flange. 
• Controlled amplifiers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-ta-emitter resistance 

(RBE) = 10n ..... 
With base open. . . . . . . . 
With base-emitter-junction reverse-biased 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT. . . 

TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C 

At free-air temperatures up to 250C. 

At temperatures above 250C . 

TEMPERATURE RANGE: 
Storage and operating (Junction) 

LEAD TEMPERATURE (During soldering): 
At distance;;;' 1/32 in. (0.8 mm) from 

seating plane for lOs max. . . . . . 

80 

• Power supplies 
• Power oscillators 

. VCBO 

VCER(SUS) 
VCEQ(sus) 
VCEV(sus) 

VEBO 

IC 

PT 

2N3053 

60 

50 
40 
60 

5 

0.7 

5 

40389 
40392 

60 

50 
40 
60 

5 

0.7 

7 
(40392) 

3.5 
(40389) 

See Figs.1, 2, and 3 

.. -65 to +200 .. 

-235---

V 

v 
V 
V 

V 

A 

W 

W 

9-73 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T ci = 2t;OC 

TEST CONDITIONS LIMITS 

DC DC DC Types 
Characteristics Symbol Collector Emitter Current 2N3053 Units or Base Voltage Voltage mA 40389 

V V 40392 

Vce VCE VEa VaE IC IE la Min. Max. 

Collector-Cutoff Current ICBO 30 0 - 0.2S fJ-A 

Emittt"r-Cutoff Current lEBO 4 0 - 0.25 fJ-A 

DC Forward-Current 
Transfer Ratio 

hn : 10 ISOa SO 250 

Collector-to-Base BVCIlO 0.1 0 60 - \" 
Breakdown Voltage 

Emittcr-to ... Base IlV EBO 0 0.1 .'; - \' Breakdown Voltage' 

Collector-to-Emi tter 
Sustaining Voltage: 

VCEO(Sus) 100" 0 40 - \' 
With base open 

With external base-Io-emitter 
rpsislance VCER(sUS) 
(RRE) = 10 \l 

100· so - \ 

Base-la-Emitter 
V B~~(Hat) 1·.50 IS - 1.7 \' 

Saluration Voltage' 

ColleCt or-to-f:mitter 
Saturation Vo1tagc VCE(sat) 150 15 - 1.4 \' 

Small-Signal, Forward Curren t 
hfe 10 SO S -

TransfN Ratio (At 20 MHz) 

Output Capacitance Cob 10 0 - IS pF 

Input Capacitance Cib O.S 0 80 pF 

Thermal Resistance! 
35(max.) °elw 

8 J-C 
2N3053 

Junction-to-Case 
25(max.) °CIW 
40392 

175(max.) °CIW 

Junction-to-Free Air 8J - FA 
2N3053 

50(max.) °CIW 
40389 

apulsed; pulse duration = 300J.l.S' duty factor = 1.8 %. 
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'" I 
-u 
.t! 
~ ; 
a: 
::I 
U 

a: 

t 
L&I 
..J 
..J 

8 

82 

0.1 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VeE) - V 

Fig. 1 - Maximum operating areas for type 2N3053. 

Fig.2 - Derating curve for type 2N3053. 

'~ 

25 !SO 7S1OO1ZS1S0175200 

CASE TEMPERATURE (Tcl--C 
12LS-1469 

9255-3362 
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• I 

f 

2 

40389 

(<477F<4) 

-100 -so 0 2S 50 100 ISO 200 
CASE OR FREE-AIR TEMPERATURE ITe OR TFA)--C 

92SS-3002 

Fig. 3 - Dissipation derating curves for all types. 

200 400 
INDUCTANCE IL)-I£H 

600 

9255-3365 

Fig. 5 - Reverse-bias, second-breakdown characteristics for 
all types. 

COLLECTOR-TO-EMITTER VOLTAGE'Va:)-IOY 
_ 200 

~.1-~ 
5 175 C"f,-e;. 

~ 150 ~ f\ 
'" ~::p 
~ 12~ }IJ; .... 

~ l!i I-l--- !I-~7 V "'1\ I!: 10( 

!5 I-#~ v \\ § 75 

'\ b • 

I .. ......V 
g 

0.1 
4 .8 2 .. 

10 102 10' 
COLLECTOR CURRENT IIc)-mA 92CS-1233IRI 

Fig. 7 - Typical input characteristics for all types. 

FREE-AIR TEMPERATURE (TFJ,).25"C 

~ 
~ .. z 

T II 

~z4~-r-rttr-t-~1f\+~~H_-r_+++~+_~HH S! ., \ 
i!~ 
~!~~~-rH--r-+++~f\+\~+-+-~~~~~~ 
t: I 
:0 .. 

~~44-4-~++t-t-+11+-+~~H-4--+++~~~~ 
I 

~ 42t-~~~-HH+4-++Hr~~~~~ 
~ ~~-+~~4+~+-H4~\~I~-+~-~Lc~m~ 

10 4 6 '00 2 4 6 elK 2 46 810K 2 4 6,8dK 
EXTERNAL BASE-TO-EMITTER REgSTANCE (RBEl-A 92C5-12332R2 

Fig. 4 - Sustaining voltage vs. base-to-emitter resistance for 
all types. 

I 
BASE-tO-EMITTER YOLTAGEIVsEI- V 92CS-12329RI 

Fig. 6 - Typical dc-beta characteristics for all types. 

tzeS-12327AI 

COLLECTOR-TO-EMITTER WLTAGE (VCEJ-V 

Fig. 8 - Typical output characteristics for all types. 
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1000 REE-AIR TEMPERAllJRE ITFA)- 2&-• 
r-+-~ ~~:!: ISO 4 

C • 
: .... J- __ ~I15 

• Iv:;.....? -~ +. 100 
!j • 
Ii • ... 41\ ~ "'~I-. Zoe 0: 
0: a • 17e 0: ~ 
~ 10 I 

~ 
I 

4 \ 
GAIN- BANDWIQTH PRODUCT (iTI=IOOMH. • 

I 
10 ~ ~ ~ ~ ~ M 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)-V '2CS"'ZQ5R1 

BASE-TO-EMITTER YOL1I.GE (VBE' - v Mel-IOIMI 

Fig. 9· Typical transfer characteristics for all types. 
Fig. 10· Typical variation of gain·bandwidth product with IC 
and VCE for all types. 
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TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 
Lead 3 - Collector 
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OO(]3LJ1] 
Solid State 
Division 

JEDEC T0-66 

JEDECTO·66 

With I "tegral Heat Radiator 

Power Transistors 

2N3054 2N6260 2N6261 
40372 40910 40911 

Hometaxial ne Medium-Power 
Silicon N-P-N Transistors 

Rugged Devices for Intermediate-Power Applications in 
Industrial and COlnmercialEquipment 

Features: 
• fT = 800 kHz at 0.2 A (2N3054, 40372) 

• Maximum saf ... a ...... of·operation curves for de and pulse 
operation 

" VCEV(sus) = 90 V min (2N3054, 2N6261) 
II Low saturation voltage: VCE(sat) = 1.0 V at IC = 0.5 A 

(2N3054) 

RCA 2N3054, 2N6260, and 2N6061 are hometaxial·base­
silicon n·p-n transistors intended for a wide variety of 
medium- to high-power applications. 

Applications: 

• Power switching circuits 

" Series- and shunt-re",lator driver and output stages 

a High-fidelity amplifiers 
Types 40372, 40910, and 40911 are the 2N3054, 2N6260, 
and 2N6061 with factory-attached heat radiators intended 
for printed-circuit-board applications. • Solenoid drive .. 

• "Hometaxia'" was coined by RCA from "homogeneous" and 
"axia'" to describe a single-ciiffused transistor with a base region of 
homogeneous-resistivity in the axial direction (emitter-to-collector,). 

"Hometaxial II" is a term 'used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 

MAXIMUM RATINGS. Absolute-Maximum Values: 
2N6260 
40910 

·COLLECTOR-TO-BASE VOLTAGE ................................... . VCBO 50 
COLLECTOR-TO-EMITTER VOLTAGE: 

• With base open ..........•......•................................. 
* With external base-to-emitter . 

VCEO 40 

resistance (RBE) = loon .......................................... . VeER(sus) 45 
With base reverse-biased 
(VBE=-1·5V) .................................................. .. 

"EMITTER-TQ-BASE VOLTAGE •••••••••••••••••••••.•••••.••••••••.••• 
VCEV(susl 50 

VEBO 5 
"CONTINUOUS COLLECTOR 

CURRENT ...................................................... . IC 3 
·CONTINUOUS BASE CURRENT ••••••••••••••••••••••.••••...••••••••• IB 2 
TRANSISTOR DISSIPATION: 

* At case temperature up tQ 25°C ..................................... . 
PT 

29 
(2N6250) 

A1 ambient temperatures up to 250 C ........•......................... 6.8 
(40910) 

• At temperatures. above 25°C ............ ~ ........................... . SeeFigs.4& 17 
·TEMPERATURE RANGE: 

2N3054 
40372 

90 

55 

50 

90 
7 

4 
2 

25 
(2N3054) 

5.8 
(403721 

5 •• Figs.4&9 

2N6261 
40911 

90 

80 

85 

90 
7 

4 
2 

50 
(2N6261) 

5.B 
(40911) 

SfiFigs.I&7 

V 

V 

V 

V 
V 

A 
A 

w 

w 

Storage & Operating (Junction) ...................................... . -----.. -65 to 200_ 
··PIN TEMPERATURE (During Soldering): 

At distance :;::1/32 in. (0.8 mm) 
from seating plane for 10 s max. . ................................... . 235 

*In accordance with JEOEC registration data format JS-9 ROF-10 (2N3054), JS-6 AOF·2 (2N6260, 2N6261) 

B-74 
85 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 2N6260 2N3054 2N6261 UNITS 

VOLTAGE CURRENT 40910 40372 40911 
V de A de 

VCE VBE IC IB Min. Max. . Min. Max. Min. Max . 

4 Collector-Cutoff Current: 

With base open ICEO 30 0 - 1 - 0.5 - - mA 
60 0 - - - - - 0.5 
40 -1.5 - 5 - - - -

With base-emitter ICEX 80 -1.5 - - - - - 0.5 mA 
junction reverse-biased 90 -1.5 - - - 1.0 - -

40 1.5 25 
At TC = 150°C ICEX 80 -1.5 - - - - - 1.0 mA 

90 -1.5 - - - 6.0 - -
IEeO 

-5 0 - 5 - - - - ·mA Emitter-Cutoff Current -7 0 - - - 1.0 - 0.2 
Collector-ta-Emitter 

Sustaining Voltage: 

With base open VCEO(susl O.l a 0 40 - 55 - 80 - V 
With external base-to-

emitter resistance VCER(susl O.l a 45 - 60 - 85 - V 
(RaEI = lOOn 

·2 4a 3 - - - '5 -
2 1.5a - - - - 25 100 

.. , 

• DC Forward-Current hFE 4 3" - - 5 - - -
Transfer Ratio 4 0.5a - - 25 150 - -

4 1.5a 20 100 
ColJector-to-Emitter VCE(SBtl 0.5" 0.05a - - - 1.0 - - V 

Saturation Voltage 1.5" 0.15a - 1.5 - - - 0.5. 
3" I" 6.0 

2 1.5 - - - - - 1.5 

• Base-ta-Emitter Voltage VeE 4 1.5 - 2.2 - - - - V 
4 0.5 - 1.7 

Common-Emitte~ Small.signal, 
Short-Circuit, Forward 
Current Transfer Ratio fhfe 4 0.1 0.03 - 0.03 - 0.03 - MHz 
Cutoff Freauency 

Magnitude of Common-
Emitter, Small-8ignal, 
Short-Circuit Forward Ihfel 4 0.1 2 - - - 2 -
Current Transfer Ratio 
(f =0.4MHzl 

Common..emitter , 
SmaU-8ignal, Short· 
Circuit Forward hfe 4 0.1 25 - 25 - 25 -
Current Transfer Ratio 

(1-1 kHzl 
Forward.-8ias Second 40 0.725 - - - - -

Breakdown Collector ISIb 80 - - - - 0:625 - A 
Current (t - 1 sl 55 - - 0.455 - - -

Thermal Resistance: 
R8JC 

6 (max.l 7 (max.l '3.5 (max.l 
Junction-to-CUe 2N6260 2N3054 2N6261 

30 (max.l 30 (max.l 30 (max.l °C/W 
Junction-to-Ambient 

R8JA 40910 40372 40911 

apulsed: Pulse duratiop =:;roo #Js, duty factor"" 1.8%. 
·In accordance with JEDEC registration data format JS. 9 ROF·l0 (2N30541 JS-6 RDF·2 (2N6260-611 
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TERMINAL CONNECTIONS 
FOR 2N3054, 2N6260, & 2N6261 

Pin 1 - Base 
Pin 2 - Emitter 

Case, Mounting Flange - Collector 

TERMINAL CONNECTIONS 

FOR 40372,40910 & 40911 

Pin 1 . Base 
Pin 2 - Emitter 
Heat Radiator-Collector 
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Fig. 13-Typical input characteristics for types 2N6261 and 
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Fig. 15-Typical input characteristics for types 2N3054 and 
40372. 

Fig. 17-Typical input characteristics for types 2N6260 and 
40910. 
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Fig. 14-Typical transfer characteristics for types 2N6261 and 
40911. 

Fig. 16-Typical transfer characteristics for types 2N3054 and 
40372. 

Fig. 18-Typical transfer characteristics for types 2N6260 and 
40910. 
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OOLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 
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Fig. 19-Typical output characteristics for types 2N6261 and 
40911. . 
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Fig.21-Typical output characteristics for types 2N3054 and 
40372. 
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Fig;23-Typical output characteristics for types 2N6260 and 
40910. 
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Fig.20-Typical dc beta characteristics for types 2N6267 and 
40911. 
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File No. 524 

[RlC18LJD 
Solid State 
Division 

Power Transistors 
2N3055 
2N6253 
2N6254 

Hometaxial n e High-Power 
Silicon N-P';'N Transistors 
Rugged, Broadly Applicable Devices 
For Ir:ldustrial and Commercial Use 

Features: Applications: 

JEDECTO·3 • 2N6254: premium type from 2N3055 family • Series and shunt regulators 
• M.JlXimum safe·area-of·~peration curves 
iI Low saturation voltages 

• High·fidelity amplifiers 
• Power-switching circuits 

• High dissipation ratings 
• Thermal·cycle rating curves 

RCA 2N3055, 2N6253 and 2N6254 are silicon n·p·n tran­
sistors intended for.iI wide.variety of high·power applications. 
The hometaxiale·base construction of t~ese devices renders 
them highly resistant to second breakdown over'a\<IIide range 
of operating conditions . 

• "Homet~xial" was coined by RCA from"homogeneous" and "axial" 
to describe a single-diffused transistor with a base region of homo­
geneouHesistivity silicon in the axial direction (emitter-ta-collector). 

"Hometaxial n" is a term used to describe RCA's expanded line of 
transistors produced by t~e hometaxial process. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

'COLLECTOR·TO·BASE VOLTAGE ....... . 
COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

• With external base-to-emitter resistance (RBE) "" lOOn _ 
.. With base open _ ................... . 

With base reverse-biased Vse "" -1.5 V ... .- .. . 
.'EMITTER·TO·BASE VOLTAGE ...... . 
'CONTINUOUS COLLECTOR CURRENT. 
'CONTINUOUS BASE CURRENT .. . 
"TRANSISTOR DISSIPATION .. . 

At case temperatures up to 25°C 
At case temperatures above 25°C 

'TEMPERATURE flANGE: 
Storage and Operating (Junction) 

"PIN TEMPERATURE lOuring Soldering): 
At ~istances ~ 1/32 in.(O.8 mm) from seating plane for 10 s max. 

• Solenoid drivers 

o 25 50 75 100 125 150 175 ~QQ. 

VCBO 

VCER('u,) 
VCEO('u,) 
VCEV('u,) 

VEBO 
IC 
Ie 
PT 

CASE TEMPERATURE (TC):- "C 

Fig.1-Current derating curve. 
92L5-r469RI 

2N6253 2N3055 2N6254 
55 100 100 

55 70 B5 
45 60 BO 
55 90 90 

7 7 
15 15 15 

115 115 150 
+---- See Fig. 1 ~ 

+---65 to +200-:-----+ 

.... 1---- 235 -----1.~ 

"In accordance with JEDEC registration data formats (2N3055:JS-9 RDF-10/2N6253--4: JS-6 ADF-2L 
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File No. 524 2N3055,2N6253,2N6254 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC Unless Otherwise Specified. 

TEST CONOITIONS LIMITS 

VOLTAGE CUR· 
CHARACTERISTIC SYMBOL RENT 2N6253 2N3055 2N6254 UNITS 

Vdc Adc 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: ICEO 
25 0 1.5 · 30 0 0.7 With base open 
60 0 

With base-emitter junction 
ICEX 

55 ·1.5 
reverse-biased 100 ·1.5 5 0.5 

mA 

At TC = 150°C ICEX 50 ·1.5 10 
100 ·1.5 30 5 

· Emitter-Cutoff Current lEBO 
-5 10 
-7 5 0.5 

mA 

Collector-ta-Emitter 
Sustaining Voltage: 

With base open VCEO(susl 0.2a 0 45 60 80 

With external base-to-
emitter resistance VCER(sus) 0.2a 55 70 85 V 
(RBEI = lOOn 

With base-emitter junction 
VCEv(susl ·1.5 O.la 55 90 90 reverse-biased· 

· DC Forward Current 4 15a 3 5 
Transfer Ratio hFE 4 10· 

2 5a 20 70 
4 4a 20 70 
4 3a 20 150 

4 3a 1.7 · Base-ta-Emitter Voltage VeE 4 4a 1.8 V 
2 5a 1.5 

3 a 0.3a 

· Collector-ta-Emitter 4a 0.4a 1.1 
Saturation Voltage VCE(satl 5a O.Sa 0.5 

lOa 3.3a 8 V 
15a 3a 4 
15a 5a 4 

· Common-Emitter, Small-
Signal, Short-Circuit 
Forward Current Transfer hie 4 10 15 120 10 
Ratio 

(I = 1 kHz I 

· Magnitude of Common-
Emitter. Small-Signal, 

Ihlel Short-Circuit, Forward 
4 2 2 

Current Transfer Ratio 
(I = 0.4 MHzl 

Gain-Bandwidth Product IT 800 kHz 

· Common-Emitter. Short-
Circuit, Small-Signal. 
Forward Current Transfer fhfe 10 10 10 kHz 
Ratio Cutoff Frequency 

80 1.87 
Forward-Bias Second Break-

ISlb 60 1.95 A 
down Collector Current 

45 2.55 

Thermal Resistance: R IIJC 1.5 1.5 1.17 °C/W 
Junction-ta-Case 

a Pulsed: Pulse dUration:::> 300 JJS. duty factor =- 1.8%. 
* In accordance with JEDEC registration data formats JS-9 RDF-10 (2N3055) and JS-6 RDF-2 (2N6253-41. 
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8 (CURVES MUST BE DERATED LINEARLY 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig.2-MaJiimum operating areas for types 2N6253 and 2N3055. 

TERMINAL CONNECTIONS 

Pin 1 - 8ase 
Pin 2 _. Emitter 
Case - Collector 

Mounting Flange - Collector 
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Fig.5- Thermal-cycle rating chart for type 2N6254. 
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Fig.6-Reverse·bias, second·breakdown characteristics for all 
types. 

Fig.7-Typical gain-bandwidth product for all types. 
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BASE-fO-EMITTER VOLTAGE (VBE)-V 
92CS-19440 

Fig.B- Typical input characteristics for type 2N6254. 

BASE-TO-EMITTER YOLTAGE(V&l-V 92CS-12307RI 

Fig. 10-Typical input characteristics (or type 2N3055. 

BASE-TO-EMITTER VOLTAGE (VSE)-V 92CS-19438 

Fig. 12-TypicaUnput characteristics for type. 2N62q3. 
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Fig.9-Typical output characteristics for type 2N6254. 
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Fig. 11-Typical output characteristics for type 2N3055. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 
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Fig. 13-Typical output characteristics for type 2N6253. 
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Fig. 14-Typical dc·beta characteristics for type 2N6254. 
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Fig. 16-Typical dc·beta cha"lcteristics for type 2N3055.· 
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Fig. 18-Typical dc·beta characteristics for' type 2N6253. 
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BASE-TO-EMITTER VOLTAGE (VBE)-V 
92CS-19443 

Fig.15~ Typical transfer characteristics for type 2N6254. 

BASE-TO-Eft'\lnER VOLTAGE(VBE1-V 92CS-12326R1 

Fig. 17-Typical transfer characteristics for types 2N6253 and 
2N3055. 
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types. 
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oornLJiJ 
Solid State 
Division 

Power Transistors 

2N3263 
2N3265 

2N3264 
2N3266 

~ H-1354 

~3263.2N3264 
IRADIAL) 

High-Power,High-Speed, High-Current 
Silicon N-P-N Power Transistors 

.11 
H-1785 y... J 

2N3265:2N3266 
IJEDEC TO-631 

Epitaxial Types for Aerospace, 
Military, and I ndustrial Applications 
Features: 
• Low saturation voltages -

2N3263 and 2N3265 
VCE(sad = 0.75 V (max.) at IC = 15 A 
VBE(sat) = 1.60 V (max.) at IC = 15 A 

2N3264 and 2N3266 
vCE (sad = 1.20 V (max.) at Ic = 15 A 
VBE (sat) = 1_80 V (max.) at IC = 15 A 

• High reliability and uniformity of characteristics 
• High power dissipation 
• Fast rise time at high collector current -

0.2/1s at 10 A (typical) 

RCA-2N3263, 2N3264, 2N3265, and 2N3266a are n-p-n 
epitaxial silicon power transistors designed for high-reliability 
aerospace, military, and industrial equipment. Their high 
current-handling capability and fast switching speed make 
them desirable in applications where high circuit efficiency is 
required. 

Typical high-speed switching applications for these transis­
tors include switching-control amplifiers, power gates, 
switching regulators, dc-de converters, and dc-ac inverters. 
Other recommended applications include dc-rf amplifiers and 
power oscillators. 

The 2N3263 and 2N3264 are sealed in flat 314-inch­
diameter packages with radial leads. Types 2N3265 and 
2N3266 utilize the JEDEC TO-S3 package. 

MAXIMUM RATINGS,Absolute·Maximum Values: 

a Formerly RCA Dev. Nos. TA2492, TA2493, TA2494, and TA2495, 
respectively. 

2N3264 2N3263 
2N3266 2N3265 

• COLLECTOR-TO-BASE VOLTAGE ............. _......... VCBO 120 150 V 

COLLECTOR·TO-EMITTER SUSTAINING VOLTAGE: 
With 1.5 volts (VB E) of reverse bias _ ... __ ...... _ . _ .... . 

With external base-to-emitter resistance (RBE) ~ 50 n .... . 
With base open ......................... '.' ......... . 

"EMITTER-TO-BASE VOLTAGE .. _ ..................... . 

"COLLECTOR CURRENT ............................. . 

"BASE CURRENT ............ _ ...................... . 

"TRANSISTOR DiSSiPATION .......................... . 

"TEMPERATURE RANGE: 

Storage and operating (Junction) ..................... . 

LEAD TEMPERATURE (During soldering): 

At distance;:: 1/32 in. (O.B mm) from seating plane for 

10 s max. . .................................... . 

* In accordance with JEDEC registration data format. 

6-72 

VCEX(SUS) 

VCER(SUS) 

VCEO (sus) 

VEBO 

IC 

IB 

PT 

120 160 V 

80 110 V 

60 90 V 

7 7 V 

25 25 A 

10 10 A 

See Figs. 1 & 2 

-- -65 to +200 -- °C 

---230 °C 
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ELECTRICAL CHARACTERISTICS At Case Temperature (TC) = 250 C unless otherwise specified 

TEST CONDITIONS LIMITS 

SYMBOL 
VOLTAGE CURRENT 2N3264 2N3263 

UNITS CHARACTERISTIC 
Vdc Adc 2N3266 2N3265 

VCB VCE VEB IE IB IC MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 60 0 - 10 - -
With emitter open 

ICBO 
80 0 - - - 4 
60 0 - 10 - - mA At TC = 1250 C 
80 0 - - - 4 

With base reverse· 
ICE X 

120 1.5 - 20 - -
biased 150 1.5 - - - 20 

• Emitter Cutoff Current: 7 0 - 15 - 5 
mA · At TC - 1250 C lEBO 7 0 - 15 - 5 

Emitter-to·Base Voltage VEBO 0.02 0 7 - 7 - V 

Collector·to·Emitter 
Sustaining Voltage: VCEO(SUS)· · With base open 0 0.2 60 - 90 -

With external base-to-
V 

emitter resistance VCER(SUS)- 0 0.2 80 - 110 -

(RBE) <50n 

* Collector-to-Emitter 
VCE(sat)- 2 20 - 1.6 - 1 

V 
Saturation Voltage 1.2 15 - 1.2 - 0.75 

* Base-to-Emitter 
VBE(sat)-

2 20 - 2.2 - 1.8 

Saturation Voltage 1.2 15 loB 1.6 
V - -

* DC Forward Current 
3 5 35 - 40 -

Transfer Ratio hFE- 3 15 20 80 25 75 
2 15 - - 20 55 

* Second-Breakdown 
Collector Current: 

IS/b'" (See Fig. 7) 50 700 - - -
mA 

DC forward-biased 75 - 350 -· Pulsed, forward-
biased, tp = 250 jls 75 13.3 - 13.3 - A 

* Second-Breakdown Energy 
With base reverse-

ES/b •• 6 10 2 2 mJ 
biased, and 

- -
RBE=20n, L=40jlH 

• Saturated Switching Time: 

(See Figs. 3 & 4) tON 
VCC= 1.2' 15 - 0.5 - 0.5 

Turn·on (td + t r) 
30 

jlS 
Storage t, 1.2' 15 - 1.5 - 1.5 
Fall tf 1.2' 15 - 0.5 - 0.5 

• Gain·Bandwidth Product 
fT 3 

(f = 1 MHz) 
10 20 - 20 - MHz 

Collector· to· Base Feedback 
Capacitance 

Cob 10 0 - 500 - 500 pF 
(f = 1 MHz) 

* Thermal Resistance 
2N3263 2N3265 

(Junction·to·Case) ROJC 2N3264 2N3266 °C/W 
10 10 - I 1.5 - I 1 . 

In accordance with JEOEC registration data format . 
• Pulsed; pulse duration ~ 350 /.As, duty factor S 2%. CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured 

on 8 curve tracer. These sustaining voltages should be measured by means of the test circuit shown in Fig. 5. *: ISlb Is defined as the current at which second breakdown occurs at a specified collector voltage. 
ES/b is defined as the energy et which second breakdown occurs under specified reverse bias conditions. ES/b = 1/2 U 2 , where L is a serios 
load or leakage inductance and 1 is the collector current. 

'IB1 = 1B2· 

100 



File No. 54 _______________ ...,-__________ 2N3263.2N3266 

FOR MAXIMUM CASE TEMPERATURES ABOVE 7~­
DERATE LINEARLY AT I W/-C. 

12 
75 

100 

25 

150 
2N3266 

MAX. VCEO.60V 

A TEMPERATUlE·ll; )'175"C 2N3265 
MAX. VCEO. 90 V 

o 10 20 30 40 ~O 60 70 80 90 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-12430RI 

Fig. I-Rating chart for 2N3265 and 2N3266. 

H-P PULSE GENERATOR 
MODEL 214A. OR 
EQUIVALENT 

1 r~'O~' I 10-100 n ~F 

INPUT PULSE: 

tr < 2tJ nl 
11 < 20 nl 

0111 

REP. RATE ~ 400 Hz 
PULSE DURATION· lOps 

0-30V 
TO OSCILLOSCOPE TEKTRONIX 
No.!S14A,OR EQUIVALENT 

0-20 V 

92C5-20237 

Flg.3-Circuit used to measure saturated switching times. 

[E3 O~~S 
0.0 

60 W 

CPS VCEObUs)~ 

+IIF---~~-...J 
110 6V 

OHMS 
IW 

CHANNEL A 

.0 
mH 

TO 
OSCILLOSCOPE 

TEKTRONIX No. 503, 
OR EQUIVALENT 

CHANNEL B 

COMMON 

OTO !SOV 
500MA 

92CS-12436RI 

Fig.5-Circuit used to measure sustaining lIoltages VCEO(sus) and 
VeER(sus!, 

FOR MAXIMUM CASE TEMPERATURES ABOVE 75° C. 
DERATE LINEARLY AT. 0.66 WI-C. 

'" 

125 

150 

2N3264 
MAX. VCEO· 60 V 

E (T ) '175"C 
2N3263 

MAX. VCEO. 90 V 

~ W ~ ~ ~ ~ ro w ~ 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)-V 

Fig.2-Rating chart for 2N3263 and 2N3264. 

'" ~ .. "z ." .. ..... 
... '" BE 

10"1. TIME 
INPUT WAVEFORM 

OUTPUT WAVEFORM 

92CS-20226 
181 - 1.2 A 
182 - ·1.2 A 
IC ·15 A 

Fig.4-Phase relationship between input and output currents showing 
reference points for specification of switching times. (Test 
circuit shown in Fig. 3.) 

.. 
f 
tl' 1 ___ ...... .JI_VCEO{sU.) r-__ +--i-_,VCER (su.) 

~ 200 

a I O~-~~~~ o 80 itO 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-12432RI 

ThelUstaininll vultlllltl VCEO(su.! Ind VCERhu,! .e acceptllble whln 1Nn8CII f.11 
to 1M tillll1 01 poi"1 "A" for typeI2N3264 end 2N326B. The tracu mlUt fetl 10 me 
tight 01 point "B"for types2N3263.nd 2N3266. 

Fig.6-0scilloscope display for VCEO(sus) and VCER(SUS) meawre­
ment. (Test circuit shown in Fig. 5.) 
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10 2 3 4 5 6 7 a 
COLLECTOR-TO-EMITTER VOLTAGE (VCE}-V 

92CS-12428RI 

Fig.7-Safe-operating region as B function of 
pulse width. 
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=lg.9-Collector current as B function of 
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BASE-TO-EMITTER 
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Fig. 1 t -Collector current as a function of 
Inductance (BOth percentile). 
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Fig.S-Typical change in ES/b as B function of 
base-tD-emitter resistance. 
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Fig.tO-Collector current as a function o( 
inductance (50th percentilsl. 
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Fig. 12-Typical laturated·swirching charac· 
teristiCS. 
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BASE-TO-EMITTER VOLTAGE (VSEI-V 

Fig. 13-Typical input characteristics. 
92CS-1243BRI 

CbLLECTOR-TO EMITTER VOLTAGE (VeE)· ~ v 

8 

240 I 

0,01 4 6 80.1 4 6 8 I 4 6 8 10 

COLLECTOR CURRENT C1C)-A 
92CS-12443R1 

Fig. 15-Typical de beta characteristics (median values). 

Fig. 17-Typical transfer characteristics. 92CS-12442RI 

TERMINAL CONNECTIONS 
2N3263, 2N3264 

Lead 1 - Base 

Case, Lead 2 - Collector 

Lead 3 - Emitter 

COLLECTOR-Ta-EMITTER VOLTAGE (VeE)=3 v 

1000a , 
4 

2 ./ 
« 

v'/ VI • 
1 10 . ~ 
~ 6 .~: 
... 4 il:~:r z ~ rtf .. 
'" 2 a II .. I Fit! 
~ :~ f=:$ .1= 1--'" 

r-r-tf 
2r-f--'} / I LA. 

0.4 0.6 O.B 1.0 1.2 1.4 1.6 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

92CS-12431RI 

Fig. 14-Typical input characteristics. 

COLLECTOR TO-EMITTER VOLTAGE (VCE)1I3 V 

2 
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10. 
V 

« c, 1 , 
~ 4 

.; 
,-'l; / / " ... 21--- ~CJ 

! 1..1 
I.O~~ =/# I -;2 

~ 
41--
~I 

III 21-- a. I g O.iaf=: iE 
61-- .... 
4f-- :# 

I '" 21--° 
I 0.01 

0 0.4 0.6 0.8 1.0 1.2 4 1.6 
BASE-Te-EMITTER VOLTAGE (VBE)-V 

92CS-12431RI 

Fig. 16-Typical transfer characteristics. 

CASE TEMPERATURE (TC)"25°C 

1 
130 

"'" f 120 
~ ....... 
~ 
0 110 > 

'" ~a26a a 2N3265 
.. ... i 100 

I 
I? 
I 90 ....... 
'" I? 
~ BO 2"'il2 ~-
8 ~ a 2N3266 

70 I IIII I 
2 • 6. 2 • 6. 2 . ,. 2 4 , • 2 4 ,. 

1 10 102 103 104 ler 
EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEJ- n 

92CS-12452RI 

Fig. 18-Typical sustaining voltage vs. base-to-emitter resistance. 

TERMINAL CONNECTIONS 
2N3265, 2N3266 

Pin 1 - Emitter 

Pin 2 - Base 

Case, Pin 3 - Collector 
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OOClBLJlJ Power Transistors 
Solid State 
Division 2N3439 

2N3440 

2N4063 
2N4064 

40390 

40390 

High-Voltage Silicon 
N-P-N Transistors 
For High-Speed Switching and 
Linear-Amplifier Applications 

Features 
• High voitage ratings: 

V ceo = 450 V max. (2N3439, 2N4063) 
= 300 V max. (2N3440; 2N4064) 

VCEO{sus) = 350 V max. (2N3439, 2N4063) 
= 250 V max. (2N3440, 2N4064) 

• Maximum-area~f-operation curves 
• Low saturation voltages 

These devices are available with either 1%­
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). Thelonger-lead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 

RCA-2N3439*, 2N3440**, 2N4063, 2N4064, and 40390 are 
epitaxial-base silicon n-p-n transistors with high breakdown 
Voltages. high-frequency response, and fast switching speeds. 
These transistors are intended for industrial, commercial, and 
military equipment. Typical applications include high-voltage 
differential and operational amplifiers, high-voltage inverters, 
and high-voltage, lew-current switching and series regulators. 

The 2N3439 and the 2N3440 differ .primarily in their voltage 
ratings; the 2N4063 and 2N4064 have the same voltage ratings 
as the 2N3439 and 2N3440 respectively, but employ a flange 
package. Type 40390 is a 2N3440 with a factory·attached heat 
radiator; it is intended for printed-circuit-board applications. 

* Formerly RCA Dev. No. TA245B. 

** Formerly RCA Dev. No. TA2470. 

Absolute-Maximum Values: 

2N3439 
2N4063 

2N3440 
2N4064 
40390 

COLLECTOR-TO-BASE VOLTAGF. ......................... VCBO 450 

350 

7 

I 

0.5 

300 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE ............ . 

EMITTER-TO-BASE VOLTAGE •.......................... 

COLLECTOR CURRENT •.............................. 

BASE CURRENT ....•.........................•...... 

TRANSISTOR DISSIPATION ............................ . 
At case temperatures up to 250 C ........................ . 

At free-l1ir temperatures up to 250 C .•....••....•....•..... 
At free~air temperatures up to 50~ C ....•.••.............•. 
At free-air temperatures above 250 C or 500 C .............•... 
For pulse operation ................................ . 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ..•.........•............. 

LEAD TEMPF.RATURE (During'soldering): 
At distance;'; 1/32 in. from seating plane for 10 s max .......... . 

104 

VCF:O(SUS) 

VEBO 

IC 

IB 
PT 

250 

7 

0.5 

10 

1(2N3439) 
See Fig. 2. 
See Fig. 9. 

1O(2N3440) 
1O(2N4064) 

3.5(40390) 
1(2N344Q) 

- -65'0200 .. 
...... ;.---- 255 ----.... .. 

Y 

Y 

V 

A 

A 

w 
w 
w 
W 

°c 

°c 

9-73 



File No. 64 _________________ 2N3439, 2N3440, 2N4063, 2N4064, 40390 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT ci = 2!f'C 

TEST CONDITIONS LIMITS 

DC DC DC Typos Types 
Characteristic Symb.1 Collector Emitter Current 2N3439 2N3440 

Volts or Base (milliamperes) 2N4063 2N4064 
Volts 40390 

VCB VCE VEB VBE Ie IE IB Min. Max. Min. Max. 

ICEO 300 0 20 

Collector-Cutoff Current 
200 0 50 

ICEV 450 1.5 500 
300 -1.5 500 

Emitter-Cutoff Current lEBO 6 0 20 20 

DC Forward - Current Transfer Ratio hFE 10 20 40 160 40 160 
10 2 30 

Collector-ta-Emitter 
$ustaining Voltage: 

VCEO(sus) (See Figs. 3 & 4.1 50 0 350· - 250· -
With base open 

Base-ta-Emitter 
VBE(s.,) Saturation Voltage 50 4 - 1.3 - 1.3 

Collector-ta-Emitter VCE(sa,) 50 4 0.5 0.5 
Saturation Voltage 

Small-5ignal, Forward-Curren, 
hfe 10 10 Transfer Ratio (a'S MHz) 3 - 3 -

Output Capacitance (at IMHz) Cob 10 0 10 10 

Second-Breakdown 
Collector Current: 'IS/b 200 
With base forward biased 

50 - 50 -

Thermal Resistance: 
Junction-ta-Case BJ.C - 17.5 17.5 

QCAUTION: The sustaining'voltage VCEO{sus) MUST NOT be measured on a curve tracer. The sustaining voltage 

should be measured by means of the ,test circuit shown in Fig. 3. 

~ 150 

'" ~ 
II) 125 :; 
~ 
~ 100 

a~ 

o 25 50 75 100 125 150 175 200 
EFFECTIVE CASE TEMP, OR CASE TEMP, ITEFF OR Tcl-"C 

92CS'21992 

-75-50-25 0 I I 
FREE-AIR TEMPERATURE (TFA)--C 

Units 

/-LA 
/-LA 

/-LA 
/-LA 

/-LA 

V 

V 

V 

pF 

rnA 

°C/W 

92lS-16OB 

Fig. 1 - Current derating curve for all types. Fig. 2 - Dissipation derating curve for 2N3439, 2N3440, and 40390. 
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6V 

+Vcc (0 TO SOV 100 mAl 

CHANNEL A 

DEVICE 
UNDER 
TEST 

In 
O.5W 

CHANNEL B 

COMMON 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL 1308 

OR EQUIVALENT 

Fig. 3 - Circuit used to measure sustaining voltage, V CEO (sus), for 
all types. 

CASE TEMPERATURE (Te)·25°C 

'" '" ~ VCES 
> 450 

~ ..... 
«:Ii 
~;425 
~I 
"'-;; t: ~400 
i'-"I 

"'''' 'u 
~~_375 

g ....... VeEO 
350 

III 8 
325 "' 10 2 4 6 8 1K 

EXTERNAL BASE-TO-EMITTER RESISTANCE (RSEI-n 
92LS~I588 

Fig. 5 - Sustaining voltage VS. base-ta-emitter resistance for 2N3439 
and2N4063. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) • IOV 
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92LS-I599 

Fig. 7 - Typical dc·beta characteristics for all types. 
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1 
1 ;r 

... 50 

~ 
~ 
~ 

~ 
8 

o 
COLLECTOR-TO-EMITTER VOLTAGE ('tEJ-V 

92CS-12611RI 

The sustaining voltage VCEO(sus) is acceptable when the 
trace falls to the right and above point "A" for types 2N3440. 
2N4064 and 40390. The trace must fall to the right and above 
point "8" for types 2N3439 and 2N4063. 

Fig. 4 - Oscilloscope display for measurement of sustaining voltages 
(test circuit shown in Fig. 3J. 

~ 
CASE TEMPERATURE (Te.1 ~ 2~· C 

~ 
g .. vCES 
~ 300 z_ 
~~ 

" ~l!'9 
V» \. .. I 
~~280 
i:! 'jiu: 
~~270 
~. 
g 
~ 26 "-~ 2~O I--.. VCEO I 

10 2 4 6 8100 2 4 6 B IK 2 4 6 BIOK 

EXTERNAL BASE-TO-EMITTER RESISTANCE tRSE)-Q 

92LS-IS90 

Fig. 6 - Sustaining voltage VI. base·to·emitter resistance for 2N3440, 
2N4064, and 40390. 

COLLECTOR-TQ-EMITTER VOLTAGE (VCE) -IOV 
CASE TEMPERATURE (T C)· 25· C 
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~ 15 f \ 
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0 
468 41. 

10 100 
COLLECTOR CURRENT (ICI- mA 

• •• 1,000 
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Fig. 8 - Typical gain-bandwidth product for all types. 
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Fig. 9 - Maximum operating areas for 2N3439, 2N3440, 2N4063 and 2N4064. 
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108 

60 120 140 

COLlECTOR-TO-EMITTER VOLTAGE \VCE)-V 
92LS-1600 

Fig. 17 - Typical output characteristics for all types. 

BASE-lO-EMITTER VOLTAGE (VBE)-V 
92LM-1602 

Fig. 10 - Typical input characteristics for all types. 

BASE-TO-EMITTER VOLTAGE (VSEI-V 92\...S-I597 

Fig. 12 - Typical transfercharscteristics for all types, 

TERMINAL CONNECTIONS 
2N3439, 2N3440 
Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 

TERMINAL CONNECTIONS 
2N4063,2N4064 

Lead 1 - Emitter 
Lead 2 - Base 

Flange, Lead 3 - Collecto. 

TERMINAL CONNECTIONS 
40390 
Lead 1 - Emitter 
lead 2 - Base 

Heat-Radiator, Lead 3 - Collector 
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OClOBLJD 
Solid State 
Division 

JEDEC TO·66 

Power Transistors 

2N3441 2N6263 
40373 40912 

2N6264 
40913 

Hometaxial n e Medium-Power 
Silicon N-P-N Transistors 
Rugged Devices for I ntermediate, Power Applications 
in Industrial and Commercial Equipment 

Features: Applications: 
II 2N6264: premium type from 2N3441 family " Series and shunt regulators 

II Maximum saf .. area·of·operation curves for dc and " High.fidelityamplifiers 

pulse operation " Power switching circuits 

a High voltage ratings a Solenoid drivers 
JEDEC T0-66 
With Integral Heat Radiator 

II Low saturation voltages 

a Thermal-cycl,ing rating curves 

RCA 2N3441, 2N6263, and 2N6264 are hometaxial·baseD 
silicon n·p·n transistors intended for a wide variety of 
medium· to·high power, high·voltage applications. 

Types 40373, 40912, and 40913 are the 2N3441 , 2N6263, 
and 2N6264 with factory .. ttached heat-radiators intended 
for printed-circuit-board applications. 

o "Hometaxial" was coined by RCA from "homogenous" and "axia'" 
to describe a single-diffused transistor with a base region of 
homogeneous-resistivity in the axial direction {emitter-to-collectorl. 

"Hometaxial n" is a term used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·COLLECTOR-TO·BASE VOLTAGE 
COLLECTOR·TO·EMITTER 

SUSTAINING VOLTAGE: 
* With base open •....••..•••.•......•..•....•...................... 

With external base-to-emitterTesistance (RSE) = lOOn .................... . 
With base reverse·biased (VSE = -1.5 V) ••.. ~ .. _ .•.............•........ 

"EMITTER-TO-BASE VOLTAGE •.•....•..•.•.....•.•••.•...• _. __ . ____ .. 
·CONTINUOUS COLLECTOR CURRENT •••.•...••••.••.•.•.••••••••.••. 
PEAK COLLECTOR CURRENT •••.•••••••••••••••••.•••.......•..•••.. 

·CONTINUOUS BASE CURRENT •••••• ' ••••••••••..•••.•••••••.•••...•• 
TRANSISTOR DISSIPATION: 

* At case temperature up to 25°C •..•.••......•.. 

At ambient temperatures up to 25uC ......•........................... 

* At temperatures above 25°C ....•............................. 
"TEMPERATURE RANGE: 

Storage & Operating (Junction) .•....•.•....••...........•...... 
·PIN TEMPERATURE (During Solderingl: 

At di~tances21/32 in. (0.8 mm) from seating plane for 10 s max. 

*In accordance with JEOEC .registratlon data format JS-6 RDF-2 

11-72 

2N6263 2N3441 2N6264 
40912 40373 40913 

VCBO 140 160 170 V 

VCEO(susl 120 140 150 V 

VCER(susl 130 150 160 V 
VCEV(susl 140 160 170 V 
VEBO 7 7 V 

IC 3 3 3 A 
4 4 .oj A 

IB 2 2 A 
PT 

20 25 50 W 
(2N62631 (2N34411 (2N62641 

5.B 5.B 5.B W 
(409121 (403731 (409131 

See Figs. 4 & 7 See Figs. 4 & 7 See Figs. 1 & 7 

---- -65 to 200 ---- °c 

235 °c 
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2N3441,2N6263,2N6264,40373,40912,40913 File No. 529 

ELECTRICAL CHARACTERISTICS,At Case Temperature IT C} = 25"C, Unless Otherwise Specified 

TEST CONOITIONS LIMITS 
2N6263 2N3441 2N6264 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 40912 40373 40913 UNITS 
V de A de 

VCE VBE IC IB Min. Max. Min. Max. Min. Max, 

Collector-Cutoff Current: 
100 0 5 

With base open ICED 130 0 1 mA 
140 0 100 

Collector-Cutoff Current: 
120 -1.5 2' '--

'CEX 140 -".5 5' 
140 -1.5 

With base-emitter 150 -1.5 0.05' 
junction reversed mA 
biased 120 -1.5 la' 

ICEX 140 -1.5 6' 
IT C = 1500CI 140 -1.5 

150 -1.5 ,. 
'" Emitter-Cutoff Current lEBO -5 mA 

-7 0.2 
Collector-ta-Emitter 

Sustaining Voltage:a VCEOlsusl 
With base open O.l b a 120 140 150 
With external base-to-

emitter resistance VCER(sus) 0.1 130 150 160 V 
lABEl = lOOn 
With base-emitter 
junction reversed VCEV(sus) -1.5 0.1 140 160 170 
biased 

lb 20 60 
'" DC Forward-Current hFE 3 b 

Transfer Ratio 0.5 b 20 100' 25 100 
2.7 b 5 
O.Sb 0.05 1.2' 

Collector-ta-Emitter VCElsa,1 1 b 0.1 0.5' V 
Saturating Voltage 2.7 b 0.9 6' 

2 1 b 1.5' 
Base-ta-Emitter Voltage VBE 4 0.5 b 2' 1.7 V 

4 2.7 b 6' 
'" Magnitude of Common-

Emitter, SmaU-5ignal. 

Short-Circuit Forward ihl.i 4 0.2 8 
Current Transfer Ratio 4 0.5 
If = 0.4 MHzl 

Gain-Bandwidth Product IT 0.2 800 800 BOO kHz 
• Common-Emitter, Small-

Signal, Short-Circuit hie 4 0.1 25 25 
Forward Current Transfer 4 0.5 15 75 
Ratio If = 1 kHz) 

Forward-Bias Second 

Breakdown Collector 120 0.167 -
Current. Pulse Duration 'Sib 120 0.417 - A 
'non-repetitive) '" 1 5 120 .21 

Thermal Resistance: 
Junction-to-Case ROJC 8.751maxJ 71max.l 3,5 (max.) 

2N6263 2N3441 '2N6264 . °CIW 
Junction-ta-Ambient ROJA 30 (max.) 30 (max.) 3OImax.) 

40912 40373 40913 

-In accordance with JEDEC registration data format (JS-6 ROF-2). 

8CAUTION: The sustaining voltage VCEO(SUS). VCER(sus). and VCEV(sus) MUST NOT be measured on a curve tracer. 
b These sustaining voltages should be measured by means of the test circuit shown in Fig. t 1. 

Pulsed, pulse duration '" ~O ps; duty factor':;; 2 %. 
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Fig. 1 - Maximum operating areas for type 2NB264. 
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Fig.2 - Current derating curve for all types. 

TERMINAL CONNECTIONS 
FOR 2N3441. 2N6263 "80 2N6264 

Pin 1 - Base 
Pin 2 - Emitter 

Case, Mounting Flange - Collecto' 
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Fig.3 - Thermal-cycle rating chart for type 2N6264. 

TERMINAL CONNECTIONS 
FOR 40373,40912,80 40913 

Pin 1 - Base 
Pin 2 - Emitter 

Heat-Radiator - Collector 
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WITH INCREASE IN TEMPERATURE) 
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Fig.4-Maximum operating areas for type 2N6263 and 
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Fig.9-Sustaining voltage vs. base-to-emitter resistance for all 
types. 
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Fig. l1-Circuit used to measure sustaining voltages, 
VCEO(sus}, VCER(sus}. and VCEV(sus} for all types. 
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Fig.8- Typical gain-bandwidth product for all types, 

BASE-TO-EMITTER VOLTAGE IVeE}-V 
9255-3522 

Fig.1Q-Reverse-bias SlJCond·breakdown characteristics for 
all types. 

COI.LEl:T1lR-TO-EMITTERVOLTAGE IVcEI-v 
92SS-3214RI 

Note: The sustaining voltage, VCEO(sus), VCER(sus), or 
or V CEV(sus) is acceptable when the trace falls to the right 
and above point "A" for all types. (For values of current and 
voltage, see Electrical Characteristics) 

Fig. 12-0scilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 11). 
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0,5 r 1.5 2 2.5 
BASE-tO-EMITTER VOLTAGE (VSE)-V 

92C5-19509 

Fig. 13-Typical input characteristics for types 2N6264 and 
40913. 

I 
BASE-TO-EMITTER VOLTAGE {VSE)-V 

92CS-12645 

Fig. 15-Typical input characteristics for types 2N3441 and 
40373. 

BASE -TO - EMITTER VOLTAGE (VaE'-V 
92CS-19511 

Fig. 17-Typical input characteristics for types 2N6263 and 
40912. 
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92CS-L9510 

Fig. 14-Typical transfer characteristics for types 2N6264 and 
40913. 

BASE-lO-EMITTER VOLTAGE (VBE)-V 

92CS-IU43 

Fig. 16-Typical transfer characteristics for types 2N3441 and 
40373. 

BASE -TO-EMITTER VOLTAGE IVSE1-V 
92CS-L9512 

Fig. 18-Typical transfer characteristics for types 2N6263 and 
40912. 
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Fig.19-Typical output characteristics for types 2N6264 and 
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Fig.21-Typical output characteristics for types 2N3441 and 
40373. 
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Fig.23- Typical output characteristics for types 2N6263 and 
40912. 
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Fig. 20-Typical dc-beta characteristics for types 2N6264 and 
40913. 
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DDJ]3LJI] 
Solid State 
Division 

JEDEC To-3 

Power Transistors 
2N3442 
2N4347 
2N6262 

Hometaxial ne High-Voltage 
Silicon N-P-N Transistors 
Rugged High-Power Devices for Applications in 
Industrial and Commercial Equipment 
Features: 
• Low saturation voltages 

• Thermal·cycle rating charts 

• High dissipation capability 100 W (2N4347) 

117 W (2N3442) 

150W (2N6262) 

• Maximum area-of-operation curves 
for dc and pulse operation. 

Applications: 

• Series and shunt regulators 

• High·fidelity amplifie .. 

• Power-switching circuits 

RCA 2N3442, 2N4347, and 2N6262 are hometaxial-base-, 
silicon n·p·n transistors intended for a wide variety of 
high·power, high·voltage applications. Typical applications 
for these transistors include power-switching circuits, audio 
amplifiers, series· and shunt·regulator driver and output 
stages, dc-to-dc converters, inverters, and solenoid (hammer)1 
relay driver service. 

Thesedevices employ the popular JEDEC TO·3 package; they 
differ in maximum ratings for voltage, current, arid power. 

• "Hometaxial" was coined by RC~ from "homogeneous" and 
"axial" to describe a single.diffused transistor with a base regron of 
homogeneous-resistivity silicon in the axial direction (emitter-to­
colledor). "Horoetaxial II" is a term used to describe RCA's 
expanded line of transistors produced by the hometaxial process. 

MAXIMUM RATINGS,Abrolute-Maximum.Values: 

"COLLECTOR·TO·BASE VOLTAGE •••••.•••••••••.••.•••••••.••••.••••• 
COLLECTOR·TO·EMITTER VOLTAGE: . 

* With base open 0 •• 0 0 0 0 0 • 0 0 • 0 • 0 0 0 ••• 0 •••• 0 0 • 0 •• 0 •• 0 ••• 0 ••••• 0 •• 0 0 •• 

With reverse bias (VBE) of -1oSV 0 ••••••••••••••••••••••••••••• • ", ••••• 

*EMITTER·TO·BASE VOLTAGE ••••••••••.••.••••...•••..••...•...••.• 
'COLLECTOR CURRENT: 

Continuous ....• CO • 0 •••••••••••••••••••• 0 •••••••••••••••••• , ••• 0 , 0 

Peak ............................................................ . 
'BASE CURRENT: 

Continuous o. 0 ••••••• 0 ••••••••••••••••••••••••••• 0 ••• 0 • 0 0 0 ••••••• 

Peak .......................................................... . 
'TRANSISTOR DISSIPATION: 

At case temperature up to 2SoC . 0 •••• 0 0 ••• 0 •••••••••••••• 0 ••••••••• 0 0 

At case temperatures above 25°C . .....•.. 0 0 •• 0 , 0 •••••••••••••••• 0 •• 0 •• 

"TEMPERATURE RANGE: 
Storage & Operating (Junction) . ...... 0 •••••••••••••••••••••••• , ••••••• 

'PIN TEMPERATURE (During Soldering): 
At distances~1/32 in. (0.8 mm) from case for 10 s max . .................. . 

*In accordance with JEOEC registration data format (JS-6, RDF-2), 

116 

VCBO 

VCEO 
VCEX 

VEBO 
IC 

PT 

2N4347 2N3442 2N6262 

140 160 170 V 

120 140 150 V 
140' 160 170 V 

7 7 V 

5 10 10 A 
10' 15 15 A 

3 7 A 
S· A 

100 117 150 W 
.-- See Figs. 1,4, 7,& 22 ~ 

.. -65'0+200_ °c 

235 235 235 °c 

11·72 
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ELECTRICAL CHARACTERISTICS, At Case Temperature IT cJ = 2fiDc unless otherwise specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC SYMBOL UNITS 

VOLTAGE CURRENT 

V de A de 
2N4347 2N3442 2N6262 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open leBO I" mA 
(VCB~140V) 

With base-emitter junction ICEX 120 -1.5 2 

reverse-biased 140 -1.5 5 mA 

150 -1.5 0.1 

With base-ernitter junction 125 -1.5 10 

reverse-biased and ICE X 140 -1.5 30 mA 

TC = 1500 C 150 -1.5 2 
100 200 

With base open ICEO 110 mA 

140 200 

* Emitter Cutoff Current I~Bn -7 a 5 5 0.2 mA 

2 3a 20 70 

2 lOa 5 

* DC Forward Current 4 2a 15 60 
Transfer Ratio hFE 4 3a 20 70 

4 5a 10 

4 lOa 7.5 

Collector-ta-Emitter 

Sustaining Voltage: 

With base-emitter VCEVlsus) -1.5 0.1 140 160 V 
junction reverse- -1.5 0.2 170 
biased 

With external base-ta-emitter VCERlsus) 0.1 130 V 
resistance IRRd = lOOn 0.2 150 160 

With base open VCEOlsus) 0.2" 0 120 140 V 

0.2" 0 150 

2 3a 

4 3" 1.7 
* Base-ta-Emitter Voltage VBE 4 2a 2 V 

4 Sa 3 

4 10" 5.7 
• Collector-ta-Emitter 2" 0.2 

Saturation Voltage VCElsa') 3a 0.3 0.5 V 
Sa 0.63 2 

10" 
67 1.5 

Power Rating Test PRT 78 1.5 
100 1.5 

* Magnitude of Common-

Emitter, Small-Signal, 

Short-Circuit, Forward 

Current Transfer Ratio: lhle l 
I = 50 kHz 4 0.5 40 
1= 40 kHz lhle l 4 

4 2 
* Common-Emitter, Small-

Signal, Short-Circuit, 4 0.5 40 
Forward Current Trans- hie 4 10 
ler Ratio If = 1 kHz) 4 12 72 

Thermal Resistance: 
Junction-te-Case 

ROJC 1.75 1.5 1.17 °C/W 

*'n accordance with JEDEC registration data format JS~ RDF-2 
8Pulse test; pulse duration = 300 IJs,rep. rate::: 60 Hz 
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Fig. 1-Maximum operating areas for type 2N6262. 
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Fig.2- Thermal-cycle rating chart for type 2N6262. Fig.3- Typical dc beta characteristics for type 2N6262.· 
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Fig.5- Thermal·cycle rating chart for type 2N3442. Fig.6- Typical dc beta characteristics for type 2N3442. 
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COLLECTO!! - TO - EMITTER VOLTAGE (VeE I-V 
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Fig.7-Maximum operating areas for type 2N4347. 
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Fig.8- Thermal·cycle rating chart for type 2N4347. Fig.9- Typical dc beta characteristics for type 2N4347. 
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BASE-TO-EMITTER VOLTAGE (VaE)-V 
~ZCS-I'583 

Fig. 10-Typical input characteristics for type 2N6262. 
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Fig. 12-Typical input characteristics for type 2N3442. 
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Fig. 14-Typical input characteristics for type 2N4347. 
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Fig. 11-Typical transfer characteristics for type 2N6262. 
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Fig. 13-Typical transfer characteristics for types 2N3442 and 
2N4347. 
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types. 
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Fig. 16-Typical large-signal output characteristics for type 
2N6262 . 
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Fig. 18-Typical large-signal output characteristics for type 
2N3442. 
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Fig. 20- Typical large-signal. output characteristics Tor type 
2N4347. 
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Fig. 17-Typical small'signal output characteristics for type 
2N6262. 
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Fig. 19-Typical small'signal output characteristics for type 
2N3442. 
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Fig.21-Typical small·signal output characteristics for type 
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Fig.22-Current derating curve for all types. 
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Fig. 24-Reverse·bias, second·breakdown characteristics for 
all types. 

CASE TEMPERATURE (TC)=25°C 
w 

~ 170 

L~ II ~1160 

t~ r---
~ ~-=; VCEO 

~~150 
~, 

I r-.. ~ JCE~ "'w .... wu 
~Z.140 

-Jc~ JI 1 ~ 130 

~ 'fflM tl 0 

~ 120 

II I I~ liD 
2 468 2 468 2 4.a 2 4 .a 2 4 .a 

I 10 100 I K 10 K 100 K 

EXTERNAL BASE-lO-EMITTER RESISTANCE (RBE) - Sl 
92CS-19564 

Fig.23-Sustaining voltage vs. base-to-emitter resistance for 
all types. 

TERMINAL CONNECTION& 

Pin 1 - Base 

Pin 2 - Emitter 

Case - Caneeto} 
Mounting Flange - Collector 
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File No. 77 

OO(]5LJD 
Solid State 
Division 

RF Power Tran$istors 

SILICON N-P-N EPITAXIAL 
PLANAR TRANSISTOR 

For VHF/UHF Applications 
in Industrial and Commercial Equipment 

2N3478 

Features: • high unneutrolized power gain 
Gpe = 11.Sd8 min. at 200MHz o high gain.bandwidth product -

fT = 900MHz typo • hermetically sealed four-lead package 
• low noise figure • all active elements insulated from case 

JEDEC TD·72 H-1299 

NF = SdB typo at 470MHz 
4.SdB max. at 200 MHz 
2.Sd8 typo at 60MHz 

RCA-2N3478 is an epitrucial planar transistor of 
the silicon n-p-n 1;ype with characteristics which make 
it extremely useful as a general purpose rf amplifier 
at frequencies up to 470MHz. These characteristics 
include an exceptionally low noise figure at high fre­
quencies, low leakage current, and a high gain-band­
wi dth product. 

The 2N3478 utilizes a hermetically sealed four­
lead package in which active elements of the transistor 
are insulated from the case. The case may be grounded 
by means of a fourth lead in applications requiring mini­
mum feedback capacitance, shielding of the device, 
or both. 

TERMINAL CONNECTIONS 

• low collector-to-base feedback 
capacitance, Ccb 0.7 pF max. 

200 Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 

9lC$-12154RI 

Lead 4 - Connected to case Fig. J - Rating chart lor type 2N3478 

Maximum Ratings, Absolute-Maximum Values: 

Collector-to-Base Voltage, VCBO. • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 30 max. 

Collector-to-Emitter Voltage. V CEO' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 15 max. 

Emitter-ta-Base Voltage. VEBO ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 max. 

v 
V 

V 

Collector Current. Ie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. limited by dissipation 

Transistor Dissipation. PT: 

:::~~:::es } ::::e 2::oCc: : : : : " .' " ............................................ , .............................. ',' , ....... " .. 2~~ .m.ax. 
Temperature Range: 

Storage and Operhting (Junction) 

Lead Temperatur~ (During Soldering): 

At distances not closer than 
1/32" to seating surface for 

-65 to 200 

10 seconds max. • • • • . • . • • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265 max. 
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mW 
See Fig. 1 
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ELECTRICAL CHARACTERISTICS, At an Ambient Temperature, (T A) of 250 C 

TEST CONDITIONS 

DC 
Collector- DC 

Frequency to-Emitter Collector 
Characteri sti cs Symbols f Voltoge Current 

VCE IC 

MHz V rnA 

Coliector·Cutoff Current 
ICBO (VCB= IV,IE=O) 

Coliector·to·Base Breakdown 
Voltage (IE " 0) 

BVCBO 0.001 

Collec tor-to-Emi tter 
Breakdown Voltage 

BVCEO 0.001 

Emitter·to·Base Breakdown BVEBO 0 
Voltage (IE = -0.001 rnA) 

Static Forward-Current hFE 8 2 
Transfer Ratio 

Magnitude of Small-Signal 
Forward-Current hfec 100 8 2 
Transfer Ratio 

Coliector·to·Base Feedba~k Cebb 0.1 to I 
Capacitance (VCB = 10 V, IE = 0) 

Small-Signal, Common-Emitter 
Power Gain in Unneu tralized GpeD 200 8 2 
Amplifier Circuit (See FigA) 

Small-Signal, Common-E~itter 
Power Gain in Neutralized GpeD, c 470 6 1.5 
Ainplifier Circuit 

UHF Noise Figure NFD, c 470 6 1.5 

VHF Noise Figure (See FigA) NFD 200 8 2 
NFo, d 60 8 1 

D Fourth lead {easel grounded. 

b Ccb is a three terminal measurement of the collector-to-base capacitance 
with the emitter and case connected to the guard terminal. 

c Source Resistance, Rs = 50 ohms. 

d Source Resistance, Rs = 400 ohms. 

LIMITS 

Type 
21'13478 

Min. Typ. 

- -
30 -

15 -

2 -

25 -

7.5 9 

- -

n.5 -

- 12 

- 5 

-
- 2.5 

Units 

Max. 

0.02 f.IA 

- V 

- V 

- V 

150 

16 

0.7 pF 

17 dB 

- dB 

- dB 

4.5 dB 
- dB 
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Fig. 2-Typical small·signal beta characteristics 
for type 2N3478 

10 
COLLECTOR MILLIAMPERES lIe) 

Fig. 3-Reverse transadmittance (Yre) 92.CS.12160Rr 

CI • C4 = 510pF 

C2• C7 = 2300pF 

C3• C5 = 2-25 pF 

C6 = 10pF 

RI 2000 ohms 

Q 2N3478 

LI % Turn #14 Formvar·center 
tapped 

Length 1 • .11 = 2 inches 

L2 = % Turn # 14 Formvar· 

Length2./2 = I % inches . 

L3 = I /LH RF choke 
Source (Generator) Resistance 

Rg = 50 ohms 

Load Res ... tance RL = 50 ohms 

• Trademark. Shawindian Products Corporation. 

Fig. 4-200 MHz power gain and noise figure test circuit for type 2N3478 
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COLLECTOR MIUAMPERES (1:el 

Fig. 5-lnput admittance (Yie) 

4 
COLLECTOR MILLAMPERES (I.el 

Fig. 6-0utput admittance (Yoe) 

Lead 1 - Emitter 
Lead 2 - Base 

50 

~ 
a:: I 40 "' ... Ill'" z:E 
.. I 30 
I!:~ 
oS 
~1LI20 -
~I! . 
3~ . 
~u . 

S 10 

8 

-10 

-2 

IS 
92CS-12157AI 

% -30 

" :i 
;; 
I -40 

§ 
ILl -50 
i1 
:! 
~ -60 

~ 
~ -70 

~ -8 

1.90 
~ 

-100 

-110 

-120 

92CS_1275BAI 

TERMINAL DIAGRAM 
Bottom View 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f I • 200 MHz 
AMBIENT TEMPERATURE (TAl. 2S-C 

2.' 7.5 10 12.5 15 

COLLECTOR MILLIAMPERES (Iel 

Fig. 7-Forward transadmittance (Yre! 

Lead 3 - Collector 
Lead 4 - Connected to 

Case 

92CM-14172 
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ffilOBLJO 
Solid State 
Division 

JEDEC TO·66 

At~ .. 
"-V--

JEDEC TO·66 
With Integral Heat Radiator 

Power Transistors 
2N3583-2N3585 

2N4240, 40374 

High-Voltage Silicon 
N-P-N Transistors 
For High·Speed Switching and 
Linear·Amplifier Applications 

Features 
• lOo-percent tested to assure freedom from second breakdown in both forward· 

and reverse·bias conditions when operated within specified limits 

• JEDEC TO·66 package for 2N3583, 2N3584, 2N3585, and 2N4240 

• JEDEC T0-66 package with heat radiator for 40374 

• Economy types for ae/dc circuits 
• Fast turn·on time at high collector current 

RCA·2N3583,- 2N3584,- 2N3585,- 2N4240,- and 40374 
are silicon n·p--n transistors with high breakdown voltages and 
fast switching speeds. 

Typical applications for these transistors include high·voltage 
. operational amplifiers, high·voltage switches, switching reg· 
ulators, converters, inverters, deflection· and hi·fi amplifiers. 

Type 40374 is a 2N3583 with a factory·attached heat 
radiator to increase the free-air dissipation rating. This device 
is intended for those applications which require a power 
transistor for mounting on a printed·circuit board. Tabs are 
provided on the underside of the radiator for mounting 
purposes and making electrical connection to the collector. 

MAXIMUM RATINGS, Absolute-max;mum values: 

These transistors are also intended for a wide. variety of 
applications in ac/dc commercial equipment, 

Heat·radiator versions of types 2N3584, 2N3585, and 
2N4240 can also be supplied on special order. 

-Formerly Dev. Nos. TA2510, TA2511, TA2512, and TA2B71, 
respectively. 

2N3585 
2N35B3 2N3584 2N4240 40374 

'COLLECTOR·TO·BASE VOLTAGE •• , .. , •.•• ,.,",., VCBO 
'COLLECTOR·TO·EMITTER VOLTAGE, sustaining •.•...•.. VCEO(sus) 
'EMITTER·TO.f3ASE VOLTAGE ., •• "." .• , .•...•.. VEBO 

250 
175 

375 
250 

6 

500 250 V 
300 175 V 

6 6 V 
'CONTINUOUS COLLECTOR CURRENT, .....•.• , •.• " IC 
'PEAK COLLECTOR CURRENT ••.....•. ,"', ••..•• 
'CONTINUOUS BASE CURRENT ••....•••.•••••••.•• IB 
'TRANSISTOR DISSIPATION •.•••...•.•....•....•• PT 

At case temperature (Tel'" 250C ................ . 
At case temperatures above 250 C ................. . 
For other conditions ....•..................... 

'TEMPERATURE RANGE: 
Storage & Operating (Junction) ................... . 

'PIN TEMPERATURE: 
1/16 in. (l.SS mm) from seating plane for 10 s max. . ..... 

2 2 
5 5 5 

35 35 35 
Derate linearly at 02 W/oC 
See Figs. 7, B, 9, 21,22, & 23 

_-65 to 200 

235 235 235 

'In accordance with JEDEC registration data format JS.s RDF·2 (2N35B3). JS.s RDF·1 (2N35B4. 2N35B5, 2N4240) 
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2 A 
5 A 

A 

35 W 

oC 

235 "C 
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ELECTRICAL CHARACTERISTICS at Case Temperature (TC) = 2rf1C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
2N3583 

UNITS 
V de mAde 40374 2N3584 2N3585 2N4240 

VCE VBE IC Ie IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 
Collector-Cutoff Current IceD 150 0 - 10 - 5 - 5 - 5 rnA 

225 -1.5 - 1.0 - - - - - -
Collector-Cutoff Current ICEX 340 -1.5 - - - 1.0 - - - - rnA 

450 -1.5 1.0 2.0 

At TC = 1500 C ICEX 
225 -1.5 - 3 - - - - - - rnA 
300 1.5 3 3 5.0 

Emitter-Cutoff Current lEBO -6 0 - 5.0 - 0.5 - 0.5 - 0.5 rnA 

2 7503 - - - - - - 10 100 

2 1 Aa - - 8 SO S SO - -
DC Forward-Current 

hFE 
10 1003 40 - 40 - 40 - 40 -

Transfer Ratio 10 7503 40 200 - - - - - -
10 1 Aa - - - - - - 30 150 

10 1 A 10 - 25 100 25 100 - -
Collector-ta-Emitter 

Sustaining Voltage: 

ISee Figs. 1, 2, & 121 

With base open VCEolsusl 200 0 1750 - 2500 - 3000 - 300· -
With external base-to- V 

emitter resistance VCERlsusl 200 250· - 3000 - 4000 - 400 0 -
IRSEI =50Q 

Base-ta-Emitter 
VBElsatl 

750B 75 - - - - - - - loS 
V 

Saturation Voltage 1 Aa 100 - 1.4 - 1.4 - 1.4 - -
Collector-ta-Emitter 

VCElsatl 
7508 75 - - - - - - - 1.0 

V 
Saturation Voltage 1 A a 125 - 5 - 0.75 - 0.75 - -

Small-5ignal Forward 
Curre.nt Transfer Ratio 

hie 
f '" 5 MHz 10 200 3 - 3 - 3 - 3 -
f '= 1 kHz 30 100 25 350 - - - - - -

Magnitude of Common-

Emitter. Small-Signal, 

Short-Circuit, Forward Ihlel 10 200 2 - 2 - 2 - 3 -
Current Transfer Ratio 

1=5 MHz 

Output Capacitance: 
Cobo 0 - 120 - 120 - 120 - 120 pF 

VCB = 10 V,I = 1 MHz 

Second-Breakdown 

Collector Current 
with base forward- IS/b 100 350 - 350 - 350 - 350 - rnA 
biased·· 

ISee Figs. 22 & 231 

Second-Breakdown 

Energy with base 

reverse-biased ES/b t -~ 50 - 200 - 200 - 50 - "J 
RBE = 20Q, 

L= 100"H 
Saturated Switching 

Time (Vce '" 200 V): 1 A 100 - - - 3 - 3 - -
Rise Time t, 750 75 - - - - - - - 0.5 

(See Figs. 13. 16.17. 

& 181 

Storage Time "s 
1 A 100 - - - 4 - 4 - -

(See Figs. 14, 16, ts 
750 75 - - - - - - 6 17, & 18) 

-

Fall Time 
3 750 75 - - - - - - -

(See Figs.15,16. tl 1 A 100 - - - 3 - 3 - -
17,& 18) 
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ELECTRICAL CHARACTERISTICS at Case Temperawre (T d = 2!PC Unless Otherwise Specified (Can't.) 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMSOL VOLTAGE. CURRENT 
2N3583 

UNITS 
Vdc mAde 40374 2N3S84 2N3585 2N4240 

VCE VSE IC 'E IS MIN.IMAX MIN. MAX. MIN. MAX. MIN. MAX. 
Thermal Resistance: 

ReJC 
5IMa •. ) - 5 - 5 - 5 

Junction-to-Case 2N3583 
70IMa •. ) - 70 - 70 - 70 °C/W 

Junction-ta-Ambient ReJA 
2N3583 

30 IMa •. ) - - - - - -
40374 

'In accordance with JEOEC registration data format JS-6 RDF·2 12N3583). JS-6 RDF·' 12N3584, 2N3585. 2N424O) 
• CAUTION: The sustaining voltages VCEOtsuS) and VCER(sUS) MUST NOT be measured on a curve tracer. These sustaining .voltages 

should "be measured by means of the test circuit shown in Fig. 1 . 

•• Specified value of 'SIb for given value of VeE as base voltage is increased from zero in a positive direction. 
tES/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. ES/b = 112 L12, 

where L is a series load or leakage inductance and I is the peak collector current from Figs. 3, 4, and 5. 
8 Pulted, pulse duration - 300 fJs; duty factor < 2%. 

CHANNEL .. 

LI (NOTEI TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 

'r.f1&UI":A~lB¥· 
--oI....l...L VCEO'''') t--+, -!-,_.L. ...... VCER -

I I I I I 

CHANNEL B 

CO .... ON 

HOTEz'L 1 -= 20 mH for VCEO(sus) 

-= 5 mH for VCER(sus) 

_ OT050V 

130 

(500 mAl 

tU,S-I2S16f12 

Fig. I-Circuit used to measure sustain· 
ing voltages VCEO(sus) and 
V CE R(sus) for all types. 

LO 
COLLECTOR CURRENT (Ic)-A 

Fig. 3-Typical collector-to-emitter sat­
uration voltage vs. current for 
types,?N3584 and 2N3585. 

92$5-3129 

8 
" .. 
~ .. 

o 

·...LI 200 .-1-b-L-
Ai "I Ai ," :c 

1 I II 1 

I I :1 I 

I7S 2!lO 300 0 2SO 300 400 

COLLECTOR-TO-EMITTER VOLTAGE (VC£l-V 

92C$-IZS",RI 

Fig. 2-Oscilloscope display for meas· 
urement of sustaining voltages 
(te~tcircuit shown in Fig. 1). 

CASE TEMPERATURE (TC)- 25-C 
BASE-TO-EMITTER VOL-TAGE (VSE)a-4V 
EXTERNAL BASE-TQ-EMITTER RESISTANCE (RBE)a20.n 

100 200 _ 300 
INDUCTANCE IU-p.H 

400 

92CS-lOOOI 

Fig. 4-Reverse-bias second breakdown 
characteristics for types 2N3584 
and2N3585. 
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CASE TEMPERATURE (TCI ·25'"(; 

BASE-TO-EMITTER VOLTAGE (VBE'--4V 
INDUCTANCE (L). 100 ",H 

0' 10 20 30 40 

o 

EXTERNAL BASE-TO-EMITTER RESISTANCE (RBE'-D 

Fig. 5-Reverse·bias second breakdown 
characteristics for types 2N3584 
and2N3585. 

25 

SIb LIMITED 

50 15 100 .~5 150 
CASE TEMPERATURf"(TCI-OC 

175 200 

92SS-2796 

Fig.7-Dissipation derating curves for 
all types. 

92SS-2557RI 

Fig. 9-Dissipation derating curve for 
tvoe40374. 

CASE TEMPERATURE (Tel = 2SoC 
EXTERNAL 8ASE-TO-EMITTER 

RESISTANCE (RBEl • 20 n 
INDUCTANCE (ll • IOOf'H 

·s -6 -4 -2 
BASE-TO-EMITTER VOLTAGE (VBE'-V 

Fig. 6-Reverse-bias second breakdown 
characteristics for types 2N3584 
and2N3585. 

92S$-2666RI 

Fig. 8-Dissipation derating curve for 
types 2N3583. 2N3584. 
2N3585. and 2N4240. 

25 50 75 100 125 150 175 
COLLECTOR-lO-EMITTER VOLTAGE IVCE)-V 

92CS-2Q002 

Fig. 10-Typical output characteristics 
for types 2N3583 and40374. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)· 10 Y 

132 

50 
S> 
pi =SGf-~/~ 

.. 40 l'1 I I E 
I 
~ 
I-

! 
~ 

IflT 
'0 i2 / iT 

If 7 / 
20 i! -/ '" ?'! V / (f 
10 

V 7 
V -- --' 

[7 
0 
0.4 0.6 0.8 LO 1.2 

BASE-TO-EMITTER VOLTAGE (VBE)-V 

Fig. 11-Typical input characteristics 
for all types. 

0,2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
. COLLECTOR CURRENT IIe)-A 

925$-3131 

92SS-3126R' 

Fig. 13-Typical rise time vs. collector 
current for types 2N3584 and 
2N3585. 

~~~~~I~~';,A~~~~: ~8to' PULSES/. 
COLLECTOR SUPPLY VOLTAGE (Vea· 200 V 
CASE TEMPERATURE (Te)· 25-C 

IB, cIS2 

COLLECTOR C.URRENT 'Ic'-A 

92SS-3125RI 

Fig. 15-Typical fall time vs. collector 
current for types 2N3584 and 
2N3585. 

~ 
CASE TEMPERATURE (TC)=2S-C I 

Z .0 
I ~ 

VeER r-...... 
~ 350 

'2N3585.2N424D 

ffi> N-..I ~.L 1"-:0; 
~.!!30 

VeER -f;!'" -2N3584 VeEO 
.z:$' 

f-I- I ~~250 
~!j VeER -........ I VeEO gg ...... 

2N3583.40374 I 
~ 200 
:0 I--t.... II z 
;; 

150 I VeEO 
2 4 , 8 2 4 , 8 2 4 , 8 

10 102 103 104 
EXTERNAL BASE-fO-EMITTER RESISTANCE IRSE)- n 

Fig. 12-Sustaining voltage vs. base-to­
emitter resistance for all types. 

PULSE DURAT'ON=20~S 
REPETITION RATE. 1000 PULSES/. 
COLLECTOR SUPPLY VOLTAGE (VCC)-200V 
CASE TEMPERATURE (TC)· 25·C 
Ie,·Ie2 

92CS-19939 

92SS-3128RI 

'" :0 

j 0.9 

11: 
g 0.6 

:. 0.4 

'" :0 
I- 0.2 

'" ., .. 
o 

Fig. 14-Typical storage time vs. col­
lector current for types 2N3584 
and2N3585. 

PULSE OURATION:20".s 
REPETITION RATE: 1000 PULSES/. 
IC :1 A: Ie =0.1 A 
CASE TEMPERATURE (TC )=2~"C 

ts 

" 

tr 

~O 100 150 200 2~0 300 350 
COLLECTOR SUPPLY VOLTAGE (VCc)-V 

! 
.8 ~ 

2.6 .:: 

'" :0 
I-

2.4 ~ 

: 
2.2 ~ 

92CS-19946 

Fig. 76-Typical rise time. fall time. and 
storage time vs. col/ector supply 
voltage for types 2N3584 and 
2N3585. 
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INPUT fROM 
HP-214A 

PULSE 

Vee 

GENERATOR 
(ZG ~ so OHMS) OUTPUT TO 

OSCILLOSCOPE 

-VeB 

IBJ= I82 

10 
OHMS 

INPUT PULSE DURATION: 20 pI 

92CS-1258~RI 

Fig. 17-Circuit used to measure switching time 
for types 2N3584 and 2N3585. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)=JOY 

4 6. 

COLLECTOR CURRENT (IC)- mA 
9255-3120 

Fig. 19-Typical de beta vs. collector current for 
types 2N3583, 2N4240, and 40374 . 

• [e MAx.] 1 I I 
(CONTINUOUS) ---- --

:~l\. 
.~ 

l-
i 6 ~~ --I-
~ 'i----'M'" 1', <'~-+. -- 1-

~ ~~ ~ 
> 
~ 

~ "- " (J I--~ "-a 2 ~ ~"'. 1",. "':.0'--
g Goll(l" I"~.,. ~~ ~ 
~ 0' I"~.I. ~ ~I-

~ . :;i-s '.> , 
~'" ~ 

-f,'-. 
~ ~ 

I-

, 
l'\: "l 

00' 
4 6 B 10 '00 

I 

COLLECTOR-TO-EMITTER VOLTAGE (Vce-V 
9ZSS-3115RI 

Fig.21-Maximum operating areas for type 40374. 

~ __ --I_,--____ .i+_--,n-_~T"ME 

I I INPUT WAVE" FORM 

90% 

",_::_:...'O_% __ TIME 

TURN-ON 
TIME I--_--I----'TU~~M~FF 

OUTPUT WAVE' FORM 

92C~-l2874 

Fig. t8-Phase relationship between input and output 
currents, showing reference points for speci· 
fication of switching times (test circuit 
shown in Fig. 17). 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) " 10 V 

... I ~ 
200 Q 

. 12J.C ~ 
ffi " . -=1 .... , 
!l; 150 

I ~ i 

~ t~ 61";:;:" I 
100 >:)'I-~ I 

a p,;;:';' 
1--1-- ",~~'I-

~ .. ~~ ":5J·c 
50~_ I - - -r ~ l\ ~ -

g 
0 I I ~~ 

2 6. , 4 6. 2 4 6 B , 4 6. 
104 

9255-3130 

Fig.2D- Typical dc be.fa vs. col/ector current for 
types 2N3584 and 2N3585. 

TERMINAL CONNECTIONS 
FOR TYPES 2N3583. 2N3584, 
2N3585. AND 2N4240 

Pin 1 - Base 
Pin 2 - Emitter 
Case, Mounting Flange - Collector 

TERMINAL CONNECTIONS 
FOR TYPE 40374 

Pin 1 - Base 
Pin 2 - Emitter 
Heat-Radiator - Collector 
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10 

1 

'1 0.' 

~ 0.' 

~ 0.' 

~ 
0.1 

0.01 

0..,. 
0.04 

ODl 

0.01 

10 100 1000 
COLLECTOR-TQ-EMITTE" VOLTAGE: (Yc£l-Y 

Fig. 22-Maximum operating areas for types 2N3583, 2N3584, 2N3585, and 2N4240 (de conditions). 

o 

• 

I. 
COL.LlCTClt-TO-DlTT£R VOLTMI!: 

Fig. 23-Maximum operating areas for types 2N3583, 2N3584, 2N3585, and 2N4240 (pulse conditions). 



File No. 525 

[ID(]8LJD 
Solid State 
Division 

Power Transistors 

2N3771 2N6257 
2N3772 2N6258 

Hometaxial ne High- Power 
High-Current Transistors 

Rugged Silicon N-P-N Devices for Applications 
in Industrial and Commercial Equipment 

Features: 

• High dissipation capability 

• VCEX(SUS) at 3 A = 50 V min. (2N3771, 2N6257); = 90 V min_ (2N3772, 2N6258) 
JEDEC TO.:! 

• 15-A specification for: hFE, VSE, & VCE(sat) (2N3771, 2N6257) 

• 10-A specification for: hFE, VSE, & VCE(sat) (2N3772, 2N6258). 

• Low saturation voltage with high beta 

RCA-2N3771, 2N3772, 2N6257,. and 2N6258 are 
hometaxial-basee • silicon n-p-n transistors intended for a 
wide variety of high-power, high-current applications. 
Typical applications for these transistors include 
power-switching circuits, audio amplifiers, series- and 
shunt-regulator driver and output stages, dc·to-dc converters, 
inverters. and solenoid (hammer\/relay driver service. 

All devices employ the popular JEDEC TO-3 package; they 
differ in maximum ratings for voltage, current, and power. 

• "Hometaxial" was coined by RCA from ."homogeneous" and 
"axial" to describe a single-diffused transistor with a base region of 
homogeneous-resistivity. silicon in the 'axial direction (emitter-to­
collector). "Hometaxial n" is a term used to describe RCA's 
expanded line of transistors produced by the hometaxial process. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE ••..........••••••...•••••......•. VCBO 
'COLLECTOR-TO-EMITTER VOLTAGE: 

With -1.5 V (VBE) & RBE = 100 n ............................... . 
With base open •.••••••••••..••.....•..•••.......••.•........... 

*EMITTER-TO-BASE VOLTAGE .•...••.•••.••••.••••...•.......•..... 
'CONTINUOUS COLLECTOR CURRENT ••.••......•...•••...••••.••.•. 
'PEAK COLLECTOR CURRENT ••....••........•..•••••••.••...•.•... 
'CONTINUOUS BASE CURRENT •.....•••••.••...••.•••..••....•••.. 
'PEAK BASE CURRENT .......................................... . 
'TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 25°C 

'TEMPERATURE RANGE: 

Storage & Operating (Junction) •..•••........•.•••....•....•.•..... 
'PIN TEMPERATURE (During soldering): 

At distance ~ 1/32 in. (O.B mm) from seating plane for 10 5 max. 

*In accordance with JEOEC registration data format J5-S RDF~2. 

4-73 

VCEX 
VCEO 
VEBO 

IC 

IB 

2N3771 

50 

50 
40 

30 
30 
7.5 
15 

150. 

2N3772 2N6257 2N6258 

100 50 100 V 

80 50 90 V 
60 40 80 V 

5 7 V 
20 20 30 A 
30 30 30 A 

5 7.5 A 
15 15 15 A 

150 150 250 W 

58. Figs. 1,6,&7_ 

-65 to 200 °c 

230 °c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T d = 2!f'C Unless Otherwise Specified 

TEST CONDITIONS LlNIlTS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL Vd, Ad, 2N3771 2N3712 2N6257 2N6258 

UNITS 

Ve. VeE Vee 'e '. Min. Max. Min. Max. Min. Max. Min. Max. 

, Collector Cutoff Current: 50 2' 
mA 

With emitter open ICBO 
'00 5' 

With base-emitter junction 45 -1.5 
reverse-biased 'CEX 50 -1.5 mA 

'00 1.5 

With base-emitter junction 
30 -1.5 10 10 

reverse-biased, T C = 1S0oe ICEX 45 -1,5 20 mA 
100 -1.5 10 

25 10 

With base open ICEO 
30 10 

mA 50 10 
GO 

, 
Emitter Cutoff Current lEBO 

-5 10 
mA 

-7 a 
30' 
20' , DC Forward Current Transfer 15a 20 60 

Ratio hFE 
IS' 15 60 
10' 15 60 

8a 15 75 

Collector-la-Emitter Sustaining 
Voltage 

VCEX hus) -1.5 0.2 50 80 50 90 V 
With base-emitter junction 

reverse-biased IABE" lOOn) 

With external base-la-emitter 
VCERlsusl 

resistance IRBEI '" lOOn 
0.2 45 70 45 85 V 

With base open VCEOfsusl 0.2 40 60 40 80 V 

30' 3.5 , 
Base-ta-Emitter Voltage V.E 

16' 2.7 
V 

10' 2.2 
8a 2.2 

30' 

Collector-la-Emitter Saturation 20' 
V VCE(sat) 

IS' 1.5 0.75 
Voltage 

10' 1 1.4 
8' 0.8 1.5 

Second-Breakdown Collector 
Current 80 3.1 

With base forward-biased and 'S,"" 60 2.5 A 

1-5 nonrepetltlVe pulse 40 3.75 3.75 

Second-Breakdown Energy 
With base reverse-biased and ES/bc -1.5 500 500 500 500 mJ 

L I: 40 mH, RBE = 100 n 

Magnitude of Common-Emitter, 
Small-8ignal, Shon-Circuit, I. 16 I. I. 
Forward Current Transfer Ih,.1 4" ITyp.l 4' (Typ.) 4' (Typ.) 4' ITyp.l 
Ratio If .. 0.05 MHz) 

, Common-Emitter, Small·Signal, 
Short-Circuit, Forward Current h,. 40 40 40 40 
Transfer Ratio If - 1 kHz) 

Thermal Resistance: 
Junction-to·case RUJC 1.17 1.17 1.17 0.7 °C/W 

• In accordance WJth JEOEC registration data format JS·6 ROF-2 • 

• Puhed; pulse duration" 300 ~s, rep. rate = 60 Hz, duty factor ~ 2%. 

b ISlb is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction forward biased 
for transistor operation in the active region. 

C ES/b is defined as the energy at which second breakdown occurs under specified reverse_bias conditions. ES/b .. Y.rLl 2, where L is a series load 
or leakage inductance and I is the peak collector current. 
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Fig. I-Derating curve for all types. Fig.2- Thermal-cycle rating chart for type 2N6258. 
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Fig.5-Sustaining voltage VS. base-to-emitter resistance for all 
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Fig.6-Maximum operating areas for types 2N6258. 

138 



File No. 525 

30 

i 20 
~ 
!j 
I­
Z 
w 

~. 
I-
frl g 

2N3771 , 2N3772, 2N6257, 2N6258 

2 4 6 8 
10 

2 40 60 
COLLECTOR-TO-EMITTER VOLTAGE (VCEJ-V 

92SS-3578RI 

Fig.7-Maximum operating areas for types 2N3771, 2N3772, and 2N6257. 
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Fig.B-Typical dc beta characteristics for type 2N625B. 
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Fig. 10-Typical dc beta characteristics for type 2N3772 and 
2N6257. 
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Fig. 12-Typical dc beta characteristics for type 2N3771. 
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COLLECTOR CURRENT tIc I/BASE CURRENT (I B) -10 
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Fig.9- Typical saturation - voltage characteristics for type 
2N625B. 
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Fig. 11-Typical saturation-voltage characteristics for types 
2N3772 and 2N6257. 

Fig. 13-Typical saturation-voltage characteristics for type 
2N3771. 
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Fig. 14-Typical transfer characteristics for type 2N6258. 
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Fig. 16-Typical transfer characteristics for types 2N3772 and 
2N6257. 
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Fig. 18-Typical transfer characteristics for type 2N3771. 

2N3771, ~N3772, 2N6257, 2N6258 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1-V 

Fig. 15-Typical output characteristics for type 2N6258. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1-V 

92CS-19503 

Fig. 17-Typical output characteristics for types 2N3772 and 
2N6257. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 
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Fig. 19-Typical output characteristics for type 2N3771. 
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BASE-TO-EMITTER VOI..TAGE (VeE I-v 
92.C$-19506 

Fig.20-Typical input characteristics for type 2N6258. 

BASE-TO-EMITTER VOLTAGE (VSE)- v 
92C5-13181 

Fig.22-Typical input characteristics for type 2N3772. 
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BASE-TO-EMITTER VOLTAGE (VSEr-V 
92CS-13193 

Fig.21- Typical input characteristics for types 2N3771 and 
2N6257. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 
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OOm5LlD 
Solid State 
Division 

•.... : .... . . 

,-

JEDECTO·3 

Power Transistors 
2N3773 
2N4348 
2N6259 

Hometaxial n e High-Current 
Silicon N-P-N Transistors 
Rugged High-Voltage Devices for Applications 
in Industrial and Commercial Equipment 

Features: 
• High diS$ipation capability-

120 W (2N4348), 150 W (2N3773), 250 W (2N6259) 
• 5-A specification for hFE, VSE, & VCE(sat) (2N4348) 
" 8-A specification for hFE, VSE, & VCE(sat) (2N3773,2N6259) 

" VCEX-
140 V min (2N4348), 160 V min (2N3773), 170 V min (2N6259) 

" Low saturation voltage with high beta 

RCA-2N3773, 2N4348, and 2N6259 are hometaxial-ba ... 
silicon n-p-n transistors intended for a wide variety of high­
voltage high-current applications. Typical applications for 
these transistors include power·switching circuits, audio ampli­
fiers, serie .. and shunt-regulator driver and output stages, 
dc·to-dc converters, inverters, and solenoid (hammerllrelay 
driver service. 

These devices employ the popular JEDEC TO-3 package; they 
differ in maximum ratings for voltage, current, and power. 

• "Hometaxial" was coined by RCA from. "homogeneous" and "axial" 
to describe a single-diffused transistor with a base region of homogene­
ous-resistivity silicon in the axial direction (emitter-to-collector). 
"Hometaxial II"' is a term used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·COLLECTOR.TO-BASE VOLTAGE .............................. . 

.COLLECTOR.TO-EMITTER VOLTAGE: 
With base open •••••••••••••••••••••••••••••••••••••••• __ •••• 
With reverse bias (VSE) of -1.5 V ••••....•••........•...•..••... 

'EMITTER-TO-BASE VOLTAGE ................................... . 

'COLLECTOR CURRENT: 

Continuous .•.•.••.•••••..••••••.•••••••••.•.•.•....•.••.•.•. 
Peak .•.....••.••.••••.••..•..•.••••••••.••••..•.•••••...••. 

'BASE CURRENT: 
Continuous •.•..•••••••••••••••••••••.•••• '.' ••••••••••• '.~ •••. 
Peak •••••••.••••••••••••••.••••....•..••.......••..••....•. 

'TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C •••••••••••.••.........•.•.•.•.•. 
At case temperatures above 25°C ••.•.....•........•.•••.••••..•. 

'TEMPERATURE RANGE: 
Storage & Operating (Junction) ••••••........•••.•••.•••••....•.• 

'PIN TEMPERATURE (During Soldering): 
At distances2!.1/32 in. (0.8 mml from case for 10 s max ..•.••.••••..•. 

*'n a~cordance with JEDEC registration data format (JS·6. RDF-2): 

11-72 

IicBO 

VCEO 
VCEX 

VEBO 

IC 

2N4348 2N3773 2\116259 
140 160 170 V 

120 140 150 V 
140 160 170 V 

7 V 

10 16 16 A 
30 30 30 A 

4 4 4 A 
15 15 15 A 

120 150 250 W 
-+-- ~ee Figs. 1.4. 7. & 27'---, 

~ -65 to +200 ----.. DC 

230 .. DC 
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ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) = 2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT I UNITS 
V de A de 2N4348 2N3773 2N6259 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. 

* jeollector-Cutoff Current: 
ICBO 2 rnA 

With emitter open, VCB-140 V 

With base-emitter 120 -1.5 

junction reverse-biased ICEX 140 -1.5 2 rnA 
150 -1.5 0.2 

With base-emitter 120 -1.5 10 
junction reverse-biased ICEX 140 -1.5 10 rnA 
and TC - 1500 C 150 -1.5 4 

100 200 
With base open ICEO 120 10 2 

mA 

* Emitter-Cutoff Current lEBO -7 0 5 5 2 rnA 

4 Sa 15 60 

* DC Forward Current 
4 a8 15 60 

Transfer Ratio hFE 2 aa 15 60 
4 10" 10 
4 16" 5 10 

Collector-ta-Emitter 
Sustaining Voltage: 

VCEX(sus} -1.5 0.1 140 160 - 170 - V 
With base-emitter junction 

reverse-biased (ABe:::: 100n) 

With external base-ta-emitter 
VCER(sus} 0.2" 140 .150 160 V 

resistance (RBE) = lOOn 
-

With base open VCEO(sus) 0.2a 0 120 140 150 V 

4 5" 

* Base-ta-Emitter Voltage VBE 
4 a" 2.2 

V 
2 a" 
4 10" 3 

5" 0.5 
* Collector-ta-Emitter a" o.a 1.4 

V 
Saturation Voltage VCE(S"t) 10" 1.25 2 

16" 3.2 4 2.5 

Second-Breakdown 
Collector Current 
With base forward-biased and IS/bb 1.5 

A ao 
l·s nonrepetitive pulse 100 1.5 2.5 

Second-Breakdown Energy 
With base reverse-biased and ES/bc -1.5 2.5 0.125 0.125 - 0.125 -

L = 40 mHo RBE = 100n 

* Magnitude of Common-Emitter, 

Small-Signal, Short-Circuit, 
Ihlei 4 4 4 4 -

Forward Current Transfer 

Ratio (I - 50 kHz) 

* Common-Emitter, Small-

Signal, Short-Circuit, 
hie 4 40 40 - 40 -

Forward Current Transfer 

R"tio (f = 1 kHz) 

Thermal Resistance 
ROJC 1.46 1.17 0.7 °C/W 

Junction-to-Case 

*In accordance with JEDEC registration data format JS-6 RDF-2. 
8Pulsed; pulse duration '" 300~s, rop. rate = 60 Hz. 
b lS/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter·base junction forward-biased for 

transistor operetion in the active region. 
C ES/b is defined as the energy at which second breakdown occurs under specified reverse-bias conditions. ES/b= 1!2L12 where L isa series load or 

leakage inductance and I is the peak collector current. 
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Fig. I-Maximum operating areas for type 2N6259. 
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Fig.2- Ther"",i.cycle rating chart for type 2N6259. Fig.3- Typical dc beta characteristics for type 2N6259. 
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Fig.7-Maximum operating areas for type 2N4348. 
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Fig.8- Thermal-cycle rating chart for type 2N4348. Fig.9- Typical dc beta characteristics for type 2N4348. 
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I 2 
BASE·TO-EMITTER VOLTAGE IVBE)-V 

I2CS-1155Z 

Fig. 10-Typical input characteristics for type 2N6259. 

BAS[-TO·EMITTER VOLTAGE IVSEI-V 
9255-3294 

Fig. 12-Typical input characteristics for type 2N3773. 

BASE-TO-EMmER VOLTAGE (YBE)-V 
Sl2Sa-3ZI:S 

Fig. 14-Typical input characteristics for type 2N4348. 
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Fig. 11-Typical transfer characteristics for type 2N6259. 

BA~-TO-EMITTER VOLTAGE IVBE'-V 925S-3296 

FIg. 13-Typical transfer characteristics for type 2N3773. 

Fig. 15-Typlcal transfer characteristics for type 2N4348. 
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CASE TEMPERATURE (TCI- 25· C 

BASE CURRENT IB- 600 rnA 
SOOmA 

400mA 
mA 

200mA 

100mA 

SOmA 

0.5 I 1.5 2 2.5 3· 3.5 
COLLECTOR-TO-EMITTER VOLTAGE IVc[l-V 

92eS-19556 

Fig. 16-Typical output characteristics for type 2N6259. 
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CASE TEMPERATURE (Tc) "25°C 

SASE CURRENT (lul-SOO mA 

400 mA 

300 mA 

200mA 

100mA 

SOmA 

o 0.5 I 1.5 2 2.5 3 3.5 4 
COLLECTOR-TO-EMITTER VOI .. TAGE (VcE!-V 92CS"19555 

Fig. 18-Typical output characteristics for type 2N3773. 
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I-
u 

j 
8 

2.5 

CASE TEMPERATURE ITc ). 25·C 

aASE CURRENT IIa I- 500 mlAI 

400 mA 

300mA 

ZOOmA 

100mA 

SOmA 

0.5 I 1.5 2 2.5 3 3.5 
COLLECTOR-TOO' EMITTER VOLTAGE (VCEI-V 

92CS-19553 

Fig.20- Typical output characteristics for type 2N4348. 

10"~LLECTOR CURRENT Ie/BASE CURRENTIB.I~ 

.. • I I I / / 
1 

• CASE TE~PERATUJEITC1. 2J. J ~ ." oj 
I-

2 "\ 11/ is 125·C 

~ I i"Y .. , 
/ g · V 

oJ 4 

/ II 0 
u 

2 

{ I 0.1 
4 . , 2 2 4 6 8 

0.01 0.1 I 
COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCE I.at~-V 

Fig. 17-Typicalsaturation-voltagecharacteristicsfortype2N625!J. 

IDa COLLECTOR CURRENT (leI/BASE CURRENT (IS)& 10 

• 

1 
4 

CASE TEMPERATURE (1: )-25'C . 
2 

/ 1/ 
I-

~'<125'C i I 

~ 
, 
• 

~ 
4 

2 

Ii 0.1 
2 4 • , 2 4 • • 

O'~OLLECTOR-TO-EMITTER SATURf~'ON VOLTAGE ~CEI.at~-V 
925$-3301 

Fig. 19-Typicalsaturation-voltagecharacteristicsfor type2N3773. 

10, COLLECTOR CURRENT (Ie) 
- 10 

• BASE CURRENT ita) . 
4 .. / 

I 
CASE TEMP. (1: )- 25'C / U 

tl 2 

-(.1. I-

is ..... 125·C 

~ I , 
e • 
~ 4 

I 8 
2 

0.1 I i 
2 4 •• 2 4 6 , 2 4 . , 

~g{LECTOR-TO-EMITT~~ SATURATION VOL TA~E [VcElsat~-V 10 
9255-3300 

Fig.21- Typicalsaturation-voltagecharacteristicsfortype2N4348. 
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12 

-t""+ 

25 50 75 100 125 150 175 200 

CASE TEMPERATURE (Tel - "c 

Fig.22-Dissipation derating curve for all types. 

-5 -4 -3 -2 -I 
BASE-lO-EMITTER VOLTAGE (VBEI-V 

Fig.24-Reverse-biasr second-breakdown characteristics for 
all types. 

150 

veER CASE TEMPERATURE (Te 1~25·C 
160 

"""" ffi~ ~ 1 

~I <!V6< I I 
~~ ~ VeEO b ~ 150 

I"""", I I >--
~~ ~> 

~~ ~ ·t~ol-VeER 
~~140 ,..., 
~o 

8> 
,.~ 

~;" 
<' ~~ 130 ~~v !:t: 

~~ lZ 
120 1 VeEO 

2 4 6 • 2 4 6. 2 4 6. 2 4 6. 

to lac IK 10K lOOK 
EXTERNAL BASE-TD-EMITTER RESISTANCE {RSEI-n. 

92C$-19560 

Fig.23-Sustaining voltage vs. base-to-emitter resistance for 
all types. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 
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OOCIBLJD 
Solid State 
Division 

RCA-2N3839* is a double-diffused epitaxial planar 
transistor of the silicon n-p-n type. It is extremely use­
ful in low-noise-amplifier, oscillator, and converter 
applications at frequencies up to 500 MHz in the com­
mon-emitter configuration, and up to 1200 MHz, in the 
common-base configuration. 

The 2N3839 is mechanically and electrically like 
the 2N2857, but has a substantially lower noise figure. 

The 2N3839 utilizes a hermetically sealed four­
lead JEDEC T0-72 package. All active elements of 
the transistor are insulated from the case, which may 
be grounded by means of the fourth lead in appli­
cations requiring shielding of the device. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TG-BASE VOLTAGE, VCBO " 30 max. V 
COLLECTOR-TG-EMITTER 

VOLTAGE, VCEO ................ , 15 max. V 

EMITTER-TG-BASE VOLTAGE, VEBO' .... 2.5 max. V 
COLLECTOR CURRENT, Ie ........... 40 max. rnA 

TRANSISTOR DISSIPATION. PT: 
For operation with heat sink: 

At case {up to 25°C ........... 300 max. mW 
temperatures.· above 25°C ...... Derate at 1.72 mW/oC 

For operation at ambient temperatures: 

At ambient {up to 25°C. . . . . . . . . .. 200 max. mW 
temperatures above 25°C ...... Derate at l.14 mW/oC 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ........ -65 to +200 °c 

LEAD TEMPERATURE <During Soldering): 
At distances ~ 1132 inch from seating 

surface for 10 seconds max. . . . . . . . . . .. 265 max. DC 

* Formerly Dey. No. T A·2363 

** Measured at center of seating surface. 

Q • 2N3839 

AESISUIICE VALUES IKOHMS. 
CAPACITAlLtEVALUESlltpF. 

92C5-14112 

Fig.l - Neutralized amplifier eircuit used to measure 
4S0.MHz power gain and noise figure for type 2N3839. 

10·66 

RF Power Transistors 

SILICON N-P-N 
EPITAXIAL PLANAR 
TRANSISTOR 

2N3839 

For Low-Noise UHF Applications 
in Industrial and Military Equipment 

JEDEC 
TO.72 

FEATURES 

• very low device noise figure-
NF = 3.4 dB max. as 4S0·MHz amplilier 

• high gain. bandwidth praduct -
IT = 1000 MHz min. 

o high converter (4S0.ta·30 MHz) gain -
Gc = 15 dB typo lor circuit bandwidth 01 approximately 

2MHz 

• high power gain as neutralized amplifier -
Gpe = 12.S dB min. at 4S0 MHz lor circuit bandwidth 

0120 MHz 

• high power output as UHF oscillator -
Po = 30 mW min .• 40 mW typo at SOO MHz 

= 20 mW typo at 1 GHz 

• low collector-to-base tim" constant -
rb .Cc =7 ps typo 

o low collector·to-base leedback capacitance -
Ccb = 0.6 pF typo 

NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT A 

~~~~z lJ~~NLA~E~Er{~: ~~~IF~~R~ 50(B~H~l)N1~c~~ 
50,OHM RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF 

~~~E~fk~Ft~'usi~b '1rJ:N m'(,Eau.f~t?T 'P~gM ~HEE ~~~~ 
FIER, TUNE Ct, C3, AND C4 FOR MAXIMUM OUTPUT. (D) INTER· 
CHANGE THE CONNECTIONS TO THE SIGNAL GENERATOR AND 
THE RF VOLTMETER. (E) WITH SUFFICIENT SIGNAL APPLIED 
TO THE OUTPUT TERMINALS 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. 

~~J: .. ~IA.LIN~T~tL~!rVLEE'li~~Ji·PF~~~SJE~~~si-Yl~iig~~ 
CHASSIS SURFACE. 
NOTE 3: EXTERNAL INTER LEAD SHIELD TO ISOLATE THE 
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS. 
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ELECTRICAL CHARACTERISTICS, At an Ambient Temperature, T A, of 25°C, Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC DC DC DC DC DC 
COLLECTOR· COLLECTOR· EMITTER· EMITTER BASE COLLECTOR TYPE 

CHARACTERISTICS SYMBOL FREOUENCY TO·BASE TO·EMITTER .T!J.BASE CURRENT CURRENT CURRENT lN3839 UNITS 
VOLTAGE VOLTAGE VOLTAGE 

I VCB VCE VEB IE IB IC 

MHz V V V mA mA mA Min. Typ. Max. 

Colleclor-Culoff Currenl 
TA= 150C 

ICBO 
15 0 10 nA 

TA = 1500C 15 0 1.0 ~A 

Collector-ta-Base 
BVCBO 0 0.001 30 V 

Breakdown Voltage 

Collector-ta-Emitter 
BVCEO 0 3 15 V 

Breakdown Vottage 

Emitter-ta-Base 
BVEBO 0.01 0 2.5 V 

Breakdown Voltage 

Static Forward Curren I-
hFE I 3 30 150 

Transler Ratio 

Small-Signal Forward 
hie 

O.OOlc 6 2 50 220 
Current-Transfer Ratio 100c 6 5 10 20 

Collector-to-Sase Ccb Feedback Capacitance 
0.1 to LOb 10 0 0.6 1.0 pF 

Input Capacitance Cib 0.1 to 1.0 0.5 0 1.4 pF 

Coliector-to·Base 
rb'Cc Time Constant 

31.9c 6 -2 I 7 15 ps 

Small-Signal, Common-
Emitter Power Gain in Gpe Neutralized Amplilier 

450c 6 1.5 12.5 19 dB 

Circuit (See fi'ig.I) 

Power Output as Oscillator 
Po ~500· 

(See Fig 2) 
10 -12 30 mW 

UHF Measured Noise Figure 
(See Fig.l) 

NF 450c,d 6 1.5 3.9 dB 

UHF Device Naise Figure NF 450c,d.1 6 1.5 3.4 dB 

VHF Measured Noise Figure NF 60c •• 6 I 2 dB 

a Lead No.4 (case) not connected. e Generator reSistance, Rg :: 400 ohms. 
3-terminal measurement with emitter and case connected to guard 
terminal. 

c Lead No.4 (case) grounded. 
Generator resistance, Rg = 50 ohms. 

+Vcc 
-VEE 

Q = 2N3839 

152 

DOUBLE-STUB TUNER 
(Zo ·500) 

50 n 
W POWER 

METER 

CAPACITAItCEVALUESlllpF. 

92CS-t4111 

Device noise figure is approximately 0.5 dB lower than the mea~· 
sured noise figure. The difference Is due to the insertion lossat 
the input of the test circuit (0_25 dB) and the contribution of the 
following stages in the test setup (0.25 dB)_ 

Fig.2. Oscillator circuit used to measure saO.MHz 
power output lor type 2H3839. 



!'ile No. 229 ____________________________ 2N3839 

- - -- ~s~E~1~€:lr~~~T~~) (TAl 

30 

:i 50 

o 10 15 20 25 30 35 -100 -50 0 50 100 150 200 
COLLECTOR MILLIAMPERES (Ie) TEMPERATURE - °C 

92CS-14169 92CS-124B3RI 

Fig.3. Small· Signal Beta Characteristic for Type 2N3839. Fig.4. Rating Chart for Type 2N3839. 

TWO·PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF COLLECTOR CURRENT (lC) 

CO~~f~UTE~:JOT:TR-~I~%~II~Eg~sE INPUTj 
FREQUENCY (f) = 450 MHz 

TEMPERATURE ITA)· 25· 
VOLTS 

Fig.S. Input Admittance (Yie). 

COLLECTOR MILLIAMPERES Ilel 

91CS-12150RL 

92CS-12149RI 

Fig.7. Forward Transadmitfance (Yfe). 

COLL.ECTOR MILLIAMPERES (Iel 
92CS-I2:148Rl 

Fig.6. Output Admittance (Yoe)' 

COLLECTOR MILLIAMPERES (Ie) 

92:CS-12154R2 

Fig.8 • Reverse Transadmitfance (Yre)' 
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TWO.PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF FREQUENCY (f) 

c~~u,.WO~,.~8MtmsE INPUT; 
COLLECTOR-lO-EMITTER VOLTS (VeE ,-. 
i:e'ii~~:~~~~~~~~!~<i)2~·~C 

24 

"' 20 

~i 
~j 16 
';2 
~I 
~112 

U· ~J 

"'" i;~ 4 b'e f-""" / 
91 

10 6 8100 2 

FREQUENCY IfI- MHz 
92CS -12157R1 

Fig.9. 'nput Admittance (yie)' 

FREQUENCY ItI-MHz 

92CS-12152RI 

22 cor:8:"':M:lJ.~~E~~U'l} INPUT 

COLLECTOR-TO-EMITTER. VOLTS (VCE)· 
20 COLLECTOR MILLIAMPERES IIC).'.5 

~I. AMBIENT TEMPERATURE (TA) "' 25·C 

" 31. 
Z 
1'4 
JI2 
~IO 
z go 
:;:. 
ill 
.. 4 

~2 -0 
2 4 , e 2 

10 100 
FREQUENCY (f)-MHz 

b •• 

-
Fig. 10 • Output Admittance 

V 
I-

COMMON-EMITTER CIRCUln INPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (VCE)"6 
COLLECTOR MILLIAMPERES tIel-I.S 
AMBIENT TEMPERATURE (TAl. 25° C 

l~ 0 .J. -x 
",;I; 

~~ -I ......... 
ul 

~1 ,2 
,"w 
~!E 

i~ 
~~-3 
w:> 
81"' 
w'" 
~o_4 

'" 
2 4 , . 

10 100 
FREQUENCY (f)-MHz 

"-
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"' ~ 
" 3 
Z 
! 
!! 
::l z 
;! 
u 

25 
z 

lOB .. 
I :> 

.~ 
I!: 
" MO 

'I 
4 , 

1000 

92CS-12156R2 

II 
II 

I g,. 

4 , . 
1000 

92CS-.2'51R3 

Fig. II • Forward Transadmittance (Yle)' Fig. 12 • Reverse Transadmittance (Yre). 
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TERMINAL CONNECTIONS 

LEAD 1 • EMITTER 

LEAD 2· BASE 

LEAD 3· COLLECTOR 

LEAD 4. CONNECTED TO 

CASE 
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2N3878 
2N3879 

OOOBLJD 
Solid State 
Division 

2N5202 t.~' 
2N6500 \~~ 

JEOEC TO·66 H-1340 

40375 

JEDECTO-66 H·1470A 
With Integral Heat Radiator 

Power Transistors 
2N3878 2N5202 
2N3879 2N6500 

40375 

lHigh-Speed, Epitaxial-Collector 
Silicon N-P-N Transistors 

For High·Speed Switching and 
Linear·Amplifier Applications 

Features: 
a Maximum-area-of-operation curves for de and pulse operation 

a Rated for safe operation in both forward- and reverse-bias conditions 

" High sustaining voltage 
a Total saturated transition time less than 1 p.s 

for 2N3879, 2N5202, and 2N6500 

RCA-2N3878, 2N3879, 2N5202, and 2N6500o are epitaxial 
silicon n-p-n transistors. The 2N3878 is an amplifier type 
intended for audio-, ultrasonic-, and radio-frequency circuits. 
Types 2N3879, 2N5202, and 2N6500 are switching transistors 
intended for use in high-current, high-speed switching circuits. 

Type 40375 is a 2N3878 with a factory-attached heat radiator; 
it is intended for printed circuit-board applications. 

Typical applications for these transistors include: low-distor­
tion power amplifiers, oscillators, switching regulators, series 
regulators, converters, and inverters. 

MAXIMUM RATlNGS,Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE. 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (RBE) == 50 n. 
With base open. 

'EMITTER-TO-BASE VOLTAGE. 

'CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT. 

'CONTINUOUS BASE CURRENT. 

'TRANSISTOR OISSIPATION. 
At case temperature (TC) '" 25°C 
At case temperatures above 25°C 
At ambient temperature (TAl = 25°C 
For other conditions . 

*TEMPERATURE RANGE: 
Storage & operating (Junction) 

'PIN TEMPERATURE: 

1/32 in. (0.8 mml from seating plane for 10 s max. 

• Formerly RCA Dev. Type Nos. TA2509, TA2509A, TA7285, and 
TA8932, respectively. 

2N3878 
40375 2N3879 2N5202 2N65DD 

VCBO 120 120 100 120 V 

VCER(SUS) 65 90 75' 110* V 

VCEO(sus) 50' 75' 50 90' V 

VEBO 6 7 V 

IC 4 4 4 A 

ICM 10 10 A 

IB 4 5 A 

PT 
3512N3878) 35 35 35 W 

Derate linearly at 0.2 W/oC 
5.8140375) W 

See Figs. 5, 6, 7, and 8 

- -65 to 200 °c 

235 235 235 235 °c 

* In accordance with JEDEC registration data format JS-6 RDF-2 (2N3878); JS-6 RDF·' (2N3879, 2N5202, 2N65001. 
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ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) = 2!PC unless otherwise specified: 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 2N3878 2N3879 2NS202 2N6500 UNITS CHARACTERISTIC SYMBOL Vd. Ad. 40375 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: 100 -1.5 10 
With base-emitter junction reverse· 110 0 
biased 120 -1.5 25 25 

ICE V mA 
With bose-emitter junction 100 -1.5 10 
reverse-biased and T C = 150°C 110 0 10 

40 0 5' 
mA With base open ICED 70 0 

-6 10 
mA * Emitter Cutoff Current lEBO -7 10 10 25 

Collector-la-Emitter Sustaining , 
75~ * Voltage (see Figs.3 and 4): VCEO{susl 0.2 50a 50a 90a 

With base open 
V 

With external base-te-emitter 
resistance (Reel = 50 n VeER(SUS) 0.2 65a 90a 75a 110a 

1.2 4b 10' lOa· 
2 0.5b 40* 200* 

DC Forward-Current Transfer 3b 15* 60* 
Ratio hFE 4b 8' 12' 100* 

4b 20* 20 80 
0.5b 50' 200* 40 

* Collector-la-Emitter 3b 0.3 1.5 V 
Saturation Voltage 

Vee(satl 
4b 0.4 1.2 1.2 

'" Base-ta-Emitter Voltage VaE 4b 2.5 V 

* Base-ta-Emitter Saturation 3b 0.3 2.5 
V Voltage VBE(sat) 4b 0.4 

Collector-to-Base Output 
Capacitance: Cob 175* 175 175 175 pF 

If = , MHz, Vca = 10 VI 

Second Breakdown Collector Current: 

With base forwaro-biased and ISlb 40 750 500 400 400 mA 
l-s nonrepetitive pulse 

Second-Breakdown Energy: 

With base reverse-biased and 
RSE = 50 n, Vas = -4 V ESlbc mJ 
At L:: 50 IJH 0.4 
AtL::125IJH 0.5 

* Magnitude of Common Emitter, 
Small·Signal, Short-Circuit, 

Ihfel 10 0.5 4 4 6 Forward-Current Transfer 
Ratio!(f:: 10 MHz} 

* Common·Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe 30 0.1 40 
Transfer Ratio:!f =: 1 kHz} 

Thermal Resistance: 2N3878 
Junction-to-case RO JC - I 5 

°C/W 
40375 

Junction-to-ambient ROJA - 130 

• In accordance with JEDEC registration data format J5-6 RDF-2 b Pulsed, pulse duration'" 300 J.LS, duty factor ~ 2 % . 
12N38781; JS·6 RDF-l (2N3879, 2N5202. 2N65001. 

c ES/b is defined as the energy at which second breakdown occurs a CAUTION: Sustaining voltages VCEO(susl and VCER(SUS) MUST under specified reverse-bias conditions. ES/b = 1I2L12 where L is a 
NOT be measured on a curve tracer. series load or leakage inductance and I is the peak collector current. 
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TRANSITION AND STORAGE·TIME CHARACTERISTICS FOR SWITCHING TYPES, At Case Temperature IT cJ = 25°C: 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL V de Ade 

VCC IC IB 

Saturated Switching 
30 O.3il 

Time (see Figs. 1. 2, 
30 OA3 

18.20. and 22.1 'd 
30 O.S<l 

Delay time 

30 0.3a 

Rise time " 
30 DAB 

30 a.Sa 

30 0.33 

Storage time Is 30 0048 

30 O.Sa 

30 0.3a 

Fall time If 30 4 0.4a 

30 O.Sa 

* In accordance with JEDEC registration data format (JS·6, RDF-,) 

INPUT FROM 
HEWLETT 
PACKARD 
ZI9A PULSE 
GENERATOR-

Ie MONITOR 
TEKTRONIX P6a21 
CURRENT .--.--..---, 

PROBE*\ 

IS MONITOR 
TEKTRONIX 
P6aZI 
CURRENT PROBE* 

30 V 

..J1.. [ol--."'I.IV'v-' 

INPUT PULSE 
Ir < 20 ni 
tf < 20 ns 

REP. RATE ;500 Hz 
PULSE DURATION 

~ 20~s 

"OR EQUIVALENT 

0.22 pF 
MYLAR 
- + 

IOOpF 

0-7 V 

RL ~7.5n FOR 2N3B79,2N5202 

RL :10.n FOR 2N6500 

Fig. 1 - Circuit used to measure switching times 
for 2N3879, 2N5202, and 2N6500. 

CHANNEL A 

TO 
TEKTRONIX 

OSCILLOSCOPE 
MODEL No. 503. 
OR EQUIVALENT 

CHANNEL B 

COMMON 

o TO 50V 
(SOOmA) 

92CS-13239R3 

Fig.3 - Circuit used to measure sustaining voltages, VCEO(SUS) 
and VCER(sus) for a/l types. 

LIMITS 

2N3879 2N5202 2N6500 
UNITS 

Min. Max. Min. Max. Min. Max. 

40 
40 

40 

400 

400 

400 

1000 

800 

1200 

500 

400 

400 

a IS1 = 182 

92CS-23760 

Fig.2 - Oscilloscope display for measurement of switching times. 
(Circuit shown in Fig. 1 ). 

~ 
E 
I 
u 

Loor----.;I~I..:'~VCE!O "::~ ___ -ll ~l_VCER 'M) 

a IA~DIBIC 
a:: I i I I 

~ : :: 
::::l 65 7590 110 

8 COLLECTOR-TO-EMITTER VOLTAGE tVCE1-V 

92C$-13240R2 

The sustaining voltages VCEO(SUS) and VCER(SUS) are acceptable when 
the traces fall to the right and above point "AU for types 2N3878, 
40375, and 2N5202; point "S" for type 2N3879; and point "C" for 
type 2N6500. The sustaining voltage VCER(SUS) is acceptable when 
the trace falls to the right and above point "0" for type 2N5202. 

Fig.4 - Oscilloscope display for measurement of sustaining 
voltages. (Circuit shown in Fig.3.) 
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100 

15 

so 

2S 

" 

CASE TEMPERATURE (Tcl=25·C 
(CURVES MUST BE DERATED LINEAR 

I 

10 4 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-23755 
Fig.5 - Maximum operating areas for 2N3878. 

10. 

'I'-. 
<t 4~ t-..... I ' .......... ~ u t-..... !j I 

ISibLiMITED 

l- · i5 'D44te .................. 
~ 

41-------=~/el\l'}" <'Soc 

~~" t'--~ ;Ce. I- S"o "'J .. ' ......... ~~ 0 
I- 01 

~e( Cft? It) 

~ · 1;41",,>. 3",; 

• ~·c(o 0 
4 " ~ , 

0.01 VCEO(MAXl-50V 
100 ISO 200 4 , . , 4 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tcl-oc 
10 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1-V 
• 8100 

Note: Use ambient temperature for derating 40375. 
92SS-2171R2 

Fig.6 - Dissipation derating for all types, Fig.7 - Maximum operating areas for 40375. 

TERMINAL CONNECTIONS 

Pin 1 - Base 

Pin 2 - Emitter 

Heat Radiator - Collector (40375) 

Case, Mounting Flange - Collector (2N3878, 

2N3879. 2N5202. 2N6500) 
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:::J 
o 
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o .... 
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UJ 
..J 
..J 

468 10 8100 

COLLECTOR-TO-EMITTER VOLTAGE(VCE)-V 

92CS-23756 

Fig.8 - Maximum operating areas for 2N3879, 2N5202, and 2N6500. 
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Fig.9 - Typical gain-bandwidth product for atl types. 
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Fig. to - Typical input characteristics for all types, 
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COLlECTQR-TO-EMITTER V<X..TAGEIVCE) - 2V 

160 

0.5 1.0 1.5 2.0 

BASE-lO-EMITTER VOLTAGE (VSE)-V 

Fig. 11 - Typical transfer characteristics for al/ types. 

I 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1-V 

92SS-2197RI 

Fig. 13 - Typical output characteristics for 
2N3878. 2N3879. 2N5202. and 40375. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE}-V 
92CS-23751 

Fig. 15 - Typical output characteristics for 2N65DO. 
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Fig. 12 - Typical de beta characteristics for 
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Fig. 14 - Typical dc beta characteristics for 2N5202. 
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COLLECTOR CURRENT (ICI-A 
92C5·13236 

Fig. 17 - Typical saturation-voltage characteristics 
for ZN3878, and ZN3879. 

COLLECTOR CURRENT 'Ie)-A 

Fig. 19 - Typical saturation-voltage characteristics 
forZN5Z0Z. 

4 

COLLECTOR CURRENT (IC)-A 

92S!.-3697 

92C5-23159 

Fig.21 - Typical saturation-voltage characteristics 
forZN6500. 

CASE TEMPERATURE (TCI • 2S-C 
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~200 .. 
'" .. 
~ z 
!!j1OO .. 
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COLLECTOR CURRENT (Icl-A 
92C5-13234 

Fig.t8 - Typical turn-on time for 2N3879. 2N5202. 
and2N6500. 
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CASE TEMPERATURE (TC)=2SoC 

2000 ISI- -IS2=IC/hFE 

i 1500 
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COLLECTOR CURRENT (Ie)-A 
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Fig.20 - Typical storage time for 2N3879. 2N5202, 
andZN6500. 
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Fig.22 - Typical fall time for 2N3879, 2N5202, 
andZN6500. 
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OOcrBLJD 
Solid State 
Division 

+ ~ 
. R . 

i"'" , .• ~ 

40394 
H-1375 

2N4036 
2N4037 
2N4314 

Power Transistors 

2N4036 2N4037 2N4314 
40391 40394 

Medium-Power Silicon 
P-N-P Planar Transistors 
General·Purpose Types for 
Industrial and Commercial Applications 
Features: 

• 2N4036} are p-n-p complements of {2N2102A& 
2N4037 2N3053 

• Gain-bandwidth product tf T) = 60 MHz min ~' j-J~ JEOEC 
TO-39 

• High breakdown voltages 

• Maximum-area-of-operation curves 

• Planar construction provides low 
noise and low leakage 

These devices are available with either 1%­
inch leads (TO-6 package) or %·inch leads 
(TO-39 package). Tbelonger..Jaad versions are 

_, vr---\>.o 

40391 • Low saturation voltages 

H-1468 H-1381 • High pulsed beta at high collector current 

specified by suffix "L" after the type num­
ber; the shorter·lead versions are specified by 
suffix "s" after the type number. 

• Fast switching (ZN4036) 

The 2N4036, 2N4037, 2N4314", 40391, and 40394 are 
double-diffused, epitaxial-planar, silicon p-n-p transistors; they 
differ in breakdown-voltage ratings, leakage-current, and sat­
uration characteristics. The 40391 is a 2N4037 with a factory· 
attached heat radiator, intended for printed-circuit-board appli­
cations. Type 40394 is a 2N4037 with a factory-attached 
diamond-shaped mounting flange. 

bandwidth product (fTl of 60 MHz, these devices provide use­
ful gain at high frequencies. In addition, the 2N4036 is 
useful in high-speed saturated switching applications. 

... Formerly Dev, Nos. TA2651. TA2670. and TA2670A, 
respectively. 

.....2N2102 is a linear-beta type; the 2N3053 is a general-purpose type. 
These transistors are intended for a wide variety of small­
signal medium-power applications. With a minimum gain-

For technical bulletins for these types, write to RCA Solid State 
Division. Box 3200, Somerville. N. J. 08876. 

MAXIMUM RATINGS, Absolute Maximum Values: 

• COLLECTOR-TO·BASE VOLTAGE ......... . 

COLLECTOR-TO·EMITTER SUSTAINING VOLTAGE: 

With 1.5 volts IV BE I of reverse bias ., .. , 
With external base·ta-emitter resistance (R BE , :5.200 n ...... . 

... With base open .. , .... , ............. ,.,", ........ , .. 

• EMITTER-TO·BASE VOLTAGE ... . 

• COLLECTOR CURRENT ... 

• BASE CURRENT ...... . 

• TRANSISTOR DISSIPATION: .. 

At case temperatures up to 25°C .... ,', ..... ,' ... , ..... . 

At free-air temperatures up to 25°C 

At temperatures above 250 C .............. , , ........ . 
For pulsed operation. , ......................... . 

• TEMPERATURE RANGE: 
Storage & Operating (Junction) ............. . 

.. LEAD TEMPERATURE (During soldering): 

At distance2 1/16in. (1.58 mm) 
from seating plane for 10 s max. 

VCBO 

VCEV(,u,1 

VCERI,u,) 
VCEOlsus) 
V EBO 

IC 

IB 
PT 

2N4037 
2N4036 40391,40394 

-90 - 60 

-85 -60 
-85 -60 

-65 -40 

-7 -7 

-1.0 -1.0 

-0.5 - 0.5 

7(2N40371 
7(403941 
3.5(40391) 

1!2N4037,403941 
See Figs. 6 and 7 

See Fig. 1 

-65 to 200 

230 

... In accordance with JEDEC registration data format IJS-6 RDF-' 2N4036; JS-g RDF-2 2N4037, 2N4314). 
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2N4314 

-90 

-85 
-85 
-65 

-7 

-1.0 

-0.5 

V 

V 

V 

V 

V 

A 

A 

w 
w 
w 
w 

7-73 



File No. 216. 2N4036,2N4037,2N4314,40391,40394 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 2!PC unless otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE 
CUR-

2N4037 
CHARACTERISTIC SYMBOL RENT 

Vdc mAde 40391 UNITS 
2N4036 

40394 
2N4314 

Collector Cutoff Current: VeB VeE VBE 'e Min. Max. Min. Max. Min. Max. 

leBO - 90 - 0.1· mA 
With emitter open -60 -0,02 - 0.25- - 0.25- ,A 

With base open ICED - 30 - 0.5- - 5- -5· ,A 

With base-emitter junction 
reverse biased -85 1.5 100· 

TC"'150oC 
ICEX 3D 1.5 0.1· 

mA 

'Emiller Cutoff Current lEBO 
- 0.1· mA 
- 0.02 - ,. -1· ,A 

Collectpr-lo-Base 
Breakdown Voltage (IE :: 0) V(BRICBO -0.1 - 90 - 60· -900 V 

Emmer-ta-Base Breakdown Voltage 

liE'" -OJmAI V(BAIEBO -7 -7 -7 V 

Collector-ta-Emltter 
Sustaintnl=! Voltage: 
(See Figs, 2 and 3) 
With base-emitter lunctton 

_ 858 _ 60a _853 reverse biased VCEVlsus) 1.5 - 100 V 

With external base-to-
emitter reSistance 

(ReEI:S. 200 1! VCER(susl - 100 _ 85i1 _ 50" _ 85iJ V . With base open VCEO(susl - 100 _ 65<1 _ 40a _ G5iJ 
V 

• Collector-la-Emitter 
Voltage (Ie = -15 rnA) VCE(sat) - 150 - 0 65 -1.4 -1.4 V 

Base-to-Emiller Voltage VBE -10 -150 - 11 - 1.5- - 1.5- V 

- Base·lo·Emltter 
Voltage (Ie = -15 rnA) VsE(sall - 150 -'4 V 

-2 - 150 20 200 

- DC Forward·Current 
-'0 - 0.1 20 

Transfer Rat.o hFE - 10 - 1.0 15 15 

-10 _ 150b 40 140 50 250 50 250 

-10 _ 500b 20 

Common·Emltter. Small-S.gn .. JI. 
Short·Clrcult, Forward-Current "" 

-10 -50 3D 3.0 3.0 
Transfer Rat.o (at f = 20 MHI) 

- Magnitude of Common-Em.tter. 
Small,Slgnal, Short-C.rcult, 1",,1 -10 - 50 3.0 3.0 10 3.0 10 

Forward-Current Transfer Raila 
(at f " 20 MHz) 

Co(lector-Base Capacitance 
Cob -10 3D 30· 30· pF 

lat f '" I MHz, IE = 01 

Input Capacitance C,b 0.5 90 90 90 pF 

- Sat. SWitching Time· C 
(See Figs. 70 and l1J 
Rise time , - 30 - 150 70 

Storage time , , -30 - 150 600 

Fallt.me 
" 

-30 -150 100 

Turn·on time 'on - 30 -150 110 

Turn-off time toll - 30 - 150 700 

Thermal ReSistance: 
°C/W 25· 25 (max.) 25 

Junctlon-to-Case ROJC 
2N4037 & 
40394 

165 165 {mad 165 °C/W 

2N4037 & 

Junction-to-Ambient R'JJA 
40394 
50 (max.) °C/W 

40391 

a CAUTION. The sustaonong voltage; VCEO (susl. V CEAlsusl. al1d V ~EV.(susl MUST NOT be measu,red all a curve tracer 
These sustall10ng vollilges should )e meaSlorerj by meal1S 01 the test CirCUit shown on F.g 2. 

b Pulsed; pulse duration 300 jJ S, duty factor < 2%. . In accordance with JEOEC registration data lor mat (JS G RDF 1 2N4036; JS-g ROF 2 2N4037,2N43141 

C1CI B1 = 'B2 = 15 rnA 
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CASE TEMPERATURE (TC) = 25°C 

NORLJ, (CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) POWER 

I I I I ,",LTIPLIER J"-
1501£5 

IC MAX. (CONTINUOUS) 
PULSED OPERATION * ~ 

I 

'" "" "t /~ 9.~-= 8 
~ "~~LL « 6 

I ~ /~ ~~ 5.0 
~ 

4 
0" ~ I 

u 

01'~ }:: 
I H 

~ 3.0 
I- 1l.q I 

I z ~ I 
lJJ 01' i a:: 

2 2.0 a:: 

~ 
=> 

I 
u 

a:: 
0 
I-

-0.1 1.0_ u 
lJJ VCEO MAX. = 40V 1 ...J 8 
...J (2N4037) "I 0 i u 6 IT I i VCEO MAX.= 65V i 

4 
(2N4036 a 2N4314) 1 
I 1 I I * FOR SINGLE ! 

2 NONREPETITIVE 
PULSE I 

1 
-0.01 I I I I 

-I 2 4 6 8 -10 2 4 6 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-17443 
Fig. 1 - Maximum operating areas for types 2N4036, 2N4037, and 2N4314. 

TERMINAL CONNECTIONS 
FOR 2N4036, 2N4037, 2N4314 

Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 

TERMINAL CONNECTION:. 
FOR 40394 

Lead 1 - Emitter 
Lead 2 - Base 

Flange, Lead 3 - Collector 

TERMINAL CONNECTIONS 
FOR 40391 

Lead 1 - Emitter 
Lead 2 - Base 

Heat-Radiator. Lead 3 - Collector 
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CLARE MERCURY 
RELAY MODEL NO. 
HGP 1004, OR 
EQUIVALENT 

a=:::: 60 CIS 

OSCILLOSCOPE INPUT 
HEWLETT-PACKARD 
MODEL NO. 1308, 
OR EQUIVALENT 

HORIZ. 

GND. 
-Vcc 

(O-IOOV) 

92LS-1255RI 

Fig.2 - Circuit used to measure sustaining voltages VCEO(susJ, 
VCER(SUS), and VCEV(sus) for all types. 

COLLECTOR CURRENT Uc)· 100 mA (PULSED) 
AMBIENT TEMPERATURE ITAI"25"C 

~ 
~ -IOOf---f-I+I+-++I-H--+-+++f-f-f-++I-++l-H 

'" ~~-90f---f-I+I+-++I-H--+-+++f-f-f-++I-++l-H 
~~_80f---f-~2"N4~Oq3~6·12~N4n3T'4~-+~~~++Ht~~~ 
~~ I ~ 
~S-70f---f-I+I+-+~I-H+-+-~~~-++H~~~ 
i~ 
~ J-601--t-H+t-2:::N~4"03:::7!-ft-f-f..H-I-;---+-+-+-f+-++++I 
g~ f~ 
~ -5o'HK+++-t-+t++-+-t-++~'\1't-+t-tt-t--I-t+I 

g -40 

-30 
2 .. 68 2 .. 68 

I 10 100 I K 10K lOOK 
EXTERNAL BASE-TO-EMITTER RESISTANCE (ReE) - n 

92LS-I256R2 

Fig.4 - Sustaining voltage vs. base-to-emitter resistance for all types. 

-75 -50 -25 0 25 50 75 100 125 150 175 200 

CASE OR AMBIENT TEMPERATURE ITC OR T A )_ .. c 

92LS-1294R2 

Fig.6 - Dissipation derating curve for all types. 
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92LS-1263 

NOTE: The sustaining voltages VCEO(susl, VCER(sus), and 
V CEV(sus) are acceptable when the traces fall to the left and 
below point "Au for type 2N4036 and 2N4314. and point "B" 
fortype 2N4037. 

Fig.3 - Oscilloscope display for measurement of sustaining voltages 
(test circuit shown in Fig.2J. 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)=-IO V 
FREQUENCY" 20 MHz 
AMBIENT 'TEMPERATURE (TAI;25 D C 

... 
-I -10 -100 

COLLECTOR CURRENT Uc)- mA 

. .. 
-1,000 

92LS-1257RI 

Fig.5 - Typical small-signal beta characteristic for all types. 

25 50 75 100 125 ISO 175 200 

CASE TEMPERATURE (Td- °c 

92LS-1469~1 

Fig.7 - Dissipation derating curve for types 2N4036, 2N4037, and 2N4314. 
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10' 
COLLECTOR-TQ-BASE VOLTAGE (VC81:-~ <t 

~ -40 V ..LIO 
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~ --20V 
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<r I " u ., I 
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"- I 

~ lCi3 -_._. 

<r ~' i 

~ 104 ==---
-' --j 
8 1cl 

~ 
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-100 -50 50 100 150 200 
JUNCTION TEMPERATURE ITJI-"C 

Fig.8 - Typical collector-cutoff current vs. junction temperature 
for type 2N4036. 

o uJ--20,0,.., -0,65V-" 

-8V-- -30v--;I ~ 
INPUT-PULSE 
WAVE FORM 

OUTPUT-PULSE 
WAVE FORM 

92LS-1264 

Fig. to - Oscilloscope display for measurement of switching times 
test circuit shown in Fig.9). 

-1.0 -2.0 -3.0 -4.0 -5.0 -6,0 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE, VCEISQt)-V 

92LS-1268RL 

Fig. 12 - Typical saturation-voltage characteristics for type 2N4036. 
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+Vae":::::: 4V 

ADJUST lSI" IS2 
OUTPUT TO 
OSCILLOSCOPE 

CHANNEL A 

Z"'lo6n 

CIN'" 20 pF 

tr,15ns 120n 

-30V 

200{\ 

~~5~~F~ __ ~~~ __ ;-__ ~ 

INPUT FROM PULSE 
GENERATOR 

PULSE WIDTH=20,us 
PULSE REP. FREQ.=IOKHz 
tr < IOns 

300n,l% 

·CALIBRATE • .,"""==. 
120.n 

OUTPUT TO 
OSCILLOSCOPE 

CHANNEL B 
Z=IOG.n 

CIN" 20 pF 

tr '15ns 

OSCILLOSC\ 
GROUND 

Fig.9 - Circuit used to measure switching times for type 2N4036. 

BASE-TO-EMITTER VOLTAGE (VBE)-V 

92LS-1295R2 

Fig.11 - Typical transfer characteristics for types 2N4037 and 2N4314. 
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Fig. 13 - Typical saturated switching times for type 2N4036. 
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~~i~EEJ=i~~M~~Ri.rJ~lfTRA ~,!Ll~~~ (Vce'·-2 v 
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II 

.... - 2N4036 z'" 
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V V \ '" Q", 

~a:40 V 1\ ,"'" ./ 
~~ \ ge: 20 

\\ 
, . .. , ... . .. . 

-0.1 -I -10 -100 -600 
COLLECTOR CURRENT (Ic)-mA 

92LS-126!SR2 

Fig. 14 - Typical de beta characteristics for all types. 

-4 -8 -12 -16 

CDLLECTOR-TO-EMITTER VOL.TAGE (Vce)-V 

92LS-1291RI 

Fig. 16 - Typical output characteristics (or types 2N4037 and 2N4314. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 

92l.$-1282RI 

Fig.1S - Typical output characteristics for types 2N4037 and 2N4314. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)"-IOV 
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Fig. 15 - Typical dc beta characteristics for types 2N4037 and 2N4314. 

COl.LECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92LS-I287RI 

Fig. 17 - Typical output characteristics for types 2N4037 and 2N4314. 

COI..LEeTOR-TO-EMITTER VOLTAGE (VeE) - v 

92LS-I289RI 

Fig. 19 - Typical output characteristics for types 2N4037 and 2N4314. 
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2N5034 
2N5036 
40514 

OO(]5LJ1] 
Solid State 
Division 

JEOEC TO·219AA 

2N5035 
2N5037 
40513 

JEDEC TO·219AB 

Power Transistors 
2N5034 
2N5036 
40514 

2N5035 
2N5037 
40513 

Molded Silicone- Plastic 
Hometaxial- Base Transistors 
Silicon N-P-N Types for Industrial 
and Commercial Applications 

Features: 

• Low thermal resistance: 8 J-C = 1.SoC/W max. 

• Low saturation voltage 
• High second breakdown ratings for both forward· and 

reverse·bias operation 

• High peak collector current ratings 

• Maximum·area-of·operation curves for DC and pulse 
operation 

RCA·2N5034, 2N5035, 2N5036, 2N5037", 40513, and 
40514 are hometaxial**·base silicon n·p·n power transistors 
employing two versions of a unique plastic package. This new 
plastic package is available with two different lead con· 
figurations: a "vertical·lead" version which will fit a TO·3 
socket; a "horizontal-Iead" type for mounting on a printed­
circuit board. 

Types 2N5035, 2N5037, and 40513 are electrically identical 
to the 2N5034, 2N5036, and 40514, respectively, but 
employ the horizontal·lead package. 

These plastic transistors are intended for a wide variety of 
high·power switching and amplifier applications such as series 
and shunt regulator driver and output stages and for 
high·fidelity amplifiers. 

Types 2N5034, 2N5036, and 40514 are the "TO·3" versions. 
The 2N5034, 2N5036, and 40514 differ in breakdown· 
voltage, collector·current ratings, and leakage·current limits. 
These devices may be plugged into a TO·3 socket and secured 
by means of an over-elamp whose mounting holes are 
identical to those in a TO-3 socket. 

"Formerly Dev. Type Nos. TA7201, TA7202, TA7199, and TA7200 
respectively_ 

**"Hometaxial" was coined by RCA from "homogeneous" and 
"axia'" to describe a singl~iffused transistor with a base region of 
homogeneous-resistivity silicon in the axial direction (emitter­
to-collector). 

MAXIMUM RATINGS. Absolute-Maximum Values: 40514 2N5034 2NS036 
40513 2N5035 2NS037 

* COLLECTOR·TO·BASE VOLTAGE ........................................ VCBO 55 70 V 

COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With -1.5 volts (VSE) of reverse bias ..... ......................... ,. " .... VCEV(sus) 55 70 V 

:(I With external base-to·emitter resistance IRBE) = 100 n ....................... . VCER(sus) 45 45 60 V 

With base open ....................................................... VCEO{SUS) 40 50 V 

• EMITTER-TO·BASE VOLTAGE ........................................... VEBO 5 5 5 V 

* CONTINUOUS COLLECTOR CURRENT ................................... IC 6 6 8 A 

* PEAK COLLECTOR CURRENT .......................................... . 12 12 12 A 

* CONTINUOUS BASE CURRENT ........................................... IB 6 6 6 A 

* TRANSISTOR DISSIPATION: ............................................ PT 

At case temperatures up to 25°C ........................................ . 83 83 83 W 
At temperatures above 25°C ........................................... . See Fig. 1 

* TEMPERATURE RANGE: 

Storage & Operating (Junction) ......................................... . -65 to 150 0c. 
* LEAD TEMPERATURE (During Soldering) 

2N5034, 2N5036, & 40514: At distance" 1/16 in. (1.5Bmm) from seating plane 
for 105 max ..••.•.. 235 °c 

2N5035, 2N5037, & 40513: At distances" 1/8 in. (3.18mm) from case for 
10smax ........... . 235 DC 

* Typos 2N5034-2N5037, Inclusive, In accordance with JEOEC registration data format Js-6 ADF-2. 

4·71 
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2N5034 2N5035 
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40514 40513 

ELECTRICAL CHARACTERISTICS Case Temperature IT c! = 250C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC Emitter DC Types Types Types 

Characteristic Symbol Collector or Base Current (AI 40514 2N5034 2N5036 Units 
Voltage (VI Volt"ge (VI 40513 2N5035 2N5037 

VCE VEB VBE IC IB Min. Max. Min. Max. Min. Max. 

ICER 
20 - 2.5 - - - -

Coliector·Cutoff Current 35 - - - 1.0 - -
With external base-ta-emitter 50 - - - - - 1.0 

resistance (RaEI = 100 n rnA 

ICER 
20 - 5.0 - - - -

(TC = 1500 CI 35 - - - 5.0 - -
50 - - - - - 5.0 

ICEV 
50 -1.5 - - - 1.0 - -

With base-emitter 65 -1.5 - - - - - 1.0 
rnA 

junction reverse biased ICEV 50 -1.5 - - - 5.0 - -
* 

(TC= 1500CI 65 -1.5 - - - - - 5.0 

With base open ICEO 
30 0 - - - 2 - - rnA 
40 0 - - - - - 2 

* · Emitter-Cutoff Current lEBO 5 0 - 5.0 - 5.0 - 5.0 rnA 

4 3" 25 100 - - - -

* 
4 4" - - 20 80 - -

DC forward-Current hFE 4 5" - - - - 20 80 
Transfer Ratio 4 6" - - 5 - - -

4 8" - - - - 5 -
Coliector·to·Emitter 

Sustaining Voltage 
With base open VCEO(sus) 0.2" 0 - - 40 - 50 - V 

With bas!!-emitter VCEV(SUS) -1.5 O.l a - - 55 - 70 - V 
junction r,everse biased 

With external base-ta-emitter VCER(SUS) 0.2a 45 - 45 - 60 - V 
resistance (R BE) = lOOn 

4 3" - 1.7 - - - -
· Base-ta-Emitter Voltage VBE 4 4a - - - 1.7 - - V • 

4 58 - - - - - 1.7 

Collector-ta-Emitter 38 0.3 - 1.0 - - - -
Saturation Voltage VCE(sa!) 4a 0.4 - - - 1.0 - - V 

58 0.5 - - - - - 1.0 

* 

* · Common-Emitter, Small-Signal, 
Short-Circuit Forward-Current hfe 4 0.5 15 - 15 - 15 -

Transfer Ratio (f = 1 kHz) 

* Magnitude of Common-Emitter, 
Small·Signal. Short·Circuit. 

Ihfel 4 0.5 8 28 8 28 8 28 
Forward-Current 

Transfer Ratio (f = 100kHz) 

Thermal Resistance 8J•C - 1.5 - 1.5 - 1.5 °CIW 
(Junction·to·Case) 

a Pulsed; pulse duration'" 300 IJS, duty factor - 1.8%. 

"Types 2N5034-2N5037, inclusive, in accordance with JEDEC registration data format JS-6 RDF-2. 
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40514 40513 

25 50 75 100 125 ISO 175 200 

I;:FFECTIVE CASE TEMP OR C~E TEMP. (TEFF OR TC)-OC , ..... 
Fig. 1-Dissipation derating curve for all types. 

CASE TEMPERATURE (Tc)=25oC 
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EXTERNAL BASE· TO· EMITTER RESISTANCE (RBEI-1I 

Fig.3-Sustaining voltage lIS. base·to-emitter resistance for 
types 2N5034 & 2N5035. 
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Fig. 5-Typical dc beta characteristics for types 2N5034, 
2N5035, 40513, & 40514. 
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BASE·lO· BITTER VOLTAGE (VBEl-'I ",»., 
Fig.2-Reverse-bias, second breakdown characteristics for all 

types. 
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Fig.4-Sustaining voltage lIS. base·to-emitter resistance for 
types 2N5036 & 2N5037. 
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Fig.6-Typical dc beta characteristics for types 2N5036 & 
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2N5034 2N5035 
File No. 244--------------------------2N5036 2N5037 

BASE-TO-EMITTER VOLTAGE (V8E)-V 
'9ZCS-J5989 

Fig.7- Typical input characteristics for types 2N5034, 
2N5035, 40513, & 40514. 

COLLECTOR-lO-EMITTER VOLTAGE IVCEI=4 V 

0.6 

o 0.5 1.5 

BASE-lO-EMITTER VOLTAGE (YSE)-V 
92CS-15988 

Fig.9-Typical input characteristics for types 2N5036 & 
2N5037. 

SASE-lO-EMITTER VOLTAGE (VBE'-Y 
92C5-15987 

Fig. 11-Typical transfer characteristics for all types. 

40514 40513 

92.CS-1599Z 

Fig.B-Typical output characteristics for types 2N5034, 
2N5035, 40513, & 40514. 

COLLECTOR-TO-E-MITlER VOLTAGE IVCE)-V 
92CS-15993 

Fig.10-Typical output characteristics for types 2N5036 & 
2N5037. 

COLLECTOR TO-EMITTER VOLTAGEIVcE)=4V 
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Fig. 12-Typical gain·bandwidth product for all types. 
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CASE TEMPERATURE (TC~).~=;;255-(O;CC:~-~_~-~:-1~B~EEnEEIt!lif[mffilmltHnHffimillta~~~1 
(CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN 
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COLLECTOR· TO· EMITTER VOLTAGE (VCE)-V 
92SS-3609 

Fig. 13-Maximum operating areas for types 2N5034, 2N5035, 40513, & 40514. 
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CASE TEMPERATURE (TC)=Z5 DC 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 
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COLLECTOR -TO- EMITTER VOLTAGE (VCE)-V 

Fig. 14-Maximum operating areas for types 2N5036 & 2N5037. 

TERMINAL CONNECTIONS FOR ALL TYPES 

Lead No.1 - Base 
Lead No.2 - Emitter 

Mounting Flange - Collector 

40514 40513 

92SS-3593 
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000800 
Solid State 
Division 

JEDEC TO-3 H-1570 

Power Transistors 
2N5038 
2N5039 
2N6496 

High-Current, High-Power, 
High-Speed Silicon N-P-N 
Power Transistors 
Devices for Switching and Amplifier 
Circuits in Industrial and Commercial Applications 
Features: 

• Maximum operating area curves for de and pulse operation 

• IS/b-limit line beginning at 28 V 

• High collector current ratings 

• High-dissipation capability 

RCA-2N5038. 2N5039, and 2N6496 are epitaxial silicon 
n-p-n power transistors. They differ in breakdown-voltage 
ratings, leakage-current, and dc-beta values_ 

• Switching Time: 

tr = 0_5 liS max_} 
ts= 1.5 liS max_ 
!t= 0.5 lis max. 

Measured at: 
12 A (2N5038) 
10 A (2N5039) 

8 A (2N6496) The high current-handling capability of these transistors in 
conjunction with fast switching speeds make these devices 
especially suited for switching-control amplifiers. power gates. 
switching regulators, converters. and inverters. Other recom- lators_ These transistors are supplied in the JEDEC TO-3 
mended applications include dc-rf amplifiers and power oscil- package_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5038 2N5039 2N6496 

*COLLECTOR-TO-BASE VOLTAGE ____________________ . ___ .. _ VC80 150 120 150 V 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With - 1_5 volts (VBE) of reverse bias and 
external base-to-emitter resistance (RBE) = 100 n _____ . _. __ . ___ _ VCEX(sus) 150 120 V 
With RBE';; 50 n _________ . _____ . __________ . ___ . __ . ___ .. _ VCER(sus) 110 95 130 V 
With base open __ . _ .. __ . ___________ . __ . __ .. ______________ _ VCEO(sus) 90 75 110 V 

*EMITTER-TO-BASE VOLTAGE _. ___ . ____ . _____________ .. __ . __ _ 
"CONTINUOUS COLLECTOR CURRENT _____ . ___ . _ . __________ . 

VEBO 7 7 7 V 

IC 20 20 15 A 
*PEAK COLLECTOR CURRENT _____________________ . ______ __ 30 30 A 
*CONTINUOUS BASE CURRENT __________________ . _____ . __ .. _ IB 5 5 5 A 
*TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC and VCE up to 28 V _____ . ______ . 
At case temperature of 100°C and VCB of 20 V ____ . ___ . __ . _____ . 

PT 
140 140 140 W 
80 80 80 W 

At case temperatures up to 2SoC and VCE above 28 V __________ . _ 
At case temperatures above 25°C and VCE above 28 V __ . __ . _____ _ 

_SeeFig.l._ 
_ See Figs. 1 & 2. ___ 

*TEMPERATURE RANGE: 
Storage & Operating (Junction) ____ . ___ . ___________ ......... . - -65 to 200 - °c 

PIN TEMPERATURE (During Soldering) 
At distances;;;' 1/32 in. (0.8 mm) from seating plane for 10 s max. .. 230 .. °c 

*In accordance with JEDEC registration data format (J5-6, RDF-11 
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File No. 698 .2N5038,2N5039,2N6496 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TcJ = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL Vdc Adc 2N5038 2N5039 2N6496 UNITS 

Vee VBE 'C 'B Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: 
ICED 

5~ 20 
With base open 70 20 

With base-emitter 110 -1.5 50 
junction reverse-biased 'CEV 140 -1.5 50 

130 0 20 mA 
At TC '" 150°C B5 -1.5 to 

100 -1.5 10 
130 0 25 

Eminer Cutoff Current 'EBO -5 5 15 
-7 50 50 50 

mA 

DC Forward-Current hFE 2" 50 250 30 250 
Transfer Ratio 10" 20 100 

12" 20 100 

sa 12 100 

· Magnitude of Small-Signal 

Forward-Current Transfer Ihlel 10 12 12 .12 
Ratio: f '" 5MHz 

Collector-te-Emitter 
Sustaining Voltage: 

With base open VCEO(sus) 0.2 0 gob 75b l00b V 

With base-emitter 
junction rever5e biased and 

VCEX(susl -1.5 0.2 0 150b 120b 
external base-te-emitter 
resistance lRae) '" lOOn 

With Rae <; 50 n VCER(sus) 0.2 0 11 Db 95b • JOb 

Emitter-te-Base Voltage: 
'E"0.05A VEBO V 

Base-te-Emitter 10" I.B 

VBE 12" I.B V 
B" 1.6 

Collector-te-Emitter 10" 1.0 1.0 
Saturation Voltage 

Vce(sat) 12" 1.2 1.0 
V 

20" 5 2.5 2.5 
B" O.B 1.0 

· Base-te-Emitter 20a 5 3.3 3.3 
Saturation Voltage VBE(sat; 

B' O.B 2.0 V 

Output Capacitance: 
Cob pF 

VCB"'0V 400 400 400 

Forward·Bias Second· 
Breakdown Collector 

ISlb Current: 2B 5.0 5.0 
A 

5.0 
t = 15, nonrepetitive 45 0.9 0.9 0.9 

Second·Breakdown Energy: 
With base reverse biased, Estb -4 12 13 13 mJ 
RB"20!l.L"'BO~H -4 8 5.7 

" Saturated Switching Time 
(VCC" 30 V. 

lS," 'B21: t, 10 1.0 0.5 

Rise Time 12 1.2 0.5 
(See Fiqs.24, 26, and 27) B O.B 0.5 

Storage Time 10 1.0 1.5 
(See Figs.25. 26, and 27) ts 12 1.2 1.5 ~s 

B' O.B 1.5 

· Fall Time 10 1.0 0.5 
(See Figs. 24. 26, and 271 tl 12 1.2 0.5 

0.8 0.5 

Thermal Resistance: 
Junction·to·Case ROJC 10 10 1.25 1.25 1.25 °CtW . In aCt;oroance with JEDEC registration data format (JS·6, ADF·1). b CAUTION: The sustaining voltages VCEo{susl, VCER(susl. and VCEX(susl MUST NOT 

" Pulsed: pulse duration < 350 J.l.S, duty factor'" 2%. be measured on a curve tracer. These sustaining voltages should be measured by means of 
the test circuit shown in Fig. 22. 
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lUU, CASE TEMPERATURE (TC) =250 C 1 I 
IFOR TC ABOVE 25', DERATE LINEARLY) I I 6 

I I 0.05 m~7 
4 I 

Ic MAX. (PULSED) 
--I-f--- PULSE OPERATION' 

I I 

'" ~ ~J'~~ 0.1 ms 
2 

IC MAX. (CONTINUOUS) 

~ ",,~~~~ ~ 
10 ~q..<':1 ~ I\.. 
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NONREPETITIVE PULSE I I 

VCEO MA.X. = 75 V - I-
2 (2N5039) 

VCEO MAX.= 90 V _ I- VCEO MAX.= IIOV 
(2N5038) V· (2N6496) 
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2 4 6 8 1000 

COLLECTOR·TO·EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operating areas for all types. 
92SS'3641RI 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS b'"LIMITED PORTION OF MAXIMUIoI-oPERATING 
AREA-CURVES, DO NOT DERATE THE SPECI· 
FlED VALUE FOR It MAX. 
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Fig. 2 - Dissipation derating curves for all types. 

TERMINAL CONNECTIONS 

Pin 1 - Base 

Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

Fig. 3 - Thermal-cvcling rating chart for all type •. 
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Fig. 4 - Maximum operating areas for all types. 
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Fig. 6 - Maximum reverse-bias, second-breakdown characteristics 
far 2N5038 and 2N5039. 
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Fig. 8 - Maximum reverse-bias, second-breakdown characteristics 
far2N6496. 
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Fig. 5 - Tvpical gain-bandwidth praduct far al/ types. 
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Fig. 7 - Maximum reverse-bias, :;ecand-breakdawn characteristics 
far 2N5038 and 2N5039. 
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Fig. 9 - Maximum reverse-bias, second-breakdown characteristics 
far2N6496. 
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I. 
BASE-TO-EMITTER VOLTAGE (VBE)-V 

92C5-22791 

Fig. 10 - Typical transfer characteristics for 2N5038. 

92LS-14Q6RI 

Fig. 12 - Typical transfer characteristics for 2N5039. 

0.5 1.5 2·5 
BASE-TO-EMITTER VOLTAGE IVBE)-V 

92C$-22800 

Fig. 14 - Typical transfer characteristics for 2N6496. 
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Fig. 11 - Typical de beta characteristics for 2N5038. 
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Fig. 13 - Typical de beta characteristics for 2N5039. 
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Fig. 15 - Typical dc beta characteristics for 2N6496. 
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Fig. 16 - Tvpical output characteristics for 2N5038. 
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Fig. 18 - Typical outputcharacter;st;cs for 2N5039. 
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Fig. 20 - Typical output characteristics for 2N6496. 
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Fig. 17 - Collector-to-emitter sustaining voltage characteristic 
for all types_ 
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Fig. 19 - Typical input characteristics for 2N5038 and 2N5039. 
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Fig. 21 - Typical input characteristics for 2N6496. 
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CHANNEL A 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL No. 130E', 
OR EQUIVALENT 

COMMON 

a TO 5UV 
5ClOmA 

92LS-1468R3 

L;:: 15mH for VCEO(sus) and 
VCER(sus) measurements 

L "" 2mH for VCEX(sus) measurements 

Fig. 22 - Circuit used to measure sustaining voltages V CEO(susJ, 
V CER'sus). and V CEX'sus). 

10 

COLLECTOR CURRENT (Icl-A 

12 14 

92SS-3640R2 

Fig. 24 - Typical rise-time and fall-time characteristics for all types. 

RL (NON-INDUCTIVE); 
2.S11,12W FOR Ie ;12A 

3 n,I2 W FOR Ie =10A 
3.7S,Q, BW FOR Ie'" SA 

0- +25 v 

-4 T(1 
-6V 

=+3Qv 

- + 
500 
.F 

92CS-22377R! 

Fig. 26 - circuit t1sed to measure switching times for all types. 
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VCEX (sus) 

I i 
.-.ci.-.~. 

i i 
120 ISO 

The sustaining voltages (VCEO(sus), VCER{sUS), and 
VCEX(sus) are acceptable when the traces fall to the 
right of point" A" for type 2N5039, point "S" for 
type 2N5038 and point "c" for type 2N6496. 
(NOTE: 2N6496 is not tested for VCEX(sus).1 

9ZSS-3636RI 

Fig. 23 - Oscilloscope display for measurement of sustaining voltages 
(Test circuit shown in Fig. 22). 

COLLECTOR CURRENT (IC)-A 
9lSS-J.3BRI 

Fig. 25 - Typical storage time characteristic for all types. 

... 
z 
w 
~ 
~ 
~ 
o 
w 

'" .. 
m 

... 
z 
w 
~ 
~ 

a 

92CS-22378 

Fig. 27 - Phase relationship between input and output currents 
showing reference points for specification of switching 
times. (Test circuit shown in Fig. 26). 
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ffilcraLJO 
Solid State 
Division 

Rf Power Transistors 

2N5109 

Smcon N-P-N Overlay Transistor 
High Gain for Line Amplifiers in 
CATV and MATV Equipment 

Features: 

D High gain-bandwidth product 
CI Large dynamic range 

JEDEC TO-39 g Low distortion 
g Low noise 

RCA-2N5109* is an epitaxial silicon n-p-n planar transistor 
employing "overlay" emitter electrode construction. It is 
especially designed to provide large dynamic range, low dis­
tortion, and low noise as a wideband amplifier into the 
vhf range. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* COLLECTOR-TO-BASE VOLTAGE .... V eBO 40 

COLLECTOR-TO-EMITTER VOLTAGE, 

With base open .... VCEO 20 
With external base-ta-emitter resistance 

(RBEI = 10 n ......... V CER 40 

• EMITTER-TO-BASE VOLTAGE .......... V EBO 3 

• CONTINUOUS COLLECTOR CURRENT ... IC 0.4 

• CONTINUOUS BASE CURRENT· ....... IB 0.4 

... TRANSISTOR DISSIPATION: - _ ....... PT 
At case temperature up to 75°C 2.5 
At case temperature above 75°C See Fig. 10 

• TEMPERATURE RANGE, 
Storage and operating (Junction) . -65 to +200 

'" LEAD TEMPERATURE (During Soldering): 

V 

V 

V 
V 

A 

A 

w 

°c 

At distances ?1/32 in. (0.8 mm) from 
the seating plane for 10 s m<lX 230°C 

'" In accordance with JEDEC registration d<lta 

11-73 

A high gain-bandwidth product over a wide range of collec­
tor current makes the 2N5109 ideally suited for such ap­
plications as CATV and MATV line amplifiers and low­
noise linear amplifiers. 

"'Formerly RCA Dev. No. TA2800. 

COLLECTOR CURRENT (Lc l-mA 92LS-216BR2 

Fig.l-Gain-bandwidth vs. col/ector current for type 2N5109. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature(T C) = 25°C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL 

Collector~ Cutoff Current: 
ICEO 

With base open 

With base-emitter junction reverse-
biased ICEV 

TC~ 1500C 

Emitter-Cutoff Current lEBO 

Collector-ta-Base Breakdown Voltage V(BR)CBO 
Collector-ta-Emitter 

Sustaining Voltage: 
VCER(SUS)a With external base-ta-emitter 

resistance (ABE) '" 10.n 

With base open VCEO(susl 

Emitter-ta-Base Breakdown Voltage V(BR)EBO 

Collector-ta-Emitter VCE(sat) 
Saturation Voltage (I B ~ 10 mAl 

Collector-ta-Base Capacitance Ccb 
(I = 1 MHz! 

DC Forward-Current Transfer Ratio hFE 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio hIe 

(I = 200 MHzl 

Magnitude of Common-Emitter 
Small-Signal Forward I hIe I Current Transfer Ratio 

(I = 200 MHzl 

Available Amplifier Signal 
Input Power (See Fig. 9) 

Pi ( Pout = 1.26 mW, Source 
Impedance = 50 n. I = 200M Hz) 

Voltage Gain, Wideband, 50 to 216 
GVE MHz (See Fig. 8.1 

Cross Modulation @54 dBmVb 
CM Output (See Fig. 14.1 

Power Gain, Narrowband 
If = 200 MHz, GpE 
PIN =-10 dBml 

Noise Figure (I = 200 MHzl 
NF (See Fig. 9.1 

Thermal Resistance 
ROJC (Junction~to-Case) 

apulsed through a 25 mH inductor; duty factor = 50% 

* In accordance with JEDEC registration data 
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TEST CONDITIONS 

DC DC 
COLLECTOR OR BASE CURRENT LIMITS 

VOLTAGE V ImAI 

vCB VBE VCE Ie Ic MIN. MAX. 

15 - 20 

-1.5 35 - 5 
-1.5 15 - 5 

-3 - 0.1 

0 0.1 40 -

5 40 -

5 20 -
0.1 0 3 -

100 - 0.5 

15 0 - 3.5 

15 50 40 120 
5 360 5 

15 25 4.8 -
15 50 6 -
15 100 4.8 -

15 50 6 -

15 
(VCCI 50 - 0.1 

15 50 11 

15 50 -57 (typ.1 

15 10 11 

15 10 3~p.1 

- 50 

b 0 dBmV = 1 millivolt 

UNiTS 

IJA 

rnA 

rnA 

V 

V 

V 

V 

V 

pF 

mW 

dB 

dB 

dB 

dB 

°C/W 
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j25 

j50 

COLLECTOR TO EMITTER VOLTS (VCE) = 15 
CASE TEMPERATURE (TC) = 250C 
ZG = ZL = 50n 

-j50 

Fig.2-lnput reflection coefficient IS lIe) vs. frequency for type 2N5109. 

FREQUENCY If) _ GHE FREQUENCY If) - GH .. 

j250 

-j250 

92SS·4424 

92SSo4421 

Fig.3-Magnitude of common-emitter forward transfer coeffj· 
cient IS21e) vs. frequency for type 2N5109. 

Fig.4-Angle of common-emitter forward transfer coefficient 
IS21e) vs. frequency for type 2N5109. 
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j50 

j25 

COLLECTOR·TO·EMITTER VOLTS (VCE) = 15 
CASE TEMPERATURE = 250 C 
ZG = ZL = Son 

-j50 

Fig.5-0utput reflection coefficient (S22ei vs. frequency for type 2N5109. 

COLLECTOR·TO·EMITTER VOL 15 (VeE) = 15 
CASE TEMPERATURE (Tel'" 25°C 

D.2 D.4 D.' D.8 
FREQUENCY (f) - GHz 

I.D 
FREQUENCY (f) - GHI 

92ss-ms 

-j250 

91S~4415 

92SS-U~ 

Fig.6-Magnitude of common-emitter, reverse transfer coeffi­
cient (S'2ei for type 2N5109. 

Fig.7-Angle of common-emitter reverse transfer coefficient 

(S'2ei vs. frequency for type 2N5109. 
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·3 

Cl, C2, C3, C5: 0.002 ~F 
C4: 0.03 ~F 

C6, C7: 1500 pF 

Cs: IS pF 

Rl: 4.7 kn, %. W 

R2: 6.S n, l\ W 

+ Vee 

"I}> 4 
DETAIL 

OF TRANSFORMER 

TI 

92LS-1829R4 . 

R3: 330f,!,IW 
R4: 200Q,%.W 

T 1: 4 turns No, 30 wire 
bifilar wound on 
"Indiana General" 
core No. CF-l02-Ql. 
or equivalent. 

Fig.8-RF amplifier for voltage·gain testing of type 2N5109. 

-100 -50 50 100 150 200 
TEM PERATURE 1Tc)-OC 92C5-19174 

92LS-1828R2 

ell c2• C3: 1.0-30 pF, mica trimmer, AReO or equivalent 
C4 : 1.0-20 pF disc ceramic 
CS: 10,000 pF disc ceramic 

eGo c7 : 1.000 pfl disc ceramic 
CS: 0.01 fJF disc ceramic 
L,: 4-112 turns, No. 22 wire. 3/16 in. (4.76 mm) I.D. 
L4 : 3·1/2 turns, No. 22 wire, 3/16 in. (4.76 mm) I.D. 

L2' L3: 0.S2 ~H RFC 
R1 : 240 n, 2 W, carbon 

Fig.9-2OD-MHz amplifier for power'gain and noise-figure test· 
ing of type 2N5109. 

1000 
CASE TEMPERATURE (TC J = 100°C 

6 

~ 4 E Ic (MAX) CONTINUOUS 

" I 
u 2 ... 

1"'< HOT-SPOT 

~ TEMPERATURE 

It: 100 
(TJS) = 200°C 

a 8 

'" 6 

f' 
4 

~ NOTE: 
TJS IS DETERMINED BY USE OF 

:3 2 
INFRARED SCANNING TECHNIQUES 

10 

6 8 10 2 24 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) -V 92CS-22853 
Fig.IO-Dissipation derating curve for 

type 2N5109. 
Fig. II·Maximum operating area for type 2N5109. 

45 COLLECTOR CURRENT I Ie I ~ 5 mA 
CASE TEMPERATURE ITe )-25° C 

40 
VeER 

'" 

'" 
z 

~i 
~! 35 

\ "'> 
",I 

~! 30 ", \ "'''' ~~ "-I ILl 25 

r-----... "'''' ~~ VCE"";--~g 20 
8 

IS 
4 6 B 4 6 8 4 6 8 

10 100 IK 10K 
EXTERNAL BASE-lO-EMITTER RESISTANCEIRBE)-ll 92LS-2165HI 

Fig. 12-Sustaining voltage vs. base·to·emitter resistance for 
type 2N5 I 09. 

Fig. 

',;' 

40 60 100 
COLLECTOR CURRENT- mA 

20 921.S-1833R2 

13-Power gain and noise figure vs. collector current for 
type 2N5109. 
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186 

a Provides 20 db isolation between generators 
b 50-220 MHz with detector output 
C Hewlett-Packard HP 608 0 or equivalent 
d Ballantine 861 or equivalent 

Fig. 14-Test set·up for measuring cross modulation in type 
2N5109. 

CROSS·MODULATION TEST PROCEDURE: 

1. Set up equipment as shown in Fig. 14. 
2. Set generator 1 to 150 MHz modulated 30% by 1,000 

Hertz, and tune field strength meter to 150 MHz. 
3. Adiust output level of generator 1 to give rated output 

from the amplifier under test. 
4. Adjust potentiometer and AC voltmeter for a convenient 

level. This level then corresponds to 100% cross modula· 
tion. 

5. Remove modulation. Readjust output level of generator 1 
if necessary, to obtain the AC voltmeter "100% level". Do 
not readjust generator 1 during the following steps. 

6. Set generator 2 to 210 MHz modulated 30% by 1,000 
Hertz and tune field strength meter to 210 MHz. 

7. Adjust output level of generator 2 to give rated output of 
the amplifier; i.e .• the AC voltmeter indicates the" 100% 
level". 

8. Tune field strength meter to 150 MHz CW and read the 
AC voltmeter (a change of the AC voltmeter scale may be 
nece~'tary). 

9. Calculate percentage of cross modulation by comparing 
the reading of step 8 to the "100% level". 

TERMINAL CONNECTIONS 

Lead No.1 - Emitter 
Lead No.2 - Base 
Lead No,3 - Collector 

Case - Collector 
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OOClBOO 
Solid State 
Division 

RCA-2NS179* is a double-diffused epitaxial 
planar transistor of the silicon n-p-n type. It is 
extremely useful in low-noise tuned-amplifier and 
converter applications at UHF frequencies, and as 
an oscillator up to SOO MHz. 

The 2NS179 utilizes a hermetically sealed four­
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 minimum feedback capaci­
tance, shielding of the device, or both . 

• Formerly Dev. No. TA7319. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR· TO-BASE 
VOLTAGE, VCBO 

COLLECTOR-TO·EMITTER 
VOLTAGE, VCEO 

EMITTER· TO-BASE 
VOLTAGE, VEBO 

COLLECTOR CURRENT, Ie 

TRANSISTOR DISSIPATION, PT: 
For operation with heat sink: 

At case S up to 25'C 
temperatures** l above 25°0 

For operation at ambient 
temperatures: 
At ambient S up to 25'C 
temperatures 1 above 25°0 

TEMPERATURE RANGE: 

20 max. V 

12 max. V 

2.5 max. V 

50 max. rnA 

300 max. mW 
Derate at l.71mW/'C 

200 max. mW 
Derate at 1.14mW/ 'C 

Storage.and Operating (Junction) -65 to +200 

LEAD TEMPERATURE 
(During Soldering) : 
At distances 2::: 1/32" from seating 

surface for 10 seconds max. 265 max. 

* * Measured at center of seating surface. 

8·67 

RF Power Transistors 

SILICON N-P-N 
EPITAXIAL PLANAR 
TRANSISTOR 

2N5179 

For UHF Applications in Military, JEDEC TO·72 

Communications, and Industrial Equipment 

• high gain-bandwidth product-l000MHz min. 

• hermetically sealed TO-72 four-lead metal package 

• low leakage current 

• high power gain as neutralized amplifier­
.Gp• = lSdB min. at 200M Hz 

• high power output as UHF oscillator-
20mW typo at SOOMHz 

• low noise figure-
NF = 4.SdB max. at 200MHz 

• low collector-to-base time constant­
rb'C c = 14ps max. 

• high reliability-
production lots of RCA-2NS179 are subjected to and 
meet the minimum mechanical, environmental, and 
life-test requirements of the basic MILITARY speci­
fication MIL-S-19S00. See page 5 for a descrip­
tion of the Group A and Group B Tests. 

COMMON-EMITTER CIRCUIT. BASE INPUT; 
OUTPUT SHORT-CIRCUITED . 
FREQUENCY (II ;IOOMHz 
AMBIENT TEMPERATURE (TAI=25·C 
COLLECTOR-TO-EMITTER VOLTS {VCEI;6 

05101520253035 
COLLECTOR MILLIAMPERES (Ic) 92CS-14169 

Fig. I - Small·Signal Beta Characteristic for Type 2N5179 
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EL ECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 250 C Unless Otherwise Specified 

Characteristics Symbols Frequency 

f 

MHz 

Coliector·Cutoff Current 
icllO AtTA -1500 C 

Coliector·to·Base V(nn)cBo Breakdown Voltage 

Collector·to·Emitter 
V CEDlsus) Sustaining Voltage 

Emitter·to·Base V(BR)EBO Breakdown Voltage 

Coliector·to·Emitter VCElsat) Saturation Voltage 

Base·to·Emitter Vm:lsatl Saturation Voltage 

Static Forward Current· hF>: Transfer Ratio 

Magnitude of Small·Signal 
I hfe I 100 Forward Current·Transfer I kHz Ratioa 

Coliector·to·Base 
Cob 0.1 to I Feedback Capacitanceb 

Common·Base Input 
C;b 0.1 to 1 CapacitancecIVEB= O.5V) 

Coliector·to·Base rb'Cc 31.9 Time Constanta 

Small·Signal Power Gain 
in Neutralized Common· Gpe 200 Emitter Amplifier Circuit-
ISee Fig. 2) 

Power Output in Common· 
Emitter Oscilator Cir· 
cuitc ISee Fig. 3) 

Po >500 

Noise Figurea NF 200 

a Lead No.4(case) grounded; Rg = 12511 
b Three-terminal measurement of the collector-ta-base capacitance 

with the case and emitter leads connected to the guard terminal. 

188 

DC 
Collector-
to-Base 
Voltage 

Vca 
V 

15 
15 

10 

6 

10 

TEST CONOITIONS LIMITS 
DC DC DC DC 

Collector- Emitter Collector Base Type to-Emitter Current Current Current 
Voltage 2N5179 

VCE IE Ic IB 
V mA mA mA Min. Typ. Max. 

0 0.02 
0 1 

0 0.001 20 

3 0 12 

-0.01 0 2.5 

10 1 0.4 

10 I I 

I 3 25 70 250 

6 5 9 14 20 
6 2 25 90 300 

0 0.7 1 

0 2 

2 3 7 14 

12 5 15 21 

-12 20 

6 1.5 3 4.5 

C lead No.4 (case) floating. 

Units 

"A 

V 

V 

V 

V 

V 

pF 

pF 

ps 

dB 

mW 

dB 
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DC COMMON 

~~~M 0.02 
SOURCE ~F 

9ZCS 14753 

TYPE TYPE 
IN3195 IN3195 

g,n 

L, 

C'N Cz 
3-35 2·10 

, .. 

'OK 

'2r 
-VEE 

TO 
.on 

2-10 LOAD 

2-10 

NOTE, INeutralization Procedurel, lal Connect a 50·n rf voltmeter to 
the output of a 200·MHz signal generator IR, ; 50nl, and adjust the 
generator output to 5mV. Ibl Connect the generator to the input and 
the rf voltmeter to the output of the amplifier, as shown above. 
lei Apply VEE and Vee, and adjust the generator output to provide 
an amplifier output of SmV. (d) Tune C2, C6. and C7 far maximum 
amplifier output, readjusting the generator output, as required, to 
maintain an oulpul of 5mV from the amplifier. lei Interchange the 
connections to the signal generator and the rf voltmeter. (f) With 
sufficienl signal applied to the output terminals of the amplifier, 
adjust CN for a minimum indication at Ihe amplifier input. Ig) Repeat 
steps lal, (bl, lei, and Idl to determine if retuning is necessary. 

Q ; Type 2N5179 

'p Fig. 2 - Neutralized Amplifier Circuit Used to Measure 
~ + vee Power Gain and Noise Figure at 200MHz for Type 2N5179 

NOTE 2 
AFC 

75r~UT 
Note 1-Coaxial·line oulput network consisting of, 

2 General Radio Type 874 TEE or equivalent 

2200 
OHMS 

'5 

o 

50. 

rlOOO 
.F 

NOTE 
3 

VCC 

SEE NOTE I 

92CS-12849RZ 

1 General Radio Type 874·020 Adjustable Siub or equivalent 
1 General Radio Type 874-lA Adjustable line or equivalent 

1 General Radio Type 874·WN3 Short-circuit termination or equivalen' 

Note 2 - RFC = 0.2pH Ohmite # 2-460 or equivalent 
Note 3 - Lead Number 4 Icasel floating 

L, - 2 lurns # 16AWG wire, l10 inch 00, 1 v.. inch long 
Q = 2N5179 

Fig. 3 - Circuit Used to Measure 500MHz Oscillatar 
Power Output for Type 2N5179 

TWO-PORT ADMITTANCE (yl PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT (tel FOR RCA TYPE 2N5179 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT CIRCUiTED. 

FREQUENCY (f)= 200 MHz 
AMBIENT TEMPERATURE (TAI;Z5°C 

VCES 6 

bie 

5 10 15 
COLLECTOR MILLIAMPERES fICI 

Fig. 4 -Input Admittance Iy;,) 

20 

92C5-14732 

COMMON-EMITTER CIRCUIT; 
INPUT SHORT CIRCUITED. 

FREQUENCY ( f )= 200 MHz 
AMBIENT TEMPERATURE (TA)·25·C 

COLLECTOR-TO­
EM'TTER VOLTS (VCEI-6 

boo 

.0. 
5 10 15 

COLLECTOR MILLIAMPERES (lei 

Fig. 5 - Output Admittance ly,,1 

92CS-147;33 
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-100 
o 

10 

190 

TWO-PORT ADMITTANCE Iy) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT (Ie) FOR RCA TYPE 2N5179 

- COMMON-EMITTER CIRCUIT, SASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

- - FREQUENCY (f):r 200 MHz • 
AMBIENT TEMPERATURE fTAl- 25 C 

bfe 
S 10 15 20 

COLLECTOR MILLIAMPERES tIel 
q::or:~-1473~ 

fig. 6 - Forward Tronsadmittance (Yre' 

H+++­
o 

-1.5 
o 

NOTE-IJre IS NEGLIGIBLE AT THIS FREQUENCY (200 MH~)} 

, 

COMMON-EMITTER c,Rcuirl j_LU.L 
INPUT SHORT - CIRCUITED. 

FREQUENCY (f)" 200 MHz 
AMBIENT TEMPERATURE (TA):r2S"c 

EM7-?}WJgL~ST&~El ,:,;: br. 

5 10 15 20 
COLLECTOR MILLIAMPERES tIc) 

92CS-14734 

Fig. 7 -- Reverse Transadinittance (Yrt'J 

TWO-PORT ADMITTANCE Iy) PARAMETERS AS FUNCTIONS OF 
FREQUENCY If I FOR RCA TYPE 2NS179 

6 e 100 2 

FREQUENCY (f) - MHz 

fig, 8 - Input AdmiHance fy"J 

92C$-14728 

fig. 10 - Forward Transadmittonce (r("J 

10 

COMMON 

100 
FREQUENCY (f)-MHz 

fig. 9 - Output AdmiHance fy"J 

EMITTER CIRCUI'P, INPUT SHORT CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (VCE)- 4 
COLLECTOR MILLIAMPERES (Icl·I.~ 
AMBIENT TEMPERATURE (TAl"' 25· C 

. . 
1000 

IIII 
IIII 

1¥ 0 

NOTE: 9re IS NEGLIGIBLE AT FREQUENCIES UP TO 500 MHz 

",;!i 
!l!j 
I! i -I 

ill 
~1 u-
0: ",-2 
~~ 

i~ 
I!= ~-3 
"''' ~ .. 
~~-4 
0: 

10 
2 

bre 

......... 

4 • • 100 
FREQUENCY (fl-MHz 

"-
"-

2 4 

Fig. 11 - Reverse TransadmiHance (y,"t,) 

. . 
1000 

92C$-14729 
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In.M 

GROUP A TESTS 

Subgroup 1. 

Subgroup 2. 

GROUP B TESTS 

Subgroup 1. 

Subgroup 2. 

Subgroup 3. 

Subgroup 4. 

Subgroup 5. 

Subgroup 6. 

Subgroup 7. 

GROUP A AND GROUP B QUALITY SAMPLING TESTS 

100% 
FACTORY 

TESTS 

TEST DESCRIPTION 

Visual and Mechanical Examination ................................... . 

Electrical ............................................ ' .............................. . 

Physical Dimensions ........................................................... . 

Solderability, Temperature Cycling, 
Thermal Shock, Moisture Resistance ..................................... . 

Shock, Vibration Fatigue, Vibration 
Variable Frequency, Constant Acceleration ......................... . 

Terminal Strength ............................................................... . 

Salt Atmosphere ............................................................... . 

High-Temperature Life, Non-Operating 

ITA = 200CC) ...................................................•................ 

Steady·State·Operation Life 
(PI> = 300mW, TA = 25 C C) ..................................•..........• 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR 

LEAD 4 - CONNECTED TO CASE 

CUSTOMER 

5% 

10% 

20% 

20% 

200;, 

20% 

200;, 

A 100;, 

A 100;, 

191 
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0008LJD Power Transistors 
Solid State 
Division 

2N5189 

"MODIFIED TO-3!l" 

High-Voltage Silicon N-P-N 
Switching Transistor 
For Core-Driver and Line-Driver Service in 
Data-Processing Equipment and Other Critical 
Industrial and Military Applications 

Features: 
• Excellent power handling capability 

• High switching speeds at high currents 

• High breakdown-voltage capabilities 

• High reliability 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 
LEAD 2 - BASE 
LEAD 3 - COLLECTDR. CASE 

RCA-2N5189- is a double-diffused epitaxial planar transistor 
of the silicon n-p-n type featuring high breakdown voltages, 
low saturation voltages, and high switching speeds over a wide 
range of collector current. 

short "turn-off" and "turn-on" times are important design fea· 
tures. These features also make the 2N5189 particuhirly useful 
in class C circuits for mobile and portable equipment. 

It is especially useful in switching applications of high-perform­
ance computers and in other critical industrial applications 
where high-voltage and high-current-handling capabilities and 

The 2N5189 is hermetically sealed in a metal package like the 
JEDEC TO-39 but with a reduced height (0.180 in. max., 
0.160 in. min.) and 0.5 in. min. leads. 

-Formerlv RCA Dev. No. TA7322. 

MAXIMUM RATINGS, Absolute Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE ................................ VCBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

• With base shorted to emitter .................................... . 

. With base open ............................ ' .................. . 

*EMITTER-TO-BASE VOLTAGE ................................. . 

'CONTINUOUS COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C ................................ . 

At case temperatures above 25° C, derate linearly .................... . 

• At ambient temperatures up to 25°C ............................. . 

• At ambient temperatures above 25°C, derate linearly ................ . 

'TEMPERATURE RANGE: 

Storage and operating (Junction) ................................ . 

*LEAD TEMPERATURE (During soldering): 

Atdistances ~ 1/32 in. (0.8 mm) from seating plane for 10.s max. 

In accordance with JEDEC registration data format JS-8/RDF·7. 

192 

VCES 

VCEO 

VEBO 

IC 

PT 

60 V 

55 V 

35 V 

5 V 

2 A 

5 W 

28.5 mWfC 

0.8 W 

4.57 mWfC 

-65 to +200 °c 

265 °c 

11-72 
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ELECTRICAL CHARACTER ISTICS, At Ambient Temperature (T A) = 25°C 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL Vdc Adc 2N5189 

VCB VCE IC IB MIN. MAX. 

* Collector Cutoff Current: 
With emitter open ICBO 60 - 100 

With emitter-base 
junction shorted ICES 55 - 100 

* Emitter Cutoff Current(VEB=5V) lEBO 0 - 10 

* Collector-ta-Emitter 
Breakdown Voltage V(BR)CEO 0.01 35 -

* Collector-ta-Emitter 
Saturation Voltage VCE(satl l a 0.1 - 1 

* Base-ta-Emitter Saturation 
Voltage V 8E(sat) 1" 0.1 - 1.5 

'DC Forward Current 1 0.1" 30 -
Transfer Ratio hFE 1 0.5" 36 -

1 ,b 15 -* 
Common-Emitter. Small-5ignal. 

Short-Circuit, Forward 
h'e 10 0.05 2.5 -

Current Transfer Ratio 
(I = 100 MHz) 

Common-Base, Open-Circuit 
Cob 10 - 15 

Output Capacitance 
(' = 1 MHz) 

Switching Time °81 =0.1 A): IC 182 
Turn-on 

* 

(td + t r ) tON 1 - - 40 

Turn-off 

(ts + t,1 tOFF 1 -0.1 - 70 

*1 n accordance with JEDEC registration data format JS-B/RD F-7. 

b Pulsed: Pulse duration :s;: 400 IlS; duty factor:::;: 0.03. 

apulsed: Pulse duration:::: 300 p.s; duty factor ~ 2%. 

Vee =10.7 V 

UNITS 

/lA 

/lA 

V 

V 

V 

pF 

ns 

10n(lO W) 

v'N loon 
no .• v 

U-.... -'V'VV---!--I 
INPUT PULSE 

tr~lns 
PULSE DURATlON~q50ns 
DUTY FACTOR::S.2"10 

lOon 

92CS-13486R2 

Fig. I-Circuit used to measure turn-on time. 

Y'N ~~ 

-26U t 5n. 
INPUT PULSE 

tf~ln5 _ 
PULSE DURATION~150ns­
DUTY FACTOR~2"'1. 

Fig. 2-Circuit used to measure turn-off time. 
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TYPICAL CHARACTERISTICS 
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COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (TAl = 25"C 
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RATIO OF "ON" COLLECTOR CURRENT TO 

"TURN ON" BASE CURRENT (Ie/lsil 

Fig. 3 - Rise Time vs 'o/'B' 

COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE ITA)· 25"C 
COLLECTOR AMPERES (Ie) • I 

92C5-13895 
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10 20 30 
RATIO OF "ON" COLLECTOR CURRENT TO 

"TURN ON" BASE CURRENT (Ie/lsil 

Fig. 5 - Turn·OII Time vs lollB' 

COMMON-BASE CIRCUIT,EMITTER OPEN. 
AMBIENT TEMPERATURE ITA)" 25·C 
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u z 
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92CS t4150 

Fig. 7 - Output Capacitance vs Collector-to-Base Voltage 
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"TURN ON" SASE CURRENT (IC/ISII 

Fig. 4 - Turn-On Time vs 'o/'B' 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMSIENT TEMPERATURE ITAI " 2Soc 
COLLECTOR AMPERES (Icl"l 

92CS-13896 

RATIO OF MON" COLLECTOR CURRENT TO 
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5 

10 20 30 
RATIO OF MON" COLLECTOR CURRENT TO 

"TURN ON" BASE CURRENT IIC/IBI) 

Fig. 6 - Storage Time vs 'o/IB' 

92CS-13aa9 

COMMON-BASE CIRCUIT, COLLECTOR OPEN. 
AMBIENT TEMPERATURE (TAI=2SoC 
FREQUENCY (1)"0.1 Me/s 
COLLECTOR CURRENT (ICI"O 

I 2 3 
EMITTER-TO-BASE VOLTS (VES' 

92CS-13906 

Fig. 8 - Input Capacitance vs EmiHer-to-Base Voltage 
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TYPICAL CHARACTERISTICS 

CO"MON-EM,nER CIRCUrr, BASE INPUT. 
INOUCnYE LOAD 
.MIIENT TEMPERATURE (T,)-25·C 
COLLECTOR MILLIAMPERES (I )-eO 

I •• 

i: 
8 
~ 100 

~7 '" ~ 1\ .. u 

e ~1!5 
\ >-> -....... 

a~ 
~~ 50 r--- V(BR)CEO-3S 
"'0 
e> •• ~ 
8 

0 
2 . .. 2 . • • 2 • •• 10 1000 100 10000 

BASE-TO-EMITTER RESISTANCE (RSEI-a 
92CS-14745 

Fig. 9 - Collector-Cutoff Current YS Ambient Temperature 

COMMON-EMITTER CIRCUIT,BASE INPUT. 
(/) AMBIENT TEMPERATURE ITA) • 25°C 
~ 1.5 COLLECTOR MILLIAMPERES (Ie) = 1000 
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~ _I 

'" "0 

10 20 30 
RATIO Of ·ON- COLLECTOR CURRENT TO 

-TURN ON- BASE CURRENT 11elIol1 
92CS 14755 

Fig. 11 - Collector-to-Emitter Saturation Voltage YS lo/IB' 
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COLLECTOR-TO-EMITTER VOLTS (YeE)-' 

,g 
!E~ 
::1" 
"" il~ 
~= 
is! 
.. >-
fl~ 
!:!ffi 
!co. 
tii 

'" >-

60 -
V ....... 

'0 
r'\ .. 

;' ........ ...- ....... ..~ 1\ 40 , l' 
.0 ' 

:t\ltl~ l"T~)--Il~-c 
~~"T"T~~ I"--
~ .0 . , 6 7 I!J 9 2 , • , 6 7 a t 

100 1000 
COLLECTOR MILLIAMPERES tIC1 

I2CS-I4148 

Fig. 13 - Static Forward Current-Transfer Ratio 
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Fig. 10- Collector-to-Emitter Breakdown Voltage YS 
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COMMON-EMITTER CIRCUIT, BASE INPUT. 
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Fig. 12 - Base-to-Emitter Saturation Valtage YS 10 
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Fig. 14 - Small-Signal Forward Current-Transfer 
Ratio vs 10 
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OOcn5LJ1] 
Solid State 
Division 

File No. 321 

Power Transistors 

2N5239 
2N5240 

Silicon N-P-N Power Transistors 

JEDECTO·3 

High·Voltage, High·Power Types for 
Applications in Industrial and Commercial Service 

Features: 

• High voltage ratings: V CER (sus) = 3S0 V, RBE ~ SO n (2NS240) 

=2S0V,RBE ~ son (2NS239) 

." High power dissipation rating: PT = 100Wat VCE = 1S0V, TC = 2So C 

• For switching applications where circuit values and operating 
conditions require a transistor with a high second 
breakdown rating (lS/b) (limit line begins at 1S0 V) 

• Maximum area-of-operation curves for de and pulse operation 

RCA·2N5239 and 2N5240' are mUltiple 'epitaxial silicon 
n·p-n power transistors employing a n";'" overlay con· 
struction with several emitter sites. Both devices employ 
the popular JEDEC TO·3 package; they ·differ in break· 
down·voltage and leakage·current values. 

The high breakdown voltage ratings and exceptional 
second·breakdown capabilities of these transistors make 
them especially suitable for use in series regulators, power 
amplifiers, inverters, deflection circuits, switching reo 
gulators, and high-voltage bridge amplifiers. 

MAXIMUM 'RATINGS, Absolute·Maximum Values: 

21'45239 21'45240 
'COLLECTOR-T()'BASE 

VOLTAGE,VCBO •••••••••••••• 300 

COLLECTOR-T()'EMITTER SUSTAINING 
VOLTAGE: 

With base open, V CEO(sus), • • • •• 225 
With external base-ta-emitter resistance 

(RBE) .:::; 50 n, VCER(sus) • • •• 250 

'EMITTER-T()'BASE VOLTAGE, VEBO 

'COLLECTOR CURRENT, IC' •••••• 

6 

5 

'BASE CURRENT;IB •• • • • • • •• ••• -2 

'TRANSISTOR DISSIPAT!ON, PT: 

375 

300 

350 

6 

-2 

At case temperatures up to 25° C 
and VCE up to 150 V •••••• ' •••• 

At case temperatures up to 25° C 
and V CE above 150 V •••••••••• 
At case temperatures above 250 C 
and VCE above 150 V •••••••••• 

100 100' 

See Fig 2. 

See Figs. I & 2 

·TEMPERATURE RANGE: 

V 

V 

V 

V 

A 

A 

W 

Storage & Operating (Junction). • ... -65 to +200 DC 

'PIN TEMPERATURE <During Soldering) 

At distances .2: 1/32 in. from seating 
plane for 10 8 max ....................... . 230 oC 

*In accordance with .JEDEC ~egistration data format (JS-S,RDF -2) 
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"'RCA Oev. Nos. TA2765 and TA2765A, respectively. 

o 25 50 75 100 125 ISO 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TC) - ·C 

92LS-1964RI 

Fig. I.Dissipation derating curves lor types 
2N5239 & 2N5240 
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File No. 321 ________________________ 2N5239, 2N5240 

ELECTRICAL CHARACTERISTICS, Case Temperature (TCI = 25°C Unless Otherwise Specified 
-- ... --

TEST CONDITIDNS LIMITS 

DC DC 
Characteristic Symbol Collector Current Type Type Units 

Volt.ge (V) (A) 2N5239 2N5240 

VCE VSE IC IS Min. Max. Min. Max. 

'CEO 200 - - 0 - 5.0 - 2.0 rnA 

'CEV 300 -1.5 - - - 4.0 - - rnA 

Collector-Cutoff Currcnt 'CEV 375 -1.5 - - - - - 2.0 rnA 

'CEV 
300 -1.5 

(TC=ISOo C - - - 5.0 - 3.0 rnA 

Emitter-Cutoff Current 'EBO - --5.0 0 - - 5.0 - 1.0 rnA 

Collector-la-Emitter 
Sustaining Voltage: 
(See Figs. 3 & 4) 

225b 300b With base open VCEO(sus) - - 0.2 0 - - V 

With external base ... to-
emitter resistance 
(RBE) ~ 5012 VCER(sus) - - 0.2 0 250b - 350b - V 

Emitter-la-Base Voltage VEBO - - - 0.02 6 - 6 - V 

Base-la-Emitter Voltage VBE 10 - 2.0· - - 3.0 - 3.0 V 

Collector-la-Emitter VCE(s,,) - - 2.0· 0.25 - 2.5 - 2.5 V 
Saturation Voltage - - 4.5· .125 - 5 - 5 

DC Forward-Current 
10 - 0.4" - 20 80 20 80 

Transfer Ratio hFE 10 - 2.0· - 20 80 20 80 
10 - 4.5· - 5 - 5 -

Output Capacitance (At 1 MHz) 
Cob - - - - - 150 - 150 pF 

(VCB = lOY, IE = 0) 

Second-Breakdownc 
Collector Current d ISlb 

c 150 - - - 0.67 - 0.67 - A 
(With base forward biased) 

Second-Breakdown Energy 
(With base reverse biased) ES/b 

. - -4.0 4.0 - 1.6 - 1.6 - rnJ 
RBE= SOn, L = 0.2 rnH 

Gain-Bandwidth Product IT 10 - 0.2 - 5.0 - 5.0 - MHz 

Magnitude of Common-Emitter. 

Ih le I Small-Signal,Short-Circuit, 10 - 0.2 - 5.0 - 5.0 -
Forward Current Transfer 
Ratio (at 1 MHz) 

Common-Emitter, Small-Signal 
Short-Cire.oit, Forward-Current hI. 10 - 4.0 - 20 - 20 -
Transfer Ratio {at 1 kHz} 

Thermal Resistance eJ•C - - - - - 1.75 - 1.75 °C/W 
(Junction .. to-Case) 

._. 

a Pulsed; pulse duration ~ 350 }Ls, duty lac tor = 2%. 
bCAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 3. 

c IS/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-b.ase 
junction forward biased for transistor operation in the active region. 

d Pulsed; I-s. non-repetitive pulse. 

eES/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. ES/b = l/2L12, 
-. wliere L is a series load or leakage inductance and I is the peak collector current. 

*]n accordance with JEDEC registration data format (JS-6, RDF-2) 
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1000 

2 

COLLECTOR;"TO-EMITTER VOLTAGE (VCE)-- V 
92LS-1959RI 

Fig. 2-Maximum operoting area for types 2N5239 & 2N5240 
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CLARE 
MERCURY-RELAY 

MODEL No. HGP-I004, 
OR EQUIVALENT r-_ ..... _CH_AONNEl A 

CHANNEL 8 

'--"'RN' ....... --'+!.llll"'-'--_~_.....J COMMON 

39 n 6V 
2W 

92LS-1963RI 

Fig. 3 .. Circuit used to measure sustaining voltages 

YCEO(sus) and YCER(sus) for types 2N5239 & 2N5240 

<l 
E , 

r __ +_l-_VCER (sus) 

I 
1 , 

200- -----1-- +---
AI 8 1 

COLLECTOR-IO-EMITTER VOLTAGE (VCE ) - v 
92LS-1977RI 

Note: The sustaining voltages VCEO(sus) and VC.ER(sus) 
are acceptable when the traces fall to the right and 
above points "AU and usn for types 2N5239 and 
2N5240 

Fig. 4· Oscilloscope display for measurement of 
sustaining voltages. (Test circuit shown in Fig. 3.) 
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..., 1D 1 
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I I .. 
~"": 340 
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EXTERNAL BASE-Te-EMITTER RESISTANCE (RaE)-.n 

92LS-19ARI 

Fig. 5 - Sustaining voltage vs. base·to·emitter resistance 
for types 2N5239 & 2N5240 
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Fig. 6· Typical gain·bandwidth product for types 
2N5239 & 2N5240 
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Fig. 7· Typical DC beta for types 2N5239 & 2N5240 
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Fig. 8- Typical output characteristics for types 
2N5239 & 2N5240 
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INDUCTANCE (l) - pH 
'J2lS-3m 

Fig. 9· Typical reverse·bias, second breakdown 
characteristic for types 2H5239 & 2H5240 

BASE SUPPLY VOLTAGE (Vesl • - 4 v 
INDUCTANCE (Ll· SOD "H 
CASE TEMPERATURE (Tcl. 250 C 

10 20 " 40 so 

BASE SERIES RESISTANCE (Ra)-4 
91SS-l140 

Fig. 10· Typical reverse-bias, second breakdown 
characteristic for types 2H5239 & 2H5240 
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Fig. I I - Typical reverse-bias, second breakdown 
characteristic for types 2H5239 & 2H5240 
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BASE-lO-EMITTER VOLTAGE (VSE)-V 9ZLS-/96!5 

Fig. 12- Typical transfer characteristics for types 

2H5239 & 2H5240 

PULSE GENERATOR 
(HEWLETT-PACKARD 
212A. OR EQUIVALENT) 

RI I W 

VCC_30 V 

TYPE 
2N3B78 

RC 

~t:'~ 
.....,Vlllr-+""-'''''VIN----''H 

= 

SWITCHING TIME 
MEASURED AT 
Ie = 10 18 t = 10182 

"=' CHANNa.. 8 

OSCILLOSCOPE (TEKTRONIX 541A 
OR EQUIVALENT.) 

9ILS-IIIOAI 

Fig. 13 - Circuit used to measure switching times for 

types 2H5239 & 2H5240 
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Fig. 14. Oscil/oscope display of switching times. 

(Test circuit shown in Fig. 13.) 
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2.5 

f 
~2.0 

!l! 
.... 1.5 .. 
: 1.0 
0 

In 
0.5 

PULSE WIDTH • 20 PI 
REPETITION RATE. 500 PULSES/s 
COLLECTOR SUPPLY VOLTAGE (Ved-3D v 
CASE TEMPERATURE (T c)- 2S-C 

"r~ 

2N5239.2N5240 

PULSE WIDTH ~20 J,l1 
REPETITION RATE-5OQPULSESh 
COLLECTOR SUPPLY VOLTAGE (YCC)-30 V 
CASE TEMPERATURE (TC) ·25- C 

:. 1.2 I t~ (T~.) r-f-I 
"" I I ., .. 1.0 

" ;: 
::l 0.8 if ~r- ff (TYP.) 

i!i 
'1 0.6 ., I'" .. 
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0.2 
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; 

COLLECTOR CURRENT (IC)-A o o.s 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

92.L$-1910RI COu.ECTOR CURRENT Ud-A 
'nLS-19UIU 

Fig. 15- Saturatecl switching time (storage) vs. col/ector 
current for types 2N5239 & 2N5240 

Fig. 16-Saturateclswitching times (turn-on ancl fall) vs. 
col/ector current for types 2N5239 & 2N5240 

TERMINAL CONNECTIONS 

Pin 1- Base 
Pin 2 - Emitter 

Case t Flange - Collector 
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oornm 
Solid State 
Division 

Power Transistors 

2N5262 

Silicon N-P-N High-Speed 
Switching Transistor 
For Memory-Driver Service in Data-Processing Equipment and 
Other Critical Industrial Applications 

"Modified TO-ag" 

Features: 

• Fast switching at lA: 
ton = 30 ns max. 
toft.= 60 ns max. 

• High voltage ~tings 

• Low saturation voltage at 1 A: 
0.5 V typo 

• High . .power ..... ipation .• atings 

• Maximum·area-af-operation curves 
for de and pulse operation 

• Hermetic "low-profile T()'39" package 
• High dc beta at lA - 25 min. • Meets MI L-5-19500 specifications 

RCA·2N5262- is a silicon n-p·n, epitaxial planar.tranSlstorwith 
characteristics which make it exceptiorljllly desirable for-I\igh­
speed, high-voltage, high-current switching applications. In 
addition, the 2N5262 features very short turn.oo and turn-off 
times and low saturation v.oltages_ .It is also c.ontrolled for 
freedom from second b'reakdown urider'both forward-bias and 
reverse-bias conditions, when opelated within speclfied'maxi­
mum ratings. 

The 2N52.62 .~eet. the. requirements of the basic military 

- Formerly RCA Dev. No. TA7238. 

Maximum Ratings,Ab$olute-Maximum Values 
*cOLLECTOR-TO:BASE VOLTAGE . . 

• COLLECTOR-TO-EMITTER VOLTAGE: 

With base open. . . . . . 

With emitter-base shorted. . 

* EMITTER-TO-BASE VOLTAGE. 

COLLECTOR CURRENT: 

* Continuous. . . . . . 

.. Instantaneous (See Fig.4) . 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 250 C. 

At case temperatures above 250 C 

.At.ambient temperatur~s up to 250 C 

At ambient temperatures above 250 C 

• TEM~ERATURE RANGE: 

specification MIL-S-19500, and is hermetically sealed 'in a 
nietal !'Iow-profile JEOEC TO-39" p';'kage. 

RCA'2N5262 is primarily. intended; for use a ... :,d~i~,..· for 
u2,1/;10" coinciden~·~urrent and word-organileCI' magnetic­
memory systems. and in the other critical industrial- appli. 
cations requiring switching of large currents through induc­
tive loads. 

VCBO 75 

50 

60 

5 

2 

3 

4 

V 

V 

V 

V 

A 

A 

W 
Derate linearly 22.8 mW!DC 

0.8 W 
Derate linearly 4.57 mW!DC 

S~.orage and .operating (junction) . . . . . . . . . . . 

* LEAD TEMPERATURE (During soldering): 

At dista~ce ~ 1/32 in~ (0.8 mm) from seating plane for 10 s max. 

* In accordance with JEDEC registration data format JS-8/ROF-7. 

-65 to 200 

265 

11·72 
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2N5262 

.. 

* 
.. 

* 

.. 

* 

ELECTRICAL CHARACTERISTICS. At Ambient Temperatur. ITA) ~ 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE 

V de 

VCE VCB 

Collector Cutoff 
Current: 

ICES 60 
With emitter-ta-base 
junction shorted 

With emitter open ICBO 75 

Emitter-ta-Base Cutoff 
Current (VEB ~ 5V) lEBO 

Collector-ta-Emitter 
Breakdown Voltage V{BR)CEO 

Collector-ta-Emitter 
Saturation Voltage VCE{sa" 

Base-ta-Emitter 
Saturation Voltage VBE{sat) 

DC Forward Current 
1 

hFE 1 Transfer Ratio 1 

Common-Emitter. Small-
Signal, Short-Circuit, 
Forward Current hfe 10 
Transfer Ratio 
(f ~ 100 MHz) 

Common-Base, Open-
Circuit Output 

Cob 10 Capacitance 
(f ~ 1 MHz) 

Switching Time: 
Turn-on 

tON (td+tr) 

Turn-off 
Its +tf) tOFF 

* In accordance with JEDEC registration data format JS-B/RDF-7. 

b Pulsed: Pulse duration::;; 400}JS. duty factor::;; 0.03. 

INPUT PULSE 
tr~lnl 
PULSE DURATION~150ns 
DUTY FACTOR::!ii2"1o 

lOon 

Fig.1-Circuit used to measure 
wrn-on time. 

92CS-20890 

CURRENT 
A de 2N5262 UNITS 

IC IE IB MIN. MAX • 

- 10 
IJ.A 

- 100 

- 100 IJ.A 

0.01 50 - V 

1" 0.1 - 0.8 V 

1" 0.1 - 1.4 V 

0.1" 35 -
0.5" 40 -

lb 25 -

0.05 2.5 -

a - 15 pF 

IC IBI 162 

1 0.1 - - 30 
ns 

1 0.1 -0.1 - 60 

a Pulsed: Pulse duration = 390 J.lS; duty factor ~2%. 

VCC~10.7V 

0.1 
V1N ".r 

2N5262 

130n 

-2Gil 175n~ 
INPUT PULSE 

ff"!:lns _ 
PULSE DURATION -= 150 ns -
DUTY FACTOR ~ 2"10 

Fig.2-Circuit used to measure 
tarn·off time. 

10fl.(lOW) 

VOUT 

92CS-20891 
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I 
CASE TEMPERATURE (TC)-OC 

92CS-I4H8Rt 

Fig.3-Derating curves. 
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Fig.5- Typical second-breakdown 'characteristics. 

COMMON-EMITTER CIRCUIT. 
AMBIENT TEMPERATURE (TAl ~ 250C 
FREQUENCY (fl· 100 MHz 
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92CS-13908R3 
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Fig.7-Tvpica/ small-signal 
beta characteristics. 

10: CASE TEMPERATURE (TC)"250C 
PULSE OPERATION 

· Ie MAX. (PULSED) H-- SINGLE NONREPETITIVE PULSE 

~ , 
~ 

Yo 
u 

Ie JAX. ICbNTiNJO~SI :/~ '\ t! 
I f:l 8 

'" 6 Ie / \ " · 0< DC OPERATION / \\ '\ '" 0 , THERMALLY LIMITED 

~ ISLOPE--Il \ 1\ \ :l QI 
0 8 
U 6 · \ 

, IlIbLlMI~~ 

0.01 I VC'EO MAx. 
QI 

, . 6 • , . 6 8 /0 4 6 8100 

COLLEC.TOR-TO-EMITTER VOLTS (VeE) 
92CS-14S70R2 

Fig.4-Safe area of operation. 

COMMON-EMITTER CIRCUIT. 
COLLECTOR-~EMITTER VOLTS (VeE) .. 2 

6 

c ,., 
... '" z..l .0 W" 
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"'I i3-w 
~!" Ie 40 
",'" 
0" 
~'" 
215 
~~ 30 
cn~ ... r-

20 . 

a 

-- ......... 

",. I\fl, 
......... r-.~I\ 

'" 1\ 
:fUIlE IT" • -55"c 

E"'V'Ev.~ -,.... 

p."'9~ 
Til 

• 6 7 89 , 3 . . 6 T 89 
100 

COLLECTOR MILLIAMPERES (J:cl 

Fig.6-Typical de beta characteristics. 

COMMON-EMITTER CIRCUIT. 
AMBIENT TEMPERATURE (TA) .. 25·C 

cQlo'-'oE·' t 
'~AM Ell 

.0 

50 
50 

10 20 30 

o 

RATIO OF ·ON" COLLECTOR CURRENT TO 
~TURN ONN BASE CURRENT (Ie/lsl) 

Fig.8-Typical saturation­
voltage charactF'ristics. 
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COMMON-EMITTER CIRCUIT. 
AMBIENT TEMPERATURE (TA) ~ 25°C 

'MIlL/A~~~U~SW~) • moo 

5 0 

;1.:;0 

4 
RATIO OF TRANSISTOR hFE TO CIRCUIT hFE 

Fig.9-Typical characteristics of saturation 
voltage vs. ratio of transistor beta 
to circuit beta. 

10°11= COMMON-EMITTER CIRCUIT. 

-0.8 -0.6 -0.4 -0.2 0.2 

'" " z 
;: 
" ;t 8 
<l 

" 
~ 
I­
:> 
o 6 

o 

BASE-TO-EMITTER VOLTS (VeEI 

Fig. 11-Typical transfer characteristics. 

AMBIENT TEMPERATURE (TA =2SoC 
FREQUENCY (f)= I MHz 
EMITTER CURRENT(IE)=Q 

10 20 30 
COLLECTOR - TO- BA.SE VOLTS (Vea) 

92CS-13900 

0.4 0.6 

92CS-I3898RI 

40 

92CS-14867RI 

Fig. 13-Typical output capacitance vs. 
collector-to-base voltage. 

- -

"" COMMON-EMITTER CIRCUIT. 
.; RATIO OF COLLECTOR CURRENT 

TO BASE CURRENT (rc/reJ "10 

1 1.2 
I 

~ 1.1 
> 

I ._~~ z 

~ I I<E~ 
'E,.~'1l -' ~ 0.91- ~"B\EII1 '!-~ 

'" ~I>-' w --I-
M I-

~ ~ ii 
'" 

0.71- ~ 6 

~ 
~ n 

4 

125 

":1100 
ffi 
§/ 

T 75 

~ 
~ 
g 50 

25 

0 
10 

6 7 89 
100 • 4 , 

COLLECTOR MILLIAMPERES lIe) 

Fig. 10-Typical base-to-emitter saturation 
voltage vs. collector current. 

COMMON-EMITTER CIRCUIT. 
INDUCTIVE LOAD 

~~~~EEN~Tri~M:li~~:~=~R~~I(;;~=D5~ 
BVCES·II4 V -... 

'\ 
1\ 

. , 8 
Tooo 

r- ~CEO'55V 

2 4 6 • 10 2 6 • 10' 2 4 

BASE-TO-EMITTER RESISTANCE (RBE)-ll 92CS-14869RI 

Fig. 12-Typical collector-to-emitter break­
down voltage vs. resistance. 

TERMINAL CONNECTIONS 

LEAD 1-EMlnER 

LEAD 2-BASE 

LEAD 3 - COLLECTOR. CASE 
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AMBIENT TEMPERATURE {TA}·25"C 
FREQUENCY (f)= I MHz 
COLLECTOR CURRENT (Icl=O 

1 2 3 
EMITTER-TO-BASE VOLTS (VEB) 

Fig. 14-Typical input capacitance vs. 
emitter-to-base voltage. 

COMMON-EMITTER CIRCUIT. 
AMBIENT TEMPERATURE (TAl" 2SDC 

10 20 30 
RATIO OF "ON" COLLECTOR CURRENT TO 

"TURN ON" BASE CURRENT (Ie/lSI) 
92CS-13896RI 

Fig. 16-Typical turn-on time characteristics. 

COMMON-EMITTER CIRCUIT. 
AMBIENT TEMPERATURE (TAl = 25DC 
COLLECTOR AMPERES (Ie) = I 

RATIO OF "ON" COLLECTOR CURRENT TO 
"rURN OFF" BASE CURRENT (IC/IS21" 30 

20 

10 

10 20 30 
RATIO OF "ON" COLLECTOR CURRENT TO 

"TURN ON" BASE CURRENT (Ie/lsll 

Fig. 18-Typical turn-off time characteristics. 
92CS-13891RI 
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COMMON-EMITTER CIRCUIT. 
AMBIENT TEMPERATURE (TAl" 2SoC 

10 20 30 
RATIO OF "ON" COLl.ECTOR CURRENT TO 

"TURN ON" BASE CURRENT tIC/IBII 

Fig. 15-Typical rise-time characteristics. 

COMMON-EMITTER CIRCUIT. 
• AMBIENT TEMPERATURE (TAl" 2SoC 

COLLECTOR AMPERES (Icl'" 

92CS-13895RI 

RATIO OF "ON" COl.l.ECTOR CURRENT TO -
"TURN OFFu BASE CURRENT (Ic/IB2}=30 

2 

5 

10 20 30 
RATIO OF "ON" COLLECTOR CURRENT TO 

"TURN ON" BASE CURRENT (Ie/IBII 
92CS-13889RI 

Fig. 17-Typical storage time characteristics_ 

COMMON-EMITTER CIRCUIT. 

~ 
COLLECTOR-TO-EMITTER VOl.TAGE (VCEI=30V 
BASE-TO-EMITTER VOl.TAGE (VBEI~O 
BASE-TO-EMITTER RESISTANCE (RBE1-O 

/ 
/ 

V 
/ 

2!J 50 75 100 
AMBIENT TEMPERATURE (TA}-OC 

12. 150 

Fig. 19-Typical collector cutoff current 
as a function of temperature. 
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OO(]5LJD Power Transistors 
Solid State 
Division 2N5293 

2N5295 
2N5297 

2N5294 
2N5296 
2N5298 

2N5295 

lHIometaxial-Sase, Silicon N-P-N 
VERSAWATT Transistors 2N5293 ~ 

2N5297 

For TO-66 Sockets 

JEOEC TO·220AA 

General·Purpose Types for Medium-Power Switching and 
Amplifier Applications in Military, Industrial, and Commercial 
Equipment . 

2N5294 ~ 2N5296 
2N5298 

FEATURES 
o Low saturation voltage-

YeE(sat) = 1 Y max. at Ie = 0.5 A (21'15293, 21'15294) 
= 1 Y max. at Ie = 1 A (21'15295, 21'15296) 
= 1 Y max. at Ie =' 1.5 A (21'15297, 21'15298) 

0YERSAWATT package (molded-silicone plastic) JEOEC TO·220AB 
o Maximum safe-area-of-operation curves specified for DC and pulse service 

RCA-2N5293, 2N5294, 2N5295. 2N5296. 2N5297 
and 2N5298* are hometaxial-base silicon n-p-n tran­
sistors. They are intended for a wide variety of medium­
power switching and amplifier applications such as 
series and shunt regul ators. and in driver and output 
stages of high-fidelity amplifiers. Types 2N5293 , 
2N5295; and 2N5297 have formed emitter and base leads 
ror easy insertion into T0-66 sockets_ Types 2N5294. 
2N5296. and 2N5298 are electrically identical to the 
2N5293. 2N5295. and 2N5297. respectively. but bave 
straight leads. 

These new plastic power transistors \ liffer in volt­
age ratings and in the currents at which tl e parameters 
are controlled. 

• Formerly RCA Dev. Type Nos_TA7155. TA2911. TA7156. 
TA7137, TA7362, and TA7363, respectively. 

MAXIMUM RATINGS,Absolute·Maximum Values: 2N5293 2N5295 2N5297 
2N5294 2N5296 2N5298 

. COLLECTOR·TO-BASE VOLTAGE ........................ VCBO 80 60 80 V 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With -1.5 volts (VBE) of reverse bias ............•........ VCEV(sUS) 80 60 80 V 
With external base-to-emitter resistance (RBE) = 100 n ....... VCER(SUS) 75 50 70 V 

With base open ...................................... VCEO(sus) 70 40 60 V 
EMITTER-TO·BASE VOLTAGE ........................... VEBO 7 5 5 V 

COLLECTOR CURRENT ................................ IC 4 4 4 A 
BASE CURRENT ....................................... 18 2 2 2 A 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 250 C '" .................... . 36 36 36 W 
At case temperatures above 250 C ....................... . Derate linearly. at 0.288 W/oC 

or see Fig. 1 & 2. 
At ambient temperatures up to 250 C ............ ' •.. :.' ... . 1.8 1.8 1.8 W 
At ambient temperatures above 250 C .................... . Derate linearly at 0.0144 W/oC 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ........................ . --- -65 to +150 --- oc 

LEAD TEMPERATURE (During Soldering): 
At distance ~ 118 in. (3.17 mm) from case for 10 s max. . .... 235 oc 

5-72 
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ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) = 250 C. Unless Otherwise Specified. 

TEST CONDITIONS 

DC DC 
Characteristic Symbol Voltage (V) Current (A) 

VCE VeE Ic Ie 

65 -1.5 
IcEV 35 -1.5 

Collector-Cutoff Current 
With base-emitter junction 

65 -1.5 reverse biased IcEV 
(Tc = 150oC) 35 -1.5 

Collector-Cutoff Current leER 
50 

With external base-ta-emiller 
ICER 50 resistance (ReE ) = 100 n 

(Tc = 150oC) 

Emitter-Cutoff Current IE eo 
-7 
-5 

4 0.5 
DC Forward-Current Transfer Ratio . hFE C 4 1 

4 1.5 

Collector-ta-Emiller 0.1 0 
Sustaining Voltage VCEO(sus)c 0.1 0 
Wi th base open 0.1 0 

0.1 
With external base-ta-emiller VCER(sus)C 0.1 

resistance (ReEl = 100 n 0.1 

-1.5 0.1 
With base-emitter junction VCEV(sus)c -1.5 0.1 

reverse biased -1.5 0.1 

4 0.5 
Base-to-Emiller Voltage VeE C 4 1 

4 1.5 

0.5 0.05 
Collector-ta-Emiller VCE(sat)c 1 0.1 

Saturation Voltage I.S 0.15 

Gain-Bandwidth Product fT 4 0.2 

Sat. Switching Time 
O.S O.osa 

Turn-On (See Figs. 22 . 24) ton VCC = 30 1 O.1a 
1.5 o".lsa 

O.S -O.osa 
Turn-Off (See Figs.22 - 24) toff VCC = 30 1 -O.1b 

I.S. _OJSb 

Thermal Resistance; 
Junction-ta-Case 8J_C 

Junction-ta-Ambient I1.J-A 
a IB1 value (turn-on base current). b I B2 value (turn-off base current). 

208 

2N5293 
2N5294 

Min. Max. 

- 0.5 
- -
- 3 
- -

- 0.5 

- 2 

- 1 
- -
30 120 
- -
- -
70 -
- -
- -
75 -
- -
- -
80 -
- -
- -
- 1.1 
- -
- -
- 1 
- -
- -
O.B -

- 5 

- -
- .-
- IS 
- -
- -

- 3.5 

- 70 

LIMITS 

2N5295 2N5297 
2N5296 2N5298 Units 

Min. Max. Min. Max. 

- - - 0.5 

- 2 - - rnA 

- - - 3 
- 5 - - rnA 

- - - 0.5 rnA 

- - - 2 rnA 

- - - - rnA - 1 - 1 

- - - -
30 120 - -
- - 20 80 

- - - -
40 - - - V 
- - 60 -
- - - -
50 - - - V 
- - 70 -
- - - -
60 - - - V 
- - 80 -
- - - -
- 1.3 - - V 
- - - 1.5 

- - - -- 1 - - V 

- - - 1 

O.B - O.B - MHz 

- - - -
- 5 - - fLS - - - ·5 

- - - -- IS - - fLS - - - IS 

- 3.5 - 3.S °C/W 

- 70 - 70 °CIW 

C Pulsed, pulse duration = 300 i'S, 
duty factor = .018. 
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Fig.2-Derating curve for all types. Fig.3- Thermal-cycling rating chart for all types. 
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Fig.6-Typical DC beta for types 2N5295 & 2N5296. 

ITO I ,,-
1:_~1~/ 
80 I .~"I,/ 
70 

/ L .. ~Y 60 __ ~ 4>'" 

so:,L .~ p 
40 d>." 
30 7 
" 
TO 

0.001 
. .. 

0.01 
2 , 

" -

•• 0.1 

~ 

2 

COLLECTOR CURRENT {lcl _ A 

COLLECTOR·lO-EMITTER 
VOLTAGE (VeE)" 4 V 

\ 

~ 
\\ 
~ 

\ 
, .. 

1.0 

Fig.8- Typical DC be'" for types.2N5297 & 2N5298. 

TO 

COLLECTOR·lO-EMITTER VOLTAGE (VeE) = 4 V 
CASE TEMPERATURE (Tel = 25° C 

I.' 

~ 1.2 f--+--+-++J ... --.::::..+r-'--1.::....-j"'j.,<ci'...-+-+--H-I 
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COLLECTOR CURRENT (Ie) - rnA 
3ZSH136 

Fig.5-Typical gain-bandwidth product for types 2N5293 & 2N5294. 
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Fig. 7-Typical gain-bandwidth product for types 2N5295 & 2N5296. 

Fig.9-Typical gain-bandwidth product for types 2N5297 & 2N5298. 
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. VOLTAGE (VCEI • 4 V 

0.5 1.0 1.5 

BASE-IO-EMITTER VOL lAGE (VBE) - v 

Fig. 10-Typical input characteristics for types 2N5293 & 2N5294. 

BASE-IO-EMITTER VOLTAGE (VeE) _ v 

Fig. 12- Typical input characteristics for types 2N5295 & 2N5296. 

< , 

o 

'VOLTAGE (VeEI ·4 V 

2.0 

BASE-lO-EMITTER VOLTAGE (VeEI - V 

2.5 3.0 

Fig. 14-Typical input characteristics for types 2N5297 & 2N5298. 

BASE-IO-EMITTER VOL lAGE (VSE) - V 
92SS-3]J5 

Fig. 11-Typical transfer characteristics for types 2N5293 & 2N5294. 

BASE-IO-EMITTER VOLTAGE (VeE) - v 

Fig. 13-Typical transfer characteristics for types 2N5295 & 2N5296. 

< , 
u 

BASE·IO·EMITTER VOLTAGE (Vee) - v 

Fig. 15-Typical transfer characteristics for types 2N5297 & 2N5298. 
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COLLECTOR·lO·EMITTER VOLTAGE (VCEI- V COLLECTOR·lO·EMITTER VOLTAGE (Vee) - v 

Fig. 16-Typical output characteristics for types 2N5293 & 2N5294. Fig. 17-TypicaJ output chara~terjstics for types 2N5295 & 2N5296. 

COLLECTOR·lO·EMITTER VOLTAGE (Vee) - v 92S$.JIM COLLECTOR·lO-EMITTER VOLTAGE (Vee) - v 
925S-mD 

Fig. 18-Typical output chiJracteristics for types 2N5295 & 2N5296. Fig.t9-Typical output characteristics for types 2N5297 & 2N5298 
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92CS-14990 

Fig.20-Reverse-bias, second-breakdown characteristics for all types. Fjg.21-Sustaining voltage vs. base-to-emitter resistance for all types. 
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'12V VCC°-+ 30 

INPUT FROM 
PULSE GENERATOR 

"CHANNEL A" 

TEKTRONIX 543A OR EOUIV. 

Fig.22-Circuit used to measure switching times for types 2N5295 & 
2N5296. 

TIME '---r-----L 
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I 
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1-------:-- -1"90% 

a:: I I I 

~ojulu : I: : I J ________ I ___ I __ 10% TIME 

TURN-ON I ''J;; ~ • L,,:i 'f I-- TURN-OFF 
TIME ~ TIME 

OUTPUT WAVE FORM 

92CS-13996 

Fig.23-Phase relationship between input and output currents 
showing reference points for specification of switching times. 

(Test circuit shown in Fig.22.J 

COLLECTOR AMPERES tIcl 

92CS-14992 

Fig. 24-Typical sarurated switching characteristics for types 2N5295 
& 2N5296. 

TERMINAL CONNECTIONS FOR TYPES 2N5293. 
2N5295, AND 2N5297 

Lead No.1. Base 
Lead No.3 - Emitter 

Mounting Flange· Collector 
• - Do not use stub as tie point. 

TERMINAL CONNECTIONS FOR TYPES 2N5294, 
2N5296, AND 2N5298 

Lead No.1· Base 

Lead No.2 - Collector 

Lead No.3· Emitter 

Mounting Flange - Collector 
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OOCD5LJD 
Solid State 
Division 

Power Transistors 

2N5320 
2N5322 

2N5321 
2N5323 

Complementary N-P-N & P-N-P 
Silicon Power Transistors 
General-Purpose Types for Small-Signal, 
Medium-Power Applications 

Features: 

2N5320L 
2N5321L 
2N5322L 
2N5323L 

JEOEC TO-5 

H·13BO 

2N5320S 
2N5321S 
2N5322S 
2N5323S 

JEOEC TO-39 

H·1381 

• 2N53221 P-N-P ~ 2N5320 
2N5323 Complements of: l 2N5321 

• Maximum safe-area-of-operation curves 
• Planar construction for low-noise and 

low-leakage characteristics 
• Low saturation voltage 

These devices are available with either 1%· 
inch leads (TO-5 package) or }S-inch leads 
ITO·39 package). The longer-lead versions are 
specified by suffix OIL" after the type num­
ber; the shorter-lead versions are specified by 
suffix "s" after the type number. 

• High beta at high collector current 

RCA-2N5320. 2N5321. 2N5322 and 2N5323 are double· 
diffused epitaxial·planar silicon power transistors intended for 
small'signal medium·power applications. The 2N5320 and 
2N5321 n·p·n types are actually high·current. high·dissipation 
versions of the 2N2102 with all of the salinet features ofthat 
device. The 2N5322 and 2N5323. p·n·p complements of the 
2N5320 and 2N5321. are actually high·current. high·power 
versions of the 2N4036 with all of its additional outstanding 

features. (Technical data on the 2N2102 and 2N4036 are 
shown in RCA Data Bulletin File Nos. 106and 216. respectively). 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector, Case 

MAXIMU.M RATINGS. Absolute·Maximum Values: 2N5321 2N5323 2N5320 2N5322 

• COLLECTOR·TO·BASE VOLTAGE ............. VCBO 75 -75 100 -100 

COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With 1.5 volts (VBE) of reverse bias ............ VCEVlsus) 75 -75 100 -100 

With external base-ta-emitter resistance 
(RBE) = 100 n ....................... VCER(SUS) 65 -65 90 -90 

With base open ......................... VCEOlsus) 50 -50 75 -75 

• EMITTER·TO·BASE VOLTAGE ............... VEBO 5 -5 7 -7 

• COLLECTOR CURRENT .................... IC 2 -2 2 ·2 

• BASE CURRENT ......................... IB -1 -1 

• TRANSISTOR DISSIPATION:· PT 10 10 10 10 

At case temperatures up to 250 C ............ . See Figs. 3 & 6 
At case temperatures above 250 C ............ . Derate linearly at 0.057 W/oC 

• TEMPERATURE RANGE: 
Storage and operating (Junction) ............. . .. -65 to + 200 -• LEAD TEMPERATURE (During soldering): 
At distance,;? 1/32 in. (0.8 mm) from 
seating plane for 10 s max ................ . - 230 • 

*In accordance with JEDEC registration data format US-6 RDF-l ~ 

214 

V 

V 

V 
V 

V 

A 

A 

W 

oc 

oc 

9-73 



File No. 325~ _______________________ ~,2N5320-2N5323 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tel = 250 C, unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
DC DC 

Symbol Voltage Current Type Type Type Type Units 
V mA 2N5320 2N5321 2N5322 2N5323 

VCS VCE VSE IC IS Min. Max. Min. Max. Min. Max. Min. Max. 

80 0.5 - -
Colleclor-Cutolf Current: ICSO 60 - - - 5 - j.JA 

With base open (I E = 0) -80 - -0.5 
-on - - - - -5 

100 -1.5 0.1 - -
With base-emitter 75 -1.5 - 0.1 -
Junction reverse biased -100 1.5 - - - -0.1 - mA 

ICEX 
-75 1.5 - - -0.1 

T C=1500C 70 -1.5 - 5 - 5 - -

45 -1.5 - -
mA 

-70 1.5 - - -5 
- - -5 

-45 1.5 
-7 0 OJ - - - -
-5 0 - - 0.1 - - -

Emitter-Cutoff Current 7 0 - - -0.1 - - mA 

5. 0 - - - - - - -0_1 
lEBO 

-5 0 0.1 - -
-4 0 0_5 - - j.JA 

5 0 - -0.1 
4 0 - - - -0.5 

Colle~tor -to-Em itter 
Breakdown Voltage: 

V(BR)CEV 
Wilh base-emillel junclion -1.5 0.1 100 75 - V 
reverse biased 1.5 -0.1 -100 -75 

Collector-to-Emitter 
Sustaining Voltage: 

With externa I base-to-
emitter resistance VCERISUS 1° 100 90 65 - - V 
IRSE) = 100 n -100 - -90 -65 -

With base open VCEOISUSlo 100 0 75 50 - - V 
-100 0 -75 -50 

Collector -to- Emiller VCElsat) 500 50 0.5 0.8 V 
Saturation Voltage -500 -50 -0.7 -1.2 

Base-to-Emitter Voltage VSE 
4 500 Ll 1.4 - - - - V 

-4 -SOD -1.1 - -1.4 

4 500 30 130 40 250 - -
DC Forward Current hFE 

b -4 -SO~ - - - 30 130 40 250 
Transfer Ratio 2 1000 10 - - - -

See NOTE -2 -1000 - - 10 - - -

Gain-Sandwidth Product fT 
4 50 50 50 MHz 

-4 -50 50 50 
Magnitude of common·emitter, 

small·signal, short circuit, 4 50 5 - 5 - - - - -

forward current transfer ratio I hfel -4 -50 - - - - 5 - 5 -
(1=10 MHz) 
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ELECTRICAL CHARACTERISTICS, (Cont'd) 

TEST CONDITIONS LlMIn 

CHARACTERISTIC 
DC 

Symbol Voltage 
V 

VCB VCE VBE 

Second Breakdown Collector 
50 CurrentC " IS/bd 

(With base forward biased) -35 

Sal. Switching Time: 
(Sel' Fig.I1.) 

ton 30 
Turn-on Time -30 

Turn-off Time tott 30 
-30 

Therma I Res i stanc e: 
Junction-to-Case BJ-C 

Junction·to·Ambient eJ-A 

a CAUTION: The sustaining voltages VCEO(SUS) and VCER(sus) 
MUST NOT be measured on a curve tracer. 

b Pulsed; pulse duration < 300 jJ.S, duty factor < 0.02. 

C Safe operating regions for forward-bias oper;iion are shown on 
pages 4 & 5. 

d IS/b is defined as the current at which second breakdown occurs at 
a specified collector voltage with the emitter-base junction forward 
biased for transistor operation in the active region. 

e Pulsed;O.4s non-repetitive pulse. 
*In accordance with JEDEC registration data format (JS-6 RDF-1) 

BASE-lO-EMITTER VOLTAGE (VSE)- V 

92CS-150QIRI 

Fig. 1· Typical input characteristics for types 2N5320 and 
2N5321. 
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DC 
Type Current Type Type Type Units 

mA 2N5320 2N5321 2N5322 2N5323 

IC IB Mm. Max. Min. Max. Min. Max. Min. Max. 

200 200 mA 
-285 -285 

500 50 80 80 ns 
-500 -50 100 100 

500 50 800 800 - - ns 
-500 -50 - - 1000 1000 

- 17.5 - 11.5 17.5 17.5 °C/W 

- 150 150 150 150 °C/W 

NOTE: RCA 2N5320, 2N5321, 2N5322, and 2N5323 can be shipped 
with color dots on the device case to indicate the following ranges of 
beta values within the beta limits specified for each device .. 

Color Code Beta Range Color Code Beta Range 

Brown 25-38 Green 73-110 
Red 33-50 Blue 95-145 
Orange 43-65 Violet 125-190 
Yellow 56-85 White 165-250 

Specific beta distributions or beta matching are available as custom 
types only on special order. For further details, contact your local 
RCA Sales office. 

BASE·lO·EMITTER VOLTAGE (VBE)-V 
92CS-15003RI 

Fig. 2· Typical transfer characteristics for types 2N5320 
and2N5321. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

9'2-CS-t754e 
Fig. 3· Maximum operating areas for types 2N5320 and 2N5321. 

- . CASE TEMPERATUREtTC)-25-C 

-0.6 

i ;-0.5 
... z 
~-a4 

6 e -03 

~ 8-0·2 
-0.1 

-10 

-8 

-6 

-4 

BASE CURRENT IIel- -2mA 

-I -2 -3 -4 -5 -6 -7 -8 -9 
COLLECTOR-TO-EMITTER VOLTAGE (Vcel-V 

92CS-15006RI 

COUECTOR-TO-EMITTER VOLTAGE (VCE'-V 

!I,r.S-15007RI 

Fig. 4 . Typical output characteristics for types 2N5320 and 
2N5321. 

Fig. 5· Typical output characteristics for types 2N5322 

and2N5323. 
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Fig. 6· Maximum operating areas for types 2N5322 and 2N5323. 

COLLECTOR.TQ.EMITTER VOLTAGE (Vee)" 4V COLLECTOR-TO-EMITTER VOLTAGE (Vee)" _4 V 

12D lSOoC 

~ _--1 r .... , , 
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~100 

.M.,ENT TEMPERATLE IT ) • 25'C 

\ 
~ 
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~ 20 
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1 46 a 2 468 2 -0.1 _1 _100 -1.000 

10 -10 

92CS-15005RI COLLECTOR CURRENT (lc)-mA 
COLLECTOR QJRRENT (Ie) - mA 

92CS-15004RI 

Fig. 7· Typical static beta characteristics for types 2N5320, Fig. 8· Typical static beta characteristics for types 2N5322 
and 2N5321. and 2N5323. 
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BASE.TO·EMllTER VOLTAGE (VeE) - v BASE.TO_EMllTER VOLTAGE (YaE) - v 
92CS-15000RI 92CS-15002RI 

Fig. 9 - Typical input characteristics for types 2N5322 and 
2N5323_ 

Fig_ 10 - Typical transfer characteristics for types 2N5322 
and 2N5323_ 

V8B"'-IDV Vee'30V 
(ADJUST TO SET Iel} 

OUTPUT TO 
OSCILLOSCOPE 

"CHANNEL A" 
Z =106,[1 

C(N: 20 pF 

Ir :!£ 15ns 

INPUT FROM PULSE 
GENERATOR 

PULSE DURATION; 20!,-5 
PULSE REF! fREQ.~ 10 kHz 

tr~ IOns 

Ison 

loon 

• For 2N5322 or 2N5323, reverse direction of 181 
zmd IS2 and reverse polarity-of Vas and Vee-

.3 Z=I06n 
CIN~20pF 

'rSo 15n5 

I TYPE 
2N5320* 
2N5321 II-

OSCILLOSCOPE 
GROUND 

92CS-17020 

Fig. 11 - Circuit used to measure switching times for all types. 
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D\1CIBLJD 
Solid State 
Division 

~ III 
! I III 

Power Transistors 

2N5415 2N5416 

Silicon P-N-P 
High-Voltage Transistors 
For High,Speed Switching and Linear-Amplifier 
Applications in Military, Industrial.and Commercial Equipment 

Features: 
•. 2N5415: p-n-p complement of 2N3440· 

2N5416: p-n-p complement of 2N343S-i \ 
i I \ • Maximum safe~area-of-operation curves rT-h-.-.. -d-.v-ic-es-a,-.-a-v-ai-'a-b-I.-w-i-th-.-ith-e-,-1-11--' 

2N5415L 
2N5416L 
JEOECTO-5 
H-1380 

2N5415S 
2N5416S 
JEOEC TO-39 

• High voltage ratings: inch leads (TO-5 package) or %-inch leads 
V CBO = -350 V max. (2N5416) ITO-39 packag.l_ The 'onge,-I.ad versions a'e 

VCEO(SUS) = -300 V max. (2N5416) :~~~:~:":~=;:d·':::~:~:,.::esp'::;i:du:~ H-1381 
-200 V max. (2N5415) suffix "5" afte' the type numbe,_ 

RCA-2N5415 and 2N5416+ are silicon p-n-p transistors with 
high breakdown voltages, high frequency response, and fast 
switching speeds. 

These transistors differ primarily in their voltage ratings. 
Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters; and high-voltage, 
low-current switching and series regulators. 

• Formerly RCA Dev. Types TA2819 and TA2819A. respectively. 

• Data on types 2N3439 and 2N3440 are given in RCA data bulletin 
File No. 64. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE __________ -. _________________ _ 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (RBE) = 50 12 _ . ____ . _ . __ ... 

• With base open ___________________ . _______________________ _ 

'EMITTER-TO-BASE VOLTAGE ____ .. ______ . _______________ . _. 

'COLLECTOR CURRENT ________________ . ___ .. ___________ . __ _ 

'BASE CURRENT __________________________ .. __ .. _____ . __ . __ 

'TRANSISTOR DISSIPATION: 
At case temperatures up to 250 C _________ . __ .. ___ .. ____ .. ____ _ 

At case temperatures above 250C ............................. . 
At ambient temperatures up to 50°C ________________________ . __ 

TERMINAL CONNECTIONS 

Lead 1 - Em itter 
Lead 2 - Base 
Lead 3 - Collector, Case 

VCBO 

VCER(sus) 

VCEO(sus) 

VEBO 

2N5415 2N5416 

-200 -350 

-350 

-200 -300 

-4 -6 

-1 -1 

-0.5 -0_5 

10 10 
See Figs_ 1 and 2 
1 1 

V 

V 

V 

V 

A 

A 

W 

W 
At ambient temperatures above 500 C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Derate linearly at 

'TEMPERATURE RANGE: 
6_7 6_7 mW/oC 

Storage and Operating (Junction) . _____ . _______________ ..... __ _ -65 to +200 °C 
'LEAD TEMPERATURE (During soldering): 

At distance;;' 1/32 in_ (0_8 mm) from seating plane for 10 s max_ 255 °C 

* I n accordance with JEDEC registration data format (JS·g RDF-8) 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T C) = 2ff'C 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
VOLTAGE 

Vdc 
VCB VCE VBE 

Collector-Cutoff Current: 
ICEO 

-250 
With base open -150 

ICSO 
-280 

With emitter open -175 

With base-emitter junction 
ICEV 

-300 1.5 
reverse-biased ~200 1.5 

Emitter-Cutoff Current IESO 
6 
4 

DC Forward-Current 
hFE 

-10 
Transfer Ratio -10 

Collector-ta-Ernitter 
Sustaining Voltage: 

VCEO(sus) With base open 
(See Figs. 4 and 5) 

With external base-to-emitter 
VCER(sus) resistancelR SE I=50 n 

Base-ta-Emitter 
VSE -10 

Saturation Voltage 

Collector-ta-Emitter 
VCE(satl 

Saturation Voltage 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hie -10 

Transfer Ratio (at '1 kHz) 

Magnitude of Common-Emitter. 
Small-Signal, Short-Circuit 

Ihlei -10 
Forward-Current Transfer 

Ratio (at 5 MHz) 

Real Part of Common-Emitter 
Small-Signal, Short-Circuit Re(h ie) -10 

Impedance (at 1 MHz) 

Common-Base, Short-Circuit, 
Cib 5 

Input Capacitance (at 1 MHz) 

Output Capacitance (at 1 MHz) Cob -10 

Forward-Bias, Second-Breakdown 
Collector Current: IS/bb -100 

(O.4-s, non-repetitive pulse) 

Thermal Resistance: 
R8JC Junction-to-Case 

'CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST 
NOT be measured on a curve tracer. The sustaining voltage should be 
measured by means·of the test circuit shown in Fig. 4. 

blS/b is defined as the current at Which second breakdown 
occurs at a specified collector voltage. 

-In accordance with JEDEC registration data format 
(JS·g RDF-8I. 

CURRENT 
mAde 

IC IB 

0 
0 

0 
0 

-50 
-50 

-50 0 

-50 

-50 

-50 -5 

-5 

-10 

-5 

0 

LIMITS 

2N5415 2N5416 UNITS 

Min. Max. Min. Max. 

- - - -50 
- -50 - ~ 

~A 

- - - -50 
- -50 - - ~A 

- - - -50 
- -50 - - ~A 

- - - -20 
~A - -20 - -

- - 30 120 
30 150 - -

-200a - -300a - V 

- - -350a - V 

- -1.5 - -1.5 V 

-. -2.5 - -2 V 

25 - 25 -

3 - 3 -

- 3011 - 300 n 

- 75 - 75 pF 

- 15 - 15 pF 

-100 - -100 - rnA 

- 17.5 - 17.5 °CIW 
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MERCURY RELAY 
CLARE HGP-I004 
OR EQUIVALENT 

6V 

25rnH 
_~~--r> -VCC 10 To SOV, 

CHANNEL A 

DEVICE 
UNDER 
TEST 

III 0.5 W 

CHANNEL B 

COMMON 

-tVCC 

100mA) 

TO 
HEWLETT­
PACKARD 
OSC. 
MODEL 1308 
OR EQUIV, 

92SS-3715RI 

I - -- ------.;t -----r;-
1 1 
I I 
1 1 
1 I 
I I 
I I 
I I 

-200 -300 

COLLECTOR-TO-EMITTER VOLTAGE ('tE) 

92SS-3716RI 

Fig. 4 - Circuit used to measure sustaining voltages, 
V CEO (sus) and V CER(sus) for both types. 

The sustaining voltage VCEO(SUS) is acceptable when the trace 
falls to the right and above point "A" for type 2N5415. The 
trace must fall to the right and above point "8" for type 
2N5416 . 

.Fig. 5 - Oscilloscope display for measurement of 
sustaining voltages (test circuit shown in Fig. 4). 

~ 
CASE TEMPERATURE(Tcl. 2S0C 

~ 1-_~V~CE~R~~~"~"+.~-4--+_+_++-~-4-~+4 ~ -350 
» t"--... 
111 .340'f-~1---+-1-++1-"-t>r-++++--+--+-+-H 

~] \ 
;: ~-330+--li---+-+-++--li-~-I-++--I--i-H-l 
~~ ~ 
~o -320f--1,--+--+-+I--1I---+'--,\ \rl-+--t--I-H-I 
~~ ~ 
~ :!i -3101--1'--+--+-I-I--1I---+-1-f' ...... -t--I-H-I 
P5~ i'... 
gi -300~--i--+--+-++---i'---+--i-++,-"'~"'-V~CE~O~'r'":;:s.:.j' 
8~ I 

10 " 6 B 100 2 "6 B IK 6 10K 

EXTERNAL BASE-TC-EMITTER RESISTANCE (R SE ) - n 

Fig. 6 - Sustaining voltage vs. base-to-emitter resistance 
for type 2N5416. 

6Oi---.--,--,,-,--r---'--'"""T+_-I_-I-H_l 

~ ~I--I---t--t-l-I-~~~~-I-++--I--I'-~~ 

~~i_-+-~-+++~/~~-+-\~+--+--~~~ t; 

I ~1--I---t-1~+--I---t-l~+--I--II-~-I 
~ 1/ 
~ ~i--I---+~~+_-~-+-I-+~-+--I~H~ 
~ 
% / 
i1 lD,-"," 

-I I " _10 

1\ . " _100 

COLLECTOR CURRENT (lc) _ iliA 

. , , 
_IDOO 

92Ss-J12JR! 
COLLECTOR CURRENT (tcl-rnA 

92CS-175!2 

Fig. 7 - Typical gain·bandwidth product for both types. Fig. 8 - Typical collector-to-emitter saturation voltage 
for both types. 
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0.3 ·0.4 
BASE-lO-EMITTER VOLTAGE (VBE1-V 

92CS-~546 

Fig. 9 - Typical input characteristics for both types. 

COLLECTOR.lO.EMITTER VOLTAGE (VCE1- V 
92$S-172IRl 

Fig. 11 - Typical output characteristics for both types. 

BASE-TO.EMITTER VOLTAGE (VBel- v 
92SHmRI 

Fig. 13 - Typical transfer characteristics for both types. 
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PULSE OURATlON·30p.s 
REPETITION RATE; 100 Hz 
COLLECTOR SUPPLY VOLTAGE <V_.o,"o.'OOV"" 
CASE TEMPERATURE 
le/l e=IO IBI=IB2 

20 40 60 80 <00 
COLLECTOR CURRENT 11cl-mA 

«0 

92CS-17515RI 

Fig. 10 - Typical turn·on time characteristiC' for both types. 

COLLECTOR CURRENT IIc}-mA 
92CS-17514 

Fig. 12 - Typical storage-time characteristic for both types. 

PULSE DURATION ~30 ps 
REPETITION RATE = 100 Hz 
COLLECTOR SUPPLY VOLTAGE 
CASE TEMPERATURE! 
IC1I8:10 18,3182 

20 40 60 80 
COLLECTOR CURRENT !ICI-mA 

92CS-17!U3 

Fig. 14 - Typical fall-time characteristic for both types. 
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O\lm5LJO 
Solid State 
Division 

Power Transistors 
2NS490 2NS491 
2NS492 2NS493 
2NS494 2NS49S 
2NS496 2NS497 

~ 2N5491. 2N5493 

2N5495. 2N5497 

\ For TO-68 ·Sockets 

JEDEC TO-220AA 

'.

2N5490.2N6492 

2N5494. 2N5496 

::::".. 

~~ 

Hometaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 
General-Purpose Types for Medium-Power Switching and 
Amplifier Applications in Military, Industrial, and Commercial 
Equipment 

FEATURES 
• Low saturation voltage-

VeE(sat) = 1 V max. at Ie = 2 A (2N5490, 2N5491) 
= 1 V max. at Ie = 2.5 A (2N5492, 2N5493) 
= 1 V max. at Ie = 3 A (2N5494, 2N5495) 
= 1 V max. at Ie = 3.5 A (2N5496, 2N5497) 

• VERSAWATT package (molded silicone plastic) 
JEDEC TO·220AB 

o Maximum safe-area-of .. operation curves specified for DC and pul se operation 

RCA-2N5490, 2N5491, 2N5492, 2N5493, 2N5494, 
2N5495, 2N5496 and 2N5497* are hometaxial-base silicon 
n-p-n transistors. They are intended for a wide variety 
of medium-power switching and amplifier applications, 
such as series and shunt regulators and driver and out­
put stages of high·fidelity amplifiers. 

These new plastic power transistors differ in volt­
age ratings and in the currents at which the parameters 
are controlled. 

* Formerly RCA Dev. Nos. TA7317. TA7318. TA7315. TA7316. 
TA7313. TA7314. TA731l. TA7312. respectively. 

Types 2N5491, 2N5493, 2N5495, and 2N5497 have 
formed emitter and base leads for insertion into TO-66 
sockets. Types 2N5490, 2N5492, 2N5494, and 2N5496 
are electrically identicalto the 2N5491, 2N5493, 2N5495, 
and 2N5497 but have straight leads. 

OPTIONAL LEAD CONFIGURATION 

An additional load forming for printed-circuit-board mounting 
;s also available. 

Please submit requirements to your RCA Technical Sales Repre. 
sentative. or write to RCA Low·Frequency Power Marketing, 
Somerville, N. J. 08876. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ......... . VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With -1.5 volts (YaE ) of reverse bias ........................ YCEY(sus) 
With external base-to-emitter resistance (RBE) = lOOn ...........• VCER(~us) 
With base open ....................................... VCEO(sus) 

EMITTER-TO-BASE VOLTAGE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VEBO 
COLLECTOR CURRENT ................................. . 
BASE CURRENT .......................•............... 
TRANSISTOR DISSIPATION: ............... _ .............. . 

At case temperatures up to 25°C .......................... . 
At ambient temperatures up to 25°C ........................ . 

2NS490 
2NS491 
2NS494 
2NS49S 

60 

60 

50 

40 
5 
7 

50 
1.8 

2NS492 
2NS493 

75 

75 
65 

55 
5 
7 

3 

50 
1.8 

2NS496 
2NS497 

90 

90 

80 
70 

5 

50 
1.8 

V 

V 
V 
V 
V 
A 

A 

W 

W 
At case temperatures above 25°C ......................... . Derate linearly at 0.4 W/oC or see Figs. 2 & ·3. 
At ambient temperatures above 25°C ..............•.......... 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...........................• 

LEAD TEMPERATURE <During Soldering): 

Atdistance.?: 118 in. (3.17 mm) fromc8seforlOs max ............ ,. 

12·73 

Derate linearly at 0.0144 W/oC 

- -65 to 150 _ °c 

- 235 
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ELECTRICAL CHARACTERISTICS. Case Temperature (T d = 2f1'C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC 

Types Types Types Types 
Characteristic Symbol Voltage 2N5496 2N5494 2N5492 2N5490 Units 

(V) Current (A) 2N5497 2N5495 2N5493 2N5491 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. Min. Max. 

85 -1 .. 5 1 
Collector-Cutoff Current ICEV 55 -1.5 1 rnA 

With base-emitter junction 70 -1.5 1 
reverse biased 

ICEV 
85 -1.5 5 
55 -1.5 5 rnA 

(TC = 150oC) 70 -1.5 5 

70 0.5 

Collector-Cutoff Current ICER 40 0.5 2 rnA 

With external base-to:emitter 55 0.5 

resistance (RBE) = lOOn 70 3.5 
ICER 40 3.5 5 rnA 

(TC = 1500C) 55 3.5 

Emitter-Cutoff Current lEBO -5 1 1 1 1 rnA 

4 3.5 20 100 
4 3 20 100 

DC Forward-Current Transfer Ratio hFEc 
4 2.5 20 100 
4 2 20 100 

Collector-to-Emitter Sustaining 
Voltage: VCEO(SUS)c 0.1 0 70 40 55 40 V 
With base open 

With external base-to-emitter VCER(suS)c 0.1 80 
resistance (R BE) = 100 n 50 65 50 V 

With base-emitter junction VCEV(SUS)c -1.5 0.1 90 60 75 60 V reverse biased 

4 3.5 1.7 

C 
4 3 1.5 

V Base-to-Emitter Voltage VBE 4 2.5 1.3 
4 2 1.1 

3.5 0.35 1 
Collector-to-Emitter VCE(sat)c 3 0.3 1 V 

saturation Voltage 2.5 0.25 1 
2 0.2 1 

Gain-Bandwidth Product fT 4 0.5 0.8 0.8 0.8 0.8 MHz 

-Sat. SWitching Time: 3.5 0.35° 5 
Turn-On (See Figs.l5 and 17) ton VCC = 30 3 0.3° 5 !,-s 

2.5 0.25° 5 
2 0.2 5 

3.5 0.3t 15 

Turn-Off (See Figs.15 and 17) toll VCC = 30 3 0.3 15 !,-s 
2.5 0.25b 15 
2 0.2 15 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T C' = 2ff'C Unless Otherwise Specified (Cont'd.) 

TEST CONDITIONS LIMITS 

DC 
Characteristic Symbol Voltage 

(V) 

VCE VSE 

Thermal Resistance: 
Junction·ta-Case eJ.C 
Junction·to-Ambient eJ-A 

a 181 value (turn·on base current). b 182 value (turn.off base current). 

COLLECTOR MILLIAMPERES (lei -100 

l';i 85 CASE TEMPERATURE (Te)" 2S·C 

~~ VCER (2N5496 e. 2N5497) 

~~ 80 

I IIII I IIII r--z> 75 
~l I IIII I IIII I ...... VCEO 
~~ 70 
~o VCER (2N5492 e. 2N5493) 
ffi~ 65 'I IIII I IIII 1-~15 60 
a"iii 1 UllllJl1 J ...... VCEO 
b ii: 55 

~ffi VCER (2N5494 e. 2N5495) 
Ir u 50 -. g> (2N5490 e. 2N5491l 

45 

1 LIII LUll ...... 8 40 
VCEO 

35 I IIII I IIII 
2 4 00 2 4 68 2 4 68 2 4 68 2 400 

~ ~ ~ ~ ~ 

BASE-IO-EMITTER RESISTANCE (RBEJ-OHM~2CS_14982RI 

Fig.l - Collector-to-emitter sustaining voltage charac. 
teristics for types 2N5490 through 2N5497 inclusive. 

25 50 15 100 125 150 115 

EFFECTIVE CASE TEMP. OR CASE TEMP. ClEFF OR TCl-OC ,,,.,.. 
Fig.3 _ Derating curve for types 2N5490 through 2N5497 

inclusive. 

DC 
Types Types Types Types 
2N5496 2N5494 2N5490 Units 2N5492 

Current (A) 2N5497 2N5495 2N5493 2N5491 

IC IS Min. Max. Min. Max. Min. Max. Min. Max. 

2.5 2.5 2.5 2.5 °CM 

70 70 70 70 oeM 

C Pulsed, pulse duration = 300 p.S, duty factor = .018. 

CASE TEMPERATURE (Tel- 25° C NORMALiZED P ~~ (CURVES MUST BE DERATED LINEARLY MULTlPLIE 

WITH INCREASE IN TEMPERATURE) PULSE OPERATION FOR ~gg 
.... 8 SINGLE NONREPE.TITIVE PUL ~J 

U Or-IC MAX (CONTINOUS' ~ 
8 

!j 4 
48 ~ DC 

~ i.:"..... .... 3 

~ 2 }"I01f~; t 2.' 
1.8 

~ 
I 

1.2 0 VCEO M -'tuV_ 
0 !2N5490,2N5491, I 

2N5494 .2N5495) 

8 4 I VCEO MAX ~ 55 v 
{2N5492,2N54931 

2 
I VeEO MAX-70V 

0.1 
t2N5496 2N54971 

2 4 0 8 2 4 
10 100 

COLLECTOR-TO-EMITTER VOL.TS WcEI 

92C5-15~79 

Fig.2 - Maximum operating areGS for types 2N5490 
through 2N5497 inclusive. 

COLLECTOR-To-EMITTER VOL.TS (VCE)o4 

120 I 

j v- .... 
/ '" 

i~'OO - - ".-

~ -!Y'/ 
,/ ~ ,,- \ 1-, ygBO 

01- 1// \~ ",< ,1\,\-<'" 
~~60 
~~ \~ 
~!40 \ ~.-
~t- ,~ 

20 '~ 
0 

2 4 00 2 4 GO aool 0;01 0.1 
2 4 00 2 4 00 

COLLECTOR AMPERES Uci 
92C5-14919 

10 

Fig_4 - Typical static beta characteristics for types 
2N5496 and 2N5497. 
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COLLECTOR-fO-EMITTER VOLTS (VCE)- 4 

'20 

!z_IOO 
...... .. ~ ./ '" .. ~ ~.C., , ,,-
~5 ao I--I--

I i'11 ~ ~ .'/.p-
:Ii" 1""--\ 
~ffi 60 

lc~~ fl~ 
'\. ~! 40 r-r- ~~~~ 

~ ... 
~ 

20 

0 
noDI 2 4 46'hO, 2: 4680.1 68, 4 

COLLECTOR AMPERES Uel 
92C5-14980 

Fig·.S • Typical static beta characteristics for types 
2HS494 and 2HS49S. 

BASE-lO-EMITTER VOLTAGE (VSE)-V 92:C5-14990 

Fig.7 • Reverse· bias, second·breakdown charac· 
teristics for types 2HS490 thr<>ugh 2HS497 inclusive. 

• 
COLLECTOR-~-EMITTER VOLTS (VCEI 92C5-14977 

Fig.9 - Typical <>utput characteristics for types 2NS494 
thr<>ugh 2HS497 inclusive. 
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COLLECTOR-fO-EMITTER VOLTS (VCE)-4 

.00 

t-

ffiEe° ... 
~= ~ i3Q If'/ ~y 
~:60 I--I--~t~· .~ ~ 
~ffi <,~~.p \ 
~i:; 

I--I--
c~~~~ 

!:! ~40 ~~"'~ 
~~ \ 

':'\ 20 , 
, 

0 
4 

0.001 
4 6' 

0.0. 
6 801 4 6 8 I 

COLLECTOR AMPERES (Iel 
92CS-14981 

Fig.6 - Typical static beta characteristics for types 
2HS490 through 2HS493 inclusive. 

COLLECTOR-fO-EMITTER VOLTS (VCE,-4 
CASE TEMPERATURE ITel -25-C 

i 2.' 
I I-+-L~ .. & ~ 2.2 .......-
t-

2 .......- """~ u I .• ZN~ I .......-ID f4'$. ~-
:J: 

I.' 

.~~~ I> 1.2 

~ I 
",9 9.,9 

! O.S 
~"4i " 

~" I 
OD ;Pot z 

~ 0.' 

0.2 
0 

4 6 , 
0.01 

2 4 6 , 
0.1 

2 4 • , 2 

COLLECTOR AMPERES IIel 
92CS-14983RI 

Fig.8 - Typical gain-bandwidth product for types 2HS490 
through 2HS497 inclusive . 

COLLECTOR-lO-EMITTER VOLTS (VCE) 92C5-14989 

Fig.l0 _ Typical output characteristics for types 2HS494 
and 2HS49S. 
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COl.LE,:rO.R-'·O-"Ml1rTER VOLTS (VeE) 

COLLECTOR-TO-EMITTER VOLTSCYCElo:4 

600 

500 

~ 
~ 400 

~ 300 

::i 
::E 200 
w 
~ .. 
In 100 

0.5 1 1.5 
BASE-TO-EMITTER VOLTS (VSE' 

9ZCS-14997 

Fig.11 • :Typical output characteristics 10r.Jypes 2N5490 Fig.12. Typical input characteristics lor types 2N5494 
through 2N5493 inclusive. through 2N5497 ·inclusive. 

600 

:; 
~300 
w 
~ 

~ 200 

'00 

o 

COLLECTOR-TO-EMITTER VOLTS (VCE).4 

0.5 l~ 

BASE-Ta-EMITTER VOLTS tYaE' 92CS-14985 

Fig.13 • Typical input· characteristics lor types 2N5490 
through 2N5493 inclusive. 

COLLECTOR-TO-EMITTER VOLTS (VCE I = 4 

1.5 

BASE-TO-EMITTER YOLTS (VSE' 

92CS-14986 

Fig.15· Typicaltranslercharacteristics lor types 2N5490 
through 2N5493 inclusive. 

COLLEcroR-TO-EMITTER VOLTS (v )"'4 

~ 
'" .. 
'" o 
~ 2 
::i 
8 

0.5 I 1.5 
BASE-TO-EMITTER VOLTS (VOE) 92C5-14987 

Fig.14. Typical trans/er characteristics lor types 2N5494 
through 2N5497 inclusive. 

BASE-TO-EMITTER VOLTS (VSE) 92CS-15377 

Fig.16 • Typical transler characteristics lor types 
2N5490 through 2N5497 inclusive. 
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+12V VCC=+30V 

-12V ·COMMON" 

"CHANNEL A" "CHANNEL aOl 

TO OSCILLOSCOPE TERMINALS 
TEKTRONIX 543A OR EQUIV. 

92CS -14993 R Z 

Fig.J.7 • Circuit userJ to measure switching times for 
types 2NS494 anrJ 2NS49S. 

COLLECTOR CURRENT tIel 

92CS-14991 

Fig.19 - Typical saturated switching characteristics for 
types 2NS494 anrJ 2NS49S. 
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----,.----____ --'-+_----,.-_ TIME 

I 
I INPUT WAVE FORM 
I 
I 
I 
I 

~a'---+-1- ]'.:~ __ TIME 

J---_-I-----'TURT~M~FF 

OUTPUT WA5o'F FORM 

F ig.18 • Osci I/oscope rJisplay for meas urement of switch ing 

times (test circuit shown in Fig.17). 

TERMINAL CONNECTIONS 
FOR TYPES 2N5490. 2N5492. 
2N5494. & 2N5496 

Terminal No.1-Base 

Terminal No.3-Emitter 

Terminal No.4-Collector 

TERMINAL CONNECTIONS 
FOR TYPES 2N5491. 2N5493. 
2N5495. & 2N5497 

Terminal No: 1-Base 

Terminal No. 2..collector 

Terminal No.3-Emitter 

Terminal Nc. 4-Collector 
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oornLlO 
Solid State 
Division 

Modified JEDEC TO-3 
(O.060·ln.-Dia. Pins) 

H·1811 

Power Transistors 

2N5575 2N5578 

High-Current, High-Power, 
Hometaxial-Base Silicon 
N-P-N Transistors 
For Linear and Switching Applications in 
Military, Commercial, and Industrial Equipment 
Features: 
II Maximum safe-area-of operation curves 

II ISIb-limit line beginning at 25 V 

II High-current capability 

a Low saturation voltage at high beta 

a High-dissipation capability 

a Low thermal resistance 

RCA-2N5575 and 2N5578° are high,current, high-power, 
hometaxial-base silicon n-p-n transistors. They differ in 
maximum voltage and current ratings. 

linear regulators, power-switching circuits, series- or shunt­
regulator driver and output stages, dc-ta-de converters, in­
verters, control circuits, and solenoid (hammer)/relay drivers. 

These power transistors are intended for a wide variety 
of high-current, high-power linear and switching applications 
such as low· to medium·frequency amplifiers, switching and 

The high-current capability (100·A peak) makes these types 
particularly suitable for circuit designs that now require 
several low·current types connected in parallel. 

o Formerly RC~ Dev. Nos. TA7016 and TA7017, respectively. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

'COLLECTOR-TO·BASE VOLTAGE ......................... . VCBO 
"COLLECTOR·TO·EMITTER VOLTAGE: 

With base open, sustaining ................................. VCEO(sus) 
With external base·to~mitter resistance 
(RBE)=10n&VBE=-1.5V ........................... . 

'EMITTER-TO-BASE VOLTAGE ............................ . 
"COLLECTOR CURRENT (Continuous) ...................... . 
"COLLECTOR CURREI'JT (Peak) ............................ . 
'BASE CURRENT (Continuous) ............................ . 
'TRANSISTOR DISSIPATION: ............................. . 

At case temperatures up to 25°C and VCE up to 25 V .......... . 
At case temperatures of 100°C and VCB of 25 V .............. . 
At case temperatures up to 25°C and VCE above 25 V .......... . 
At case temperatures above 25°C and VCE above 25 V ........... . 

"TEMPERATURE RANGE: 
Operating (Junction) ..............................•...... 
Storage .............................................. . 

'PIN TEMPERATURE (During Soldering): 
At distance;::: 1/32 in. (0.8 mm) from case for 10 s max. 

* In accordance with JEDEC registration data format JS-6 RDF-1. 

12-72 

2N5575 

70 

2N5578 

90 V 

50 

70 
8 
80 
100 
20 

70 

90 
8 

60 
80 
15 

300 300 
150 150 

See Fig. 1 
See Figs. 1 & 2 

-65 to 175 
-65 to 200 
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V 

V 
V 
A 
A 
A 

W 
W 
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ELECTRICAL CHARACTERISTICS. At Case Temperature (T C) ~ 2ff'C Unless Otherwise Specified 

TEST CONDITIONS 

Voltage Current 

CHARACTERISTIC SYMBOL Vdc Adc 

VCE V BE IC IB 

Collector Cutoff Current: 

With base-emitter ICEV 60 -1.5 
junction reverse' biased 80 -1.5 

With external base-emitter ICER 50 
resistance (R SE )=10 n 70 

With base-emitter ICEV 60 -1.5 

junction reverse-biased IT C=1500 C) 80 -1.5 

Emitter Cutoff Current lEBO -8 

Collector-ta-Emitter VIBR)CEO 0.2 0 

Breakdown Voltage 

DC Forward Current hFE 
a 3 40,) 

Transfer Ratio 4 60' 

Collector-to-E mitter 

Sustaining Voltage: VCEOlsus) 
(See Figs. 5 and 6) 

With base open 0.2 

With base-emltter 
junction reverse-biased, VCEXlsusl -1.5 0.2 

R BE =10 Sl 

Base-ta-Emitter Voltage V BE a 4 40' 

4 60' 

Co lIector-to-E m it ter VCElsatl a 40a 4 
Saturation Voltage 60a 6 

Base-ta-Emitter VSE{sat}a 40a 4 
Saturation Voltage 60a 6 

Output Cap~citance: IVCB ~ 10 VI Cob 

Input Capacitance Cib -0.5 0 

Magnitude of Common-

Emitter. Smail-Signal, 

Short-Circuit Forward I hfel 4 10 
Current Transfer 

Ratio If-O.2 MHz) 

Saturated Switching 40 4 
Time (Vee =: 30 V): 

Turn-on time tON 60 6 

Turn-off time tOFF 40 4 

60 6 

Forward-Bias 
Second-Breakdown 

ISlb 25 
Collector Current (t '" 1 5) 

apulsed; pulse duration S. 350 !..IS, duty factor=O.02. 

bCAUTION: The sustaining voltages VCEO(sus) and VCEX(sus) MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 5. 

*tn accordance with JEDEC registration data format JS-6 RDF-l. 
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LIMITS 

2N5575 2N5578 

Min. Max. Min. Max. 

- 10 - -
- - - 10 

- 10 - -
- - - 10 

- 20 - -
- - - 20 

- 10 - 10 

50 - 70 -

- - 10 40 

10 40 - -

SOb - 70b -

70b - 90b -

- - - 2.5 

- 3 - -

- - - 1.5 
- 2 - -

- - - 2.5 
- 3 - -

- 2000 - 2000 

_. 4000 - 4000 

2 - 2 -

- - - 10 

- 15 - -

- - - 10 

- 15 - -

12 - 12 -

UNITS 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

V 

V 

pF 

pF 

~s 

A 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T d = 2f1JC Unless Otherwise Specified (Cant'd.) 

TEST CONDITIONS LIMITS 

Voltage. Current 
CHARACTE R ISTIC SYMBOL V de Ade 2N5575 2N5578 UNITS 

VCE V BE 'C IS Min', Max. Min. Max. 

Second Breakdown 
Energy ! With base 
reverse-biased, 
R BE=10 n. L=33 mHI 

Thermal Resistance: 
(Junction-to-Case) 

'" o .. 
:;l • 
::l 
8 

ES/b 
-1.5 7 

ROJC 

0.8 - 0.8 - J 

- 0.5 - 0.5 °CIW 

10 

COLlECTOR·TO~ENITTER YOLTS evCE ) 
92CS-I5085R2 

Fig. I-Maximum operating areas for both types. 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION 
LIMITED PORTION OF MAXIMUM-OPERATING­
AREA CURVES {FIGS 1,4100 NOT DERATE 

1~u~;:gc6~IEgo~~~uu~~sF10R Ie MAX. 

25 50 75 100 125 150 175, 
CASE TEMPERATURE !Tel-oC 

92C$-LS066R2 

Fig. 2-Dissipation derating curves for both types. 

CASE TEMPERATURE (Tel" 25°C '" C; 

g~ I II 
~~ 8s>--J-.---jC--+++-+-+-H+C--+-H-H-+-+-++i 
~ ~ 80I-V..:C:::E~R:..( .. SU_S"'I±+-+__+__I__II_l_I_l_-H-+i-_l_---+-++i 
~g 75>--J-.~-l-++t---~~~~~24N-5_5+7-B_++~-+-+~ 
a::;'; t-- VCEO(sus) 
~~ 701-----l--j-l-++-+__+__I__I_l_-=t:=H+I-=F:.,.--r+-i 
"", 
~~651----J-.--I-l--H-+__+-H-~-+-H-H-+---+-++i 

VeER (sus) 
Z~ 6o~~~~d+-·~+-H_l__l_-H-+i-+---+-++i 
0," t--j--.... 1,.r2N5575 I: r ::I-----l--j-+++-+__+4H+-J.+!I......::t"''''~l-~i., rl-Hi'· _. V-,C:;E:.:O:...(;-SU_Srll ti 

10 2. 468 1022 468103 2. 468 10 4 2 46810 5 

EXTERNAL BASE-lO-EMITTER RESISTANCE IRBEJ-n 
92CS-ISQ1IR2 

Fig. 3-Collector-to-emitter sustaining voltage 
characteristics for both types. 
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234 

10 6 8100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)--V 

92CS'20919 

Fig. 4-Maximum operating areas for both types. 

Tn 

v 
. COLLECTOR-lO-EMITTER VOLTS (VCE) 

SUSTAINING 
VOLTAGE 

92C$-15088 

Fig. 5-Circuit used to measure sustaining 
voltages VCEO(SUS) and VCEX(sus) 

for both types. 

NOTE: 

The sustaining Voltage VCEO(SUS)' 

or VCEX(sus) is acceptable when 

the trace falls to the right and 
above point "A", (For values of 
current 'and voltage, see Electrical 
Chars(:reristics.) 

Fig. 6-0sciIJoscope display for measure­
ment of sustaining voltages (rest 

circuit shown in Fig. 5). 

TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 
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CASE TEMPERATURE (TC)"25°C 
BASE SERIES RESISTANCE (Rei" 10 n 
INDUCTANCE ILl- 10 mH 

-7 

T~PICAL 
INlhlUhI 

-6-5-4-32 
BASE-TO-EMITTER VOLTS (VeE) 

25 

20 

15 

10 

-I 

92CS-15067RI 

Fig. 7-Reverse-bias second-breakdown 
characteristics for both types. 

COLLECTOR-TO-EMITTER VOLTS tVCE) "4 

0.01 2 4 6 80.1 2 4 6 B I 4 6 S 10 2 4 6 Bloa 

COLLECTOR AMPERES tICI 

Fig. 9-Typical de beta characteristics for 
type 2N5578. 

COL.LECTOR-TO-EMITTER VOLTS (VCE) 

92CS-15074F11 

92CS-1506BRI 

Fig. 11-Typical output characteristics 
for type 2N5578. 

~ 
COLLECTOR-TO-EMITTER VOLTS {VCEI:04 

'" I Q 
160 

~ I /-r-. ; 140 

:c. 
120 
-~( I-

~ 100 4. 'I>~~ ~ '\, 
'5 eo --, ",~~t~~ ~ 
't \ 

I :: C'i-r::,f(,('i,.C' oc. I. ~~~ 
.....r.:: ,<,<' ~ 

" 20 41 II ,~ 
c I I a 

0.01 2 
4 " 0.1 2 4 , , 2 

4 " 
2 

4 " 10 100 

COLLECTOR AMPERES (Iel 

Fig. 8-Typical de beta characteristics 
for type 2N5575. 

92CS-15073RJ 

20 

100a , 
4 

2 

d' ., 10, 

w 
, 

~ 
4 

2 

" .. 
I, 

'" 0 , 
t; 4 

~ 2 

:3 O.l~ 
4 

2 

0.01 

I .45 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92CS-1506SRI 

Fig. 10-Typlca/ output characteristics 
for type 2N5575. 

COLLECTOR-TO-EMITTER VOLTS (VCE I=4 

~ 

~~ -
~ , 

EoP 
SA ~w '15 

"'0 

~ 
.., 
"'., w., 

t1~.! t]; 0 

~ f:fF!:: ,u I 
II I: I 

0.5 1.5 2.5 3.5 

BASE-TO-EMITTER VOLTS lVSEI 

Fig. 12-TypicaJ transfer characteristics 
for type 2N5575. 

4.5 

92CS-IS072RI 
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100a . 
4 

2 

:? 
" 

IO~ 

'" oo 4 

'" .. 2 

~ 
" :5 • 

t 4 

~ 2 

8: O.la . 
4 

2 
0.01 

60 

~ 50 

" '" ~ 40 

" .. 
oo 30 

~ ~ 20 
8 

10 

~ffi 
"'oo 

COLLECTOR-lO-EMITTER VOLTS (VCE)*4 

-- -
I I#'" 
I ' 

~." 
r--~f!r 
~ !9~ -

~H . "', ., 1---

'" kJf-O .,-
if 

I 

II : 
0.5 I 1.5 2.5 3.5 

BASE-TO-EMITTER VOLTS WeEI 

4.5 

92CS-15070RI 

Fig. 13-Typical transfer characteristics 
for type 2N5578. 

DC BETA (hFE)" 10 

0.5 I 1.5 2 

COLLECTOR-TO-EMITTER SATURATION VOLTS [VCE(satl] 

92CS-15062RI 

Fig. 15-Typical saturation voltage 
characteristics for type 2N5578. 

'b--IB2 INPUT WAVE FORM 

Ti 
I 
I 
I 
I 

~ON81~ION±=i 
-------1-- - -90% 

~a'--__ +-1 

I 
I 
I 
I 

_10% TIME 
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TURN-OFF 
I----+--' TIME 

OUTPUT WAVE FORM 

Fig. 17-0scilloscope display (0; measure­
ment of switching times (test 
circuit shown in Fig. 16). 

DC BETA (hFE)=IO 

u 
!:! 
ffl 
~ 100 

~ 

r s 

8 50 

25 

a 0.5 I 1.5 2 
COLLECTOR-TO-EMITTER SATURATION VOLTS [VeEtsatl] 

Fig. 14-Typical saturation voltage 
characteristics for type 2N5575. 

INPUT FROM 
PULSE GENERATOR 

PULSE DURAT'ON=100 poS 2 
PULSE REP. FREQ,aIOO Hz 

INTERCONTINENTAL 
INSTRUMENTS INC. 

MODEL PG-31,OR EQUIV. 

o~~tl->-~-----f~{ 
-4V---1 L 

+12V 

-12V 

92CS-150S3RI 

VCC=+30V 

NOTE I: VARY Re a RC FOR 
DESIRED Ie a IC 
IBI"-Ie2t Ic/la 

TO OSCILLOSCOPE TERMINALS: 
"COMMON M 

"CHANNEL A" MCHANNEL ft' 
(TEKTRONIX 543A,OR EQUIVJ 

92CS-1508SRI 

Fig. 16-Circuit used to measure switch­
ing times for both types. 

COLLECTOR AMPERES (Ic) 

Fig. 18-Typical saturated switching 
characteristics for both types. 

92CS-15075 
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OO(]5LJD 
Solid State 
Division 

RCA Types 2N5671 and 2N5672~ are epitaxial silicon 
n·p-n transistors having high current and high power 
handling capability and fast switching speed. The 
2N5672 is similar to the 2N5671 except that it has high­
er voltage ratings and lower leakage currents. These 
devices are especially suitable for switching·cantral 
amplifiers, power gates, switching regulators, power­
switching circuits, converters, inverters, control circuits. 
Other recommended applications included DC-RF amp­
lifiers and power oscillators. 

"Formerly Dev. Types TA7323 and TA7323A, respectively 

MAXIMUM RATINGS. Absolute-Maximum Values: 

* COLLECTOR-TD-BASE 2N5671 2N5672 
VOLTAGE, VCBO •••••••••••••••• 120 150 V 

COLLECTOR-TD-EMITTER SUSTAINING 
VOLTAGE: 

With baBe open, V CEO(BUB). • • • • • • •• 90 120 V 
With external base-tc:remitter resistance 

(RBE) ~ 50 n, V CER(BUB) • • • • • • •• 110 140 V 
With external.base-tc:remitter resistance 

(RBE) 650 n & VBE = -1.5, VCEX(BUB) 120 150 V 

*EMITTER-TD-BASE VOLTAGE,VEBO • •• 7 7 V 

*COLLECTOR CURRENT, IC •••••••••. 30 30 A 

*BASE CURRENT, lB' • • • • • • •• • •• • •• 10 10 A 

*TRANSISTOR DISSIPATION, PT : 

At"case temperatures up to 25° C 
and VCE up to 24 V •••••••• • • • •• 140 140 W 

At case temperatures up· to 25° C 
and V CE above 24 V • • • • • • • • • • • •• See Fig. 2. 

At case temperatures above 25° C 
and VCE above 24 V • • • • • • • • • • • •• See Figs.l&2. 

*TEMPERATURE RANGE: 

Storage & Operating (Junction) •••••• -65 to +200 aC 
*PIN TEMPERATURE (During Soldering) 

At distances ~ 1/32 in. from seating 
plane for 10 8 max •••••••••••••• 230 

*In accordance with JEDEC registration data format (JS-6, RFD-l) 

3·69 

Power Transistors 
2N5671 
2N5672 

SILICON N-P-N POWER 
TRANSISTORS 
High·Current, High·Speed 
High·Power Types 
For Switching and 

H-1570 

Amplifier Applications in Milftary, Industrial, 
and Commercial Equipment 

Features 

• Maximum Safe-Area-of·Operation Curves •.• 
ISlb limit line beginning at 24 V 

• Fast Turn-On Time ••• ton = 0.5115 max. at IC= 15A 

• High-Current Capability ••• 
hFE• VCE(sat), VBE(sat). & VBE measured at IC= 15A 

• Low V CE(sat) = 0.75 V max. 

• High PT = 140W max. at TC = 25°C 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION·L1MITED PORTION AND ISfb--LIMITED 
PORTION OF MAXIMUM.QPERATING-AREA CURVES (FIG. I). 
DO NOT DERATE THE SPECIFIED VALUE FOR IC MAX •. 

" 50 75 100 125 150 115 lOG 

EFFECTIVE CASE TEMP. OR CASE T~P. (TEFF OR Tcl-oC 91SS-3639R1 

Fig. 1 - Dissipation derating curves for types 

2N5671 & 2N5672 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tci = 2SoC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC DC 
Type Type 

CHARACTERISTIC SYMBOL Voltage Current UNITS 
(V) (A) 

2N5671 2N5672 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICED - 80 - - 0 - 10 - 10 mA 

ICEV - 110 -1.5 - - - 12 - - mA 
Colleclor'Culoff Currenl 

ICEV J35 -1.5 - - - - - 10 mA 
- 100 -1.5 - - - 15 - 10 mA 

(TC=I50° C) 

Emitter-Culoff Current lEBO - - -7 0 - - 10 - 10 mA 

Collector-tn-Emitter 
Sustaining Voltage: VCEO(SUS) - - - 0.2 0 90 0 - 1200 - V 
(See Figs. 3.4, & 5) 
With base open 
With external base-to-emitter VCER(SUS) - - - 0.2 0 lIOa - 1400 - V 

resistance (RBE) .r50 0 
With base-emitter 

junctioo reverse biased VCEX(SUS) - - -1.5 0.2 - 120a - 1500 - V 
&RBE.r50O 

Base~to-Emitter Saturation Voltage VBE(sat) - - - 15 1.2 - 1.5 - 1.5 V 

Base-ta-Emitter Voltage VBE - 5 - 15 - - 1.6 - 1.6 V 

Collector-ta-Emitter 
VCE(sat) 15 1.2 0.75 0.75 V Saturation Voltage - - - - -

DC Forward-Current 
hFE 

- 2 - 15 - 20 100 20 100 
Transfer Ratio - 5 - 20 - 20 - 20 -

Second-Breakdown 
24 5.Bc 5.Bc A Collector Current C IS/bb - - - - - -

With base forward biased - 45 - - - O.ge - O.ge - A 

Second-Breakdown Energy 
With base reverse biased 

ES/bd - - -4 15 - 20 - 20 - mJ 
RBE = 200, L = 1BO /-LH 

Gain-Bandwidth Product fT - 10 - 2 - 50 - 50 - MHz 

Output CapaCitance (At 1 MHz,1 E= 0) Cob 10 - - - - - 900 - 900 pF 

Saturated SWitching Turn-On Time VCC= 
IB1= 

ton - - 15 IB2= - 0.5 - 0.5 f-LS (Delay Time + Rise Time) 30 V 
1.2 

Saturated SWitching ts VCC= IB1= 
1.5 - - 15 - - 1.5 f-LS 

Storage Time 30 V. IB2= 
1.2 
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ELECTRICAL CHARACTERISTICS, Case Temperature (TCI = 2ff'C Unless Otherwise Specified (Cont'd.1 

* 

TEST CONDITIONS LIMITS 

DC DC 
Type Type 

CHARACTERISTIC SYMBOL Voltage Current 
(V) (A) 

2N5671 2N5672 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Saturated Switching tf VCC= IB1= 
- - 15 

30 V IB2= Fall Time 
1.2 

Thermal Resistance 
eJ-C (Junction-ta-Case) - 40 - 0.5 -

BPulsed; pulse duration::; 350 ,us, duty factOf"'O,02. 

bCAUTION: The sustaining voltages VCEO(sus) and VCEX(susl MUST NOT be measured on a curve tracer. 

These sustaining voltages should be measured by means of the test circuit shown in Fig. 5, 

- 0.5 

- 1.25 

c1S/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction 
forward-biased for transistor operation in the active region. 

dPulsed; 1-s, non-repetitive pulse. 

eES/b is defined as the energy at which second breakdown occurs under specified reverse-bias conditions. ES/b""1/2U2 

where L is a series load or leakage inductance and I is the peak collector current. 
*In accordance with JEDEC registration data format JS-6 RDF-1. 

- 0.5 

- 1.25 

100 
B 

CASE TEMPERATURE (TC)'25°C I 
(FOR TC ABOVE 25°, DERATE 4INEARLY) 

6~--,-----r-_r_r_r----.-----~_+_4_+----4_----~-t-+~ 

4 

30 

2 

10 

.!j B 

<Jl 6 w 
tr 
W 
Il. 

4 ::; 

'" 
tr 
0 .... 

2 u 
W 
..J 
..J 
0 
u 

I 
B 

6 

4 

2 

0·1 

ICMAX. (CONTINUOUS) 

1\ \ 
\ 
'l\ 
1\ 

VCEO MAX.' 90 V I i l\ -r (2N 5671l -H 

!--VCEO MAX.'120 V 
(2N5672) 

B 10 4 6 B 100 4 6 B 1000 

COLLECTOR-TO- EMITTER VOLTS (VCE) 92CS-15650 

Fig.2 - Maximum operating areas for types 2N5671 & 2N5672 

UNITS 

f1S 

°C/W 

239 



2N5671, 2N5672 ________________________ File No. 383 

CHANNEL A 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL No.130B, 
DR EQUIVALENT 

~--1--o 

L = lS",H (VCEo!sul & VCER(sul 

L. ,. 2",H (VCEX(susl 

NOTE: ReiII)' vibrpte, 60 limes per secQlld. 

COMMON 

92CS·IS221RI 

Fig. 3 .. Circuit used to measure sustaining voltages 
V CEO(sus), V CER(sus), & V CEX(sus) for types 

2N567J & 2N5672 

CASE TEMPERATURE ITc J" 25·C 

.. VCER(SUS) 
z '40 

~I z r--.... ;; ... .., 
"'z ,~ 
~~ 130 
",> 1'-",I r--.... VCEQ(sus) ..... 
!:j120 

'" 1 '1'", 
~~ 
J:W- IIO 

~ 0 .. ..... 
~ ~!:; 

jg 100 .', 
8 1'-

90 I'-
10 4 6 8 100 4 6 8 1K 4 6 SIOK 

EXTERNAL BASE-TO-EMITTER RESISTANCE (R BE )92~s-3eo9RI 

Fig. 5 - Collector-to_emitter sustaining voltage 
characteristics for types 2N5671 & 2N5672 

COLLECTOR-TO-EMITTER VOLTS (VCE)-3 

240 I I 

0.0' 4680.1 468, 

COLLECTOR AMPERES tIC) 
92CS-I2445'U 

Fig. 7 - Typical DC beta characteristics for types 
2N5671.& 2N5672 

240 

Ie IC 
VeEO (sus) 

1 

VCE 0 

COLLECTOR-TO-EMITTER VOLTS 
92CS-15224 

NOTE: The suslaining Vollages VCEO(SUs), VCER(sus) or, VCEX(sus) 

are acceptable when the trace falls to the right and above point "Au. 

(For values of current and voltage, see Electrical Characteristics.) 

Fig. 4 - Oscilloscope display for measurement of 
sustaining voltages for types 2N567J & 2N5672 

(Test circuit shown in Fig. 3.) 

BASE-To-EMITTER VOLTS (VeE) 92CS-12438 

Fig. 6 - Typical input char~cteristics for types 
2N567J & 2N5672 

Fig. B - Typical output characteristics for types 
2N567J & 2N5672 



File No. 383 ______________ ---,,..-________ 2N5671, 2N5672 

Fig. - 9 Typical transfer characteristics for types 
2N5671 & 2N5672 

~ 

u 

~ 

or 
w 
"-
~ 
or 
a 

~ . .. 
w 
"-

CASE TEMPERATURE tTcl-2S"C 
SERIES BASE RESISTANCE IRBI~20.n 

20,\\ 

15 "\ 

10 

5 

100 

~~ \~ 
-..",,~~ 1\ 
~ <~ ~o(~ "'0 
~. ~'O '" 0- ee/~ I \> 

~ ~ 
6 8 1000 

INDUCTANCE"U .. ..!,,. H 

6 • 

92CS-\'653 

Fig. 71 - Maximum reverse-bias, second.breakdown 

characteristics for types 2N5671 & 2N5672 

100 CASE TEMPERATURE ITC);2S"C 
6 BASE-SuPPLY VOLTS lVBS'--4 

0.1 

20 40 60 80 100 120 
SERIES BASE RESISTANCE fRal-n 

9 2CS~ 1565' 

Fig. 10 - Maximum reverse-bias, second.breakdown 
characteristics for types 2N5671 & 2N5672 

COLLECTOR SUPPLY VOLTS {VCC);3C 
Ie; 12.518,.-12.5182 

1,4 

1.2 "" I'-.. 
~ I ~ 
0 

"" z a 
""-i;l D.B i'l 

l'i 
::E 0.6 
I -w '--.!. 
~ 0.4 
~ ;:: 

'C~ -'"=-0.2 -= 1, 
0 

2 5 6 7 8 9 10 

COLLECTOR AMPERES (Ie) 
92CS-12429R2 

Fig. 12· Typical saturated switching characteristics for 
types 2N567J & 2N5672 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 
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oornLJO 
Solid State 
Division 

Power Transistors 
2N5781 2N5782 2N5783 
2N5784 2N5785 2N5786 

m 
,Silicon N-P-N and P-N-P Epitaxial-Base 
Complementary-Symmetry Transistors 
General·Purpose Types for Switching and 
Linear-Amplifier Applications 

Features: 

• Low saturation voltages 

2N5781 L 
2N5782L 
2N5783L 
2N5784L 
2N5785L 
2N5786L 

2N5781S 
2N5782S 
2N6783S 
2N5784S 
2N5785S 
2N5786S 

• Maximum safe-area-of..gperation curves 

These devices are availabl. with eith'r 1%­
inch leads (TO-5 package) or %·inch leads 
(TO-39 package). Thelonger-lead versions are 
specified by suffix OIL" after the type num­
ber: the shorter.lead versions are spacified by 
suffi x "S" after the type number. 

JEDECTO.s JEDEC To-39 • Hermetically sealed package 

H·I380 H-I381 
• High gain at high current 

• High breakdown voltages 

RCA-2N5781, 2N5782, and 2N5783 are epitaxial-base silicon 
p-n-p transistors - - complements of the hometaxial-base silicon 
n-p-n types 2N5784, 2N5785, and 2N57s6,- respectively. 

These transistors are intended for medium-power switching and 
complementary-symmetry audio amplifier applications. 

The three types in each family differ primarily in voltage ratings 
and saturation characteristics. 

• Formerly RCA Oev. Types TA7270. TA7271. TA7272. TA7289, 
TA7290, and TA7291 respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE. , •.• , . ; . , , . ',' •..•..•. , V CBO 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

* With external base-to-emitter 
resistance (RBE) C 100 n ............................ . 
With base open . .................................... . 

*EMITTER-TO-BASE VOLTAGE., ....•..... ,"', •. , ..•.. , 

'CONTINUOUS COLLECTOR CURRENT., •... , •.•...•..... 

'CONTINUOUS BASE CURRENT ....................... .. 

'TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C .. ..... '" ............. . 

At ambient temperatures up to 25°C ................... . 

At case temperatures above 25°C ........... Derate linearly 

At ambient temperatures above 25°C .. ..... .. Derate linearl~ 
'TEMPERATURE RANGE: 

Storage and operating (Junction) ... ............ ' ........ . 

*LEAD TEMPERATURE (During soldering): 

At distance ~ 1/32 in. (0.8 mm) from seating plane 
for 10 s max. . ................................ . 

*In accordance with JEDEC registration data format"JS-6 RDF-2. 
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VCERlsus) 

VCEO(sus) 

VEBO 

IC 

IB 
PT 

P·N.p 2N5781+ 2N5782+ 2N5783+ 

N-P-N 2N5784 2N5785 2N5786 

80 65 45 V 

80 65 45 V 

65 &0 40 V 

5 5 3.5 V 

3,5 3.5 3.5 A 

A 

10 10 10 W 

W 

0.057 wt C, or see Fig. 7. 
0.0057 Wt"C 

----65 '0+200 --- ·C 

230 ·C 

.for p·n-p Qevices, voltage and current values are negative. 

,4-74 
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File No. 413 _~ --______________________ 2N5781-2N5786. 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C unless otherwise specified 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 

Collector Cutoff Current: 
With external base·to-emitter 65 
resistance (RBE) = 100 n ICER 

At TC = 150°C 65 

With base·emitter junction reverse· 
biased arid external base·to·emitter -75 1.5 
resistance (RBE) = 100 n 75 -1.5 

AtTC= 1SOOC 
ICEX -75 1.5 

75 -1.5 

With base open ICEO 60 

Emitter Cutoff Current lEBO -5 

DC Forward·Current Transfer 2 
Ratio hFE 2 

Coliector·to·Emitter Sustaining 
Voltage (see Figs, 2 and 3): VCEO(sus) 

With base open 

With external base·to-emitter 
VCER(sus) resistance (RBE) = 100 n 

Base·to·Emitter Voltage VBE 2 

Coliector·to·Emitter Saturation 

: IVoltage (measured 0.25 in VCE(sat) 
(6.35 mm) from case)C 

Magnitude of Common·Emitter, 
Small·Signal, Short·Circuit, 
Forward·Current Transfer Ratiod Ihfel 

f=4 MHz -2 

f = 200 kHz 2 

Common·Emitter, Small·Signal, 
Short-Circuit, Forward-Current hfe 2 
Transfer Ratio (f = 1 kHz) 

Saturated Switching Time (V CC = 

30 V, IBI = IB2): tON 
Turn·on (td + tr) 

Turn·off 
(ts + tf) tOFF 

Thermal Resistance: 
ROJC Junction-to-case 

Junction·to·ambient ROJA 

.. In accordance with JEDEC registration data format JS·6 RDF-2. 

a Pulsed, pulse duration = 300 /.Is, duty factor = 1.B% 

CURRENT 2N5781 2N5784 UNITS 
Adc p·n·p n·p·n 

IC IB Min. Max. Min. Max. 

- -10 - 10 JlA 

- -1 - 1 mA 

- -10 - - JlA 
- - - 10 

- -1 - -
rnA - - - 1 

0: - -100 - 100 JlA 

0 - -10 - 10 JlA 

l a 20 100 20 100 
3.2a 4 - 4 -

O.la 0 -65b - 65b -
V 

O.la _BOb - BOb -

l a - -1.5 - 1.5 V 

l a 0.1 - -0.5 - 0.5 V 

-0.1 2 15 - -
0.1 5 20 

0.1 25 - 25 -

-1 -0.1 - 0.5 - -
1 0.1 - - - 5 

/.Is 
-1 -0.1 - 2.5 - -

1 0.1 - - - 15 

- 17.5 - 17.5 

°CJW 
- 175 - 175 

• For p-n·p devices, voltage and current values are 
negative. 

C Lead resistance is critical in this test. 
b CAUTION: Sustaining voltages VCEO(sus), and VCER(sus) 

MUST NOT be measured on a curve tracer. d Measured at a frequency where I hfe I is decreasing 
at approximately 6 dB per octave. 
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ELECTRICAL CHARACTERISTIcS, At Case Temperature (T cJ = 25"C unless otherwise specified 

TEST CONDITIONs+ LIMITS 

CHA.RACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 
Collector Cutoff Current: 

With external base-to-emitter 50 
resistance (RBE) = 100 n ICER 

At TC = 150°C 50 

With base-emitter junction reverse-
biased and external base-to-emitter -60 1.5 
resistance (RBE) = 100 n 60 -1.5 

ICEX 

AtTC= 150°C 
-60 1.5 

60 -1.5 

With base open ICEO 35 

Emitter Cutoff Current lEBO -5 

DC Forward-Current Trqnsfer 
hFE 

2 
Ratio 2 

Collector'to'1:mitt~r Sustaining 
Voltage (see Figs. 2,a.nd 3): ,VCEO(sUS 

, With base open 

With extemalbase-tD'l!mitter . -.. 
resistance (RBE) =';00 n ' .iVCER(sUS 

aase-to-Emit~er·Voltage VBE 2 

Collectcrito-Emitter' Saturation 
Voltage (measured 0.25 in VCE(sat) 
(S.35 mm) from case)C 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, . 
Forward-Current Transfer Ratiod Ihfel 

f = 4 MHz -2 

f = 200 kHz 2 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe 2 
Transfer Ratio (f = 1 kHz) 

Saturated Switching Time (VCC = 
30 V, IBl = IB2): 
Turn-on tON 

(td +tr) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
ROJC Junction-to-case 

Junction-to-ambient ROJA 

.. In accordance with JEDEC registration data format JS-S RDF-2. 

a Pulsed, pulse duration = 300 /lS, duty factor = 1.8%. 

bCAUTION: Sustaining voltages VCEO(sus), and VCER(sus) 
MUST NOT be measured on a curve tracer. 
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CURRENT 2N5782 2N5785 UNITS 
Adc p-n-p n-p-n 

IC IS Min. Max. Min. Max. 

- -10 - 10 /lA 

- -1 - 1 mA 

- -10 - - /lA 
- - - 10 

- -1 - -
mA - - - 1 

0 - -100 - 100 /lA 

0 
_. 

-10 - 10 /lA 

1.2a 20 100 20 100 
3.28 4 - 4 -

0.18 0 _50b - 50b -
V 

O.la ":S5b - 65b -
1.2B - "':"L5 . - '1.5 V 

_1.2a 0.12 - -0.75 - 0.75 V 
3.~ 0:8' -~- -2 - 2 

-0.1 2 15 - -
0.1 - - 5 20 

0.1 25 - 25 -

-1 -0.1 - 0.5 - -
1 0.1 - - - 5 

/ls 
-1 -0.1 - 2.5 - -

1 0.1 - - - 15 

17 .. 5 - 17.5 °C/W 

- 175 - 175 

• For p·n-p devices, voltage and current values are 
negative. 

c Lead resistance is critical in this test. 

d Measured at a frequency where Ihfel is decreasing 
at approximately S dB per octave. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2tJC unless otherwise specified 

"TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 

Collector Cutoff Current: 
With external base-to-emitter 40 
resistance (RBE) = 100 n leER 

AtTC= 150°C 40. 

With base-emitter junction reverse-
biased and external base-ta-emitter -45 1.5 
resistance (RBE) = 100 n 45 -1.5 

ICEX 
-45 1.5 

At TC = 150°C 
45 -1.5 

With base open ICEO 25 

Emitter Cutoff Current lEBO --:3.5 

DC Forward-Current Transfer 
hFE 2 

Ratio 2 

Collector-to-Emitter Sustaining 
Voltage (see Figs. 2 and 3): VCEO(sus) 
With base open 

With external base-ta-emitter 
VCER(sus) resistance (RBE) = 100 n 

Base-to-Emitter Voltage VBE 2 

Collector-to-Emitter 
Saturation Voltage (measured VCE(sat) 
0.25 in (6.35 mm) from case)C 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current. Transfer Ratiod Ihfel 

f = 4 MHz -2 

f = 200 kHz 2 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe 2 
Transfer Ratio (f = 1 kHz) 

Saturated Switching Time (VCC = 
30 V, IBI = IB2): 
Turn-on tON 

(td+tr) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
Junction-ta-case ROJC 

Junction-ta-ambient ROJA 

• In accordance with JEDEC registration data format JS-6 RDF-2. 

a Pulsed, pulse duration = 300/J.s, duty factor = 1.8%. 

b CAUTION: Sustaining volrages VCEO(susJ, and VCER(sus) 
MUST NOT be measured on a curve tracer. 

CURRENT 2N5783 2N5786 UNITS 
Adc p-n-p n-p-n 

IC IB Min. Max. Min. Max. 

- -10 - 10 /J.A 

- -1 - 1 rnA 

- -10 - -
/J.A - - - 10 

- -1 - -
rnA 

- - - 1 

0 - -100 - 100 /J.A 

0 - -10 - 10 /J.A 

1.6a 20 100 20 100 
3.2a 4 - 4 -

O.la 0 -40b - 40b -
V 

O.la -45b - 45b -

1.6a - -1.5 - 1.5 V 

1.63 0.16 - -1 - 1 V 
3.2a 0.8 - -2 - 2 

-0.1 2 15 - -
0.1 - - 5 20 

0.1 25 - 25 -

-1 -0.1 - 0.5 - -
1 0.1 - - - 5 /J.s 

-1 -0.1 - 2.5 - -
1 0.1 - - - 15 

17.5 - 17.5 °C(W 

- 175 - 175 

• For p-n-p devices, voltage and current values are negative. 
C'tead resistance is critical in this test. 

d Measured at a frequency where Ihfe I is decreasing at 
approximately 6 dB per octave. 
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1200 

'W 

6'3v]:---~--1 
60H. I I 

, I 
L _____ oJ 

CHOPPER TYPE 
MERCURY RELAY 
P& 8JML81308, 
CLARE 1028. OR 
EQUIVALENT 

CASE TEMPERATURE (T C 1 = 25°C 

(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE 1 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

9ZCS-Z3943 

Fig. 1 - Maximum operating areas for types 2N5781, 2N5782, and 2N5783. 

+ Vee· TO 12V 

+-----0 VERT. 

OSCILLOSCOPE 

+-----0 GND. ~:~LTETT.PACKARD 
MODEL No. no B, 
OR EQUIVALENT 

'--t--<> HORIZ. 

-Vee'" 

VCERlsus) 

~ 

z Ic ~VCEO(,",l a 
o ABC 

~ 100 

8 0 40 50 65 VeE 

ICbff VCER(S~5) 

, • C 
'00 

o 4S 6580 VeE 

COLLECTOR.lO·EMITTER VOL TAGE (VeE)· _ v 

·FOR T'fPES 2N5781, 2N5782. AND 2N5783. THE 
VALUES FOR Ie AND VeE A~E NEGATIVE. 

The sustaining ,oltoges VCEO(sus) and VCER(sus) are 
acceptable when the trace foils to the right and above 
point" A" (2N5783 & 2N5786), "B" (2N5782 & 2N5785), 
or "C" (2N5781 & 2N5784). . 

'" FOR P.N-P TYPES 2M5781, 2N5782, & 2M5783, 
REVERSE POLARITY OF Vee-

92SS·3B62R2 

Fig. 2 - Circuit used to measure sustaining voltages V CEO(susJ 
and V CER(susJ. 
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Fig. 3 - Oscilloscope displav for measurement of sustaining voltages. 
(Test circuit shown in Fig. 2J. 
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« 
I 

"0 
!j 
I­
Z 

'" 0:: 
0:: a 
0:: 

g 
..J 

8 

CASE TEMPERATURE (TC) = 25°C 
8 (CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) 

4 6 8 
COLLECTOR-TO-EMITTER VOLTAGE (VCE) -V 

92CS-23944 

Fig. 4 - Maximum operating areas for types 2N5784. 2N5785, and 2N5786. 

INPUT: 
HEWL.ETT-PACKARQ 
MODEL. No. 214A OR 

EQUIVAL.ENT 

INPUT F'ROM 
PULSE GENERATOR 

(PUL.SE DURATION-
20p.ljREP. RATE~ 

2kHz) 

"ADJUST Ra FOR la2 AND Re FOR Ie 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.S43A OR 
EQUIVALENT 

2NS781 tilt 

I 2N578Z u 
2N5783 •• 

'Ial AND la2 ~~~~u~g ;~~~ W4K!:~~:~I~~~~~NETC~f~:LEENT 
**For N-P-N types 2N5784, 2N5785, & 2N5786, reverse direction of 

ISl and IS2 and reverse polarity of VBS and Vee. 
92CS-15618RI 

Fig. 5 - Circuit used to measure saturated switching times. 

92CS-15619 

Fig. 6 - Oscilloscope display for measurement of switching times. 
(Test circuit shown in Fig. 5) .. 
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so 

N TE: CURRENT 0 RAT HG AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION­
LIMITED PORTION AtlD 'SIb-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES (FIGS. I 
& 2). DO NOT DERATE THE SPECIFIED VALUES 
FOR Ie MAX. (CONTINUOUS). 

1S/&·i.IAl/1CD 

~~p 
"'1"0+: 

'(j"'ll'~b 

100 150 !DO 

EFFECTIVE CASE TEMPERATURE OR CASE TEMPERATURE (TEFF) OR ITcl- oc 
nSSo3861R2 

Fig. 7 - Dissipation derating curve for a/l types. 

CASE TEMPERATURE (TC) " 2S0 C 
IBI '" -182" D.lle 

1.0 1.5 

COLLECTOR CURRENT (Ie> - A 

Fig. 8. Typical saturateel switching charac.feristics for 
types 2N5784, 2N5785, & 2N5786. 

1'8 COLLECTOR·To-EMITTER VOLTAGE (VCE) .. 2v 
6 CASE TEMPERATURE (TC> '" lSoC 

• .r----+-----+--4--r-r----+-----t--+~~ 
~ 

~ '1:===i==:::j::::j=tti-rtl1 i -r---r--.--
g: 1.0~==+==+=:j:::++==+==~js::;;f:::d~ ~ 8r-
~ ~--_+-----r--+-1_1_----t_----r__+~~ 

~ 4r----+-----r--+-4-4-----t-----t_-+~~ 

;'i 

0.1 

10 6 8100 6 '1000 

COLLECTOR CURRENT (lei -mA 
mS'4l1Z 

TERMINAL CONNECTIONS 

Lead 1-Emitter 
Lead 2-"Base 
Lead 3 - Collector 
Case - Collector 

COLLECTOR CURRENT (lcl- A 92Ss-4Jl1 

Fig. 9. Typical saturateel switching characteristic. for 
types 2N5781, 2N5782, & 2N5783. 

•• r----+-----t--4--r-r----+---~t--t~~ 
li 
:P 
t ~ -I--
I 10~::=t:::::t::+=++::::+=::::~~::~~~ ~ q-
~ r----+----~--+_~~----+_----t_-+~~ 

! .r----+----~--+_~~----+_----t_-+~~ 
~ 

1.0 

-10 6 I -100 

COLLECTOR CURRENT (Ie) -mA 

, 8_1000 

92ss-.!lll 

Fig. 10. Typical gain.banelwielth proc/uct for type. 2N5784, Fig. 11· Typical gain.banelwielth proeluct for type. 2N5781, 
2N5785, & 2N5786. 2N5782, & 2N5783. 
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BASE·lO·EMITTER VOLTAGE (VBE1- V 
92$$-4314 

Fig. 12· Reverse-bias second-breakdown characteristics 
for types 2N5784, 2N5785, & 2N5786. 

BASE· TQ.EMITIER VOLTAGE (VBE) - v 92SSm& 

BASE· TO-EMITIER VOL. T AGE (YaE) _ v 

Fig. 13 -Reverse·bias second·breakdown characteristics 
for types 2N5781, 2N5782, & 2N5783. 

BlSE·TO·EMITTER VOLTAGE (VBE) - v 

Fig. 14- Typical transfer characteristics for types 2N5784, Fig. 15- Typical transfer characteristics for types 2N5781, 
2N5785, & 2N5786. 2N5782, & 2N5783. 

BASE· TO-EMITTER VOLTAGE (YBe) - v 
uss·um 

Fig, 16 - Typical transfer characteristics for types 2N5784, 
2N5785, & 2N5786. 

BASE· TO·EMITTER VOLTAGE (YBE) - v ms·un 

Fig. 17- Typical transfer characteristics for types 2N5781, 
2N5782, 2N5783. 
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000 8 COLLECTOR. TtI·EMITTER VOLTAGE (VCE) = 2 V 

0.01 .. 68 0.1 .. 681.0 

COLLECTOR CURRENT (Ie) - A 
92SH)2D 

u 
c 

1000 8 COLLECTOR·to·EM.ITTER VOLTAGE (VCE) • _ 2V 

_ 0.01 2 .. 6 8..0.1 .. , 1-1.0 

COLLECTOR CURRENT (Ie) - A 

.. '8_10 

Fig. 18· Typical DC·beta characteristics lor type 2N5784. Fig. 19. Typical DC·beta characteristics lor type 2N5781. 

10008 COLLECTOR·TO·EMITTER VOLTAGE (VCE) = 2V 
6~-.---.-.-.'---r-~~ro-+--~--~~~ 

0.01 .. 680.1 .. 681.0 

COLLECTOR CURRENT (Ie) - A 

,810 

10008 COLLECTOR· TO-EMITTER VOLTAGE (VeE)" _ 2V 

o 

~ 100. -- +2soe RL ....... 
~ , ASE TEM.PERATURE (Te) = - 6SoC 

~ ~ i ~,~ 

~ ", C::$~~$t=$=j~$~=j~~~*t~ 
: 6~ 
~ ~-+---+-+-+~--~~--~~--4---+-4-~ 
u 
c 

-0.01 .. , 80.1 .. 68_1.0 

COLLECTOR CURRENT (Ie) - A 

.. , 8_10 

92SHJ21 

Fig. 20. Typical DC·beta characteristics lor type 2N5785. Fig. 21· Typical DC·beta characteristics lor type 2N5782. 

1000 8 COLLECTOR·TO·EMITTER VOLTAGE (VCE) • 2V 1000 .COLLECTOR-TO-EMITTER VOLTAGE (VeE) = _ 2V 

0.01 .. 68 0.1 .. 681.0 -0.01 2 .. '8_0_1 .., 8..1.0 

COLt-ECTOR CURRENT (ld - A 
92SH)l4 COLLECTOR CURRENT (Ie) - A 

Fig. 22· Typical DC·beta characteristics lor type 2N5786. Fig. 23· Typical DC·beta characteristics lor type 2N5783. 
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COLLECTOR· TO·EMITTER VOLT AGE IV eEl - y 
ms.4l26 

Fig. 24. Typical output characteristics for type 2N5784. 

COLLECTOR·YO-EMITTER VOLTAGE (Yce)- v 
92SS-13211 

Fig. 26 - Typical output characteristics for type 2N5785 . 

. ~ 
a 
~ 

~ 1.0 
::I 
S 

D.> 

• 6 

COLLECTOR· TO-EMITTER VOLTAGE (Vee) - v 92SHllQ 

Fig. 28- Typical output characteristics for type 2N57B6. 

COLLECTOR· TO·EMITTER VOLT AGE (VeE) - v 

Fig. 25. Typical output characteristics for type 2N57Bl. 

COLLECTOR· TQ.i:MITTER VOLTAGE (VeE) - v 

Fig. 27 - Typical output characteristics for type 2N5782. 

CQLLECTCR-TD-EM.ITIER Vcx..TAGE (YCE1-V 

Fig. 29- Typical output characteristics for type 2H5783. 
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BASE· TO.EliIl,TTER VOLTAGE (VBEI- V BASE·TOoalITTER VOL TACE (VSE) - y . 
92$HI33 

Fig. 30- Typical input characteristics for type 2N5784. Fig. 31. Typical input characteristics for type 2N5781. 

BASE·lO-EMITTER VOLTAGE (YSEI - v 

Fig. 32- Typical input characteristics for type 2N5785. Fig. 33 - Typical input characteristics. for type 2N5782. 

BASE-lD-EMITTER VOLTAGE (VBEI-V BASE· TO-BUTTER VOLTAGE (VSEJ- V 

Fif/. 34· Typical input characteristics for type 2N5786. Fig. 35 - (ypical input characteristics for type 2N5783. 
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OO(]5LJD 
Solid State 
Division 

Power Transistors 

2N5804 
2N5805 

High-voltage, High~.Power 
Silicon N-P-N Power Transistors 
For Switching and Amplifier Applications 

Features: 

.. Power dissipation (PT) = 110 W at SO V 

• High-voltage ratings: 

VCEO(sus) = 300 V max. (2NS80S) 
= 22S V max: (2NS804) 

a Maximum-operating-area curves. .for selection of 
JEDEC TO-3 maximum operating conditions for operation free 

from second breakdown. 

RCA types 2NSB04 and 2NSB05** are silicon n-p-n transistors 
with high breakdown-voltage ratings and fast switching speeds. 
Both devices employ the popular TO-3 package; they differ in 
breakdown-voltage ratings and leakage-currpnt values. 
These trans"istars are especially suitable for power-switching 
circuits, switching regulators, converters. inverters, and 
power amplifiers. 
**Formerly RCA Dev. Nos. TA7130 and TA7130A~ respectively. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 
Mounting Flange - Collector 

MAXIMUM RATINGS, Absolute-Maximum Values: 2NS804 .2NS80S 

'COLLECTOR-TO-BASE VOLTAGE ......................... . 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With 1.S volts (VBE) of reverse bias, and external 

base-to-emitter resistance (RBE) = son ................ . 
With base open ...................................... . 

'EMITTER-TO-BASE VOLTAGE ............................ . 

'CONTINUOUS COLLECTOR CURRENT ..................... . 

PEAK COLLECTOR CURRENT. _ ...................... . 

'CONTINUOUS BASE CURRENT ........................... . 

'TRANSISTOR DISSIPATION: 
At case temperatures up to 25° C and V CE up to 50 V .... _ .. . 
At case temperatures up to 25° C and VCE above 50 V ..... _ .. . 
At case temperatures above 25° C and VCE above 50 V ...... . 

'TEMPERATURE RANGE: 
Storage & Operating (Junction) ......................... . 

'PIN TEMPERATURE (During Soldering): 
At distances;;' 1/32 in. (O.B mm) from 
seating plane for 10 s max .............. _. _ ..... _ ...... . 

*In accordance with JEDEC registration 

data format IJS-6 R OF-1 ) 

11-73 

VCBO 

VCEX(sus) 

VCEO(sus) 

VEBO 

Ie 

ICM 

IB 

PT 

300 375 

300 375 

225 300 

6 6 

S 5 

15 1S 

2 2 

110 110 
See Fig. 1 

See f':igs. 1 & 3 

-- -65 to +200 --

---+230--

V 

V 

V 

V 
A 

A 

A 

W 

°c 

°c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature lTd = 2ff1C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N5B04 

· 

· · 

· 

· · 

· 

· 

· 

V de A de 

VCE VaE IC la· MIN. 

Collector-Cutoff Current: 
With base open ICEO 150 0 -
With base-emitter 270 -1.5 -
Junction reverse biased 340 -1.5 -

ICEV 270 -1.5 -
AtTr:= l000C 340 -1.5 -

Emitter-Cutoff Current lEBO 
-6 0 -
-5 0 -

DC Forward-Current 10 0.5a 25 
Transfer Ratio hFE 4 Sa 10 

Collector-la-Emitter 
Sustaining Voltage: 

VCEO(sus) 0.2 0 225 b 
(s .. Fig. 5, 6, and 71 
With base open 

With external base-to-
emitter resistance VCEX(sus) -1.5 0.2c 0 300b 
(RBEI = 50 n 

Emitter-lo-Base Voltage VEBO 0.03 6 
Base-ta-Emitter Saturation Voltage VBE(sat} 5" 0.5 -
Collector-ta-Emitter 

Saturation Voltage VCE(satl Sa. 0.5 -
Output Capacitance Cobo -

VCB = 10 V, I = 1 MHz 

Forward-Bias, Second-Breakdown 
Collector Current: IS/b 50 2.2 
t = 1 S, nonr~etitive 

Second-Breakdown Energy 
With base reverse biased 

RB = 20 n, L = 50 pH 
ES/b -4 5 0.62 

Magnitude of Common-Emitter, 
Small-Signal. Short-Circuit, 

hie 10 3 Forward-Current Transfer 'Ratio 1 

f = 5 MHz 

Saturated Switching Time (VCC = 200 VI: 
Turn-On tON 5 0.5 -
(Delay Time + Rise Time) 

Storage 
(S .. Figs. 12, 13 and 141 ts 5 0.5 -

Fan 
(See Figs. 12, 13 and 161 tl 5 0.5 -

Thermal Resistance: 
(Junction-to-Case) ROJC 10 5 -

·Pulsed; pulse duration < 350"s. dutY factor = 2% 

bCAUTION: The sustaining voltagas VCEO(sus) and VCEX(sus) MUST NOT be measured on a curve tracer. 
These sustaining ¥Oltagas should be measured by means of the test circuit shQwn in Fig.6. 

cpulsed: pulse duration:; 8.33 ms; duty factor = 50% 
-In accordance with JEDEC registration data format ( J5-6 RDF·'). 
"Specified in JEDEC registration data as a derating factor of 0.625 Wrc. 
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MAX. 

15 

5 

-
15 
-
30 

5 

250 
100 

-

-

-
2 

2 

450 

-

-

-

0.5 

3.5 

2.0 

1.6 

2N5805 

MIN. MAX. 

- 5 

- -
- 5 

- -
- 15 

- 30 
5 

25 250 
10 100 

300b -

375b -

6 -
- 2 

- 2 

- 450 

2.2 -

0.62 -

3 -

- 0.5 

- 3.5 

- 2.0 

- 1.6 

UNITS 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

V 

V 

DF 

A 

rnJ 

ps 

ps 

ps 

·CIW 
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100 
B CASE TEMPERATURE (TC1~25DC 

(FOR Te ABOVE 25°C, DERATE LINEARLY)" 
.r-~~-+~-++---r---r_~~--4_--+_4_~ 

2r-~~~-J-LL---~~~~~--4_--+_+_~ 
Ie MAX. PULSED 

~ \\1\ 1\ \Ii 
10 I, I I ,\. \' \ I 

i 81- Ie M"'A"'X-. '-.!....j+---f'~~~-l-lh\--H~\--\--\!I'--I-+-++-l 
~ 6f-ICONTINUOUSl .;. ~~I\.\)UloUl f-

i -1--+--+-1--++ '~~~:~l~\~~~ r-

tz: 2 ~~\' l \1\ 
~ I--t-----f-+-H---!-" -;~ l \' ~ ~ ~ 1\, \ VCEOMAX 
~ ~l\ 1\ "225 V 

8 I +---+-++++-+--+~:\ ,\ \ I~ ~N5~01 

:I--t----+--+-H---+___+_~ \ \ I J-ll 

.0.1 

'0 \ \ VCEOMAX 
1\\1\ ·.oov 

-I--+---+-l-+-!-+---+-J--+l.j\\-~-\-\.J.\. ~I +jN5805 

21----+---+--++l--+----1---++1~,~---++I 

4 6 8 L' 4 6 B 2 
10 100 

_ .8 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

Fig. '-Maximum operating areas for both type,. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 

~~~I~ ~HFE ~l~~~~~:~~~~~i~~g_~c:i!O~u~~~:~~~~~.'~~i~. 
DO NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Te)-"C 

92C5-15697 RI 

Fig. 3-Derating curves for both types. 

1000 

10 CASE TEMPERATURE (Tel-Ioo·e 
8 

Ic MAX. I 
6!-'CONTINUOUS 

~ 
5 

- ~~ . "-, 
~~ 

2 ~ 
1.15 ~ 

I .. 8 
I \ ;y · I~\\ i 4 

I ~\ ~ 
I·' " 

'" I'" <;, 
0 2 ~ 

~ .176 - ---- -r- ~\ 8 I 
0.1 \\.--8 

>- --
• .0597 I 
4 VCEoMAX 

I VeEO MAX 
=300 V 

1 =225 V ~5B051 
2 2N5804 

! II I 0.01 
2 4 • 8 4 • 8 2 

10 54 100 
2 4 .. 

1000 
COLlECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CM-15"698RI 

Fig. 2-Maximum operating areas for both types. 

" TJ MA~" 20~.C 
I 100 ;r 

~I\ N z 8 
4..r,(': J 

0 ....,:~ 

~ • I". ~~~ 
iii 1\ ~~ "~~ 
C 4 

l\"" ~ '" 1\ w 

" ~ 
r-.. 

2 
I\~~ R'->~~r~1t '$0.

0 

" 
" h" ~ 

56 8 104 2 4 • 8 10' 2 - 6 8106 2 
NUMBER OF THERMAL CYCLES 

92C5-19491 

Fig. 4-1hermaJ<f:vcling rating chart. 
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CASE TEMPERATURE (Tel: 25°C 

> I ~1400 
VCEX !sus)1 ~r:: 

j:!.!! 
I. ~o 

~~360 ~-1-~ 
~> ~03 

~~ """ !--- vcLtsu) ~~ 320 VCEO(sUS 
OX 
~w -.... " .. '!i 'l-s. 
~~ 280 -,:;. 
~~ 
~w 

1 ~~ 813 240 VCEOtsusJ 
g 

200 , . 6 B , . 6 , . 10 100 IK 6 SIOK 

EXTERNAL BASE-ID-EMITTER RESISTANCE IRsEJ-n 
92SS-3958RI 

Fig. 5-Collector-to-emitter sustaining voltage 
characteristics. 

___ ""I-JI_VCEOISUS} r-__ -i-_f--...VCEjUSl 

: I I I ~ 
200------t--+-- 200------+-+---

AI Bj AI 81 

> 
I 

] 
W 

,}' 
~ 

w 

~ 

~ 
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300 375 

COLLECTOR-lO-EMITTER VOLTAGE IVCE)-V 

NOTE: SUSTAINING VOLTAGES VeEO (sus) AND VCEX (sus) ARE 
ACCEPTABLE WHEN TRACES FALL TO THE RIGHT OF 
POINT"A" FOR TYPE 2N5804 AND POINT 
"e" FOR TYPE 2N5805,AT Ie" 200 rnA 

Fig. 7-0scilloscope display for measurement 
of sustaining Voltages (test circuit 
shoWn in Fig. 6). 

COLLECTOR CURRENT (Icl- A 

92$S-3960RI 

Fig. 9-Typical saturation-voltage character­
istics. 

CHANNEL A 

TO 

~60 6?5~ 
H, 

VCEQ(susl 

+ 'I"'---I--..J 

15 HEWLETT-PACKARD 
mH OSCILLOSCOPE 

MoDEL No.130B, 
OR EQUIVALENT 

CHANNEL B 

COMMON 

39 n 6V 

w 
~ 

0 

~ 
'" w 
~ 
~ 
z ., 
'" ~ 
~ 

i 
~ 
u 
0 

i 
u 
H 

~ 
Z 
W 

'" '" => u 

2W o TO 50 V 
(500 rnA) 

92SS· 3964RI 

Fig. 6-Circuit u.red to measure sustaining 
vol rages V CEO (sus) and V CEX(sus). 

140~~ ...... I" 
'- "'d> 

120 <f' 

\~ 
100 ~ 

/ ~J \'1>., 
80 "--\-~+-

'" \ <f'-:.. 60 
'" ("'I~-

40 1\ ""' 
'\.:.~ 

20 

0 

0.1 6 , I 

COLLECTOR CURRENT {Icl-A 

92SS-3959RI 

Fig. 8-Typical dc beta characteristics. 

BASE-lO-EMITTER VOLTAGE {VSE1-V 

92SS-3961RI 

Fig. 10-Typical transfer characteristics. 
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25 COLLECTOR-lO-EMITTER VOLTAGE (VeE )-10 v 
CASE TEMPERATURE tTela 2S·C 

'" '" V 
" 20 
I V ~ ~ 

I-
15 J 

" V ::> 
Q 
0 

j\ IE 
~ '" 10 

b V ~ lL' z 

" • .. z 
" '" 

0.01 4 6 80.1 4 •• , 4 • 
COLLECTOR CURRENT (IC'-A 

92SS-3962RI 

Fig. 11-Typic'" gain-i1andwitith product. 

~jH'----,--'; ~ lDu : 
- I ~~~~= 

I 
I 
I 
I 
I 
I 
I 
I 

~~ : 
~~ : 

TIME SO '----+-11 "----

t 

TURN-OFF 
f----O+- TIME 

OUTPUT WAVE FORM 

Fig. 13-PhBSB relationship betweBn input lind 
output curl'flnts thowlng rsftJrtlncB 
polna for splIClfication of switching 
r;""" (lftt circuit mown in Fig. 121. 

REPETITION ~'ATE.'O~·PUL$E/' 
COLLECTOR SUPPLY VOLTAGE (Vcc)lI200 V 
IB/-IBz-IeIlC 
CASE TEMPERATURE tTel" 2S·C 

~O.4 

0.2 

0.1 

2 3 4 5 6 
COLLECTOR CURRENT (IC'-A 

Fig. 15-Typica! riw-timB characteristic. 

+12V Vcc· .. 200V 

INPUT FROM 
PULSE GENERATOR 

PULSE DURATION == 20~s 2 
PULSE REP. RATE = I kHz 

INTERCONTINENTAL 
INSTRUMENTS INC. 

MODEL PG-31, OR EQUIV. 

~ 

1 

w .. 
" 0: 
o 
:;; 

1.0 

0.5 

-12V TO OSCILLOSCOPE tERMINALS: 
"COMMON" 

"CHANNEL A" "CHANNEL B" 
(TEKTRONIX 543A,OR EQUIV.) 

92SS-3966RI 

Fig_ 12-Cin:uit used to mea,urB switching 
titnel_ 

PULSE DURATION;:.. 20~s 
REPETITION RATE - 1000 PULSES/s 
COLLECTOR SUPPLY VOLTAGE (Vcc)-200 V 

[8 1,"-IS 2 '" lC"O 

CASE TEMPERATURE (TC ' '" 25° C 
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COLLECTOR CURRENT (Icl-A 

92SS-3963RI 

Fig. 14-Typicill storage-tlms characteristic. 

PULSE DURATION >20p.s 
REPETITION RATE = 1000 PULSE/s 
COLLECTOR SUPPLY VOLTAGE IVCC)",200 V 
IB, =IB2~ICIIO 
CASE TEMPERATURE 1TC)"25°C 

2 3 4 5 6 
COLLECTOR CURRENT IIc'-A 

Fig. IS-Typical fal/-time characteristic. 
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D\lCIBLJI] 
Solid State 
Division 

RCA 2N5838;2N5839 and 2N5840** are epitaxial silicon 
n-p-n power transistors utilizing a multiple-emitter-site 
structure. These devices employ the popular ]EDEC 
TO-3 package; they differ mainly in voltage, current­
gain, and V CE(sat) ratings. 

Featuring high breakdown voltage ratings and low-satu­
ration voltage values, the 2NS838, 2N5839 and 2N5840 
are especially suitable for use in inverteIS, deflection 
circuits, switching regulators, high-voltage bridge ampli­
fiers, ignition circuits, and other high-voltage switching 
applications. 

** Formerly RCA Dev. types TA7513 f TA7530, and TA7420 
respectively. 

MAXIMUM RATINGS, Absolute·MoKlmum Volues: 
2N5838 2N5839 2N5840 

*COLLECTOR-TO-SASE 
VOLTAGE, VCSO .••..•.. 
COLLECTOR'TQ-EMITTER SUS­
TAINING VOLTAGE: 

* :f~~ ~:::r::hl~:~~)~f) 
-1.5 V, VCE.V(sus)" ••••• 

With external base-to-emitter 
resistance (RSE)'::: 50 n, 
VCE.R(sus) .••.....•.. 

*EMITTER-TO-BASE 
VOLTAGE,VESO •...••.. 

*COLLECTOR CURRENT, 1c 
Continuous • • . • . . • . . • . . 
Peak •.••••••••••..•. 

*CONTINUOUS SASE CURRENT, 

275 

250 

275 

275 

6 

300 

275 

300 

300 

6 

IS" •. .• • . . •• •• . •• ••• 1.5 1.5 

*TRANSISTOR DISSIPATION, 
PT: 

At case temperature up to 25° c 

A~~~!CFe:~!~t:!~ UPto2So C 
Bnd VeE above 40 V ••••• 

100 100 

See Fig. 2. 

375 

350 

375 

375 

6 

3 
5 

1.5 

100 

At case temperatures above 25° C 
Bnd VCE above 40 V .•.•. See Figs. 1 & 2. 

*TEMPERATURE RANGE: 

*p~~or;:~~~;g~({~;~~n) 
Soldering): 

At distances ~ 1/32 in. 

·65 to -+200 

(0.8 mm) from case for 10 s 
max ••••••••••• , •••• 230 

: In accordance wlthJEDEC regIstration data format US-6. RDF-l). 
Shown as VCEX(BUS) in JEDEe Registration Data. 
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FileNo. 410 

Power Transistors 
2N5838 
2N5839 
2N5840 

SILICON N-P-N POWER 
TRANSISTORS 
High·Yoltage 
High·Power Types 
For Switching and, 

~
'~ 

.-: ~ .~ . 
JEDEC ' ," ,'" 

TO'3 H-1570 

Linear Applications in'Milftary, Industrial, 
and Commercial Equipment 

Features: 

• Maximum safe-area-of-operation curves 

• Low saturation voltages 

• High voltage ratings 

VeER(s.s) = 375 V (2N5840) 
300 V (2N5839) 
275 V (2N5838) 

• High dissipation rating 
PT = 100W 

!< 
z 
S! " 
~~~ 
(IlCZ:~ 

a~~ 
~ ~ til 
~ ~ ~ 
" .. u .. u" 0:" ...... " .. ,., .. 0:" 
~ o!z 
S ~~ 
~ ~B 

100 

75 

50 

25 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION­
LIMITED PORTION AND THE IS/b-LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVES{FIG.Z631 00 NOT DERATE THE 
SPECIFIED VALUE FOR [C MAX. 

25 ~ 75 100 125 150 175 200 
CASE TEMPERATURE ITc) _·c 

Fig. 1 - Derating curves for aI/ types. 
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File No. 41o ________________________ _ 
2N5838·2N5840 

ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 2SoC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 

V de 

VCE VBE 
Coliector·Cutoff Current: 100 

With base open 
'CEO 

150 

· With base·emiller junction 165 ·1.5 

'CEV 
190 .\.5 

reverse biased 360 ·1.5 

· With base·emiller junction 
'CEV 

265 ·1.5 
190 ·1.5 

reverse b.ased, TC=100oC TC-tOOOC 360 -1.5 

• Emiller-Cutoff Current 'EBO -6 

• Collector-to-Emiller 
Sustaining Vollage: VCEO(susf 

($1'(' FiRs . .t. :;, & 6; 

With base open 

· With base-emitter junction VCEx(susf -\.5 
reverse biased 

With external base·to·emltter 
VCERlsusf resistance (R BE ) - 50 D 

• Emitter·to·Sase Voltage 
IE =0.02 A 

VEBO 

5 · DC Forward·Current 
hFE 3 · Transler Ratio 1 

• Sase·to·Emitter VSElsa!) 
Saturation Voltage 

• Coliector-to·Emitter 
Saturation Voltage V CElsa!) 

Output Capacitance: Cobo 
VCB = 10 V, f = 1 MHz 

.. Magnitude of Common-
Emitter, Small-Signal, Short- I hIe I 10 Circuit, Forward-Current 
Transfer Ratio (f - I MHz) 

Forward-Bias, 
Second-Breakdown 

IS 'bc 40 
Collectc.r Current: 

t = 1 s, nonrepet~tivp. 
Second Sreakdownc Energy 

(With base reverse biased) ES 'bd -4 
RS ' 50 D, L ' 100 ~H 

Thermat Resistance: 
ROJC 10 

(Junction·to·Case) 

* In accordance with JEDEC registration data format (JS-6 RDF-I) 

a Pulsed; pulse duration::: 350 j.Ls, Duty tactor ~ 2%. 

b CAUTION: Ths sustaining voltages VCEO(SUS), VCEX(sus) and 
VCER(SUS), MUST NOT be measured on a curve tracer. These 
sustaining voltages should be measured by means of the test circuit 
Shown in Fig. 4. 

c IS/b is defined as the current at which second breakdown occurs at 
a. specified collector voltage with the emitter·base junction forward 
biased for transistor operation in the active region. 

CURRENT 2N5838 2N5839 2N5840 UNITS 

A de 

IC 'B Min. Max. Min. Max. Min. Max. 

1 rnA 
1 2 

5 
1 rnA 

2 
8 

5 rnA 
5 

1 1 1 rnA 

0_2" 250b m b 350b 

o_t" mb 300b 375b 
V 

0.2 a mb 300b m b 

6 6 6 V 

0.5 a 20 10 20 
2a 10 50 10 50 
3" 8 40 

18 0_1 1 2 V 
38 0.375 2 

2a 0_2 1.5 1.5 
3a 0.375 I V 

150 150 150 pF 

0.2 5 5 5 

2.5 25 1_5 A 

0.45 0.45 0.45 mJ 

5- 1.75 1.75 1.75 °C/W 

d ES/b is defined as the energy at which second breakdown occurs 
under specified reverse bias conditions, ES/b = 1/2 U 2 where L 
is a series load or leakage inductance, and I is the peak collector 
current. 

e lSI = IS2 = value shown. 
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2N5838-2N5840 File No. 410 

SWITCHING-TIME CHARACTERISTICS, At Case Temperature (TC) = 2tf1C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N5838 2N5839 2N5840 UNITS 
V de A de 

VCC IC IB- Max. Typ. Max. Typ. Max. Typ. 

Swilching Times: 
Delay Id 2 0.2 0.07 0.07 
(See Figs, 11. 15. & 161 200 3 0.375 0.06 

· Rise 2 O.l 1.5 0.6 1.75 0.6 
I, 

(See Pigs. 12. 15. & 16) 200 3 0.375 1.5 O.B 

· ·Slo,age 2 0.2 3.75 1.75 3.0 1.75 '"s 

(See Figs. 13. 15. & 16) 
IS 

200 J 0.375 3.0 1.0 

· Fall 2 0.2 1.5 0.35 1.5 0.35 
(See Figs. 14. 15. & 161 If 200 3 0.375 1.5 0.4 

* In accordance with JEDEC registration data format (JS-6 RDF-l). • lSI = IS2 = value shown. 

I 
!. 

10 100 
COLLECTOR-TO - E~ITTER VOLTAGE (VCE 1-V 

92CS-15905 

Fig. 2 - Maximum operating areas for a/l types. 
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<t 

I 
u 
!:! 
I­
Z 
LLJ 
a: 
a: 
:::l 
u 
a: 
o 
I-

~ 
...J 

gO.1 .1~Hmmt 

2 4 6 8 10 2 4 6 8 100 2 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V 
92CS-15906 

Fig. 3 - Maximum operating areas for all types . 

. . 
~3:50 

~20 -

COLLECTOR-TO-[UITTER VOLTAGE (VCEI-V 

The sustaining voltages V CEO(8US). V C R(BUS), and V CEX(sus) 
are acceptable when the traces fall to l6e right and above point 
"A" for type 2NS8J8. point "B" for type 2NS839. and point "e" 
for type 2NS840. 

Fig. 4 . Oscil/oscope display for measurement of sus­
taining voltages (test circuit shown in Fig. 5). 

TERMINAL CONNECTIONS 

Pin 1 - Base 

Pin 2 - Emitter 
Mounting Flange, Case - Collector 
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HORIZONTAL 
INPUT 

TEKTRONIX OSCILLOSCOPE 
MODEL RM·~3.0R [QUIV. B 

VERTICAL 
INPUT 

GROUND 

VCEO 

veERO g.~~ 0 
~ 

VCEX~r.--J 
1.5 v 

PUSH 
TO 

r-____________ ~T~ES~T~-L~ 

CLARE 

Vee POWER 
SUPPLY 

MODEL No.HGP-2034, 
OR EQUIVALENT 

IIOJ IW 

- + 
8.5V 

VOLTAGE SOURCE 

~ ON 
II!!!iVAC 
60 Hz 

Fig. 5 .. Circuit usecl to measure sustaining voltages 
VCEO(sus), VCER(sus), and VCEX(sus) for a/l types. 

3.5 COLLECTOR-TO-EMITTER VOLTAGE IVCE'- 5 V 

• -I-

" a 
0:-

~ ~2.5 ,~J I 
I'~" u~ 

00 - -...... 0:-

;!.i Z 
0:0: V~ ~:!i 

1.51--
\ u .. CASE TEMPERATURE 

\ 
0., 

ITc)' 2S"C 
~~ 
::;1- I 

"' \~ :IE 
0: 0.5 0 z 'I" 

2 . 6 • . 0.01 0.1 6 8 I 4 6 810 

COLLECTOR CURRENT lIe I-A 92SS·4016R1 

Fig. 7 • Typical normalized dc beta characteristics lor 
0/1 types. 

COLLECTOR-TO-EMITTER VOLTAGE (Vce;5 v 

0.5 1.5 

92SS-4018RI 

Fig. 9· Typical transler characteristics lor 0/1 types. 
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CASE TEMPERATURE ITel: 25-C 

C)~ I I I ~~ 420 
z> I I I 
~I 
~i 3A1 

VCER(susl 

0:- -~B40 VCEO (sus I 
~~ I I i~ 340 
':'0 I I 
~~ VeER Isusl 

~ 
I 

o::.! 300 

c9 VCERlsusl VCEO!susJ 

w> '~ ~ . VCEO(susl 
.JW 260 
0<> I I I u"' 
~ "c I I I I 

10 
2 4 6 • 

100 
2 . 6 • 

IK 
. 6 • 

10K 

EXTERNAL 8ASE-TO-EMITTER RESISTANCE (R eE 1- n 92CS -1~904 

Fig. 6 • Collector-to.emitter sustaining voltage charac. 
teristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE 1VcrJ- V 92SS-4017RI 

Fig. 8· Typical output characteristics for 01/ types. 

92SS-4079RI 

Fig. 10 • Typical saturation voltage characteristics for 
01/ types. 
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'" " 

0.12 

0.11 

j: 0.08 

>-
< 
j:jO.07 
o 

0.06 

0.05 
o 

PULSE DURATION':s 20~. 
REPETITION RATE. 100 H, 
COLLECTOR SUPPLY VOLTS tVec'· 200 
CASE TEMPERATURE tTc' • 2~·C 

DC eETA (h FE): I~ :::S~83~8~ 2NS840) 

8 1 • -le2 

COLLECTOR CURRENT tIc I-A 
9ZSS- 4080AI 

-;. 
I 

'" " 
'" ., 
0:: 0.5 

PULSE DURATION-= 20~s 
REPETITION RATE. 100Hz 
COLLECTOR SUPPLY VOLTS IVeel • 20 
CASE TEMPERATURE lTc I '" 25·C 
DC BETA IhFEI '" 8 12N5B3BI 

'" 10 (2NSB39 8. 2NS8401 
lSI· -1° 2 

COLLECTOR CURRENT (.Ic I-A 
9ZSS-4081AI 

Fig. 11 • Typical rle/ay.time characteristic (or all types. Fig. 12· Typicol rise-time characteristic for all types. 

-;. 5 

! 
=- 4 

'" '" 
'" " < 
~ 2 
In 

o 

PULSE DURATION -= 20~s 
REPETITION RATE· 100 H, 
COLLECTOR SUPPLY VOLTS tVeel • 20 
CASE TEMPERATURE ITc I • 25·C 

DC BETA thFEI : l~t~~::3893~12N5840) 
IBI • -IB2 

I 2 3 
COLLECTOR CURRENT {IC'-A 

92SS-4082AI 

Fig. 13 - Typica/stOf'age.timecharacteristic(oralltypes. 

STNCOUT tYee 

I 
RL Ie 

MONITOR 

TYPE 
2N58]8 
2NS819 

OR 
2NSa.cO 

'Ial AND la2 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 

Fig. 15 - Circuit userl to meosure switching times for 
01/ types. 

I-
"'z en'" 
"II: 
lOIS 

0 

e~ 
0'" ",II: 
.JII: 

Sa 

PULSE DURATION S. 20~. 
REPETITION RATE· 100 Hz 
COLLECTOR SYPPLY VOLTS IVec' • 200 
CASE TEMPERATURE ITC I • 2S·C 

05 OC BETA th FE ' : I~ (I:=::::~ 2N58401 i . I SI --1 82 

:;.. 0.4 

'" " I- 0.3 

.J 

.J 

: 0.2 

0.1 

COLLECTOR CURRENT IIC)-A 

92SS-4083RI 

Fig. 14 - Typical fal/-time characteristic (or all types. 

+ 

I-___ +---. ______ '-+-__ -.-__ TIME 

INPUT WAVE FOI/M 

I--__ .j-----'TU~~M~FF 

9255-4085 OUTPUT WAvE FORM 

Fig. 16 • Phose relationship between input anrl output 
currents showing reference points lor specification of 
switching times. (Test circuit shown in Fig. 15). 
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_________________________________ File No. 675 

OOcn5LJD 
Solid State 
Division 

JEDEC TO·66 H·1340 

JEDECTO·66 
With I ntegral Heat Radiator H·1470A 

Power Transistors 
2N5954 2N6372 2N6467 40829 
2N5955 2N6373 2N6468 40830 
2N5956 2N6374 40831 

Silicon N-P-N and P-N-P 
Medium-Power Transistors 
General·Purpose Types for 

Switching Applications in Military, 

Industrial, and Commercial Equipment 

.Features 

• 2N5954. 2N5955, 2N5956 complements to 2N6372. 2N6373, 2N6374 

• Low saturation voltages 

• Maximum-safe-area"of-operation curves 

• Thermal-cycle ratings 
• Hermetically·sealed JEDEC TO·66 package • High gain at high current 

RCA·2N5954. 2N5955, 2N5956. 2N6467. and 2N646sA are 
multiple·epitaxial p·n·p transistors. RCA·2N6372. 2N6373, 
and 2N6374- are multiple·epitaxial n·p·n transistors. Theyare 
complements to 2N5954. 2N5955, and 2N5956. These devices 
differ in voltage ratings and in the currents at which the para· 
meters are controlled. All are supplied in the JEDEC TO·66 

and 40831, respectively. The other devices may be obtained 
with heat radiators on special order. Radiator versions are in· 
tended for printed·circuit·board applications, and differ elec· 
trically from their basic counterparts only in device dissipation 
(5.8 W up to 25°C ambient! and thermal resistance (30°CIW 
max. at TA = 25°C). 

package. 

Types 2N5954, 2N5955, and 2N5956 are available with 
factory·attached heat radiators as RCA types 40829, 40830. 

• Formerlv RCA Dev. Nos. TA7264, TA7265, TA7266, TA8710, and 
TA8709. respectively. 

• Formerly RCA Dev. Nos. T A8352, T A8353. and TA8354, respectively. 

MAXIMUM RATINGS,Absolute-Maximum Values: ..:N:::·"P·"'N'-_....!:2!!N!::63::;7"'4'--'2:::N:::6:::37=3_-=2"'N:::6:=37!-'2"-_________ _ 

P·N·P 

·COLLECTOR·TO·BASE VOLTAGE ............. V CBO 
COLLECTOR·TO·EMITTER VOLTAGE: 

* With 1.5 volts (V BE) of reverse bias, and external 
baso!-to-emitter resistance (RSE) "" 100 n ....... . 
With external base-ta-emitter 
resistance (R SE) = 100 11 .................•.. 

With base open ........•.........••.......• 

*EMITTER·TO·BASE VOLTAGE ..........•...... 
·CONTINUOUS COLLECTOR CURRENT ........ . 
·CONTINUOUS BASE CURRENT .............. . 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C .••............ 

At ambient temperatures up to 25°C ......•.... 

At case temperatures above 2SoC .•........•...• 

*TEMPERATURE RANGE: 
Storage and Operating (Junction) .............. . 

*PIN TEMPERATURE (During Soldering): 

At distances ~ 1/32 in. 10.8 mm) from 
seating plane for 10 s max. . ................. . 

VCER 
V CEO 
VEBO 

IC 

IB 

2N5956. 2N5955. 2N5954. 2N6467. 

40831. 40830. 40829. 

50 70 90 110 

50 70 90 110 

45 65 B5 105 

40 60 80 100 

5 5 5 

6 6 6 4 

2 2 2 2 

40 40 40 40 
12N6374) (2N6373) (2N6372) (2N6467) 
(2N5956) (2N59551 (2N59541 

5.8 5.8 5.8 
(408311 (40830) (408291 

See Figs. 1, 2, and 3. 

• 65 to +200 

• +235 

III In accordance with JEDEC.registration data format JS-6-RDF-2 (all types except 40829, 40830, and 40831) 

• For ~n-p devices, voltage and current values are ne~tive. 
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130 V 

130 V 

125 V 

120 V 

5 V 
4 A 
2 A 

40 w 
(2N64661 
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File No. 675 ________________ 2N5954-6, 2N6372-4, 2N6467-B, 40B29-31 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25'C unless otherwise specified 

TEST CONDITIONs+ LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 
Collector Cutoff Current: 35 

With external base-to·emitter ICER 55 
resistance (RBE) = 100 n 75 

With base·emitter junction 45 -1.5 
reverse-biased, 65 -1.5 
(R8E) = lOOn 

ICEX 
85 -1.5 

With base-emitter junction 45 -1.5 
reverse.biasedb(RBE) = 100 n, 65 -1.5 
andTC=150 C 85 -1.5 

25 
With base open ICEO 45 

65 

Emitter Cutoff Current lEBO -5 

4 
DC Forward·Current 

hFE 
4 

Transfer Ratio 4 
4 

Collector·to·Emitter 
Sustaining Voltage: 

With base open VCEO(sus) 

With external base·to· 
emitter resistance 
(RBE) = 100 n VCER(sus) 

With base·emitter 
junction reverse-biased, 
(RBE) = 100 n VCEX(sus) -1.5 

Base-to-Emitter Voltage: All types 
4 All types 

VBE 4 All types 
4 

2N6372·2N6374 4 

Collector·to·Emitter 
Saturation Voltage VCE(sat) 

Magnitude of Forward· 
Current Transfer Ratio 

Ihfel (f = 1 MHz): 
2N6372-2N6374 4 
2N5954·56, 40B29·31 4 

F.orward·Current 
Transfer Ratio 
(f = 1 kHz) hfe 4 

Thermal Resistance: 
Junction-to'case, 2N5954·56, 

ROJC 2N6372-74 

Junction·to·Ambient 
40829-40831 ROJA 

*In accordance With JEDEC registration data format JS-6 RDF-2. 

• For p-n-p devices, voltage and current values are negative. 

2N6374 2N6373 2N6372 
CURRENT 2N595s+ 2N595s+ 2N5954· UNITS 

Adc 40831· 40830· 40829· 

IC IB Min. Max. Min. Max. Min. Max. 

100 
- - - 100 - - jJ.A 
- - - - - 100 

- 100 -
- - - 100 - - jJ.A 
- - - - - 100 

- 2 
- - - 2 - - mA 
- - - - - 2 

- 1 - - - -
- - - 1 - - rnA 
- - - - - 1 

- 0.1 - 0.1 - 0.1 rnA 

3" 20 100 - - - -
2.5a - - 20 100 - -
2a - - - - 20 100 
6a 5 - 5 - 5 -

O.la 40b - 60b - SOb -

O.la 45b - 65b - 85b - V 

O.la 50b - 70b - 90b -

3a - 2 - - - -
2.5a - - - 2 - - V 
2a - - - - - 2 
6" - 3 - 3 - 3 

3" 0.3 - 1 - - - -
2.5a 0.25 - - - 1 - - V 
2a 0.2 - - - - - 1 

1 4 - 4 - 4 -
-1 5 - 5 - 5 -

0.5 25 - 25 - 25 -

- 4.3 - 4.3 - 4.3 
·CIW 

- 30 - 30 - 30 

a Pulsed, pulse duration = 300 P.S, duty factor = 1.8%. 

b CAUTION: Sustaining voltages V CEO(sus}, V CER(sus), and V CEX(sus) 
MUST NOT be measured on a curve tracer. (See Figs. 19 & 20), 
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2N5954-6. 2N6372-4. 2N6467;8. 40829-31 ________________ File No. 675 

ELECTRICAL CHARACTERISTICS. At Case Temperature IT C) = 25"C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vdc Adc 2N6467 2N6468 

VCE VBE IC IB Min. Max. Min. Max. 

* Collector Cutoff Current: 
With external base-to-emitter 

ICER 
-95 - -100 - -

resistance (RBE) = 100 n -100 - - - -100 

* With base-emitter junction 
reverse-biased and external base-
to-emitter resistance (RBE) = -100 1.5 - -100 - -
lOOn 

ICEX 
-120 1.5 - - - -100 

* With base-emitter junction 
reverse-biased, RBE = lOOn, -100 1.5 - -2 - -
and TC = 150°C -120 1.5 - - - -2 

With base open ICEO 
-50 - -1 - -
-60 - - - -1 

* 

* Emitter Cutoff Current lEBO 5 - -0.1 - -0.1 

DC Forward-Current Transfer Ratio hFE 
-4 -1.5a 15 150 15 150 
-4 _4a 5 - 5 -* 

* Collector·to-Emitter Sustaining 
Voltage: 

-120b With base open VCEO(sus) -O.la -100b - -
With external base-to-emitter 
resistance (RBE) = 100 n VCER(sus) _O.la -105b - -125b -
With base-emitter junction 
reverse-biased and external 
base-to-emitter resistance 
(RBE) = lOOn VCEX(sUS) 1.5 -O.la _110b - -130b -

* Base-to- Emitter Voltage VBE 
-4 _1.5a - -2 - -2 
-4 --4a - -3.5 - -3.5 

Collector-to-Emitter 
VCE(sat) -1.5a -0.15 - -1.2 - -1.2 

Saturation Voltage _4a -0.8 - -4 - -4 
* 

* Magnitude of Common Emitter, 
Small-Signal Short-Circuit, 
Forward-Current Transfer 
Ratio (f = 1 MHz) Ihfel -4 -1 5 - 5 -

* Common-Emitter, Small· 
Signal, Short-Circuit, Forward-
Current Transfer Ratio 
(f = 1 kHz) hfe --4 -0.5 25 - 25 -

Thermal Resistance: 
Junction-ta-case ROJC - 4.3 - 4.3 

a Pulsed, pulse duration = 300 IlS, duty factor = 1.8%. 

b CAUTION: Sustaining voltages V CEO(sus), V CER(sus), and V CEX(sus} MUST NOT be measured on a curve tracer. (See Figs. 19 and 20). 

* In accordance with JEDEC registration data format JS-6 RDF-2. 
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TERMINAL CONNECTIONS 
ALL JEDEC DEVICES 

Pin 1 - Base 
Pin 2 - Emitter 

Case, Mounting Flange - Collector 

TERMINAL CONNECTIONS 
40829,40830,40831 

Pin 1 - Base 
Pin 2 - Emitter 

Heat Radiator - Collector 

p.A 

p.A 

rnA 

mA 

mA 

V 

V 

V 

°C/W 
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VCEO MAX. =.;: ~g ~ \~~~~~~f 
VCEO MAX.=- 80V (2N5954, 

+ 80V (2N6372) 

VCEO MAX·=-IOOV (2N6467) 

VCEO MAX. =-120 V (2N6468) 

4 6 4 6 4 6 

COLLECTOR -TO-EMITTER VOLTAGE (VCE)-V 
92CS-22477RI 

Fig. 1 - Maximum operating areas for all types. 
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0 0 

o 25 50 75 100 125 ISO 175 200 ~IOO -50 0 .0 100 150 
EFFECTIVE CASE TEMP. OR CASE TEMP. I TEFF OR Tel--C 

90!CS-21992 

Fig. 2 - Current derating curve for all types. 

CASE OR AMBIENT TEMPERATURE ITe OR TA)--C 
92CS-22473 

Fig. 3 - Dissipation derating curve for all types. 
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Fig. 4 - Typical input characteristics for all types. • 
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Fig. 6 - Typical output characteristics for 811 types. • 
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Fig. 8 - Typical tfBnsfer characteristics for all types. • 
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Fig. 5 - Typical de beta charaeteristics for 2N6372, 2N6373, 
and2N6374_ 
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• •• 
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92CS-18009 

Fig. 7 - Tvpical dc beta characteristics for 2N5954 - 2N5956 
and 40829 - 4083'_ 
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92CS-22539 

Fig. 9 - Typical dc beta characteristics for 2N6467 and 2N6468. 

• For p-n-p devices, voltage and current values are negative. 
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02C~-22414 

Fig. to - Thermal-cycling fating chart for all types. 

1.4 COLLECTOR SUPPLYYOLTAGE (Vee) --30V 

0.2 

O· 2 3 
COLLECTOR CURRENT (I C I-A 

92.CS-24893 

Fig. 12 - Typical saturated switching characteristics for 
2N6372 - 2N6374. 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A OR 

EQUIVALENT 

25 F 

~.,-

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
201'1; REP. RATE s 

1kHz) 

VSB a ·4!S V vcc·+30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

92CS-24S95 

Fig. 14 - Circuit used to measure saturated switching times for 
n-p-n types. 

COLLECTOR-TO-EMITTER VOLTAGE tVCE). 4V 
X' 20 CASE TEMPERATURE (TC)· 25·C -\--t-H-l 

i ler--t--r-r++-~--1-1-~--1---+-+4~ 
~ 16r--+---t-+~t---r-~r-~1---+---+-~~ 
g 14r--+---t-t~t---r-~r-~1---+---+-~~ 
~ 12~-i---±,1~t===~~~~~--~--+-~~ 
" /"'" :; 10/, 

~ er~--i---t-i-tt---t--~~1-r-~~-+~-t1 
~ 
~ 41-~---+~-++---+---I-H+--+---+-+-H 

-:. 
I 

w ,. 
C> 
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" ~ 
~ 

4 6 B " 6 B 4 6' 
0.01 0,1 I 

COLLECTOR CURRENT lIe I-A 
10 

92CS-22416 

Fig. 11 - Typical gain-bandwidth product for all types. + 
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1.0 

o.e 

0 .• 
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0.2 

I COLLECTOR SUPPLY VOLTAGE (Vee) "'·30V 
I CASE TEMPERATURE (TC}=25 6 C 

: IBI=IB2-Ic/IO 

TURN-~~ 'TIME Hon) 

-I -2 -3 

COLLECTOR CURRENT (leI - A 

-4 

~-3536R2 

Fig. 13 - Typical saturated switching characteristics for 
2N5954 - 2N5956, 2N6467 - 2N6468, and 
40829 - 40831. 

Ie2 

'I I 
j.- ON CONDITION j OUTPUT 

WAVE FORM 

10"1. TIME -,--1- I 

~==::"='TI :::;;r+90% 

92CS--24797 

Fig. 15- Oscilloscope display for measurement of switching 
times for n-p-n types. 

• For p-n-p devices, voltage and current values are negative. 
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INPUT: 
HEWLETT-PACKARD 
MODEL No.214A OR 

EQUIVALENT 

25 F 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20"s; REP. RATE = 

1kHz) 

VCC~-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

92CS-24894 

Fig. t 6 - Circuit uSld to measure saturated switching times for 
p-n-p types. 

Fig. 17 - Oscilloscope display for measurement of switching times 
for p-n-p types. 

120.0 
IW 

r------: 
I I 

6.3V I I 
60Hz I I 

, I 
L _____ J 

CHOPPER TYPE 
MERCURY RELAY 
p a B JML BI3oo, 
CLARE rOZB, OR 

EQUIVALENT 

lOOn 
1/2W 

CASE TEMPERATURE (Tel = 2.5OC 
INDUCTANCE III = 3 mH 

.. 

I 
'" e 
~ 
8 
~ .. 
LJ~ 2.1i._ 

BASE-TO-EMITTER VOLTAGE (VSE)-V 
92LS-3537RI 

Fig. 18 - Minimum reverse-bias second-breakdwon characteristic 
for all types. • 

+VcC=12V 

OSCILLOSCOPE 
GND. INPUT 

HeRtz. 

HEWLETT-PACKARD 
MODEL No. 130B, 
OR EQUIVALENT 

~Vcc 

92CS-22469 

"* PULSE CURRENT (I p I RANGE MUST 8E 0.2-0·4A 

~i *~. CEo
l 
... ) ~VCERIs"} ~CEX(''''} 

gw ABC 0 E ABC 0 E ABC 0 E 
~ 100 . 100 100 

u 
o 60 100 0 65 105 0 10 110 

40 eo 120 45 95 125 50 90 130 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 

.2CS-2247!1 

**FOR P-N-P TYPES 2N5954. 2N59S5,,2N5956,2N6467,AND 2N6468, 
40829,40&30, AND 40831, REVERSE POLARITY OF 

The sustaining voltages, VCEO(sus), VCERlsus), and VCExlsus}. are 
acceptable when the traces fall to the right of point "A" for types 
2N5956, 40831, and 2N6374; point "8" for types 2N5955. 40830, and 
2N6373; point "C"for types 2N5954, 40829, and 2N6372; point "0" 
for type 2N6467. and point "e" for type 2N6468. 

Vee AND BATTERY. 

Fig. 19 - Circuit used to measure sustaining voltages V CEO(SUS) 
V CER(susl, and V CEX(susl. 

Fig. 20 - Oscilloscope display for measurement for sustaining voltBgeI 
(test circuit shown in Fig. 19).· 

• For p-n-p devices, voltage and current values are negative. 
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OOm5LlD 
Solid State 
Division 

Modified JEOEC TO·3 

10.060.In. - Oia. Pins) 

Power Transistors 

2N6032 
2N6033 

High-Current, High-Speed, 
High-Power Transistors 
Silicon N-P-N Types 
For Switching and Amplifier Applications 
in Military, Industrial, and Commercial Equipment 

Features: 

• Low VCE(sat) = 1.0 V max. at 40 A, 1.3 V m,\". at 50 A 
• Maximum Safe·Area..,f·OperationCurve ... ISlb limit.line beginning at 24 V 
• Fast Storage Time ... ts = 1.5 fJ.s max at IC = 40 A (2N6033) 50A (2N6032) 
" High-Current Capability ... VCE(sat) & VBE measured at IC = 40 A (2N6033) 

= 50 A (2N6032) 
• High PT (140 W max. at TC = 250 C) 

RCA Types 2N6032 and 2N6033* are epitaxial silicon 
n·p·n transistors having high·curnint and high·power handling 
capability and. fast switching speed. The 2N6033 is similar to 

MAXIMUM RATINGS, Absolute Maximum Values: 
2N6032 2N6033 

• COLLECTOR·TO·BASE VOLTAGE. . . VC80 120 ISO V 
COLLECTOR·TO·EMITTER 

SUSTAINING VOLTAGE: 
With base open. . . . . . . 
With external base-lo-emitter 

resistance (RBE) ~ SO Q ... 

With external base-to-emitter 
resistance (RBE) ~50 n & 

VBE =.1.5 V •....... 

• EMITTER·TO·BASE VOLTAGE ..... 

• CONTINUOUS COLLECTOR CURRENT 

• BASE CURRENT ........... . 

• IEMITTER CURRENT •.••••• 
* TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

and VCEup to 24 V ...... . 

At case temperatures up to 25°C 

and V CE above 24 V ........ . 

At case temperatures ab«?ve 2SoC 
and VeE above 24 V ..••.•.. 

• TEMPERATURE RANGE: 

Storage & Operating (Junction) ... 

• PIN TEMPERATURE (During Soldering): 

At distances,? 1/32 in. (0.8 mm) 

from seating plane for to s max . . . . 

VCEO(SUS) 90 120 V 

VCER(sus) 110 140 V 

VCEX(sus) 120 ISO V 

VEBO 7 V 

IC SO 40 A 

18 10 10 A 

IE SO 40 A 
PT 

140 140 W 

See Fig. 2. 

See Figs. 2 and 3 

-65 to +200 °c 

230 °c 

-In accordance with JEDEC registration data format JS·6 RDF-1. 

11·70 

the 2N6032; they differ in maximum values for continuous 
collector current and sustaining voltage. 

-Formerly RCA Oev. Types TA7337 and TA7337A. respectively. 

Applications: 

• Switching·control amplifiers 
• Power gates 
• Switching regulators 
• Power·switching circuits 
• Power oscillators 
• DC·RF amplifiers 
• Converters 
• Inverters 
• Control circuits 

NOTE: CURRENT DERATING AT CDNSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION'LIMITED PORnON 
AND ISIb-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA-CURVES (FIG21. DO NOT DERATE THE SPECI· 
FlED VALue fOR IC MAX. 

IS 50 15 100 125 ISO 115 11)0 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Te)-De 9~S.JG39RI 

Fig. 1 - Derating curves for both types. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T C) = 25°C Unless Otherwise Specified 

TEST,CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N6032 2N6033 UNITS 

V de A de 

VCE VBE IC IB ~in. Max. Min Max 

Collector-Cutoff Current: 
ICEO 80 - - 0 - 10 - 10 mA 

With base open 

Witn base·emitter 110 -1.5 - - - 12 - -
rnA 

junction reverse biased ICEV 135 -1.5 - - - - 10 

TC = 1500 C 100 -1.5 - - - 15 - 10 rnA 

* Em itter-Cutoff Current lEBO - - 0 - - 10 - 10 mA 

Collector-to-Emitter 
Sustaining Voltage: 

VCEO(sus) 02b 0 902 1202 
(See Figs. 12 & 13) 

- - - -

With base open 
With external base to emitter VCER(sus) - - 0.2 b 0 1102 - 140a - V 
resistance (RBE) < 50 n 

With base·emitter junction reverse VCEX(sus) - -1.5 02 b 0 120a - 1502 -
biased & RBE < 50 n 

* 
- - 50b 5 - 2 - -

Base-to-Emitter Saturation Voltage VBE(sat) 40b 4 2 
V 

- - - - -

Base·to·Emitter Voltage VBE 
2 - 50b - - 2 - -

V 
2 - 40b - - - - 2 

Collector·to·Emitter VCE(sat) 
- - 50b 5 - 1.3 - - V 

Saturation Voltage - - 40b 4 - - - 1 

DC Forward·Current Transfer Ratio hFE 
2.6 - 50 b - 10 50 - -
2 - 40b - - - 10 50 

Second·Breakdown Collector Current 
ISlb 

24 - - - 5.8c - 5.8c - A 
With base forward biased, t = 1 s 40 - - - 0.9c - 0,9c -
non repetitive 

Second·Breakdown Energy 
With base reverse biased ESlb - -4 20 - 62 - 62 - mJ 

(L=310"H,RBE=5m 

Magnitude of common-emitter 
small-signal, short-circuit, Ihfel 10 2 10 10 
forward-current transfer ratio - -

f = 5 MH7 

Gain·Bandwidth Product fT 10 - 2 - 50 - 50 - MHz 

f = 5 MHz 

Output Capacitance: Cobo - - - - - 800 - 800 pF 

VCS=10V,f=1 MHz 

Thermal ResIstance 
R8JC °CfW 

(Junction-to-Case) 20 - 2,5 - - 1.25 - 1.25 

. 
In accordance with JEOEC registration format JS-6 RDF-1. 

a CAUTION:. ~he sustaining voltages VCEOlsus). VCER(sus), and VCEX{susl MUST NOT be measured on a curve tracer. 
These sustaining voltages should be measured by means of the test circuit shown in Fig. 12. 

b Pulsed: Pulse duration 300 "s; duty factor';; 2%. 
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SWITCHING TIME CHARACTERISTICS, Case Temperature (TC) = 250 C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N6032 2N6033 UNITS 
V de A de 

VCE VBE IC IB Min. Max. Min. Max. 

Saturated Switching Time: (Vce=30 v. 
IBl = IB2): 
Rise Time tr - - 50 5 - 1 - - {.IS 

- - 40 4 - - - 1 
Storage Time ts - - 50 5 - 1.5 - - !1s 

- - 40 4 - - - 1.5 

Fall Time tf - - 50 5 - 0.5 - - {.IS 
- - 40 4 - - - 0.5 

*In accordance with JEDEC registration format JS-6 RDF-l. 

100e' CASE TEMPERATURE (Tel =25°C :. 

2 4 6 eIOO(, 

92CS-16020 R I 

Fig. 2 - Maximum operating areas for both types. 
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Fig. 3 - Maximum operating areas for both types at case 
temperature (Tci = I()()oC. 
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Fig. 4 - Typical dc·beta characteristic for 
both types. 
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Fig. 5 - Collector-to-emitter sustaining 92S$ -3954RI 

voltaile characteristics for both types. 



File No. 462~ ________________________ 2N6032, 2N6033 

COLLECTOR SUPPLY VOLTAGE (Vee) ~ 30 V 

1.6 ______ 1C-'0Is,"'-10182 

1.2 
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I--. 
~ -
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--'::--,':-: 

10 20 30 4u 50 60 70 
COLLECTOR CURRENT 11c)-A 

Fig. 6 - Typical saturated switching 
characteristics for both types. 

92CS-17449 
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COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CS-16Q18 

Fig. 8 - Typical collector characteristics 
for both types. 
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Fig. 10 - Maximum reverse·bias second· 
breakdown characteristics for both types. 
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Fig. 7 - Typical input characteristics 
for both types. 
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Fig. 9 - Typical transfer characteristics 
for both types. 
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Fig. 11 - Maximum reverse·bias second· 
breakdown characteristics for both types. 
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110 n 
IW 

L = 15mH [YCEO(SUS) 8. VCER(susl] 

L = 2mH !5'CEX(su~ 

CHANNEL A 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL No.130B, 
OR EQUIVALENT 

CHANNEL B 

COMMON 

+_ 0-50 V 
:- SOOmA 

92SS-3955RI 

NOTE: Relay vibrates 60 limes per second. 

Fig. 12 - Circuit used to measure sustammg voltages 
VCEO(sus), VCER(SUS), & VCEX(SUS) for both types. 

INPUT: 

~f~~.f~ci- !.II MODEL 
No.214A OR 

.---....----<r--0vee 
EQUIVALENT -= lapF 

PULSE 

51 n 
51 n 

I K 

OURATION~ 5}1s 
REP. RATE; 400 Hz 

VBB 
-6VDCcr.-~~~~~==~~ 

* ADJUST FOR 181 AND 182 

** RC AT40A=O.75!l 
50 A "O.S,{l 

.. 
Re 

+30vac 

• lSI AND I82 MEASURED WITH TEKTRONIX CURRENT 

PROBE P6DI9 AND TYPE 134 AMPLIFIER OR EQUIVALENT 
92.CS-17433 

Fig. 14 - Switching-time test set. 
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0.4 

j' 
~02 

a (J0140 0 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Note: The sustaining voltages VCEO(sus), VCERhusl. or VCEXlsus) 
a.e acceptable when the trace falls to the rrqht and above pomt "A" 
lor type 2N6032 o. POIll! "8" lor type 2N6033 

Fig. 13 - Oscilloscope display for measurement of sustaining 
voltages for both types. (Test circuit shown in Fig_ 5)_ 

TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 



File No. 563 

H-1570 

[Rlm3LJl] 
Solid State 
Division 

JEDEC TOoS 

Power Transistors 

2N6055 
2N6056 

a .. Ampere Silicon N-P-N 
1D21IfOong1!:olm Power Transistors 

60- and 80-Volt, 100-WattTypes 
With Gain of 750 at 4 Amperes 

Features: 

a Operation from IC without predriver 

a Low leakage at high temperature 
a High reverse-second-breakdown capability 

Applications: 

D Power switching 
a Hammer drivers 

1:1 Audio amplifiers 
a Series and shunt regulators 

RCA·2N6055 and 2N6056 are monolithic n·p·n silicon 
Darlington transistors designed for low· and medium· 
frequency power applications. The double epitaxial construe· 
tion of these devices provides good forward and reverse 
second-breakdown capability. Their high gain makes it 
possible for them to be driven directly from integrated 
circuits. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

r------------, 
I I 
I I 
I I 
: I 
I I 
I 1113 kn 1':f200 n. I L _________ ...J 

E 
92CS- r99r6Rr 

Mounting Flange - Collector F;g. 1- Schematic diagram of 2N6055 and 2N6056 Darlington power 
transistors. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR·TO-BASE VOLTAGE ••... _ ...•••••••• __ .. _ . • •• • • . .• VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base reverse-biased, VBe '" -1.5 V, sustaining ....... ......... . 
With external base-to-emitter resistance (ABe) '" lOOn, sustaining .... . 
With base open •••.•....•.•...•.•...••...•.•..•.....•.•..•. 

• EMITTER-TO·BASE VOLTAGE .................................. . 
COLLECTOR CURRENT: 

Continuous ••••••••.•......•.••••••.•••..........•........ 
Peak .....••••..........•..•......•..•................... . 

VCEV (sus) 

VCER (sus) 

VCEO 
VEBO 
IC 

• CONTINUOUS BASE CURRENT ............ _.................... IB 
• TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C ........•.....•..•............ 
At case temperatures above 250 C ..............•............... 

• TEMPERATURE RANGE: 
Storage & Operating (Junction) ..........•.•...........•....... 

... PIN TEMPERATURE (During Soldering): 

At distances;;;;::' 1/16 in. (1.58 mm) from 
seating plane for 10 s max ............••....•••.....•••••.•.. 

... In accordance with JEDEC registration data format JS-6 RDF-2 

1-73 

~1 ... 6055 2N6056 
60 80 

60 80 
60 80 
60 BO 

5 5 

B 
16 16 

120 120 

100 100 
See Figs. 2 and 3 
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2N6055, 2N6056 __________________________ File No. 563 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) = 250 C unless otherwise specified 

TEST CONDITIONS LIMITS 

DC DC 
CHARACTERISTIC SYMBOL VOLTAGE 

(V) 
CURRENT 2N6055 

(A) 
2N6056 UNITS 

VCE VBE IC IB MIN. MAX. MIN. MAX. 
Collector Cutoff Current: 30 0 - 0.5 - -

With base open ICED 40 a - - - 0.5 
With base-emitter 60 -1.5 - 0.5 - -
junction reverse-biased ICEX 80 -1.5 

mA 
- - - 0.5 

MTC = 1500C ICEX 
BO -1.5 - 5 - -
BO -1.5 - - - 5 

Emitter Cutoff Current lEBO -5. a 2 2 mA 
DC Forward Current 

hFE 
3 8a 100 - 100 -

Transfer Ratio 3 4a 750 lB,OOO 750 lB,OOO 
Collector-ta-Emitter 

Sustaining Voltage: 
With base open VCEO(SUS) O.1 a 60a - BO" -

With external base-to-

emitter resistance VCER(sus) O.la 60a - Boa - V 

(RBE) = lOOn 
With base-emitter 
junction reverse- VCEX(SUS) -1.5 O.la BOa - 80a -
biased 

Collector-ta-Emitter 
VCE(sat) 

4a 0.D16 - 2 - 2 V 
Saturation Voltage Ba O.OB - 3 - 3 

Base-ta-Emitter Voltage VSE 3 4a - 2.B - 2.B 
V 

At saturation VBE(sat) Ba 0.08 - 4 - 4 

Magnitude of Common-

Emitter, Small-5ignal 

Short-Circuit, Forward Ihlel 3 3 4 - 4 -

Current Transfer Ratio: 

1=1 MHz 

Common-Base Output 

Capacitance: Cobo - 200 - 200 pF 

1=0.1 MHz ,VCS = 10V 

Common-Emitter, Small-

Signal, Short-Circuit 
hIe 3 3 300 - 300 - -

Forward Current 

Transfer Ratio: 

1=1 kHz 

Second Breakdown 

Energy: 

With base reverse· ES/bb -1,5 5 150 - 150 - mJ 

biased and L = 12 mH, 

RBE = lOOn 
Forward-Bias Second 

Breakdown Collector 
ISlb 33.3 3 - 3 - A 

Current (1-5 non-
40 - - 2 -

repetitive pulse) 

Thermal Resistance: 
ROJC - 1.75 - 1.75 °C/W 

Junction-to-Case 

.. In accordance with JEDEC registration data format JS-6 RDF.2. 

a Pulsed: Pulse duration'" 300 JJS, duty factor'" 2%. 
b ES/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. ES/b '"' %Ll2, where L is a series load 
or leakage inductance and I is the peak collector current. 
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100 CASE TEMPERATURE (TC)-Z5·C 
60 

.. 40 I .1. 
20 f- Ie MAX. (PULSED) I Qlml 

~ Ii Ic MAX. (CONTINUOUS) ":"Im. 
~ 4 

D~r'\ Il. a 2 
IS/b~LIMITED~ 1\\ \I ~ I 

G 0.6 \ ."" ~0.4 

\ 8 0.2 

~::g;~~~ 'I 
0.1 

0.05 
6 8 10 20 40 60 80 100 

COL.LECTOR-lO-EMITTER VOLTAGE (VCE)-V 92CS.Z0349 

Fig. 2- Maximum operating areas for types 2N6055 and 2N6056. 

COLLECTOR-lO-EMITTER VOLTAGE (VeE)= 5 V 
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Fig. 4- Typical de beta characteristics for 
both types. 
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Fig. 6- Thermal-cycling rating chart for 
both types. 
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NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION- LIMITED PORTION 
AND IS/b-LlMITED PORTION OF MAXIMUM-OPERATING­
AREA CURVES. DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

o 25 50 75 100 12:i 150 175 200 

CASE TEMPERATURE (TC)-"c 
92CS-I9943 

Fig. 3- Derating curve for both types. 

COLLECTOR CURRENT (Iel- I A 
COLLECTOR-lO-EMITTER VOLTAGE (VCE) ~5 v 
CASE TEMPERATURE ITCI-2SoC 

I"-

'\ 
\ 

.\ 

\ 
1\ 

4 . 0.1 2 4 . . 2 . • • 10 

FREQUENCY (1)- MHz 
92CS-19919 

Fig. 5- Typical small-signal gain for both 
types. 
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Fig. 7- Typical saturated switching-time 
characteristics for both types. 
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~~~~~ETICS PULSE I81* 
GENERATOR MOOEL 
No. PG-3r, OR 
EQUIVALENT 

PULSE DURATION 
20 ~s POSITIVE VOLTAGE 
20 pS NEGATIVE VOLTAGE 

REP. RATE" 200 Hz 

Vee" 20 V 

RS":l 200 RC 

-It Ier AND I82 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92C5-19942 

Fig. 8-Circuit used to measure saturated switching times. 

COLLECTOR TO-EMITTER VOLTAGE (VCE1=5 V H-t+ 

15 

<[ 12.5 
E 

I 
~ 10 

... z ! 1.5 

'" 
~ 

2.5 

BASE-TQ-EMITTER VOLTAGE {VSE)-V 
92C5-19923 

Fig. 10-Typical input characteristics for both types. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 
92C5-19925 

Fig. 12-Typical output characteristics for both types. 
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Fig. 9-Phase relationship between input current and output current 
showing reference points for specification of switching times 
(test circuit shown in Fig. 8). 
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BASE-TO-EMITTER VOLTAGE (VBE'-V 
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Fig. 11-Typical transfer characteristics for both types. 
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Fig. 13-Typical saturation-voltage characteristics for both types. 
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ITCl(]5LJD 
Solid State 
Division 

JEDEC TO-66 

Power Transistors 
2N6077 
2N6078 
2N6079 

High-Voltage, High-Power 
Silicon N-P-N Transistors 
For Switching and Linear Applications 

Features 

• Maximum safe-area-of-operation curves 
II Low saturation voltages 

a High voltage ratings: 

VCER(SUS) = 300 V (2N6077) 
275 V (2N6078) 

375 V (2N 6079) 
• High dissipation rating: PT = 45 W 

TERMINAL CONNECTIONS 

I Pin 1 - Base 

Pin 2 - Emitter 

Mounting Flange, Case·Collector 

RCA-2N6077, 2N6078, and 2N6079 are multiple epitaxial 
silicon n-p-n power transistors utilizing a multiple-emitter-site 
structure. MUltiple-epitaxial construction maximizes the volt­
ampere characteristic of the device and provides fast 
switching speeds. Multiple-emitter-site design ensures uni­
form current flow throughout the structure, which produces 
a high ISlb and a large safe-operation area. 

Type 2N6078 is characterized for switching applications with 
the load line extending into the reverse-bias region. Its 
voltage ratings make this device useful for switching regu­
lators operating directly from a rectified 110-V or 220-V' 
power line. The unit is rated to take surge currents up to 5 A 
and maintain saturation. 

These devices use the popular JEDEC TO-66 package; they 
differ mainly in voltage ratings, leakage-current limits, and 
V CE (sat) ratings. 

The 2N6077 is characterized for switching applications with 
load lines in the active region. These applications include 
sweep circuits and all circuits using the transistor as an active 
voltage ~Iamp. 

The 2N6079 is characterized for use in inverters operating 
directly from a rectified 11O-V power line. The leakage 
current is specified at 450 volts; therefore the device can also 
be used in a series bridge c"nfiguration on a 220·V line. The 
VEBO rating of 9 volts eases requirements on the drive 
transformer in inverter applications. Storage time, an im· 
portant factor in the frequency stability of an inverter, is 
specified in Fig. 12 , which shows variation in storage time 
with variation in load current from zero to maximum (4 A). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE ................................... VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open ................................................. . 
* With reverse bias (VSE) of -1.5 V ................................... . 
* With external base-to-emitter resistance (RSEI :S;;50 n ................... . 
EMITTER-TO-BASE VOLTAGE ..................................... . 

*cOLLECTOR CURRENT: 
Continuous .................................................... . 
Peak ............ , ...................... , .. , ....... , ......... ,. 

VCEO(sUS) 
VCEX('us) 
VCER('u,) 
VEBO 
IC 

*CONTINUOUS BASE CURRENT .................... :................ IB 
'TRANSISTOR OISSIPATION: PT 

At case temperatures up to 25°f and VCE up to 40 V ....... ' ....... " ... . 
At case temperatures up to 25 0C and VCE above 40 V ",.,.,", .... ,.".' 
At case temperatures above 25 C and VeE above 40 V .... , ............ , .. 

*TEMPERATURE RANGE: 
Storage & Operating (Junction) ....... " ....... "', ... '."', ... , ... . 

*PIN TEMPERATURE (During Soldering): 
At distances> 1/32 in, 10,8 mml from case for 10 s max. ..' ..... 

* In accordance with JEDEC registration data format (JS-6. ROF-l I. 

6-71 

2N6077 2N6078 2N6079 

JOO 275 375 

275 250 350 
300 275 375 
300 275 375 

6 6 9 

7 7 7 
10 10 10 
4 4 4 

45 45 45 
See Fig. 1 

See Figs_ 1, 2, and 4 

-65 to +200 

230 

281 

V 

V 
V 
V 
V 

A 
A 
A 

w 



2N6077-2N6079 ________________________ File No. 492 

ELECTRICAL CHARACTERISTICS. At Case Temperature (T c) = 25"C unless otherwise specified 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N6077 
V de A de 

VCE VBE IC IB Min. 

Coliector·Cutoff Current: 
With base open 'CEO 250 0 -
With base-emitter 250 1.5 
junction reverse biased 450 -1.5 -
With base-emitter 

'CEV 
250 1.5 

junction reverse biased, 450 -1.5 -
TC = 1250 C 

Emitter-Cutoff Current 'EBO .::~ ~ -
Collector-ta-Emitter 
Sustaining Voltage 

With base open VCEO(sus) 0.2a 275b 
With external base-to-
emitter resistance: VCER(SUS) 0.2a 300b 
RBE=5011 

Emitter-ta-Base Voltage: 
'E=l mA VEBO 0 6 

DC FOlWard-Current 
Transfer Ratio hFE 1 1.2a 12 

1.2a 0.2 -
Base-to-Emitter VBE(sat) 3a 0.6 -

Saturation Voltage 4a 0.8 -
5a 1 -
1.2a 02 

Collector-ta-Emitter 
~CE(sat) 3a 0.6 -

Saturation Voltage 4a 0.8 -
5a 1 -

Output Capacitance: Cabo -
VCB = 10V. f = 1 MHz 

Magnitude of Common 
Emitter. Small·Signa'. 

\hfe\ Short·Circuit, Forward 10 0.2 1 
Current Transfer Ratio: 
f= 1 MHz 

Second Breakdown 
Collector Current (With 
base forward biased) 'SIb 50 0.9 
Pulse duration (non-
repetitive) = 1 s 

Second Breakdown 
Energy (With base 

ES/b -4 3 0.45 reverse biased); 
RB=501l. L= 100l'H 

Switching Times c 
(VCC = 250 V, 'Bl = 'B2): 

Delav TIme td 1.2 0.2 -
Rise Time tr 1.2 0.2 -
Storage Time ts 1.2 0.2 
Fall Time tf 1.2 02 

Thermal Resistance: 
Junction-to-Case R8JC 20 2.25 -

* In accordance with JEDEC registration data format (JS-6 RDF~1). 
a Pulsed; pulse duration :s. 350 ,",S, Duty factor = 2%. 

b CAUTION: The sustaining voltages VCEO(SUS). and VCER(sus). 
MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by means of the test circuit shown in 
Fig.15. 

e See Figs.10~14,17 and 1B. 
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Typ. 

-

-

-

-

-

-

-

28 
1.0 
1.2 
-
-

0.15 
025 
-
-
-

7 

-

-

0.02 
0.3 
2.8 
0.3 

-

LIMITS 

2N6078 

Max. Min. Typ. Max. 

2 - - -
5 0.05 
- - - -

8 0.2 
- - - -

1 
- - - -

- 250b - -
- 275b - -

- 6 - -
70 12 28 70 
1.6 - 1.0 1.6 
1.9 - - -
- - - -
- - 1.5 2 

0.5 0.15 0.5 
1 - - -
- - - -
- - 0.8 3 

150 - - 150 

- 1 7 -

- 0.9 - -

- 0.45 - -

- - 0.02 -
0.75 - 0.3 0.75 
5 2.8 5 
0.75 0.3 0.75 

3.9 - - 3.9 

2N6079 UNITS 

Min. Typ. Max. 

- - - mA 

mA - - 0.5 

- mA - - 5 

1 
mA - -

350b - -
V 

375b - -

9 - - V 

12 28 50 

- 1.0 1.6 
- - - V - 1.3 2 
- - -

0.15 0.5 
- - - V - 0.5 3 
- - -
- - 150 pF 

1 7 -

0.9 - - A 

0.45 - - mj 

- 0.02 -

- 0.3 0.75 
IJS 

2.8 5 
0.3 0.75 

- - 3.9 oCIW 
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2 4 6 8 
1000 

COLLECTOR-TO-EMITTER VOLTAGE, (VCEI-V 

92CS-IS022 

Fig. 1-Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATlON­
LIMITED PORTION AND THE IS/b-LlMITEO 
PORTION OF MAXIMUM OPERATING AREA 
CURVfSIFIG.1 S2J DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 
CASE TEMPERATURE ITcl_ec 

Fig. 2-Derating curve for all types. 

COLLECTOR-TO-EMITTER VOLTAGE 1VcE!;5 v 

200 0.5 I I.~ 

BASE-TO-EMIT1ER YOLTAGE IVBI;I-V 

92SS-4018RI 

Fig. 3-Typical transfer characteristics for all types. 
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FigA-Maximum operating areas for all types. 
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Fig. 5-Typical normalized dc beta characteristics for all Fig.6- Typical normalized dc beta characteristics for all 
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types. types. 

Note (Figs. 5 & 6): To estimate min., max. hFE at any curre'll ana 
temperature, read normalized de forward_current transfer ratio and 
multiply by min., max. specifications given in Electrical Character­
istics Chart. 
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CASE TEMPERATURE {TC J. 25° C 

0·5 

o.z 

BASE CURRENT t1Bl~O.IA 

1234567 
COLLECTOR-TO-EMITTER VOLTAGE (VCEJ-V 92CS-19026 

Fig.7- Typical output characteristics for al! types. 

2 3 4 5 
COLLECTOR CURRENT IIcl-A 

92CS-19028 

Fig.9- Typical saturation voltage characteristics for al! 
types. 

~~,~~A~~~E~ ~g6~z 
COLLECTOR SUPPLY VOLTAGE(VCc)~250V 
CASE TEMPERATURE IT c)-25°C 
IS,=-IS2 

a 
a 

COLLECTOR CURRENT (Tc1-A 
92CS-19030 

Fig. 11-Typical storage-time characteristic for all types (with 
constant forced gain!_ 

2N6077·2N6079 

CASE TEMPERATUREITC)-125·C 

"' I 
~ 5 

500 ... 
~ 4 

ZOO 

BASE CURRENT (Iel·,OOmA 

1234567 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CS-19027 

Fig. 8-Typical output characteristics for all types. 

0.12 

0.11 
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gO.07 
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0.05 
o I 

PULSE DURATION"':: 20}los 
AEPETITION RATE" 100 Hz 
COLLECTOR SUPPLY VOLTAGE (Vee)- 250V 

CASE TEMPEAATURE (Tel ~ 2S·C 
DC BETA thFEJ" 5 THROUGH 10 

[s, "-182 

COLLECTOR CURRENT tIc I-A 

92CS-19029 

Fig_l0-Typical delay-time characteristic for al! types_ 

PULSE DURATION :S 20 }los 

REPETITION RATE; 100 Hz 
COLLECTOR SUPPLY VOLTAGE 1Vee); 250 v 
CASE TEMPERATURE I TC I; 2SDC 
IBI~O.5A 

2 3 4 5 
COLLECTOR CURRENT lI.e)-A 

92CS-19031 

Fig_12-Typical storage-time characteristic foral! types (with 
constant-base drives)_ 
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PULSE DURATION :s: 201'1 
REPETITION RATE=100 Hz 
COLLECTOR SUPPLY VOLTAGE (Vcc'-250V 

1.5 CASE TEMPERATURE ITe'- 25"C 
181--1B2 

." 

a: 0.5 

o 2 3 4 5 
COLLECTOR CURRENTIICI-A 

92CS-19032 

Fig. 13- Typical rise-time characteristic for all types. 

HORIZONTAL 
INPUT 

TEKTRONIX OSCILLOSCOPE 
MODEL RM-503,OA EQUtv. B 

VERTICAL 
INPUT 

GROUND 

veEO 

VCER~ 

VCEX~r.--5' 
1.5 v 

PUSH 
TO 

TEST 

,-----------------~~~ 

CLARE 

Vee POWER 
SUPPLY 

MODEL No.HGP-2034, 
OR EQUIVALENT 

1101 IW 

- + 
8.5V 

VOLTAGE SOURCE 

OFF 
"i;NO 
115VAC 
GO Hz 

92CS-15903 

Fig. 15-Circuit used to measure sustaining voltages VCEO(SUS), 
VCER(SUS) for all types. 

SYNC OUT +Vec 

Ie 
MONITOR 

TYPE 
2N6077 
2N6078 

OR 
2N6079 

£IS, AND 162 MEASURED WITH TEKTRONIX CURRENT PROBE P6D19 OR EQUIVALENT 

Fig. 17-Circuit used to measure switching times for all types. 
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PULSE OURATION :s: 201'$ 
REPETITION RATE = 100 Hz 
COLLECTOR SUPPLY VOLTAGE IVeel; 250 v 
CASE TEMPERAT URE (TC Is 25" C 
181 "-I82 

File No_ 492 

= I 
w 

" 

" e 

o 3 4 5 
COllECTOR CURRENT IICI-A 

92CS'19033 

Fig. 14-Typical fall-time characteristic for all types. 
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~200 
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u i 100 

~ L-____ ~~~~~ 

8 
COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CS-19015 

The sustaining voltages VCEO{sus) and VCERtsUS) are acceptable when 
the traces fall to the right and above point "A'~ for type 2N6078 point 
"s" for type 2N6077 and point .. c .. for type 2N6079. 

Fig. 16-0scilloscope display (or measurement of sustaining 
voltages (test circuit shown in Fig. 15). 
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~~I-_____ +-. ________ --,y ____ -,-__ ...;.TIME 
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INPUT WAVE" FORM -n I 

I I 
I I 
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-----r-- :-'0% 
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~~ I I I I 

8il,--_+-I;]:~1.-----t~'II-.J0% TIME 

TURN-ON I, Is:l TURN-OFF 
TIME - --- TIME 

OUTPUT WAVE" FORM 

Fig.18-Phase relationship between input and output 
currents showing reference points for specification of 
switching times. (Test circuit shown in Fig. 17). 
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DUCrBLJD 
Solid State 
Division 

JEDEC TD-220AA 

2N6099 ~, 
2N6101 ~;~ 
2N6103 ~" 

JEDEC TO-220AB 

Power Transistors 
2N6098 2N6099 
2N6100 2N6101 
2N6102 2N6103 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Designed for Medium-Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 

Features: 
• Low saturation voltage -

VCE(satl = 1 V max. at Ic = 4 A (2N6098, 2N6099) 
= 1 V max. at IC = 5 A (2N6100. 2N6101) 
= 1 V max_ at IC = 8 A (2N6102, 2N6103) 

a VERSAWATT package (molded-silicone plastic) 

a Maximum safe-area-of-operation curves 

• Thermal-cvcle rating curve 

These RCA types are hometaxial-base silicon n-p-n tran­
sistors. Tvpes 2N609B, 2N6100. and 2N6102 have formed 
emitter and base leads for easv insertion into TO-66 sockets. 
Tvpes 2N6099, 2N6101, and 2N6103 are electricallv 
identical to the 2N609B, 2N6100, and 2N6102, respectively. 

controls, inverters. and driver and output stages of high­
fidelity amplifiers_ . 

These new VERSAWATT-package transistors differ in volt­
age ratings and in the currents at which the parameters are 
controlled. Thev are intended for a wide variety of 
medium-power switching and linear applications, such as 
series and shunt regulators, solenoid drivers, motor-speed 

Maximum Ratings, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE .......... _ ......... . 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (RBE) = lOOn .... . 
" With base open_ .. _ ........ _ ...... _. __ ............. _ 
"EMITTER-TO-BASE VOLTAGE ....... _ ........ _ ...... . 
"COLLECTOR CURRENT (Continuous) . _ . __ .... _ ..... __ . 
"BASE CURRENT ... _ .. _ .. ___ .... _ .. _ ............ _ .. . 

TRANSISTOR DISSIPATION: 
" At case temperatures up to 250 C .............. _ ...... . 

At ambient temperatures up to 250 C ............... _ . __ . 
" At case temperatures above 250 C, derate linearly. _ ..... _ . _ 

At ambient temperatures above 250 C, derate linearly .... __ . 
"TEMPERATURE RANGE: 

Storage & Operating (Junction) . _ ..... _ .. _ .... _ ..... _ .. 
"LEAD TEMPERATURE (During Soldering): 

At distance~ l/B in_ (3.17 mm) from case of 10 s max 

*'" accordance with JEDEC registration data format JS-6 RDF·2. 

3-71 

·Formerly RCA Dev. Nos. TA7381·B6, inclusive. 

OPTIONAL LEAD CONFIGURATION 

An additional lead forming for printed-circuit board. mounting 
is also available. 
Please submit requirements to your RCA Technical Sales Rep· 
resentative. or write to RCA Linear Power Marketing, Somerville, 
N.J. 08876. 

VCBO 

VCER(sus) 
VCEO(sus) 

VEBO 
IC 
IB 
PT 

2N6102 2N6098 2N6100 
2N6103 2N6099 2N6101 

45 70 BO 

45 65 75 
40 60 70 
5 B B 
16 10 10 
4 4 4 

75 75 75 
1.B l.B 1.B .. 0.6 • +-- 0.0144-, 

-4---65 to 150---+ 

.. 235 • 

V 

V 
V 
V 
A 
A 

W 
W 

W/oC 
W/oC 

OC 

°c 
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2N6098-2N6103 ________________________ File No. 485 

ELECTRICAL CHARA T I TIC. ase C ER S S C T emperature ."J = n e55 t erwlse peClle (T) 2SoCUI Oh . S Td 

TEST CONDITIONS LIMITS 

DC DC DC 
Collector Emitter Current 2N6102 2N6098 2N6100 

Characteristic Symbol Voltage Voltage 2N6103' 2N6099 2N6101 Units 

(V) (V) (A) 

VCE VEB IC IB Min. Max. Min. Max. Min. Max. 

40 1.5 2 

ICEX 65 1.5 2 
75 1.5 2 

It Coliector·Cutotl Current mA 

With base-emitter junction ICEX 40 1.5 10 

reverse biased (T C=1500 C) 65 1.5 10 

75 1.5 10 

30 0 2 

With base open ICED 50 0 2 mA 
60 0 2 

Emitter·Cutotl Current 
5 1 

lEBO 8 1 1 
mA It 

Collector·to·Emitter 
Sustaining Voltage: 
With external base-ta-emitter VCER(sus) 0.2 45 65 75 

resistance (R BE) = 1 OO!! a V 

It With base open a VCEO(sus) 0.2 0 40 60 70 

4 4 20 80 

DC Forward-Current Transfer 
4 5 20 80 

Ratioa hFE 4 8 15 60 
4 10 - 5 5 

It 

4 16 5 

4 4 1.7 

* Base·to·Emitter Voltagea VBE 4 5 1.7 V 

4 8 1.7 

Collector· to· Emitter 
VCE(sat) 10 2 2.5 2.5 V 

Saturation ",oltagea 
16 3.2 2.5 

It 

Common-Emitter, small· 
signal short-circuit, 

hIe 4 1=lkHz 0.5 15 15 15 
forward current transfer 
ratio 

* Magnitude of cornmon-
emitter. small-signal, 
short circuit, forward fhle f 4 1=0.1 MHz 0.5 8 28 8 28 8 28 

current transfer ratio 

Thermal Resistance: 
Junction-ta-Case- OJ·C 1.67 1.67 1.67 °C/W 
Junction-ta-Ambient °J.A 70 70 .. 70 

·'n accordance with JEDEC registration data format US-5. RDF·2) 8pulsed. pulse duration" 300 J.1.s. duty factor"" 0.018 
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Fig. 2-Derating curve for all types. 

TERMINAL CONNECTIONS FOR 
TYPES 2N6098. 2N61 00. 2N6102 

Terminal No. 1·Base 
Terminal No. 3·Emitter 
Terminal No. 4.collector 
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Fig. 3-Therma/~ycling rating for all types. 

TERMINAL CONNECTIONS FOR 
TYPES 2N6099. 2N6101. 2N6103 

Terminal No. 1-8ase 
Terminal No. 2·Collector 
Terminal No. J..Emit;ter 
Terminal No. 4-Collector 

• • 
100,000 

~2CS-J7955 
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CASE TEMPERATURE (TCI =25 0 C 
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Fig.4~-Sustaining voltage vs. base-to-emitter resistance for 
types 2N6102 and 2N6103. 
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Fig.6-Sustaining voltage vs. base-'ta-emitter resistance for 
types 2N6098 and 2N6099. 

CASE TEMPERATURE (Tcl= 25°C 
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Fig.8-Sustaining voltage vs. base-to-emitter resistance for 
types 2N6100 and 2N6101. 
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Fig.5- Typical dc beta characteristics for types 2N6102 
and 2N6103. 
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Fig. 10-Typical input characteristics for types 2N6102 

and 2N61 03. 
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Fig. 12-Typical input characteristics for types 2N6098 
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Fig. 14-Typica/ input characteristics for types 2N6100 
and 2N6101. 
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Fig. II-Typical outputcharacteristics for types 2N6102 

and 2N61 03. 
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Fig. 13-Typical output characteristics for types 2N6098 
and2N6099. 
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Fig. 15-Typical output characteristics for types 2N6100 
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BASE-lO-EMITTER VOLTAGE (VSE'-Y 
92CS-I!l987 

Fig. 16-Typical transfer charact;eristics for all types. 

2 3 
COLLECTOR CURRENT lIe 1-A 

92CS-I!l994 

Fig. 18-Typical saturated switching characteristics for all 
types. 

TEKTRONIX 543A OR EQUIV. 

NOTE; Collector-terminal connection for transistor under test is 
mounting-flange (2N6098. 2N6100. 2N61021. lead No.3 (2N6099. 
2N6101.2N61031. 

Fig.20-Circuit used to measure switching times for all types. 
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Fig. 19-Reverse-bias, second-breakdown characteristics for all 
types. 

OUTPUT WAVE FORM 

Fig.21-Phase relationship between input current and output 
current showing reference points for specification of 
·switching times. (Test circuit shown in Fig.20). 
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oornLlD 
Solid State 
Division 

Power Transistors 

2NI5106-2N61111, 21M6288-21Nl6293, 

2!N16413D 21i\'l6416 

2N6106 2N6289 

•

COliector 2N6108 2N6291 
2N6110 2N6293 

lEpoftalltoal-lBase, S mean INI-P-INI and P-II\'I-rP 
VIEIRSAW A111" Trans istoll's 

~ '\.---- Emitter 
___ Base 

TO-220AA H-1534Rl 

General-Purpose Medium-Power Types for 
Switching and Amplifier Applications 

,Features 

C Low saturation voltages " Thermal·cycling ratings 

2N6107 2N6288 
2N6109 2N6290 
2N6111 2N6292 
2N6475 2N6473 
2N6476 2N6474 
A- Emitter 

',4-- Collector 
Base 

H-1535Rl 

" VERSAWATT package (molded 

silicone plastic) 

g Maximum safe-area-of-operation curves 
specified for dc operation 

" Complementary n·p-n and p-n·p 
types 

RCA-2N6106-2N6111, 2N62BB-2N6293, and 2N6473-
2N6476 are epitaxial-base silicon transistors supplied in a 
VERSAWATT package, The 2N62BB-2N6293. 2N6473, and 
2N6474° are n-p-n complements of p-n-p types 2N6106-
2N6111. 2N6475, and 2N6476", respectively, All these 
transistors are intended for a wide variety of medium-power 
switching and amplifier applications, such as series and shunt 
regulators and driver and output stages of high-fidelity 
ampl ifiers, 

• Formerly RCA Dev. Nos. TA7784, TA8323, TA7783, TA8232, 
TA 7782, TA8231. TA8444. and TA8723, respectively. 

The 2N62B9, 2N6291, and 2N6293 n-p-n types and 2N6106, 
2N610B, and 2N6110 p-n-p devices fit into TO-66 sockets. 
The remaining types are supplied in the JEDEC TO-220AB 
straight-lead version of the VERSAWATT package. All of lhese 
devices are also available on special order in a variety of lead­
form configurations. Detailed information on these and other 
VERSAWATT outlines is contained in "RCA's Lineup·of 
Power Transistors" (PSP·704). 

a Formerly RCA Dev. Nos. TA8210, TA7741, TA8211, TA7742, 
TA8212, TA7743. TA8445, and TA8722, respectively. 

2N6288 2N6290 2N6292 
N-P-N 2N6289 2N6291 2N6293 2N6473 2N6474 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR·TO·BASE VOLTAGE 
'COLLECTOR·TO-EMITTER VOLTAGE: 

With external base-supply resistance (RBSI = lOOn, 
and base supply voltage (VSB) = 0 
With base open ........ . 

'EMITTER·TO·BASE VOLTAGE 
'COLLECTOR CURRENT (Continuous) 

At case temperature:S;;; 106°C 
'BASE CURRENT (Continuous) 

At case temperature < 130°C 
TRANSISTOR OISSIPATION: 

At case temperatures up to 25"C 
* At case temperatures up to lOOoe 

At ambient temperatures up to 25('C 

At case temperatures above 25°C 

* At case temperatures above 100°C. 
At ambient temperatures above 25°C 

'TEMPERATURE RANGE: 
Storage and Operating (Junction) .. 

'LEAD TEMPERATURE (During Soldering): 
At distance ~ 1/8 in. (3.17 mm) from case for 10 s max. 

* In accordance with JEDEC registration data format IJS·6, RDF·21. 

8-74 

P-N·P 

VCBO 

VCEX 
VCEO 
VEBO 

IC 

IB 
PT 

2N61100 2N6108. 2N61060 2N64750 2N64760 
2N61110 2N61090 2N6107+ 

40 60 BO 110 130 V 

40 6.0 BO 110 130 V 
30 50 70 100 120 V 

5 5 V 

4 A 

3 3 A 

40 40 40 40 40 W 
16 16 16 16 16 W 

1.8 l.B 1.8 1.B 1.8 W 
Derate linearly at 0.32 wtc, or see Fig. 2. 

Derate linearly at 0.32 wtc 
Derate linearly at 0.0144 W/oC 

-65 to 150 'c 

235 'c 
• For p·n·p devices, voltage and current values are negative 
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2N6106-2N6111, 
2N628B-2N6293, ________________________ File No. 676 

2N6473-2N6476 
ELECTRICAL CHARACTERISTICS. At case Temperature IT cJ ~ 25"C Unless Otherwise Specified 

TEST CONDITIONS. LIMITS 

2N6292 2N6290 
2N6293 2N6291 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 2N61 06. 2N610s+ UNITS 
V de Ade 2N61 07. 2N6109· 

VCE VSE IC IS MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 
With external base-To-emitter 75 - 0.1 - -

resistance (RBE) = 100 n 55 - - 0.1 
ICER mA 

With (RBE) = 100 nand 70 - 2 - -
TC = 150°C 50 - - - 2 

With base-emitter junction 75 -1.5 - 0.1 - -
reverse-biased 

ICEX 
56 -1.5 - - - 0.1 mA 

With base-emitter junction 
reverse-biased and 70 -1.5 - 2 - -

TC = 150°C 50 -1.5 - - - 2 

With base open ICED 
40 0 - - - 1 
60 0 - 1 - mA -

Emitter-Cutoff Current lEBO -5 0 - 1 - 1 mA 

Collector-to-Emitter Sustaining 
Voltage: 

With base open VCEO(sus) 0.1" 0 70 - 50 - V 

With external base-To-emitter 

resistance (RBEI = 100 n VCER('us) 0.1 80 - 60 - V 

4 2" 30 150 - -
DC Forward-Current hFE 4 2.5' - - 30 150 

Transfer Ratio 4 7" 2.3 - 2.3 -
Base-to-Emitter Voltage: 

2N6292, 2N6293 
VBE 

4 2a - 1.5 - -
V 2N6290, 2N6291 4 2.5a - - - 1.5 

All Types 4 7" - 3 - 3 

2" 0.2 - 1 - -
Collector-to-Emitter 

VCE(s,t) 
2.5" 0.25 - - - 1 

V Saturation Voltage 7" 3" - 3.5 - 3.5 

Common-Emitter, Small·Signal, 
Forward Current Transfer Ratio: 

1= 50 kHz hie 4 0.5 20 - 20 -
Gain-Bandwidth Product: 

2N6290·2N6293 IT 4 0.5 4 - 4 - MHz 
2N61 06·2N61 09 -4 -0.5 10 - 10 -

Magnitude of Common-

Emitter, Small-Signal. 
Forward-Current Transfer 

Ratio: 

I hie I 1-1 MHz 
2N6290·2N6293 4 0.5 4 - 4 -
2N6106·2N6109 -4 -0.5 10 - 10 -

Collector-to-Base Capacitance: 
1= 1 MHz, VCB = 10 V Cobo 0 - 250 - 250 pF 

Thermal Resistance: 
Junction-to-Case ROJC - 3.125 - 3.125 

°CIW 
Junction-to-Ambient ROJA - 70 - 70 

apulsed: Pulse duration = 300 ps. duty factor = 0.018. +For p-n-p devices. voltage and current values are negative. 

*In accordance with JEDEC registration data format IJS-6 RDF-2). 
CAUTION: The sustaining voltage VCER(su,s) MUST NOT be measured on a curve tracer. 
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2N6106-2N6111, 
File No_ 676 ________________________ 2N6288-2N6293, 

2N6473-2N6476 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT ci = 2fi'C Unless Otherwise Specified 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 2N6288 2N6110· 

UNITS 
Vdc Adc 2N6289 2N6111· 

VCE VBE IC IB MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 
With external base-ta-emitter 

resistance IRBE) = 100 n 35 - 0.1 - -0.1 
ICEX rnA 

With IRBE) = 100 nand 
TC=150°C 30 - 2 - -2 

With base-emitter junction 
reverse-biased ICEX 37.5 -1.5 - 0.1 - -0.1 rnA 

* With base-emitter junction 
reverse-biased and 

TC=150°C 30 -1.5 - 2 - -2 

With base open ICED 20 0 - 1 - -1 rnA 

* Emitter-Cutoff Current lEBO 5 0 - 1 - -1 rnA 

Collector-ta-Emitter 
Sustaining Voltage: 

* With base open VCEOlsus) 0.1 a 0 30 - -30 - V 

With external base-to 
emitter resistance VCERlsus) 0.1 40 - -40 - V 

IRBE) = 100 n 

DC Forward Current 
hFE 

4 3a 30 150 30 150 
Transfer Ratio 4 7a 2.3 - 2.3 -

* 

Base-ta-Emitter Voltage: 
·2N6288. 2N6289 VBE 4 3a - 1.5 - - V 
All Types 4. 7a - 3 - 3 

. Collector-ta-Emitter 
VCElsat) 

3a 0.3 - 1 - -1 
V 

Saturation Voltage 7a 3 - 3.5 - -3.5 

Common-Emitter, Small-
Signal. Forward-Current 

Transfer Ratio: 
f = 50 kHz hfe 4 0.5 20 - 20 -

Gain-Bandwidth Product: 
2N6288-2N6289 fT 4 0.5 4 - - - MHz 
2N6110-2N6111 -4 -0.5 - - 10 -

* Magnitude of Common-
Emitter, Small-Signal, Forward-
Current Transfer Ratio: 

hel 
f= 1 MHz 

2N6288·2N6289 4 0.5 4 - - -
2N6110·2N6111 -4 -0.5 - - 10 -

* Collector-ta-Base Capacitance: 
f=1 MHz. VCB=IOV Cobo 0 - 250 - 250 pF 

Thermal Resistance: 
Junction-ta-Case ROJC - 3.125 - 3.125 °C/W 
Junction-ta-Ambient ROJA - 70 - 70 

apulsed: Pulse dUration = 300 ~s, duty factor = 0.018. .For p-n-p devices, voltage and current values are negative. 

·In accordance with JEDEC registration data format IJS-6 RDF-2). 
CAUTION: The sustaining voltage VCER{sus} MUST NOT be measured on a curve tracer. 
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2N6101-2N6111, 
2N6288-2N6293, ________________________ File No. 676 

2N6473-2N6476 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25"C Unless Otherwise Specified 

TEST CONDITIONs+ LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 2N6474 2N6473 

UNITS 
Vdc Adc 2N6476+ 2N6475+ 

VCE VBE IC IB MIN. MAX. MIN. MAX. 

Celleetor-Cutoff Current: 
With external base-ta-emitter 120 - 0.1 - -

resistance IRSE) = lOOn 100 - - - 0.1 
ICER rnA 

With IRBE) = 1000. and 120 - 2 - -
TC = 100°C 100 - - - 2 

With base-emitter junction 120 -1.5 - 0.1 - -
reverse-biased 

ICEX 
100 -1.5 - - - 0.1 rnA 

With base-emitter junction 
reverse-biased and 120 -1.5 - 2 - -
TC=loo°C 100 -1.5 - - - 2 

* With base open ICED 
60 0 - 1 - -

rnA 
50 0 - - - 1 

Emitter-Cutoff Current lEBO -5 0 - 1 - 1 rnA 

Collector-ta-Emitter Sustaining 

Voltage: VCEolsus) V 

With base open O.la 0 120 - 100 -

With external base-to 
emitter resistance 

IABE) = lOOn VCERlsus) 0.1 130 - 110 - V 

DC Forward-Current 
hFE 

4 1.5a 15 150 15 150 
Transfer Ratio 2.5 4a 2 - 2 -

Base-ta-Emitter Voltage 4 1.5a - 2 - 2 
V VBE 2.5 4a - 3.5 - 3.5 

Collector-ta-Emitter 
VCElsat) 

1.5a 0.15 - 1.2 - 1.2 
V Saturation Voltage 4a 2 - 2.5 - 2.5 

Common-Emitter, Small-
Signal, Forward-Current 

Transfer Ratio: 
f = 50 kHz hfe 4 0.5 20 - 20 -

Gain-Bandwidth Product: 
2N6473.2N6474 fT 4 0.5 4 - 4 - MHz 
2N6475. 2N6476 -4 -0.5 10 - 10 

Magnitude of Common-
Emitter, Small-Signal, 

Forward-Current Transfer 
Ratio: 

f = 1 MHz 
ihfel 

2N6473. 2N6474 4 0.5 4 - 4 -
2N6475. 2N6476 -4 -0.5 10 - 10 -

Collector-to-Base Capacitance: 
f= 1 MHz, VCB= 10V Cabo 0 - 250 - 250 pF 

Thermal Resistance: 
Junction-to-Case ROJC - 3.125 - 3.125 

°C/W 
Junction-to-Ambient ROJA - 70 - 70 

apulsed: Pulse duration = 300 ].ls, duty factor = 0.018. .For p-n-p devices, voltage and current values are negative. 

*In accordance with JEDEC registration data format (JS-6 RDF-2). 
CAUTION: The sustaining voltage VCER(sus) MUST NOT be measured on a curve tracer. 
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2N6106·2N6111, 
2N62BB·2N6293, 
2N6473·2N6476 
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Fig. 1 - Maximum operating areas for 2N6288 - 2N6293. 
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Fig. 28 - Circuit used to measure sustaining voltage V CER(sus) 
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Fig_ 26 - Typical input characteristics for 2N6473 and 2N6474. 
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Mounting Flange - Collector 

TERMINAL CONNECTIONS 
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Note: Curve will be inverted and polarity reversed for p-n-p types. 
The sustaining voltage, VCER(susl. is acceptable when the 
traces fall to the right and above the designated points: 
Point A: 2N6110, 2N6111, 2N62BB, 2N62B9 
Point B: 2N610B, 2N6109, 2N6290, 2N6291 
Point C: 2N6106, 2N6107, 2N6292, 2N6293 
Point 0: 2N6475.2N6473 
Point E: 2N6476.2N6474 

Fig. 29 - Oscilloscope display for measurement of sustaining voltage 
(test circuit shown in Fig. 28). 
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ffilCffiLlD 
Solid State 
Division 

Power Transistors 
2N6175 40885 
2N6176 40886 
2N6177 40887 

2N6175 
2N6176 
2N6177 

High-Voltage, Medium-Power 
Silicon N-P-NTransistors 

For High-Speed Switching and Linear-Amplifier Applications 
"Plastic TO-S"' 

Features 
40885 
40886 
40887 • Thermal fatigue ratings 

• High frequency response: fT = 20 MHz 
• Maximum area-of-operation curves for DC and pulse operation 

With Heat Chip 
• Designed to assure freedom from second breakdown in class A, B, 

and C operation at maximum ratings 

RCA types 2N6175, 2N6176, and 2N6177* are silicon 
n·p·n transistors with high breakdown voltages, high fre· 
quency response, and fast switching speeds. Types 40885, 
40886, and 40887 are electrically identical to the 2N6175-
2N6177, respectively, but are supplied with factory·attached 
heat clips. 

Typical applications for these devices include TV video 
output, RGB output, chroma output, TV blanking, solenoid 
drivers, off·line inverters, regulators, audio output, and 
electrostatic deflection in display circuits. 

*Formerly Dev. Nos. TA7739. TA7740and TA7134. respectively. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

• High voltage ratings: 
VCEO(SUS) = 350 V max. (2N6177, 40887) 

= 300 V max. (2N6176, 40886) 
= 250 V max. (2N6175, 40885) 

• Low saturation voltage: 
VCE(sat) = 0.5 V max. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 

2N6175 2N6176 
40885 40886 

2N6177 
40887 

·COLLECTOR·TO·BASE VOLTAGE ........................ VCBO 300 350 450 

"COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE ............ IICEO(su,1 
"EMITTER-TO·BASE VOLTAGE .............•............ VE80 

"COLLECTOR CURRENT ..... . 

"BASE CURRENT ....••..... 

"TRANSISTOR DISSIPATION .... 

At case temperatures up to 2SoC .. 

At case temperatures above 2SoC .. 

At ambient temperatures up to 25°C 

At ambient temperatures above 25°C 

For pulse operation ........ . 

"TEMPERATURE RANGE: 

Storage & Operating (Junction) ............. . 

"LEAD TEMPERATURE (During soldering): 

At distance ,!1/16 in. (1.59 mm) from case for 10 s max. 

· ... IC 

· ... Ie 
· •.. PT 

250 300 350 
6 6 6 

1.0 1.0 1.0 

0.5 0.5 0.5 

20 20 20 
(2N6175, 2N6176, 2N6177) 

O.B 

See Fig. 14 

O.B 0.8 

(2N6175, 2N6176, 2N6177) 
lA lA lA 

140885.40886.40887) 
See Fig. 15 

See Figs. 1,4, and 7 

-.a; to 135----_ 

...... ---230 ----_.,. 

-Types 2N6175. 2N6176. and 2N6177 in accordance with JEDEC registration data format JS·g RDF-8. 
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File No. 508 ___________________ 2N6175-2N6177, 40885-40887 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2!f1C 

. 

TEST CONDITIONS LIMITS 

CUR· 2N6175 2N6176 2N6177 
CHARACTERISTIC SYMBOL VOLTAGE RENT 40885 40886 40887 

V de rnA de 

VCB VCE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 
ICED 

300 0 - - - - - 20 
With base open 200 0 - 50 - 50 - -

360 - - .- - - 20 
With emitter open ICBO 280 - - - 50 - -

240 - 50 - - - -

With base-emitter 450 - - - - - 500 
junction reverie- ICEV 300 - 500 - 500 - -biased. VBE = -1.5 V 

Emitter-Cutoff Current. 
lEBO 0 - 20 - 20 - 20 

VBE = -6 V 
10 50a - 30' 150 
10 20a 30' 190 30' 150 - -

DC Forward·Current Transfer hFE 10 5a - - 15 - 15 -
RatIO 10 l a 15 - - - - -

COllector-ta-Emi tter 
Sustaining Voltage: 

VCEOIsusl 50" 0 250b - 300 b - 350b -
WIth base open 

Base-ta-Emltter 
VBEIsatl 50~ 4 1.3 - 1.3 - 1.3 

SaturatIon Voltage 
-

COllector-ta-Emitter 
VCEIsati .50a 4 0.5 0.5 0.5 - - -

Saturation Voltage 

Collector-ta-Base 
VIBRICBO l a 

Breakdown Voltage 
300 350 450 

Low-Frequency. Common-
Emitter. Small-Signal. 
Short,ClrcUlt, Forward- hIe 10 5 25 - 25 - 25 -
Gurrent Transfer RatIO 
I: 1 kHz 

Magnitude of Common-

Emitter, Small·Signal, 

Ihlel Short·Circuit, Forward- 20 20 7 - 7 - 7 -
Current Transfer Ratio 

1= 3 MHz 

Real Part o.)f Common-
Emitter, Small-Signal, 20 20 - 300 - - - -
Short~Circuit Input Relhtel 

10 5 - - - 300 - 300 Impedance: 
1=1 MHz 

Output Capacitance: Ccb 20 - 8 - 8 - B 
f = 1 MHz 

Second-Breakdown 
Collector Current: 

IS/bb With base forward biased, 150 133 - 133 - 133 -
t = 0.4 s nonrepetitive 

Thermal ReSistance: 
RO JC 

- 5.5 - 5.5 - 5.5 
Junctlon-to-Case 12N61751 12N61761 12N61771 

- 1 138 - .! 138 - ..t 138 

Junctlon-ta-Amblent RO JA 
12N61751 12N61761 12N61771 

- I 78.6 - I 78.6 - I 78.6 
1408851 1408B61 1408871 

• Types 2N6175. 2N6176. and 2N6177 In accordance with JEDEC registration data format JS-9 RDF·8. 
a Pulsed Pulse duration = 300 jlS; duty factor:::; 2%. 

bCAUTIClN: The sustaining votlage VCEO(sus) MUST NOT be measured on a curve tracer. The 

sustaining voltage should be measured by means of the test circuit shown in Fig. 10 

UNITS 

JJA 

JJA 

V 

V 

V 

V 

n 

pF 

rnA 

°C/W 
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Fig. 12-Sustaining voltage vs. base-to-emitter 
resistance for all types. 

NOTE: CURRENT OERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION·LlMITED PORTION AND IS/~-LIMITEO 
PORTION OF MAXIMU",-OPERATING·AREA CURVES (FIG. 7). 
DO NOT DERATE THE SPECIFIED VAL.UE FOR 'C "'AX. 
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Fig. 14-Dissipation derating curve for all types. 
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The sustaining voltage VCEO(SUS) is acceptable when the 
trace falls to the right and above point "A" for type 2N6175 
or 40885. The trace must fall to the right and above point 
"8" for type 2N6177 or 40887 and above and to the right of 
point "C" for type 2N6176 or 40886. 

Fig.TT-Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 9). 
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Fig.T3_ Typical output capacitance vs collector-to-base vol­
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_________________________________ File No. 562 

OOcn5LJO 
Solid State 
Division 

/ .. 9 
.c~/// 

"Plastic TOoS" 

Power Transistors 

2N6178 2N6180 
2N6179 2N6181 

Silicon N-P-N & P-N-P 
Power Transistors 
"Plastic TO-S" General-Purpose Types for 
Large-Signal, Medium-Power Applications 

Features: 
• Maximum area·of-operation curves 

• Planar construction for low-noise and low-leakage characteristics 

• Low saturation voltage (2N6178, 2N61801 
• High beta (2N6179, 2N61811 
• Fast switching (2N6178, 2N61791 
• "Plastic TO-S" package with insulated mounting hole 

RCA types 2N6178, 2N6179, 2N6180, and 2N6181· are 
silicon power transistors intended for large-signal, medium­
power applications in industrial and commercial equipment. 

TERMINAL CONNECTIONS 
Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 

Rectangular Metal Slug·Coliector 
The 2N6178 and 2N6179 are triple-diffused silicon n-p-n 
planar types. These types have features similar to the 
popular 2N2102 plus higher collector-current ratings and 
dissipation capability. 

Types 2N6180 and 2N6181 (p·n·p complements of the 
2N6178 and 2N6179, respectively) are double-diffused,. 
epitaxial-planar devices. These types have features similar to 
the 2N4036 plus higher collector-current ratings and dissi­
pation capability. 

In addition, these types utilize the new RCA-developed 
"Plastic TO·5" package. This plastic package has an insu· 
lated mounting hole for ease of mounting and heat sinking 
for optimum thermal contact. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR·TO·BASE VOLTAGE .......... VCBO 
COLLECTOR·TO·EMITTER VOLTAGE: 

With 1.5 volts IVBE) of reverse bias . . . . .. VCEX 

With external base-ta-emitter resistance 

IRsel = lOOn, sustaining . ........ VCER(sus) 
With base open, sustaining ........... VCEOtsus 

'EMITTER·TO·BASE VOLTAGE ............ VEBO 
'CONTINUOUS COLLECTOR CURRENT· ...... IC 
'CONTINUOUS BASE CURRENT ............ IB 
'TRANSISTOR OISSIPATION: PT 

At case temperatures up to 250 C ........ . 
At case temperatures above.25 0 C ........ . 
At case temperatures up to 100De ....... . 
At case temperatures above 1000 C ....... . 

'TEMPERATURE RANGE: 
Storage and operating (Junction) ........ . 

-LEAD TEMPERATURE (During soldering): 
At distance 21/32 in (0.8 mm) from 
seating plane for 10 s max . ........... . 

"'n accordance with JEDEC registration data format JS-6/AOF-l. 
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• Formerly RCA Dev. Nos. TA7554-TA7557, respectively. 
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File No. 562 2N6178·2N6181 

ELECTRICAL CHARACTERISTICS, at case temperature (TC) = 250 C, unless otherwise specified. 

TEST CONDITIONS LIMITS 

DC DC 
Type Type Type Type 

CHARACTERISTIC SYMBDL Voltage Current UNITS 
IVI ImAl 

2N6178 2N6179 2N6180 2N6181 

VCB VCE VBE IC IB Min. Max. Min. Max. Min. Max. Min. Max. 

80 0.5 
Collector-Cutoff Current 

ICBO 
60 0.5 

With emitter open -80 -0.5 
pA 

-60 -0.5 

60 0 -

With base open 
45 0 -

mA ICEO -60 0 - -1 
-45 0 - -1 

100 -1.5 0.1 

With base reverse·b~ased 
75 -1.5 0.1 

-100 1.5 -0.1 

ICEV 
-75 1.5 -0.1 

mA 
70 -1.5 0.5 

With base reverse-biased 45 -1.5 0.5 
and TC = l000 C -70 1.5 - -0.5 

-45 1.5 - -0.5 

-7 0 0.1 
-5 0.1 Emitter-Cutoff Current lEBO 0 - -0.1 

mA 

0 - -0.1 

Emitter-la-Base Breakdown 
VIBRIEBO V Voltage (IE = 0,1 mAl -7 -5 

Collector-la-Emitter 
Breakdown Voltage: 

VIBRICEV 
-1.5 0.1 100 75 

V With base-emitter 1.5 -0.1 - -100 -75 
junction reverse-biased 

With base open VtBRICEO 
100 0 75 50 

V 
100 0 - -75 50 

Collector-ta-Emitter 
Sustaining Voltage: 

100 90 65 With external base-to- VeER(susl8 
-100 -90 -65 

V 
emitter resistance 
tRBEI- lOOn 

With base open VCEO(SUS)a 
100 0 75 50 

V 
-100 0 - -75 -50 

Collector-ta-Emitter Vee (sat) 500 50 - 0.5 0.8 
Saturation Voltage 500 50 0.7 1.2 

V 

Base-la-Emitter Saturation 
VBE(sat) 

500 50 - 1.2 1.5 
Voltage -500 -50 -1.2 - -1.5 

V -
Output Capacitance 

Cabo 
10 12 20 12 20 

pF (At 1 MHz) -10 25 40 25 40 

4 50 30 
-4 -50 30 

DC Forward-Current Transfer 
hFE 

2 500b 30 130 40 250 
Ratio -2 -50ob 30 130 40 250 

2 l000b 10 
-2 -looob 10 

Second-Breakdown Collector VCC' 
Current c, d ISlb 50 

200 200 
mA 

(With base forward-biased) -50 - -150 - -150 

Gain-Bandwidth Product fT 50 50 50 
MH, 

-4 -50 50 50 -
Magnitude of Common 

Emitter, Small·Signal, Short· I hf·1 
50 

Circuit Forward-Current -4 -50 
Transfer Ratio If"" 10 MHz) 

Chart continued on page 3. 
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TEST CONOITIONS LlII/IITS 

DC 
CHARACTERISTIC SYII/IBOL Voltage 

IVI 

VCB VCE VBE 

Saturated Switching Time' Vee 
(See Fig. 30 & 31) ton 30 
Turn·on Time -30 

VCC= 
Turn-off Time toff 30 

-30 

Thermal Resistance: 
ReJC Junction-la-Case 

JunctIOn-la-Ambient ROJA 

• In accordance with JEDEC registration data format JS-S/RDF-1. 

a CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST 
NOT be measured on a curve tracer. 

b Pulsed; pulse duration '::;300 IJS, duty factor ~O.02. 
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8 100 

DC 
Type Type Type Type 

Current UNITS 
ImAI 2N617B 2N6179 2N61BO 2N6181 

IC IB Min. Max. Min. Max. Min. Max. Min. Max. 

500 50 - BO - 80 - - -
-500 -50 100 100 

n, 
- - - - - -

500 50 - 800 - BOO - - - -
-500 -50 1000 1000 

n, 
- - - - - -

- 5 - 5 - 5 - 5 °C/W 

.- 156 - 156 - 156 - 156 °C/W 

C Safe operating regions for forward-bias operation are shown on Figs. 1, 
2, 4,and 5. 

d Pulsed: O.4s, non·repetitive pulse. 
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Fig.7-Typical input characteristics for 
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Fig.9-Typical output characteristics for 

2N6178 and 2N6179. 
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Fig. 11-Typical transfer characteristics for 
2N6780and 2N67S7. 
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Fig. 13-Typica/ saturation-voltage Charac' 
teristics for 2N6178 and 2N6179. 
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Fig. IS-Circuit used to measure sustaining 
voltages VCEo!sus)and VCER!SUS). 
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Fig. 14-Typical saturation·voltage charac· 
teristics for 2N61aO and 2N6181. 
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Fig, 18-0scilloscope display for measure­
ment of sustaining voltages (test 
circuit shown in Fig.1S/. 
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Fig.23-Typical output capacitance vs. col­
Jector-to-base voltage for 2N6180 
and 2N6181. 

Fig.25-Typical turn-on time for 2N6178 
and 2N6179. 
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Fig.27-Maximum operating conditions, 
resistive-load switching between 
saturation and cutoff for 2N6178 
and 2N6179. 
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Fig.26-Typical turn-on time for 2N6180 
and 2N6181. 
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Fig.28-Typical turn·off time for 2N6178 
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Fig.29-Typica/ turn--off time for 2N6180 
and 2N6181. 
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Fig.31-Circuit used to measure switching 
times for all types. 
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Fig.32-Phase relationship between input 
current and output voltage show­
ing reference points for specifi­
cation of switching times (test 
circuit shown in Fig.31 J. 
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DDJ]3LJD Power Transistors 
Solid State 
Division 2N6211, 2N6212 

2N6213, 2N6214 

JEDEC TO-66 

High-Voltage Medium-Power 
Silicon P-N-P Transistors 
For Switching and Amplifier Applications 
In Military, Industrial, and Commercial Equipment 
Features: 
• High voltage ratings: 

VCEO(sus) = -400 V max_ (2N6214) 
-350 V max_ (2N6213) 
-300 V max_ (2N6212) 
-225 V max_(2N6211) 

D Large safe-operating area 
• Complements to 2N3585 transistor family 
.. Thermal-cycling rating 

RCA types 2N6211, 2N6212, 2N6213, and 2N6214· are 
epitaxial silicon p-n-p transistors with high breakdown-voltage 
ratings and fast switching speeds. They are supplied in the 
popular JEDEC TO-66 package; they differ in breakdown­
voltage ratings and leakage-current values_ 

Applications: 

• Power-Switching Circuits 

• Switching Regulators 

• Converters 
a Inverters 

• Formerly RCA Dev. Nos. TA7719, TA7410, TAB330, and TA8331. 
respectively. 

• High-Fidelity Amplifiers 

MAXIMUM RATINGS, Absolute-Maximum Values: 
2N6211 2N6212 2N6213 2N6214 

'COLLECTOR-TO-BASE VOLTAGE - _ .................... VCBO -275 -350 -400 -450 

COLLECTOR·TO-EMITTER SUSTAINING VOLTAGE: 

With base open ...................... _ .............. V CEO'sus) -225 -300 -350 -400 

With external base-to-emitter resistance (R BE) = 50 n ....... V CER(sus) -250 -325 -375 -425 

" With base-emitter junction reverse-biased (VBE = 1.5 V) ...... VCEX(sus) -275 -350 -400 -450 

"EMITTER-TO-BASE VOLTAGE ......................... VEBO -6 -6 -6 -6 

"COLLECTOR CURRENT (Continuous) .................... IC -2 -2 -2 -2 

"BASE CURRENT (Continuous) .......................... IB -1 -1 -1 -1 

TRANSISTOR DISSIPATION: PT 

" At case temperatures up to 100°C and V CE up to 50 V ..... . 20 20 20 20 

At case temperatures up to 250 C and VCE up to 40 V ...... . 35 35 35 35 

At case temperatures up to 250 C and V CE above 40 V ...... . See Fig. 1 

At case temperatures above 250 C and V CE above 40 V ...... . See Figs. 1 & 6. 

"TEMPERATURE RANGE: 

Storage & Operating (Junction) ........................ . -65 to 200 

"LEAD TEMPERATURE (During Soldering): 

At distance;:: 1/32 in. (0.8 mm) from case for lOs max. 230 

*In accordance with JEDEC registration data format (JS·6 RDF-1) 
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File No. 507 2N6211,2N6212,2N6213,2N6214 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
Voltage Current 

UNITS 
Vdc Adc 2N6211 2N6212 2N6213 2N6214 

VeE VBE Ie 'B Min. Max. Min. Max. Min. Max. Min. Max. 

Collector· Cutoff Current: 
ICED -5 With base open 150 -5 -5 

With base-emitter june- 250 1.5 -0.5 
-315 1.5 -0.5 

tion reverse-biased -360 1.5 -0.5 
ICEV 410 1.5 mA 

With base-emitter june- -250 1.5 
lion reverse biased and -315 1.5 -5 -5-
Te l00<e 

-360 1.5 -10 -410 1.5 
Emitter-Cutoff Current lEBO -1 0.5 0.5 0.5 mA 

-2.8 -1' 10 '00 
DC Forward·Current 

hFE 
-3.2 -1' 10 100 

Transfer Ratio -4 -1' 10 100 
5 l' 10 '00 

Collector·ta-Emitter 
Sustaining Voltage: VCEO(sus) _0.2a -225 -300 -350 -400 

With base open 
With external base-to-
emitter resistance VCERlsus -0.28 -250 -325 -375 -425 

lABEl" 50 n V 

With base-emitter junc-
tion reverse-biased and 

VCEX(sus 
external base-la-emitter 

1.5 -0.28 -275 -350 -400 -450 

resistance (RSEI '" 50 n 

Emitter-to-Base Voltage VEBO 
0.5mA -6 -6 V 
, mA -6 

Emitter-to-Base Satura· 
VBElsat! -" -0.125 -1.4 -1.4 -1.4 -1.4 V 

tion Voltage 

Collector·to-Emitter 
VCElsat) -" -0.125 ·-1.4 -1.6 -2 -2.5 V 

Saturation Voltage 

Output Capacitance Cobo 
-10 220 220 220 220 pF 

(f= 1 MHz) IVeBI 
Second·Breakdown 

Collector Current 'Sib -40 -0.875 - -0.875 '-0.875 -0.87 A 
(Base forward-biased) 

Magnitude of Common· 
Emitter, Small· Signal, 
Short·Circuit, Forward· Ihfel -10 -0.2 
Current Transfer Ratio 
(f= 5MHz) 

Saturated Switching Times: 

" Vee" 
-1 

IB1&IB2 
0.6 0.6 0.6 0.6 

Rise time -200 V -0.125 

Storage time " 
Vee -

-1 
IB1&182 

2.5 2.5 2.5 2.5 "' 200 V 0.125 

Fall time 'I 
Vee - -, 18 1& 182 0.6 0.6 0.6 0.6 

200 V -0.125 

Thermal Resistance 
ROJC -'0 -1 °CIW 

(Junction-to-case) 

In acrordance with JEDEC registration data format JS-6 RDF-1. 

8Pulsed. pulse duration .. 300 ~ s; duty factor ::;'2%. 
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Fig. 6-Derating curves for all types. 
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Fig. 8_Callectar-ta-emitter sustaining-
. ';!,valtage characteristics for all types. 
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Fig. 5-0scillascope display far measure­
ment af sustaining valtages (test 
circuit shawn in Fig 4). 

COlLECTOR-TO-EMITTER VOLTAGE (VCE)=-IOV 
CASE TEMPERATURE (Tel :25°C 

j..-.. 

// 

1\ 
// \ 

/ \ 
\ 

, 4 6 6 , 4 6 6 , 
-0.01 -0.1 -I 

COLLECTOR CURRENT I Ic )- A 

Fig. 7-Typical gain·bandwidth praduct 
for all types. 

4 6 6 -10 
92CS-IS972 

i 41---l--+--!+f--+--+++-~\\+---+-TH 
~ 2~-+---+-+~+---~~~-+4-~\~ I--~~~ 

! 106t=~==~~=tt===t===t=tj=t=~\===t=t~ 
6 

-om 4 6 8_0 .1 2 4 6 8_1 

COLLECTOR CURRENT (IC1-A 

Fig. 9-Typical dc beta characteristic 
for all types. 

92CS-19219 

321 



2N6211. 2N6212. 2N6213. 2N6214 __________________ File No. 507 

.. 
I 

INPUT: 

COLLECTOR CURRENT (Iel-A 
92CS-I,ue 

Fig. to-Typical saturation-voltage 
characteristics for all types. 

-0.5 -I -1.5 

COLLECTOR CURRENT (Icl-A 

Fig. 12-Typical storage-time charac­
teristic for all types. 

YBB=+6V VCC,,·200V 
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HEWLETT-PACKARD 
MODEL No.214A,OR 

OUTPUT TO 
OSCILLOSCOPE 

(TEKTRONIX MODEL 
No. 543A,OR 
EQUIVALENT) 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20p. •• REP. RATE~ 

200Hz) 

TYPE 
2N6211 
2N6212 
2N6213 

OR 
2N6214 

*ADJUST Ra FOR IB2 AND RC FOR Ie 
.. lSI AND Ie2 MEASURED Wlnt TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 
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Fig. 14-Circuit used to measure saturated 
switching times for all types. 
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Fig. 13-Typical turn·on time and fall· 
time characteristics for all types. 
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Fig. 15-Phase relationship between input 
current and output voltage showing 
reference points for specification 
of switching times. (Test circuit 
shown in Fig. 14). 
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OU(]5lJ1] 
Solid State 
Division 

Power Transistors 

2N6246 
2N6469 2N6470 

2N6247 2N6248 
2N6471 2N6472 

5 iliean N-P-N and P-N-P Epitaxial-Base 
High-Power Transistors 

JEDEC TO-3 

H-1570 

General-Purpose Types for Switching and 
Linear-Amplifier Applications 

Features: 
• High dissipation capability: 125 W at 25°C 

• Low saturation voltages 

II Maximum safe-area-of-operation curves 
II Hermetically sealed JEDEC TO-3 package 

II High gain at high current 

.. Thermal-cycling rating curve 

RCA-2N6246, 2N6247, 2N6248, and 2N646g.to. are epitaxial­

base silicon p-n-p transistors featuring high gain at high cur­
rent_ RCA-2N6470, 2N6471, and 2N6472· are epitaxial-base 
silicon n-p-n transistors. They may be used as complements to 
the 2N6469, 2N6246, and 2N6247, respectively_ All of these 
devices have a dissipation capability of 125 watts at case 
temperatures up to 250 C_ They differ in voltage ratings 

and in the currents at which the parameters are controlled_ 

All are supplied in the JEDEC TO-3 package_ 

Maximum Ratings, Absolute-Maximum Values: 

... Formerly RCA Do., Nos, TA7281 , TA7280, TA7279,andTA8724, 
respectively. 

• Formerly RCA Dev. Nos. TA8726. TA8443, and TA8442, re­
spectively. 

N-P-N 2N6470 2N6471 2N6472 

P-N-P 2N6469t 2N6246+ 2N6247+ 2N624S+ 

*COLLECTOR,TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 
* With external base-ta-emitter 

, ' , ' ,." , VCBO 50 70 90 110 V 

resistance (RBE) = 100 n_ , 
With base open. . . . . . 

*EMITTER-TO-BASE VOLTAGE, 

-CONTINUOUS COLLECTOR CURRENT. 

'CONTINUOUS BASE CURRENT , 

'TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C . 
At case temperatures above 2SoC . 

-TEMPERATURE RANGE: 

Storage & Operating (Junction). 

-PIN TEMPERATURE (During Solderingl: 

At distances ~ 1/32" (0.8 mm) from 
seating plane for 10 s max. . . . . 

* In accordance with JEDEC registration data formal (JS·6 RDF·21. 

• For p-n-p devices, voltage and current values are negative. 

8-74 

VeER 
VCEO 

VEBO 

IC 

IB 

PT 

50 

40 
5 

15 

5 

125 

70 90 110 V 

60 80 100 V 
5 5 5 V 

15 15 10 A 

5 5 A 

125 125 125 W 
See Fig. 3 • 

-65 to +200 • °c 

+235 • °C 
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2N6246-7-B File No_ 677 
2N6469-70-1-2 
ELECTRICAL CHARACTERISTICS FOR P-N-P TYPES, At case temperature IT cl = 2ft' C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL Vd, Ad< 
2N6469 2N6246 2N6247 2N6248 UNITS 

VCE 'C 'a Min. Max. Min. Max. Min. Max. Min. Ma •• 

Collector-Cutoff Current: -35 -200 
With external base-emitter 

leER 
-55 -200 

resistance lASE' '" 1 Don -75 -200 
pA 

-95 200 

-45 -200 

V BE = 1.5 V -65 -200 
-B5 -200 pA 

ICEX -100 -200 

-45 -5 

AtTC = 150°C 
-55 -5 mA 

V BE= 1.5 V -70 -5 
-90 -5 

-20 -, 
With base open ICED -30 -1 mA 

-40 -1 
-50 -1 

• Emitter-Cutoff Current.V BE = 5 V IEeo -5 -5 -1 -1 mA 

-4 -5' 20 150 20 100 · DC Forward-Current -4 -7' 20 100 
Transfer Ratio hFE -4 -6' 20 100 

-4 -l{J' 
-4 _15a 

Collector-ta-Emitter 
Sustaining Voltage VCEOlsusl -0.2 _40b _SOb -BOb -10ab 
With base open 

V 
With external base-emitter 
resIStance IRSE) " lOOn VCERlsusl -0.2 _4Sb -6Sb -asb -lOSb 

_4 IS" -3.5 

· Base-la-Emitter Voltage VBE 
-4 -7' -2 
-4 -6' -1.8 

V 

-4 -5' -1.8 

-5" -0.5 -1.3 -1.3 

· -7' -0.7' -1.3 
Collector-la-Emitter -6" ··0.6 -1.3 

Saturation Voltage VCE(satl 
-IS' -5 -3.5 V 

-IS' -3 -2.5 
-IS' -4 -3.5 
-10' --2 -J.5 · Magnitude of Common·Emltter 

Small·Signal Short·CircUit Ih,.1 -4 -1 Forward·Current Transfer Ratio 
(f = 2MHz) 

· Common·Emitter, Small·Signal, 
Short·Circuit, Forward·Current hI. -4 -1 25 25 25 2. 
Transfer Ratio If = 1 kHzl 

Thermal Resistance 
(Junction·lo·casel RIJJC 1.4 1.4 1.4 1.4 °C/W 

'" In accordance With JEDEC registration data format iJS·6 RDF·2). bCAUTION: Sustaining Jloltages VCED(susJ. VCER(sus}. and VCEXfsusJ 

a Pulsed; pulse duration" 300 ps, duty factor = 1.8%. 
MUST NOT be measured on a curve tracer, (See Fig. 2:1) 

324 



File No. 677 
2N6246-7-8 
2N6469-70-1-2 

ELECTRICAL CHARACTERISTICS FOR N·P·N TYPES, At case temperature IT C) = 25" C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL Vdo Ado 
2N6470 2N6471 2N6472 UNITS 

VCE IC IB Min. Mil", Min. Max. Min. Max. 

Collector-Cutoff Current: 35 !j()() 

With external base-emitter ICER 55 500 .A 
resistance (ABE' == lOOn 75 500 

45 500 

VBE = -1.5 V 65 500 .A 

ICEX 
85 500 

AtTC= 150Dc 40 
60 mA 

V BE =.-1.5 V 80 

20 0 
With base open 

ICED 30 0 mA 
40 0 

* Emit1er~Cutoff Current; V BE :: -5 V lEBO mA · DC Forward-Current Sa 20 150 20 150 20 150 
Transfer Ratio hFE IS" 5 5 5 

Collector-ta-Emitter 
Sustaining Voltage VCEOIsusl 0.2 40b 60b 80b 
With base open 

V 
With external base-emitter 

VCERIsusl 0.2 45" 65b 85b 
resistance (RBEI " 10012 

· Base-ta-Emitter Voltage VeE 
4 Sa 1 3 1.3 1.3 

V 4 Isa 3.5 3.5 3.5 · COllector-to-Emitter Sa 0.5 1.J 1.3 1.3 
Saturation Voltage VCE(satl 15' 5 J.S 3.5 3.5 V 

· MagnItude of Common-Emitter 
Small·Signal Shart-CircUlt 

I h',1 Forward-Current Transfer RatIO: 
If" 1 MHz) · Common-Emitter. Smail-Signal, 
Short-Circuit, Forward-Current 
Transfer RatiO tf" 1 kHz! 

hfe 25 25 25 

Thermal Resistance: 
(JunctlOn-to-case) RIIJC I .. 1.4 1.4 °C/W 

* In accordance with JEDEC registration data format IJ$-6 RDF·2). b CAUTION: Susrainifl9 voltages VCEO(susJ. VCER(susJ. and VCEX(sus} 

a Pulsed: pulse duration" 300 /JS. duty factor 1.8',". MUST NOT be measured on a curve tracer. (See Fig. 22.J 
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2N6246·7-8 

------------------------- 2N6469·70·1·2 
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Fig.4 - Maximum operating areas for a/l types. 
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Fig.5 - Typical collector-to-emitter saturation-voltage characteristics 
for 2N6246, 2N6247, 2N6248, and 2N6469. 

Fig.6 - Minimum reverse-bias second-breakdown characteristics 
for all types. (Values for p~n·p types are negar;'le). 
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Fig. to - Typical transfer characteristics for 2N6470, 2N6471, 
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Fig. 12 - Typical input characteristics for 2N6470. 2N6471, 
and2N6472. 
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Fig. 14 - Typical input characteristics for 2N6248. 
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2.5 1('+ 
~ BAS CURR N ( I- mA 

-ttl !-It 
2.5 7.5 10 12.5 15 17.5 20 

COLLECTOR-TO-EMITTER VOL.TAGE (VCEI-V 
92C5-22448 

Fig. 13 - Typi~aJ output characteristics for 2N6470, 2N64 71, 
and2N6472. 
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COLLECTOR-TO-EMITTER VOLTAGE IVCE1-V 
9ZCSw21848RI 

Fig. 15 - Typical output characteristics for 2N6248. 

CASE TEMPERATURE (TC )=2S·C 
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COLLEC10R-TO-EMITTER VOLTAGEIVCE l-v 
92CS-19577RI 

Fig. 17 - Typical output characteristics for 2N6246, 2N6247. 
and2N6469. 
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I COLLECTOR-lO-EMITTER VOLTAGE (VCE)=4V 

II CASE TEMPERATURE (Tel &25· C 

lot--t--H--t-ib..r--;...L_.J-k;i--L- ---j--t----t-H 

91---+-/----+-1"++---1--- J ll'['s+--+-I-+-I 
81--.1-"'------+-+++--1--1 1 L 

71--+--+--H-I---1
1 

: H- -+'1\;-1-,--1-+-1 

6 I I I I .. \1 
'f---+---+---I ;-l ::'_1 :: I 4~~--f--, --~~I1--4---~~-H 

I I , I I" I 
3~--t--4- .~--~, --L~!I-I---+--+'~~~M~. 

2 I I 1i.J ..b 
I ! I I I L J 

O.OJ 4 6 60.1 4 ;; 9 2 4 6 6 10 

COLLECTOR CURRENT (IC}-A 
92CS-22449 

Fig. IS -:- Typical gain-bandwidth product vs. collector current for 
2N6470, 2N6471, and 2N6472. 

"-Il±l!l!.. ~,'lltltll±l ~~~~I~~OR:~~~~~~C~SE/S 
..","""-0. 'i1.ttttl COLLECTOR SUPPLY VOLTAGE lVccl-30V 
tttltlUJA·"""li"j CASE TEMPERATURE (TC).ZS-C 

181 = 1B2· Ie 110 

COLLECTOR CURRENT(Icl-A 
92C5-2245O 

Fig.20 - Typical saturated switching characteristics for 
2N6470, 2N6471. and 2N6472. 

10 n 
IW 

VCC=O-1.75 V 

CHOPPER TYPE 
MERCURY RELAY 
P a 8 JML 81308, 

OSCILLOSCOPE 
INPUT 
HEWLETT-PACKARD 
MODEL No.130B 
OR EQUIVALENT 

CLtC~'~~I~~~ 

* FOR N-P-N TYPES 2N6470, 2N6471, AND lN6472, 
REVERSE POLARITY OF VCC' 

+VCC 

9ZCS-Z4700 

Fig.22 - Circuit used to measure sustaining voltages 

V CEO'sus). V CER'sus), and V CEX'sus) 
for all types. 
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25 COLLECTOR-TO-EMITTER VOLTAGE IVCE)=-4 V 
CASE TEMPERATURE (TC) '"25°C 

'" " I 20 

~ --V ....... 
~ " V '\. 0 
go 

r-.. '" 10 0-
0 

iii 
0 
z .. ., • z 
~ 

0 
2 4 6 8 2 4 • 8 2 4 68 

-0.01 -0.1 -I -10 
COLLECTOR CURRENT I I C)-A 

92CS-19588 

Fig. 19 - Typical gain·bandwidth product vs. collector current for 
2N6246, 2N6247. 2N6248. and 2N6469. 

COLLECTOR CURRENTIIC)-A 

Fig.21 - Typical saturated switching characteristics for 2N6246, 
2N6247, 2N6248. and 2N6469. 

E VCEO''''J ~CER',",J 

~ r +~I: a ABC 0 
g"'"U -200 -200 
uH 
"'-j 0 -40-60-80-100 0 -45-65-85-105 

8 COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

*PULSE CURRENT IIp) RANGE c 0.6-0.8 A 

THE SUSTAINING VOLTAGES VCEO(su$l, AND VCERhusl. ARE ACCEPTABLE WHEN 
THE TRACES FAll TO THE RIGHT AND ABOVE POINT "A" FOR TYPES 2N6469 AND 2N6470; 
POINT "8" FOR 2N6246 and 2N6471; POINT ··C·· FOR 2N6247 AND 2N6472;ANDPOINT -0- FOR 
2N6248. VALUES FOR N·P·N TYPES ARE POSITIVE. 

92CS-Z470Z 

Fig.23 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig.22.J 
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Q-1'25V ;::1+30 V 

RL (NON-INDUCTIVE)-

311,12W FOR Ie :IOA 
3.7sn, aw FOR Ie" 8A 

5 n,BW FOR Ie =6A 
7.5 n,8W FOR Ie =4A -4 TO 

- + 
'00 
.F 

Fig.25 - Phase relationship between input and output currents 
showing reference points for specification of switching 
times. (Test circuit shown in Fig.24.) 

-6V 

9ZCS_24699 

Fig.24 - Circuit used to measure switching times for 2N6470~ 
2N6477, and 2N6472. 

INPUT' 
PULSE GENERATOR 
TEKTRONIX TYPE t 14, 
OR EQUIVALENT 
PULSE DURATION 

=201'5 

"VEE 
-s TO -20V 

REPETITION ,..... ....... ----.... 
RATE"lkHz 

.. VSS:+2 TO +IOV 

* AC IS CHOSEN FOR .Ie 

Vee "-20V 

.. VEE AND Yee ARE MEASURED FOR :tSI AND Ie2 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No. 543A OR 
EQUIVALENT 

lSI AND Ie2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER,OR EQUIVALENT 92CS-19586R3 

Fig.26 - Circuit used to measure switching times for 2N6246, 
2N6247, 2N6248, and 2N6469. Fig.27 - Oscilloscope display for measurement of switching times. 

TERMINAL CONNECTIONS 

Pin 1 - Base 

Pin 2 - Emitter 

Case - Collector 

Mounting Flange - Collector 
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OOCDSLJO 
Solid State 
Division 

Power Transistors 
2N6249 
2N6250 
2N6251 

450-V, 30-A, 175-W 
Silicon N-P-N 
Switching Transistors 
For Switching Applications in 
Industrial and Commercial Equipment 

Features: 
• High voltage ratings: • High dissipation rating: PT = 175 W 

JEDEC TO-3 
VCBO = 450 V (2N6251) 

375 V (2N6250) 

300 V (2N6249) 

• Low saturation voltages 

• Maximum safe-area-of-operation curves 

RCA-2N6249, 2N6250, and 2N6251· are multiple epitaxial 
silicon n-p-n power transistors utilizing a multiple-emitter-site 
structure. MUltiple-epitaxial construction maximizes the volt­
ampere characteristic of the device and provides fast 
switching speeds. Multiple-emitter-site design assures uniform 
current flow throughout the structure, which produces a high 
ISlb and a large safe- operation area_ 

suitable for off-line inverters, switching regulators, motor 
controls, and deflection circuit applications. 

The high gain and high ES/b energy-handling capability of 
the 2N6249 make it an excellent choice for motor-control 
applications in which large winding inductances are 
encountered and high surge currents are required to start the 
motor. 

These devices use the popular JEDEC TO-3 package; they 
differ mainly in voltage ratings, leakage-current limits, and 
VCE(sat) ratings_ 

The exceptional second-breakdown capabilities and high 
voltage-breakdown ratings make these transistors especially 

The high breakdown voltages, low saturation voltages. and 
fast-switching capability of the 2N6250 and 2N6251 make 
them especially suitable for inverter circuits operating 
directly off the rectified 11 5-V power line or in a bridge 
configuration operating from the rectified 220-V line. 

• Formerly RCA Dev. Nos. TA700S. TA7006, and TA7007. 

MAXIMUM RATINGS, AbsoluttrMaximum Values: 

·COLLECTOR-TO-BASE VOLTAGE ..... _ .. _ . ______ . __ ... _ . _ . __ . 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open 

• With reverse bias (VeE) "" 0 V (with base-emitter shorted) .......... . 
With external base-tcremitter resistance IRee) :::;50 n ............. . 

·EMITTER-TO-BASE VOLTAGE •••• _ ..• ___ ....•...... __ . _ • _ ...• 

COLLECTOR CURRENT: 

III Continuous .......................................... . 
Peak . ............................................... . 

·CONTINUOUS BASE CURRENT . ___ .• __ .... _ . _ .• __ ... ____ ... . 

TRANSISTOR DISSIPATION: 

At case temperatures up to 2~oC and VCE up to 30 V ............. . 
At case temperatures up to 25 C and VCE above 30 V ............. . 

... At case temperatures above 2SoC and VeE above 30 V ............ . 
·TEMPERATURE RANGE: 

Storage & Operating (Junction) ............................. . 
·PIN TEMPERATURE (During Solderingl: 

At distances ~ 1/32 in. 10.8 mm) from case for 10 s max. . ........ . 

... In accordance with JEDEC registration data format US-6, RDF-H. 
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VCBO 

VCEO(SU') 

VCEX(SU') 
VCER('u,) 

VEBO 
IC 

2N6249 2N6250 2N6251 

300 375 450 

200 275 350 
225 300 375 
225 300 375 

6 6 6 

10 10 10 
30 30 30 
10 10 10 

175 175 175 
4-- See Fig: 1 --. 
..- See Figs. 1,2, & 4~ 

-+---- -65 to +200 ________ 

-230 

V 

V 
V 
V 

V 

A 

A 

A 

w 

9-72 



File No. 523 2N6249-2N6251 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tel = 2sOC Unless Otherwise Specified. 

TEST CONDITIONS LIMITS 

DC DC 
CHARACTERISTIC SYMBOL VOLTAGE CURRENT TYPE TYPE TYPE UNITS 

(V) (A) 2N6249 2N6250 2N6251 

VCE VBE IC IB Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Collector-Cutoff Current: 150 0 

With base open 'CEO 
225 0 5 
300 0 

With base-emitter junction 225 -1.5 

reverse-biased 
'CEV 

300 -1.5 rnA 
375 -1.5 

' CEV 
225 -1.5 10 

With base-emitter junction 300 -1.5 10 
reverse-biased TC = 1250 C 

375 -1.5 10 

Emitter-Cutoff Current 'EBO -6 rnA 

Collector-to-Emitter Sustaining 
Voltage (see Figs. 15 & 16) 

200b 275b 350 b With base open VCEO(sus) 0.2 - V 

With external base-ta-emitter VCER(sus) 0.2 225b - 300b 375b \I 
resistance (R BE) = 50 n 

Emitter-to-Base Voltage VEBO V 
(IE = 1 rnA) 

DC Forward-Current Transfer 3 108 10 50 

Ratio hFE 3 108 50 
3 108 6 50 

Base-ta-Emitter Saturation 108 2.25 

Voltage 
VBE(sat)· 10 8 1.25 2.25 V 

10 8 1.67 2.25 

Collector-ta-Emitter 108 1 1.5 

Saturation Voltage 
VCE(sat) 108 1.25 1.5 V 

108 1.67 1.5 

Magnitude of Common Emitter, 
Small-5ignal, Short-Circuit, 

hfe 10 2.5 8 2.5 8 2.5 8 Forward Current Transfer Ratio 
(f= 1 MHz) 

Second Breakdown Collector 
Current (With base forward-

'Slb 30 5.8 5.8 5.8 A biased) Pulse duration 
(non·repetitive) '" 1 5 

Second Breakdown Energy 
(With base reverse-biased) ES/b -4 10 2.5 2.5 2.5 rnJ 
RB = 50n, L = 50llH 

Switching Times 
(VCC = 200 V, 'Bl = IB2): 10 - 0.8 

Rise tr 10 1.25 0.8 
(See Figs. 13, 17, & 18) 10 1.67 0.8 

10 1.8 3.5 
Storage ts 10 1.25 1.8 3.5 IlS 
(See Figs. 11, 12, 17, & 18) 10 1.67 1.8 3.5 

10 1 - 0.5 
Fall t f 10 1.25 0.5 
(See Figs. 14, 17, & 18) 10 1.67 0.5 

Thermal Resistance: 
ROJC 10 °C/W 

Junction-to-Case 

.. In accordance with JEDEC registration data format IJS-6 RDF-11. 

a Pulsed; pulse duration ~350 P.S, duty factor'" 2%. 

b CAUTION: The sustaining voltages VCEo(susl and VCER(susl 
MUST NOT be measured on a curve tracer. These sustaining voltages 
should be measured by means of the test circuit shown in Fig, 15. 
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I' 

"I·q: 11-+1-1-1 l: '1,-- - 1,-" ; .. , 
UilJ:1l...!,Cu.h.lU -; 1::;1.1 

4 U'" I 

2 4 6 8 10 2 4 100 000 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 

92CS-19468 
Fig. 1-Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION-LIMITED AND IS/b­
LIMITED PORTIONS OF THE MAXIMUM-OPERATING­
AREA CURVES I FIGS. I a 21. DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

25 ~ 75 100 125 150 175 200 
CASE TEMPERATURE ITC I-·C 

92CS~19475 

Fig.2· -Dissipation derating and I Sib derating 
for all types. 

'r-~rr---r---r-t-rt---t---t-t-ri 
'r-~rr---r---r-t-rt---t---t-t-ri 

NUMBER OF THERMAL CYCLES 
92CS-19476 

Fig.3·-Thermal-cycle rating chart for 
aI/types. 
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Fig.4 '-Maximum operating areas for all types. 

TRANSISTOR SHOULD BE OPERATED WITHIN THE 
LIMITS OF THE CURVE SHOWN IN FIG,I 

I 

V 
/' 0,1 

V /v 
t] 0.01 

V ~ 
" ~ 
zO.OOl 

:..--
0.01 0,1 

TIME OR PULSE OURATION-ms 

Fig.5-Typical thermal response char­
acteristic for all types. 

10 100 

92CS-19485 

0.5 I 1.5 2 
BASE-TO-EMITTER VOLTAGE (VBE)-V 

92CS-'9417 

Fig. 6-Typical transfer characteristics 
for all type,. 
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(Tc)"2SoC c[2 _r-- ~ ..." 
60~e: 4 
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468, 468'0 

COLLECTOR CURRENTCIC)-A 

Fig. 7-Typical normalized de beta char­
acteristics for all types. 

IC/IB=IO (2N6249~ 8 (2N&250) 
6{2N62!U) 

5 10 15 
COLLECTOR CURRENT (!C)-A 

~ 
301-

0 

92CS-19478 

20 

92CS-19480RI 

Fig.9-Typical base-tQ-emitter saturation 
voltage characteristics for all types. 

COLLECTOR CURRENT (Ie)-A 
92CS-19482RI 

Fig. 11-Typical storage-time characteristics 
for all types (with constant forced 
gain). 
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COLLECTOR-lO-EMITTER VOLTAGE IVCE)-V 

Fig. 8-Typical output characteristics for 
all types. 

IelIe =10 (2N6249),B(2N6250 
6 (2N62511 

10 I~ 

COLLECTOR CURRENT (Ie I-A 

92CS-t9479RI 

20 

92CS-19481RI 

Fig. 10-Typical collector-to-emitter 
saturation voltage charac­
teristics for all types. 

COLLECTOR CURRENT (Ic)-A 

Fig. 12-Typical storage-time characteristics 
for all types (with constant base 
drive). 

92CS-19483RI 
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, 
COLLECTOR CURRENT (IC)-A 

92CS-19484R! 

Fig. 13-Typical rise-rime characteristic for 
all types .. 

CLARE MERCURY RELAY 
MODEL No. HGP-I004, 
OR EQUIVALENT 

DEVICE 
UNDER TEST 

,..----"9""--oCHANNEl • 

14 mH 42 mH 

+---+---OCHA~NEL 

+---+---QCOMMON 
+ 
-=-0 TO SOV 
- (500 mAl 

92CS-19487 

Fig. 15-Circuit used to measure sustaining 
voltages VCEO(SUS) and VCER(suS) 
for all types. 

COLLECTOR CURRENT (Ic )-A 
92CS-19486RI 

Fig. 14-Typical fall-time characterist~c for 
all types. 

~ J 4 0.4r----+, 04, ...... , ... 

~l o u IA 'e Ie 
"'w"'!:! 0.2 ----ff-f 

1 I I 

~ L..---'2"'0"'0""=;-';;.5'::0c--

, , I 1 I I 

0.2 

0.41t----+-+ ....... 

COLLECTOR-lO-EMITTER VOLTAGE IVCE}-V 

Thesustalningvoltages VCEO(sus) and VCER(SUS) 
are acceptable when the traces fall to the right of 
point "A" for type 2N6249. point "6" for type 
2N6250, and point "c" for type 2N6251 (lC = 
0.2 A). 

92CS-19467RI 

Fig. 16-0scilloscope display for measurement 
of sustaining Voltages. (Test circuit 
shown;n F;g. 15). 

337 



2N6249-2N6251 ________________________ File No. 523 

+15V 

0.02JLF 

PULSE GENERATOR 
HEWLETT PACKARD MODEL 
No. ZI4A. OR EQUIVALENT 

PULSE DURATION 2: 20/u 

-6V 

~IH:-.-----':BI ---'--t----, 
mil I -: ~~~~~ 

I 
I 
I 
I 
I 

r--__ 'O_% __ TIME 

1-_-+--,T1JR-nM~FF 

OUTPUT WAVE FORM 
PULSE REPETITION RATE "500 Hz 92CS-19488RI 
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Fig. 17-Circuit used to measure switching 
times for all types. 

'lBl AND IB2 MEASURED WITH TEKTRONIX CURRENT PROBE P6DI9 OR EQUIVALENT 

Fig.1S-Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times (Test circuit shown in Fig. 17). 

COLLECTOR CURRENT (Ie l-A 

9tcS-13996RI 

92CS-194B9RI 

Fig.1S-Circuit used to measure inductive-load 
switching times for all types. 

TERMINAL CONNECTIONS 

Pin 1 - Base 

Pin 2 - Emitter 

Case - Collector 

Mounting Flange - Collector 

Fig.2D-Typical inductive- and resistive-load 
fall· time characteristics for all types. 
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OOcn5LJ1] 
Solid State 
Division 

JEOEC TO·3 

Power Transistors 

120-Y, 10-A, 140-W 
Silicon N-P-N Transistor 
For Switching Applications in 
Military and Industrial Equipment 

Features: 
• High VCEO(SUS): 120 V 
II Maximum safe-area-of operation curves 

• Low saturation voltage: VCE(sat) ~ 0.5 V 
a Fast switching speeds at IC = 5 A: 

t r < 0.3p.s 
ts~ljJ.s 
tl ~O.2p.s 

• High dissipation rating: PT = 80 W at 1000 C 
= 140 W at 250 C 

2N6354 

RCA type 2N6354° is an epitaxial silicon n·p-n power tran­
sistor with a multiple-emitter-site structure. The device is 
supplied in the JEDEC TO·3 package_ 

Typical high-speed switching applications for the 2N6354 
include switching-control amplifiers operated from a 48-V 
(nominal) power supply, power gates, switching regulators, 
dc-de converters, and power oscillators_ 

• Formerly RCA Dev. No. TA7534. 

MAXIMUM RA,TINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE .. _ . _ . _____ ... _ . . .. . . . . .. .. .. VCBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open, sustaining .................................. . 

With external base·to-emitter resistance (RBE) = 500n ......... _ .. 

"EMITTER-TO-BASE VOLTAGE ........... __ ..... _ ....... _ .... . 

"COLLECTOR CURRENT (Continuous) ............... _ .......... . 

COLLECTOR CURRENT (Peak) ___ . _ ...... _ ........ ___ ...... __ . 

"BASE CURRENT (Continuous) . _ .... _ .......... _ ... _ ......... . 

"TRANSISTOR DISSIPATION: .... _ .... _ ..................... . 

At case temperatur~s up to 250 C and V CE up to 25 V ............ . 

At case temperature of 1000 C and VCB of 20 V _ ..... _ ..... _ .... . 

At case temperatures up to 250 C and VCE above 25 V ............ . 

At case temperatures above 250 C and VCE above 25 V ........ _ .. _ . 

"TEMPERATURE RANGE: 

Storage & Operating (Junction) ..................... __ ....... . 

"PIN TEMPERATURE (During Soldering): 

At distance> 1/32 in. (O.B mm) from case for 105 max. 

·'n accordance with JEDEC registration data format JS-6 ROF-1. 

5-72 
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VEBO 

IC 

150 
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See Figs_ 1 & 2 

See Figs. 1,2, & 4 
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ELECTRICAL CHARACTERISTICS At Case Temperature (TC); 2SOC unless otherwise specified. 

· 
· 

· 

· 

· 

· 

· 

TEST CONDITIONS LIMITS 

DC VOLTAGE DC CURRENT 
CHARACTERISTIC SYMBOL 

VCE 

Collector·Cutoff Currentt 
ICBO With emitter ooen 

With base open ICEO 100 
With base-emitter junction 

ICEV 140 
reverse-biased 

At TC = 1250 C ICEV 140 

Emitter-Cutoff Current lEBO 

Emitter-to-Base Voltage VEBO 

Collector-to·Emitter.Voltage: 
At breakdown, with V(BR)CEO 

base open 

With external base-to 
emitter resistance VCER(sus)f 
(ABE) < 100 !l 

Saturation Voltage: 
Collector-to-Emitter 

VCE(sal) 

Base·to-Emitter VBE(sal) 

DC Forward Current 2 
Transfer Ratio hFE 2 

Forward·Bias Second· 
25 

Breakdown Collector IS/bc 
Currentd 45 

Second·Breakdown Energy 
tWith base reverse biased. ES/b9 
RSE=51 n, L = 25 "H) 

Magnitude of Common 
Emitter, Small-Signal, 
Short-Circuit Forward Ihfel 10 
Current Transfer 
Aatio (f = 10 MHz) 

Saturated Switching Time: 
(See Figs. 11 & 12) tr 
Aise Time 

Storage Time lSI VCC ~ 

Storage Time (No Load) 
30 

IS2 

Fall Time 
tf 

Output Capacilance 
Cobo (f = 1 MHz) 

Thermal Resistance: 
AOJC Junction-ta-Case 20 

*'n accordance with JEOEC registration data format JS·6 ROF·'. 

·Pulsed: pulse duration :5,350 tJ5, duty factor = 2%. 

bCAUTION: The collector-ta-emitter voltages, V(BR)CEO and 
VCER(sus). MUST NOT be measured on a curve tracer. These 

(V) 

VCB 

150 

10 

voltages should be measured by means of the test circuit shown in Fig.5. 

cIS/b is defined as the current at which second breakdown occurs 
Dt 0 specified collector voltage with the emitter·base junction 
forward·biased for transistor operation in the active region. 

(A) 

VEB VBE IC IB 

0 

0 

0 

6_5 0 

0_005 

0.2 0 

0.2 0 

sa 0.5 
loa 1.0 
sa 0.5 

loa 1.0 

sa 
loa 

1 5 

1 

5 0.5e 
10 Ie 

5 0.5e 
10 Ie 

0.5 0.5e 

5 0.5e 
10 Ie 

1 

dPulsed; '-s non-repetitiye pulse. 

8'81 = 182 = value shown. 

fL = 16 mH 

2N6354 UNITS 

MIN. MAX. 

- 5 

- 20 
mA 

- 10 

- 20 

- 5 mA 

6.5 - V 

120b -
V 

130b -

- 0.5 
1 

V - 1.3 - 2 

20 150 
10 100 

5.5 -
A 

0.5 -

0.3 - mJ 

8 -

- 0.3 
- 1 

- 1 
0.6 /lS 

- 2 

- 0.2 
0.2 

- 300 pF 

- 1.25 °C/W 

9ESIb is defined as the energy at which second breakdown 
occurs under specified reverse bias conditions. ES/b '" %U 2 where L is 
a series load or leakage inductance and I is the peak collector current. 
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Fig:3-Therma/~vcling rating chart. 
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8 
1000 

CHANNEL A 

TO 

L ISH ~~1~~~~COPE 
m MODEL No,503, 

OR· EQUIVALENT 

CHANNEL B 

~ 83(SR'CEO B3CER(ml 
I ' , 
,,200 --+- 200 --+---
~ AI A' 

COMMON 

+_ 0-50 V 
=-500mA 

92CS-20119 

a 120 0 130_. 

COLLECTOR-TD-EMITTER VOLTAGE (VCE)-V 

9ZCS-ZOlza 

NOTE: Tiul 'IOItagll, YIBRICEO and YCERlsuI' 
.".~.whentfl.tr_fIIlstothe 
right of and abovepoinl "A" 

Fig.5-Circuit ultld to measure voltags, 
V(BRICEO and VCER(.u.l. 

Fig.6-0.cilloscope display for V(BRICEO 

and VCER(sus) measurement (test 
circuit shown in Fig.S). 
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COLLECTOR -TO-EMITTER 
VOLTAGE IVCE)= 2V 
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Fig.7- Typical transfer characteristics. 
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I : I '\ \ 24; 
-55-C 16 ~ 
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6 • . .0 

COLLECTOR CURRENT ([CI-4 

92CS- 20134 

Fig.9-Typical normalizeddc beta characteristics. 

+25V +30V 
PULSE GENERATOR 
H-P NO.214A,OR fQUIV, 

-I 1-~20~' 

JL 
REP. RATE ~ I kHz 

If+5~; 
51n 

'-----' 

500~ 

-4 TO-6 V 

Fig. 11-Circuitusedtomeasureswitchingtimes. 

DEVICE 
UNDER 
TEST 

92CS-20131 

r 
u 

H 

Fig.8- Typical output characteristics. 

• 
VOLTAGE [VCE(SOII]-V 

92CS-20127 

Fig. 10-T ypica/ saturation voltage characteristics. 

92CS-20122 

Fig. 12-Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times (test circuit shown in Fig. 11 ). 
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PULSE DURATION'" 20ILS 
REPETITION RATE -I kHz 
COLLECTOR SUPPLY VOLTAGE (Vee)- 30 v 
CASE TEMPERATURE (Tc1"25°C 

lSI"Iez"le"D 

ff 

4681012 
COLLECTOR CURRENT lIe )-A 

neS-2012S 

;. 2.5 

~ 
'"' '" 
LIJ 1.5 

: 
~ 

0,5 

PULSE DURATION-20ILS 
REPETITION RATE .. I kHz 
COLLECTOR SUPPLY VOLTAGE (VCC)"30 V 
CASE TEMPERATURE (TC)-25°C 
Ie r" Isz"Ic llO 

4 6 8 10 12 
COLLECTOR CURRENT (Ic1- A 

52CS-20126 

Fig. 13-Typical rise- and fall-time characteristics. Fig. 14-Typicaf storage-time characteristics, 

TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 - Emitter 

Mounting Flange, Case - Collector 
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[IlrnLJO 
Solid State 
Division 

JEDEC TO-3 

H-1S70 

Power Transistors 

2N6371 

Hometaxial n° High-Power 
Silicon N-P-N Transistors 

Rugged General-Purpose Device 
For Industrial and Commercial Uses 

Features: Applications: 

II Maximum·safe-area-of-operation curves 
" Low saturation voltage 
II High dissipation rating 
• Thermal-cycle rating curve 

• Series and shunt regulators 
• High-fidelity amplifiers 
• Power-switching circuits 
• Solenoid drivers 
• 12-V audio and inverter circuits 

The RCA-2N6371'" is a hometaxial-base" diffused-junction sili­
con n-p-n transistor intended for a wide variety of intermediate­
power and high-power applications_ It is especially suited for 
use in audio and inverter circuits at 12 volts. 

A 
RCA-2N6371 is the direct replacement for RCA40251 . . 
"Hometaxia'" was coined bV RCA from "homogeneous" and "axia'" 
to describe a single-diffused transistor with a base region of homo­
geneous-resistivity silicon in the axial direction (emitter-to-collector). 
"Hometaxial n" is a term used to describe RCA's expanded line of 
transistors produced by the hometaxial process. 

150 

o 
100 -50 o 50 100 150 200 

MAXIMUM RATINGS. Absolute-Maximum Values: 
"COLLECTOR-TO-BASE VOLTAGE ___________________________________ _ 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
* With external base-to-emitter resistance ABe == 100 n .................... . 
* With base open .................................................. . 

With base reverse bias VB e = - 1".5 V ................................. . 
"EMITTER-TO-BASE VOLTAGE _________________ - __ - - - - - - - - - - _. - - - - --
"CONTINUOUS COLLECTOR CURRENT ______________________________ _ 
"CONTINUOUS BASE CURRENT _____________________________________ _ 

"TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C 
At case temperatures above 25°C 

"TEMPERATURE RANGE: 
Storage and Operating (Junction) .................................... . 

"PIN TEMPERATURE (During Soldering): 
At distances ~ 1/32 in. (0.8 mm) from seating plane for 10 s max. . ......... . 

*'n accordance with JEDEC registration data format JS-6 RDF-2. 

11-72 

CASE TEMPERATURE (TC)-*C 

Fig. I-Dissipation derating curve. 

VCBO 50 

VCER!sus) 45 
VCEO(sus) 40 
VCEX(sus) 50 

VEBO 5 

IC 16 

IB 
PT 

117 
See Fig_ 1 

-65 to +200 

235 

92CS-13031R1 

V 

V 
V 
V 
V 

A 
A 

W 

'c 

'c 
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____________________________ File No. 607 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC' = 25°C Unless Otherwise Specified. 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT LIMITS UNITS 
Vdc Adc 

VCE VBE Ic IB MIN. MAX. 

• Collector Cutoff Current: 
'CEO 25 0 - 1.5 

With base open 

With base-emitter junction 45 -1.5 - 2 

reverse-biased ICEV rnA 

At TC = 150°C 40 -1.5 - 10 

• Emitter Cutoff Current lEBO -5 0 - 10 rnA 

Collector-ta-Emitter 

Sustaining Voltage: .. 
With base open VCEO(sus) 0.2 0 40 -

* With external base-to-

emitter resistance VCER(sus) 0.2 45 - V 

(RBE) = 100 n 

With base-emitter junction VCEX(sus) -1.5 0.1 50 -
reverse-biased 

* DC Forward Current 4 B" 15 60 
Transfer Ratio hFE 

4 16" 4 -
Base-la-Emitter Voltage VBE 4 16" - 4 V * 
Collector-fa-Emitter 16" 4 - 4 

.. 
Saturation Voltage VCE(sat) V 

B" O.B - 1.5 .. 
Common-Emitter. Small-

Signal, Short-Circuit 

Forward Current Transfer h,. 4 1 10 -
Ratio 

(I = 1 kHz) 

* Magnitude of Common-

Emitter. Small-Signal. 

Short-Circuit, Forward Ih,.1 4 1 2 -
Current Transfer Ratio: 

(I = 0.4 MHz) 

Gain-Bandwidth Product 
'T 1 BOO - kHz 

Forward·8ias Second Break. 
'S/b 40 2.9 - A 

down Collector Current 

Thermal Resistance ~ RBJC - 1.5 °C/W 

Junction·to-Case 

a Pulsed: Pulse duration'" 300 ,",5. duty factor = 2%. 
* In accordance with JEOEC registration data format JS-6 ROF.2. 
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Fig. 2-Maximum safe area of operation at case temperature of 25°C. 
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Fig. 3-ThermaJ-cycle rating chart. Fig. 4-Reverse-bias second-brNkdown characteristics. 
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8 CASE TEMPERATURE (TC)= 100·C 
6 ~'" 
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Fig. 5-Maximum safe area of operation at case temperature of 10aoe. 

COLLECTOR~ TO-EMITTER VOLTAGE (VCE)-4 V 

CASE TEMPERATURE (Tel- 25·C 

l! I .• 
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V I'\. 
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Fig. 6-Typical gain-bandwidth product. 
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CASE TEMP.ERATURE (TC)~25· C 

.. 10 
I 

" H i 7.5 

B 5.0 

'" l:! f5 
o 

c 

5 
g 

300 
2.00 

10 20 30 40 50 60 70 SO 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CS-I2306RI 

Fig. 8-Tvpical output characteristics. 

TERMINAL CONNECTIONS 

Pin I - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

COLLECTOR-TO-EMITTER VOLTAGE (VCE). 4 V 

is( ·c 
1~"1" -,.... 

0 L.... ~. c 
~ 60 ./ _I ~~c'·Z:.--
'" L :#:,~,.... 

* ~I-:.~~\> 
ii ~~ '" e: 
.o~ .... '\. ffi C; I--

~ 1--;-- \. 
'\. 

i: 20 

'" ~ 
fl 
g 0 

2 4 •• 0.01 
2 4 .. 2 4 6 8 

0.1 1.0 10 
COLLECTOR CURRENT (J:C1-A 92CS-I2301RI 

Fig. 9-Typical de beta characteristics. 

2 2.5 
BASE-lo-EMITTER VOLTAGEIVBE)-V 92CS-12326RI 

Fig. to-Typical transfer characteristics. 
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_~ _____________________________ FileNo.609 

D\l(]3LJD Power Transistors 
Solid State 
Division 

2N6383 2N6384 2N6385 

10-Ampere, N-P-N Darlington 
Power Transistors 

40·60-80 Vo Its, 100 Watts 
Gain of 1000 at 5 A 

Features: Applications: 
JEDEC TO-3 - Operates from Ie without predriver - Power switching - Audio amplifiers 

- Low leakage at high temperature _ Hammer drivers 
- High reverse second·breakdown capability _ Series and shunt regulators 

The 2N6383, 2N6384, and 2N638S- are monolithic n·p·n 
silicon Darlington transistors designed for low· and medium· 
frequency power applications. The double epitaxial can· 
struction of these devices provides good forward an'd reverse 
second·breakdown capability; their high gain makes it possible 
for them to be driven directly from integrated circuits. 

-Formerly RCA Dev. Nos. TA8349. TA8486. and TA8348. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ............................... . 

COLLECTOR·TO·EMITTER VOLTAGE: 

With external base·to~emitter resistance (ABE) c: lOOn. sustaining ..... 

With base open, sustaining ....•..••••..••••.•.•••••••••••...•• 

With base reverse-biased Vse = -1.5 V. ASS = 1 DOn ............. . 

* EMITTER·TO·BASE VOLTAGE ................................. . 

COLLECTOR CURRENT: 

Continuous ..................................•............ 

Peak •••••••••..••••••.....•.••...•••••.•.••••••••.•••.•• 

* CONTINUOUS BASE CURRENT ................................ . 

* TRANSISTOR DISSIPATION: 

At case temperatures up to 250C ......•...................•.... 

At case temperatures above 25°C 

* TEMPERATURE RANGE: 

Storage and Operating (Junction) ..........•.................•.. 

• PIN TEMPERATURE (During Soldering): 

At distances ~ 1/32 in. 0.8 mm from seating plane for 10 s max. 

"'In ilccordance with JEDEC registration data format JS-6 RDF.2. 
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"Fig. '-Schematic diagram for all types. 

2N6385 2N6384 2N6383 

VCBO 80 60 40 

VCER"U') 80 60 40 

VCEO('u,) 80 60 40 

VCEX 80 60 40 

VEBO 5 

IC 

10 10 10 

15 15 15 

IB 0.25 0.25 0.25 

PT 

100 100 100 

- See Fig.3 ---

--65 to +200 _ 
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File No. 609 2N6383-2N6385 

ELECTRICAL CHARACTERISTICS. At Case Temperature (Tq) = 2Ef'C Unless Otherwise Specified 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT LIMITS 
UNITS 

Vd. Ad. 
2N6385 2N6384 2N6383 

VCE VaE 'C 'a M'N. MAX. M'N. MAX. M'N. MAX. 

Collector-Cutoff Current: 
80 a 

" With base open 
60 a 
40 a 

'CEO 
ao 10 With base open and 0 
60 0 10 

TC'" 150°C 40 0 10 

* 
SO -1.5 0.3 

With base reverse-biased 60 -1.5 0.3 mA 

ICEV 40 -1.5 0.3 

* With base reverse- ao -1.5 

biased and T C :: 1500 C 
60 -1.5 
40 -1.5 

* Emitter-Cutoff Current 'EaO 5 5 mA ;-5 

Collector-ta-Emitter 

* 
Sustaining Voltage: 
With base open VCEOlsusl 0.2a SO 60 40 

With external base-to- V 
emitter resistance VCER(susl 0.2a 80 60 40 

IASEI = lOOn 

With base-emitter junction 
VCEV lsusl -1.5 o.~a SO 60> 40 

reverse-biased 

* DC Forward Current 
Transfer Ratio hFE 3 5" 1000 20.000 1000 20,000 1000 20,000 

3 loa 100 100 100 

* Base-la-Emitter Voltage V8E 
3 5" 2.a 2.a 2.a 

V 
loa 4.5 4.5 4.5 

Collector-la-Emitter 
Saturation Voltage VeElsatl 5" 0.01 a 2 2 

3' 
V 

10" D.'· 3 3 

Parallel Diode 
Forward Voltage Drop V F -10 4 4 V 

Common-Emitter, Small· 
Signal, Short·Circult 

. Forward Current Transfer h'e 1000 - 1000 1000 
Ratio 

If '" 1 kHz) 

* Magnitude of Common· 
Emitter, Small·Signa/, 

Ih'el Shon·Circuit, Forward 20 20 20 
Current Transfer Ratio 

if"" 1.0MHzl 

* Common Base 
Output Capacitance COb 200 200 200 pF 

(Vce"" 10V, f'" 1 MHz) 

Second Breakdown Energy 
With base reverse·biased and ES/bb -1.5 4.5 120 120 120 mJ 

L = 12 mH, RR" = lOOn 

Forward·Bias Second Break· 75 0.22 
down Collector Current 'SIb 55 - 0.62 A 
l1-s non-repetitive pulse) 35 2.85 

Thermal Resistance 
R9JC 1.75 - 1.75 1.75 °C/W 

Junction-to·Case 

• Pulsed: Pulu duration'" 3DD J.l.S, duty factor = 1.8%. 

b ES/b is deflnad as the energy at which second breakdown occurs under specified reveru bias conditIons. 
ES/b "' YaLI2 where L is a series load or leekage inductance, and I is the peak collector current. 

* In accordance with JEDEC registration data format JS-6 ROF-2. 

351 



2N6383-2N6385 ____________ -..,... ___ ---' _______ File No. 609 

I I I • I --, - J- - ; ---i--J--I-I- --+--t _ -+-----t-- -+ 
8 CASE TEMPERATURE (TCl =25 C --~----T---+--t -+1:+- ------j-----I--H-- -

; I -i-t++f~-t-l;~1==ftf'+ r--=~E+-r-_~-++-H 
41---+--t-+!--t--'-i-l-r+t+----irrt-1 I -ir-1i 1-

6 

-r-- --- ----j- -- 1--'----"-_L1 r+--t-+---t-t-++-H r--:---cr-- ----- ---- --i- PULSE OPERATION * - ---- ---H'- -~f---1r+--j-I--+~ 
• I ' I I I --l- I -

2 r- IC (_~A_X..l PULSED 1· 1 

15 ~g~~~:~lOUS I ~ 'l\ ~ !\ ! +--+---1-+-+ 

<[ 10
8 

--!---

I 0" '"'II.. _ Q~,~~~~-H\~~-~++~-+-+~+-+-.i-+--I--I+-t 
u 6 I---l---l-+-I---l--+-+-H-++- :O~-j)'i \ 1\ 1\ I 

~ 4 ~'-'-'+--+-4H-+-+-++H+--L~~ \ 10 P.S f---+-+i-+_+-++~--I--l 
~ ! I~'i ~ I ! 
B -* ---+--l--t-l-WIII-\-\-\pl\"---4-I'HI+-- -H---+--+---+-I 

2 ~ FOR SINGLE 
II: 1:_ -_. NONREPETITIVE l \ 
~ ~ :iITUYE

1
, I t- ----t--~I----+I--I-..... --W~-j1\-\-J-1ll-+ r~:~ _--I----1-+-+~+__l__l+~ 

j IS/b - LIMITED 

... "0 

o 
u 

z'" 

~:~ 
Q: .... ~ 
,"00 

~~~ 
~~~ 
"",u 

iffi~ ..... 
~~~ 
'" z 

~~~ 
",NU 
U • 

~~ 

352 

4 

0.1 

'00 

15 

50 

25 

Ims 

4 6 8 2 4 6 8 10 2 4 6 8 100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 92CS-20692 

Fig. 2-Maximum operating area for all types. 

NOTE: ClRRENT DERATING AT CONSTANT 
VOL.TAGE APPUES Cl'LY 10 THE DISSIPATIDN­
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PORTION OF MAXIMUM OPERATING AREA 
CURVES (FIGS. 2,5).00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 
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F;g. 4-Typical dc·beta characteristics for all types. 
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COLLECTOR CURRENT Ilel- I A 
COLLECTOR-TO-EMITTER VOLTAGE IVCE)cS v 
CASE TEMPERATURE (Tcl-25·C 

" 
'\ , 

\. 

\ 
\ 

" 6 B I " 6 8 10 

FREQUENCY (II-MHz 92C5-19919 

100 

;0 

I 
~ 
~ 
z 
0 

~ 
:: 
Q 

'" '" ;0 
0 .. 

• 
• '" 

\ "-4 

\' "'- CASE-TEMPERATURE 
CHANGE Ill. Tc ) ·50·C 

" \ \ '< 0 
2--~ \ \. "'-" - -; 

;: I~O ~~i~rc i,7 "-
10 ~c 

, 
1032 "68 104 2 4 68 10 :1 2 4 68 106 

NUMBER OF THEf\MAL CYCLES 
9itCS-19922 

Fig. 6-Tvpical small-signal gain for all types. Fig. 7-Thermal-cycling ,ating chart for all typos. 
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BASE-TO-EMITTER VOLTAGE C'V'SE1-V 

92CS-20694 

Fig. 8-Minimum values of reverse-bias second breakdown 
characteristic (ES/b) for all types. 
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.,z: 12.5 
E 
I 
~ 10 
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COLLECTOR-TO-EMITTER VOLTAGE (YCE):o5 v 

BASE-lO-EMITTER VOLTAGE (YBE)-V 
92CS-F9923 

Fig. 10-Typical input characteristics for all types. 

COLLECTOR-lO-EMITTER YOLTAGE IVCE)-V 
92CS-19925 

Fig. 12-Typical output characteristics for all types. 

COLLECTOR SUPPLY VOLTAGE (Vee)· 20 V 

... Ie • -IB~ • Ie/SO~ 

3 

~ 
r- -. r--- .!!... 2.5 

j 
2 .. 

'" ~II ;:: , .. 
~ 

1 
......~ -r- .!t.. 0.5 t. 

2 3 4 5 6 7 . 9,0 

COLLECTOR CURRENT (lc)-A 
92C5-19920 

Fig. 9-Typical saturated switching-time characteristics 
for all types. 
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COLLECTOR-fO-EMITTER VOLTAGE; (VeE)-' V 

12. 
BASE-lO-EMITTER VOLTAGE (VaE)-Y 

92C5-19924 

Fig. 7 7 - Typical transfer characteristics for all types. 

COLLECTOR CURRENT (ICJ-A 
92CS-19926 

Fig. 73-Typical saturation characteristics for all types. 
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PULSE DURATION 
20".s POSITIVE VOLTAGE 
20".5 NEGATIVE VOLTAGE 

REP. RATE· 200 Hz 

.. 1:81 AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS·19921RI 

Fig. 14-Circuit used to measure saturated switching times. 

]'..:_:..'O_%_-,TIME 

TURN-OFF 
1---..1-' TIME 

OUTPUT WAVE FORM 

Fig. 15-Phase relationship between input current and output 
current showing reference points for specification of 
switching times (test circuit shown in Fig. 14). 

TERMINAL CONNECTIONS 

Pin 1 • Base 

Pin 2· Emitter 

Case - Collector 

Mounting Flange - Collector 
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File No. 610 

OOCl8LJD 
Solid State 
Division 

Power Transistors 

2N6386 2N6387 2N6388 

Co~lIecto< ~~::; 
2N6388 

Emitter 
Collector 

~ Ba .. 

TO-220AB ~1535Rl 
Collector Also Available 

10-Ampere, N-P-N Darlington 
Power Transistors 

40-60-80 Volts, 40 Watts 

Gain of 1000 at 5 A (2N6387, 2N6388) 

Gain of 1000 at 3 A (2N6386) 

Features: ApplicatIOns: ~=, • Operates from Ie without predriver - Power switching • Audio amplifiers 

• Low leakage at high temperature • Hammer drivers 
H1534R1 • High reverse second-breakdown capability _ Series and shunt regulators 

The 2N63B6, 2N63B7, and 2N63BB- are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium­
frequency power applications. The double epitaxial con­

struction of these devices provides good forward and reverse 
second-breakdown capability; their high gain makes it possible 
for them to be driven directly from integrated circuits. 

• Formerly ACA Dev. Nos. TA8202, TAB485, and T AB201, respectively. 

MAXIMUM RATINGS,Absolute·Maximum Values: 

* COLLECTOR-TO-BASE VGLTAGE .............. . 

COLLECTOR-TO·EMITTER VOLTAGE: 

With external base·to·emitter resistance (ABEl = lOOH, sustaining .... 

With base open, sustaining ..... 

With base reverse·biased VSE = -1.5 V 

* EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

Continuous ................. . 

Peak ......................... . 

* CONTINUOUS BASE CURRENT . __ . 

* TRANSISTOR OISSIPATION: 

At case temperatures up to 25°C .............................. . 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) .............................. . 

* LEADITEMPERATURE (During Soldering): 

At distances > 118 in.{3.17 mm) from case for lOs max .... 

*'n accordance with JEDEC registration data format JS·6 RDF·2. 
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L _______ __ ..J 

92CS-20691 

Fig. l-Schematic diagram for all types. 

2N63BB 2N63B7 2N6386 

VCBO 80 60 40 

VCEA{sus) 80 60 40 

VCEO{sus) 80 60 40 

VCEX 80 60 40 

VEBO 

IC 

10 10 8 

15 15 15 

IB 0.25 0.25 0.25 

PT 

40 40 40 

---- Se(> Fig. 3 ---

--- -65 to +150 --_ 

----235 

V 

V 

V 

V 

V 

A 

A 

A 
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File No. 610 2N6386·2N6388 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) = 21f'C Unless Otherwise Specified 

TeST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT LIMITS 
UNITS 

Vdc Adc 
2N6388 2N6387 2N6386 

VCE VBE ·C '8 MIN. MAX. MIN. MAX. MIN. MAX. 

80 0 
Collector-Cutoff Current: 

60 0 
With base open 

40 
'CEO 

ao 0 10 
With base open and 

60 0 10 
Tc = 150°C 40 0 10 

80 -1.5 0.3 

* With base reverse-biased 60 -1.5 0.3 mA 

'CEV 
40 -1.5 0.3 

ao I.S 
With base reverse-

60 -1.5 
biased and T C = 1S0ae 

40 -1.5 

* Emitter-Cutoff Current leso -5 a mA 

Collector-ta-Emitter 
Sustaining Voltage: 

With base open VCEO(susl 02" 80 60 40 

With external base-to- V 
emitter resistance VeER/sus) 02" 80 60 ,40 

IASEI '" lOon 

WIth base-em liter lunCIIon 
VCEV lsus1 1 S 0.2a 80 60 40 reverse-biased 

DC Forward Current 3" 1000 20,000 
Transfer RatiO "FE 

Sa 100Q 20.000 1000 20,000 
aa 100 
lOa 100 100 . 3 3 a 2.8 Base-ta-Emmer Voltage VaE 3 Sa 2.a 2.a V 

3 8 a 4.5 
3 lOa 4.5 4.5 

Collector-Io-Emltter 3 a 0.006a 
SaturatIOn Voltage VCE!satJ Sa O.01 a 

aa O.Oaa V 
lOa O.,a 

Parallel Diode 
-8 

Forward Voltage Drop V F -10 4 V 

* Common·Emllter. Small· 
Signal, Short-Circuli 
Forward Current Transfer ",. 1000 1000 lOCO 
Ratio 

If" 1 kHz) 

Magnitude of Common-
Emitter, Small-Signal. 
Short-CircUit, Forward 
Current Transfer RallO 

1",.1 20 20 20 

If: 1.0 MHz) 

Common Base 
Output Capacitance Cob 200 200 200 pF 

(VCB""'OV,f=1 MHz) 

Second Breakdown Energy 
With base reverse·blased and ESfbb -1.5 4.5 120 120 120 mJ 

l'" 12 mH, RBE" lOOn 

Forward-Bias· Second Break-
down Collector Current 'Slb A 
(0.5·s non-repEUltive pulse) 35 1.2 1.2 1.2 

Thermal ReSistance 
Junction-to·Case RI1JC 3.12 3.12 3.12 °C/W 

a Pulsed: Puis. duration" 300 Ils, duty factor - 1.8%. 

b ES/b IS defin.d as the energy at Which second breakdown occurs under specified reverse bias conditions. 
ES/b'" lI"U 2 whare L is a saries load or leakage Inductance. and I IS tha peak coli actor current . 

• In accordance with JEDEC registration data format JS-6 RDF-2. 
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.. 1 L I 
8 CASE TEMPERATURE (TCI=25°C I- +. 

6 '1 ! I 

I I 

4 
.... 

f-.--.- .--1 .. - - --- *I-~I--
I 

IC (MAX.1 PULSE OPERATION 
2 I , 

PULSED ": .. - .. ... 
15 

..... -.. ., . .... 

2N6387, r'\ '1\ " ~. 1\ ~ ~ . -
.-., .. 

.. ' . .. ~ 2NG388 
- .-. 

10 I 

8 I 
X ~ 

2~638G 
6 '- "- \' 

IC (MAX.! -I-- n" """ I\\: ""'I\i -, rl 
4 

'\ CO~TINUOUS - O.o~1"'\ t\ ~ ... .... -~ 

iOp.s I -1E("1I~:"'I~ I"\: ""\ -y 

,,"- • 'OR SINGLE 1 r =r ,-, 
NONREPETIVE I I'\: !\.r\. ~" 

.. 
"1 . ., . PULSE - -

~~ 

"' 
. ~'-'-I=:.d :,-

.. 

I I I I '1, 
~ 

-
50 p.s •. L .,. 

I 
8 1 ., 

. I ' .. .. . ..... 
6 - t, I ms cO IS/b -LIMITED, 
4 I 

I ~\I' II 
i ~ 1.1 

. VCEO (MAX.!= 40 V (2N6386L 1\1\ 5 ms 

2 I 'il I IIIIII I r-t l\ Ir. 
VCEO (MAX.I=GO V (2NG3871 50ms ' 

H-· f---+;-~I-t-·-i- ·t· t-:tttr-:-:-:t:--rt· . --- -_. 

VCEO (MAX.I=80V (2N63881 ·~cs i 0.1 

2 4 6 8 10 2 4 6 8100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92CS-20695 

F;g. 2-Maximum operating area for al/ types. 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPUES ONLY TO THE DISSIPATION­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVES (FIGS. 2. 5).00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

• 
COLLECTOR-TO-EMITTER'VOLTAGE (VCE)"S v 
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\21j-C • ... . 
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~ 0 ,'cY' 
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COLLECTOR CURRENT IIc)-A CASE TEMPERATYR£ (Te) _·C 
92CS-206g6 92CS-20697 

Fig. 3-Derating curves for all types. Fig. 4-Typical dc-beta characteristics for all types. 
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Fig. 5-Maximum operating area for all types. 
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Fig. 6-Typical small-signal gain for all types. Fig. 7-Thermal-cycling rating chart for all types. 
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COLLECTOR CURRENT (ICI-A 
92CS-19920 

Fig. 8-Typical saturated switching-time charac­
teristics for all rVpes. 

---r---~. TIME 

INPUT WAVE FORM 

Ti 

TIME 
1'----

TURN-OFF 
1---+- TIME 

OUTPUT WAVE FORM 

Fig. TO-Phase relationship between input current and output current 
showing reference points for specification of switching 
times (test circuit shown in Fig. 9). 

COLLECTOR-TO-EMIT TER VOLTAGE (VCE)=5 V H++-

" ~~ .<> !J 
c:( 12.5 ~ !:i E t I !" ; 10 .. if 
z It' .. 

7.' E '" '" ~ u i:{ .. • J 
~ 

2.5 

BASE-TO-EMITTER YOLTAGE IVBE)-V 92CS-20700 

Fig. 12-Typical input characteristics for all types. 
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PULSE DURATION 
20,..5 POSITIVE VOLTAGE 
20,..s NEGATIVE VOLTAGE 

REP. RATE =200 Hz 

RS*200 RC 

... ISI AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROSE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig. 9-Circuit used to measure saturated 
switching times. 

9ZCS-Z0699 

BASE-TO-EMITTER VOLTAGE (VBE)-V 92CS-20694 

Fig. "-Minimum values of reverse-bias second breakdown charac· 
teristic (ES/bJ for all types. 
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!:! .. 
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o 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-5 V 

I 3 
BASE-TO-EMITTER VOLTAGE eVBE)-V 

4 
92CS·Z0701 

Fig. 13-Typical transfer characteristics for all types. 
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0-
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'" " u 

I 
COLLECTOR-TO-EMITTER VOLTAGE (VCE}-V 

92CS-19925 

Fig. 14-Typical output characteristics for all types. 

TERMINAL CONNECTIONS 

Lead No.1 - Base 

Stub - Do not use stub as tie point. 

Lead NO.3 - Emitter 

Mounting Flange - Collector 

COLLECTOR CURRENT (IC)-A 
92CS-20702 

Fig. 15-Typical saturation characteristics for al/ types. 

TERMINAL CONNECTIONS 

Lead No.1 - Base 

Lead No.2 - Collector 

Lead No.3 - Emitter 

Mounting Flange - Collector 
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________________________________ File No. 617 

rnrnLJD RF Transistors 
Solid State 
Division 

UHF/MATV Low-Noise 
Silicon N-P-N Transistor 

2N6389 

'~I~i ~, ~ I, ,I 
For High-Gain Small'Signal Applications in UHF TV 
RF Amplifiers and UHF MATV Amplifiers 

JEDECTO-72 

II 
'I 

/1 
J 

H-1299 

Features: 
• Low noise figure: 

NF = 3 dB (typ.) at 450 MHz, 1.5 mA 

= 4 dB (typ.) at 890 MH~, 1.5 mA 

= 6 dB (typ.) at 890 MHz, 10 mA 

• High gain (tuned, unneutralized): 

GpE = 15 dB (min.) at 890 MHz 

RCA 2N638ge is an epitaxial silicon n-p-n planar transistor in­
tended for low-power, small-signal applications where both 
low noise and high gain are desirable. It utilizes a hermetically 
sealed four-lead JEDEC TO-72 package. All of the elements 
of the transistor are insulated from the case, which may be 
grounded by means of the fourth lead. 

• High gain·bandwidth product 

• Large dynamic range 

• ,-ow distortion 

• Low collector-base capacitance 

eFormerly RCA No. 40989. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE .......... , ...................... , .... . 
'COLLECTOR-TO-EMITTER VOLTAGE .... , ......... , .......... _ ... , ..... . 
*EMITTER-TO-BASE VOLTAGE .... , ........•... , ...... , ............... . 
'COLLECTOR CURRENT (Continuous) .. , ..... , .... , .................. , ... . 
'TRANSISTOR DISSIPATION: 

At ambient temperatures up 
to 250 C .......................... , ....................... , .. 

At ambient temperatures above 
250 C ......... _ ........ - .................................. , 

'TEMPERATURE RANGE: 
Storage and Operating 

(Junction) .......... _ ............. , ...... , ....... , ........ , .. 
'LEAD TEMPERATURE (During soldering): 

At distancesL1/16 in. (1.59 mm) from 
seating plane for 60 s max. 

*In accordance with JEDEC registration data format 
JS-9 RDF-1, 
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VCBO 
VCEO 
VEBO 
IC 
PT 

20 
12 
2.5 
40 

V 
V 
V 

mA 

200 mW 

Derate linearly 
at 1.14 mW/oC 

-65 to +2000 C 

3000 C 
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ELECTRICAL CHARACTERISTICS, At Ambient Temperature (TAJ = 2SOC 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL Vdc mAde LIMITS UNITS 

VCB 1 VCE IE T IB I IC MIN. I MAX. 

STATIC 

* Collector Cutoff Current ICBO 15 0 - 20 nA 

Emitter Cutoff Current lEBO (VEBI 0 - 1 JJA * 
1 

Collector-to-Base V(BRICBO 0 0.001 20 - V * 
Breakdown Voltage 

Collector-to-Emitter V(BR)CEO 0 3 12 - V * 
Breakdown Voltage 

Emitter-ta-Base V(BR)EBO 0.01 0 2.5 - Ii * 
Breakdown Voltage 

* DC Forward Current hFE 1 3 25 250 
Transfer Ratio 

Thermal Resistance: ROJC - 880 °C/W 
(Junction-to-Casel 

DYNAMIC 

Device Noise Figure: 
f = 890 MHz 10 1.5 - 4(typ.) 

= 890 MHz NF 10 10 - 6(typ.) dB 
= 450 MHz 10 1.5 - 3(typ.l 

Small-Signal Common-Base GpB 10 10 15 - dB 
Power Gain (f = 890 MHz) 

* Small-Signal. Short Circuit 
Fo'rward Current Transfer hfe 1 3 25 250 
Ratio (f = 1 kHzI 

Magnitude of Small-Signal 

Ihfel Short Circu'it Forward 10 1.5 5 15 
Current Transfer Ratio 
(f = 200 MHz) 

Collector-ta-Base Time 
, 

rb Cc 10 1.5 1 15 ps * 
Constant (f = 31.9 MHz) 

* Collector-to-Base Capacitance Ccb 10 0 0.4 0.55 pF 
(f -I MHz) 

* In accordance with JEDEC registration data format JS-9 RDF-1. 
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COLLECTOR-TO-BASE VOLTAGE (Vea'-IO V 
COLLECTOR CURRENT (Ic).i.5 mA 

6 AMBIENT TEMPERATURE (TAl-25°C 

Ir 

" '" 3 .. 
'" o 2 
z 

400 600 BOO loaD 
FREQUENCY (f I-MHz 

1200 

92CS-2t1l5 

Fig. 1 - Power dissipation vs. ambient temperature. 

92CS-21116 

Fig. 2 - Typical common-base. noise figure vs. frequency. 

COLLECTOR-TO-EMITTER VOLTAGE tVCE)~IOV 
AMBIENT TEMPERATURE ITA)~ 25°C 
NOTE: fT CALCULATED FROM MEASURED 

VALUES OF S-PARAMETERS 

10 15 
COLLECTOR CURRENT lIel - mA 

20 

Fig. 3 - Gain-bandwidth product vs. collector current. 

CI C2 

LI RFt 

Cl .C7 : 3.3 pF disc ceramic 
C2 : 2.7 pF disc ceramic 
C3: 1 pF disc ceramic 

RI 

C4 : 25pF.ATC-l00orequivalent 

2N63B:9 
L2 C7 

L3 

R3 R4 

92CS-24991 

L1,L2: 2 turns, No. 18 wire. 0.125 in. (3.175 mm) 10 
RFC: 8 turns No. 28 wire, 0.062 in. (1.57 mm) 10 

R1: 27011 
R2 : 2.2 kll 
R3: 4.7 kll 
R4 : 4.7 kll 

Fig. 4-89D-MHz common-base test circuit for gain and noise figure. 
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SIGNAL 
GENERATOR 

92C$-21118 

c1: 1.0-30 pF 
C2.C3 : 1.0-20 pF 
C4.CS: 0.0411F 

C6 : 1-10 pF 

L,: 2 turns No. 18 wire, 3/16 in. (a.18B mm) 
10,0.10 in. (2.54 mm) long 

L 2: 3 turns No. 18 wire, 3/16 in. (0.188 mml 
10,0.15 in. (3.81 mm) long 

L3 .L4 : O.22·J.1H rf choke 

L5: 3 turns No. 18 wire, 3/16 in. 10.188 mml 
10.0.15 in. 13.81 mm) long 

R1: 200l1. 1/4 W 

• V IBS) adjusted for Ie '" 1.5 rnA 

Fig. 5-Circuit diagram of 4S0-MHz amplifier used for measurement of noise figure. 

TRANSISTOR 
UNDER TEST 

+15 V 

Fig. 6-Block diagram of test setup for 
measurement of gain. 

TRANSISTOR 
UNDER TEST 

PRECISION 
VARIABLE ATTENUATOR 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 
Lead 4 - Connected to case 

Fig. 7-Block diagram of noise-figure 

test set. 
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_______________________________ File No. 680 

OOCI8LJD 
Solid State 
Division 

Power Transistors 

2N6477 
2N6478 

Hometaxial-Base, Medium-Power 
Silicon N-P-N Transistors 

Rugged Devices for Intermediate Power Applications 
in Industrial and Commercial Equipment 

Features: Applications: 

.' Maximum safe-area·of·operation curves for de and • Series and shunt regulators 
pulse operation 

• High voltage ratings 

• Low saturation voltages 
JEDEC TO·220AB • Thermal-c:ycling rating curves 

• High-fidelity amplifiers 

• Power switching circuits 

• Solenoid drivers 
• Vertical output stages in color 

and BIWTV 

RCA 2N6477 and 2N647sA are hometaxial·base silicon n·p·n straight·lead version of the package. They are also available on 
transistors intended for a wide variety of medium·to·high special order in a variety of lead·form configurations. Two 
power, high·voltage applications. These devices, which are popular variations have leads formed to fit TO·66 sockets 
voltage extensions of the 2N5298 family, are especially useful (specify formed lead No. 6201) or printed·circuit boards 
in vertical output stages in color and black·and·white TV. The (specify formed lead No. 6207). Detailed information on these 
units differ in voltage ratings and in the currents at which para· and other VERSAWATT outlines is contained in "RCA's Line· 
meters are controlled. up of Power Transistors" (PSP·704). 

The 2N6477 and 2N6478 are supplied in the JEDEC TO·220AB • Formerly RCA Dev. Nos. TA8405 and TA8343. 

MAXIMUM RATINGS. Absolute·Maximum Values: 2N6477 2N6478 

·COLLECTOR·TO·BASE VOLTAGE ............................... . VCBO 140 160 V 
COLLECTOR-TO·EMITTER SUSTAINING VOLTAGE: 

With base open .............................................. . VCEO(sus) 120 140 V 
With external base·to·emitter resistance (RBE) = 100 n .............. . VCER(sus) 130 150 V 

* With base reverse·biased (VBE = -1.5 V) ......................... . VCEV(sus) 140 160 V 
*EMITTER·TO·BASE VOLTAGE .................................. . 
'CONTINUOUS COLLECTOR CURRENT ........................... . 

VEBO 5 5 V 
IC 2.5 2.5 A 

PEAK COLLECTOR CURRENT ................................. . 4 4 A 
*CONTINUOUS BASE CURRENT ................................ . IB A 

TRANSISTOR DISSIPATION: 
* At case temperature up to 25°C ................................ . 

PT 
50 50 W 

* At case temperatures above 25° C . . . . . . . . . . .. . .................. . See Fig. 2 
At ambient temperatures up to 25°C ............................ . 1.8 1.8 W 
At ambient temperatures above 25°C ............................ . Derate linearly at 0.0144 wtc 

*TEMPERATURE RANGE: 
Storage and Operating (Junction) ................................ . -65 to 150 °c 

'PIN TEMPERATURE (During Soldering): 
At distances;;" 1/32 in. (0.8 mm) from seating plane for 10 s max. 235 °c 

"'In accordance with JEDEC registration data format JS-6 RDF·2. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 25"C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
2N6477 2N6478 

UNITS 
Vdc Adc 

VCE V BE IC 18 MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 80 a - 2 - -
With base o~n 

ICEO 100 0 - - - 2 
* 

With base-emitter 130 -1.5 - 2 - -
junction reverse-biased 

ICEV 150 -1.5 - - - 2 
rnA 

AtTC = 150°C ICEV 
120 -1.5 - 10 - -
140 -1.5 - - - 10 

* Emitter-Cutoff Current lEBO -5 0 - 2 - 2 rnA 

Collector-ta-Emitter Sustaining 
Voltage: VCEO(sus) 0.1" 0 120 - 140 -

With base open * 
With external base-ta-emitter 

VCER(sus) 0.1" 130 - 150 V 
resistance (R SE) = 100 n -

With base-emitter junction 
VCEV(sus) -1.5 0.1" 140 - 160 -reverse-biased 

DC Forward-Current Transfer 4 I" 25 150 25 150 
Ratio hFE 4 2.5" 5 - 5 -

* 

* Collector-ta-Emitter 
VCE(sat) 

I" 0.1 - 1 - 1 
V 

Saturation Voltage 2.5" 0.5 - 2 - 2 

Base-ta-Emitter Voltage VSE 
4 I" - 1.8 - 1.8 

V 
4 2.5" - 3 - 3 * 

* Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit 
Forward-Current Transfer Ratio: 
1= 40 kHz 

I hIe I 4 0.5 5 - 5 -

Gain-Bandwidth Product IT 4 0.5 200 - 200 - kHz 

* Common-Emitter, Small-Signal, 
Short-Circuit Forward-Current 

hie 4 0.1 25 25 
Transfer Ratio: 

- -
1=1 kHz 

Thermal Resistance: 
Junction~to-Case RIIJC - 2.5 - 2.5 

°C/W 
Junction-to-Ambient RIIJC tU tU 

* In accordance with JEDEC registration data format (JS-6 RDF-2). a Pulsed: Pulse duration = 300,us, duty factor = 1.8%. 

CAUTION: The sustaining voltage VCEO(susl, VCERlsus), and VCEVlsus) MUST NOT be measured on a cllrve tracer. 
These sustaining voltages should be measured by mpans of the test circuit shown in Fig. 10. 

TERMINAL CONNECTIONS 
JEOEC TO·220AB 

Terminal No.1 - Base 

Terminal No.2 - Collector 

Terminal No.3 - Emitter 

Terminal No.4 - Collector 
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CASE TEMPERATURE (TC =25°C 
(CURVES MUST BE DERATED 

4 ~~~~ji~~~~~~~II~smmm~~II~L~IN~E~A~R~LY WITH INCREASE IN TEMPERAT 
trtttfilHl±tfjii-"jf:iH~ 

10 100 120 140 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 

6 8 1000 

92CS- 22440 

Fig. 1 - Maximum operating areas for both types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES {FIG.n. DO 
NOT DERATE THE SPECIFIED VALUE FOR 'e MAX. 

2!5 50 75 100 125 150 1'rS ZOO 
CASE TEMPERATURE (Tcl-"C 

92CS-19663 

Fig.2 - Current derating curve for both types. 
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Fig.3 - Thermal-cycling rating chart for both types. 
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COLLECTOR-TO-EMITTER VOLTAGE (VeE) - V 

Fig.4 - Maximum operating areas for both types. 
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Fig.5 - Typical de beta characteristics for 2N6477. Fig.6 - Tvpical de beta charsct6ritics for 2N6478. 
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CASE TEMPERATURE ITe )-Z5-C 

'" I IIII I I 
z VCER(sus) 2N6478 
~_150 

I"""-;:!~ 
~~ 1')'-.. ~> 

HI40 --- --_. - - . 
}Ie o($\lS) 

!:: ~ 
:os 

b ~ VCERlsus) 2N6477 
.. ~130 
t5~ ...... 
t~ 'r--. ~g IVCEO'lusl 

8 120 

I I 

COLLECTOA-TO-EMITTER VOLTAGE (VCE) = 4 V :i CASE TEMPERATURE (TC}=25" C 

1.2 !, ,l! 

" • .0 
r-.. 

l V I '" t; O.B 

"" § 
if 0.0 

\; 1\ i 
i OA 
!l 
:l 
I 0.2 ;!; 

~ 
0 

I 2 4 68\0 2 4 68100 2 46 elK Z 4 S810K Z 4 6100K 2 4 , , 2 4 , , 
2 2 4 6 , 

10 10 
EXTERNAL BASE-TO-EMITTER RESISTANCE {RBEl-a COLLECTOR CURRENT (Ie) - mA 

92CS-12647 

92CS-22446 

Fig.7 - Sustaining voltage VS. base-to-emitter resistance 
for both types. 

Fig.8 - Typical gain-bandwidth product.for both types. 

21Jl. 

1.5Y 
+ 

YCEo(sus) YCEY(sus) 

o 

VERT. 

I 
BASE-TO-EMITTER VOLTAGE (VBE1-V 

92CS-Z0715 

Fig.9 - Minimum reverse-bias second-breakdown 
characteristics for both types. 

OSCILLOSCOPE 
GND. INPUT 

jf==f=--­
~~ g 0 V (HEWLETT-PACKARD. 

1308, OR +YCC 
EQUIYALENT) (O-30Y) 

HORIZ. 

92LS-1748!t1 

COlLECTtlR·TO-EMITTER VOLTAGE (VCEI-V 
9255.32141'11 

Note: 
The sustaining voltage, VCEO(SUS). 

VCERlsus). or VCEV(sus) is ac­

ceptable when the trace falls to the 
right and above point "A" for all 
types. (For values of current and 
voltage, see Electrical Characteristics) 

Fig. to .:... Circuit used to measure sustaining voltages, V CEO (sus), 
V CER(susJ. and V CEV(sus} for both types. 

Fig. It - Oscilloscope displav for measurement of sustaining 
voltages (testc;rcuit shown in Fig. TO). 
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Fig. 12 - Typical input characteristics for 2N6477. 
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COLlECTOR-TO·EMITTER VOLTAGE (VCE)-V 

Fig. 14 - Typical output characteristics for 2N6477. 

BASE -TO- EMITTER VOLTAGE IVSE1-V 

200 

92CS-19515 

92CS-19512 

Fig. 16 - Typical transfer characteristics for 2N6477. 

I 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

92CS-t2645 

Fig. 13 - Typical input cha!Bcteristics for 2N6478. 

CASE TEMPERATURE 1Tc)=2S·C 
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COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 

92CS-12642 

Fig. 15 - Typical output characteristics for 2N6478. 

I 

BASE-lO-EMITTER VOLTAGE (VBEI-V 

92CS-12643 

Fig. 17 - Typical transfer characteristics for 2N6478. 
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OOCD3LJ1] 
Solid State 
Division 

Power Transistors 

2N6479 
2N6480 

2N6481 
2N6482 

Radiation-Hardened 
Silicon N-P-N Power Transistors 
Epitaxial-Planar Types for 
Aerospace and Military Applications 

(RADIALI Rated for Operation in Radiation Environment. 

with Cumulative Neutron Fluenee Levels to 1 x 1014 Neutrons/em2 

and Gamma Intensity to 1 x 108 Rad(Sills 

H·1354 

RCA types 2N6479, 2N6480, 2N6481, and 2N6482- are 
epitaxial silicon n-p-n planar power-switching transistors. 

They are designed for aerospace applications in which they 
might be subjected to extreme neutron and gamma-ray 
exposure. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

* COLLECTOR·TO·BASE VOLTAGE . . . . . . . . 

COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With external base·to·emitter resistance (RBEI ::;; 100 n . 
With base open. . . . . . . . . 

* EMITTER·TO·BASE VOLTAGE 
• CONTINUOUS COLLECTOR CURRENT 

• PEAK COLLECTOR CURRENT. 
* CONTINUOUS BASE CURRENT . 
* TRANSISTOR DISSIPATION: 

At case temperatiJres up to 25°C. 

At case temperatures above 25°C 

• TEMPERATURE RANGE: 
Storage and Operating (Junction). . . . . . . . 

• TERMINAL TEMPERATURE (During Soldering): 

At distance ~ 1/32 in. (0.8 mml from seating plane for 
lOs max. 

* In accordance with JEDEC registration data format JS-6 ROF-1. 

372 

The 2N6479, 2N6480, 2N6481, and 2N6482 are intended for 
use in 5-to-10 ampere high-frequency power inverter service. 

Types 2N6479 and 2N6481 differ from types 2N6480 and 
2N6482. respectively. in voltage and power ratings. In types 
2N6479 and 2N6480, the collector is isolated from the case. 

• Formerly RCA Dev. Nos. TAB007, TAS007B, TAB10D, and 
TA8100B. respectively. 

VCBO 

VCER(sus) 
VCEO(susl 

VEBO 

'C 

2N6479 2N6480 2N6481 

100 100 100 

80 100 80 
60 80 60 
6 6 6 
12 12 12 

25 25 25 
5 5 5 

87 87 117 

--- See Figs. 1,2, and 4 

-65 to +200 

230 

2N6482 

100 V 

100 V 
80 V 
6 V 
12 A 

25 A 
5 A 

117 W 

°C 

°c 

2·74 
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ELECTRICAL CHARACTERISTICS. At Case Temperature (Tci = 2fiOC 
PRE·RADIATION 

* 

* 
* 

* 

* 

* 

* 

* 

* 

CHARACTERISTIC 

Collector Cutoff Current: 
With emitter open I 
VCB =100V 

With base shorted 

With base-emitter junction 
reverse-biased 

At TC = lOOoC 

Emitter Cutoff Current 

Emitter-ta-Base Voltage: 
Ie =2 mA 

Collector-ta-Emitter 
Sustaining Voltage: 

With base open 

With external base-to-

emitter resistance 
IRB.E) = 100 n 

Collector-ta-Emitter 
Saturation Voltage 

Base-ta-Emitter 
Saturation Voltage 

DC Forward Current 
Transfer Ratio 

Second Breakdown 
Collector Current: 

With base forward-
biased. t = 1 5 

Second Breakdown Energy: 
With base reverse-
biased, RBE = 100 n, 
L = 100 ~H 

Saturated Switching Time 
(VCC = 30 V, IB1 = IB2): 

Rise 

Storage 

Fall 

Magnitude of Common 
Emitter Small-Signal 
Short Circuit Forward 

Current Transfer Ratio: 

f = 10 MHz 

Collector-ta-Base Feedback 
Caoacitance: 

VCB-10V,f=1 MHz 

Thermal Resistance: 
Junction-ta-Case 

SYMBOL 

ICBO 

ICES 

ICEV 

lEBO 

VEBO 

Vceolsus) 

VCERlsus) 

VCElsat) 

VBElsat) 

hFE 

ISlb 

ESlb ** 

tr 

ts 

'f 

Ihfel 

COb 

ROJC 

TEST CONDITIONS 

VOLTAGE CURRENT 
V de A de 

VCE VEB IB IC 

60 

100 a 

60 a 
6 

0.2a 

02 

1.2 12a 

1.2 12a 

2 12a 

12 

5 

1.2 12 

1.2 12 

1.2 12 

5 1 

10 5 

LIMITS 

2N6479 2N6480 
2N6481 2N6482 

MIN. MAX. MIN. MAX. 

1 - 1 

- 200 - 200 

- 1 - 1 

- 1 - 1 

- 2 - 2 

6 - 6 -

60b - 80b -

80b - 100b -

0.75' - 0.75 

1.5 - 1.5 

20 300 20 300 

7.3 .- 7.3 -

1.25 .- 1.25 -

.- 400 - 400 

.- 800 - 800 

- 200 - 200 

10 - 10 .-

.- 400 .- 400 

2N6479 2N6481 

2N6480 
2Nj82 

I - 2 - 1.5 

* In accordance with JEDEC registration data format JS-6 ROF-1. 
a PUlsed; pulse duration < 350 jJ.S, duty factor < 2%. 
b CAUTION: The sustai;-ng voltages VCEo(sus)and VCER(susl MUST NOT be measured on a curve tracer. These sustaining voltages 

should be measured by means of the test circuit shown in Fig.13. 

UNITS 

mA 

iJA 

mA 

mA 

V 

V 

V 

V 

A 

mJ 

ns 

pF 

°C/W 
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POST·NEUTRON·RADIATION ELECTRICAL CHARACTERISTICS 
AFTER EXPOSURE TO 5 x 1013 NEUTRONS/em2 (1 MeV equiv.I.At Case Temperawre (TcJ ~ 2~C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT For all 

VCE 

• Collector Cutoff Current: 
With ,base-emitter ICEV 100 
junction reverse-biased 

* Emitter Cutoff Current lEBO 

* Collector-ta-Emitter 
Sustaining Voltage: 

With base open VCEO(susl 

* Collector-ta-Emitter 
VeE(satl Saturation Voltage 

* Base.:to-Emitter 
VBE(satl Saturation Voltage 

* DC Forward Current 
hFE 5 

Transfer Ratio 

Magnitude of Common 
Emitter, Small-Signal 
Short Circuit Forward ihlei 5 
Current Transfer Ratio: 
Ratio (I = 10 MHzl 

* Damage Constant K~ 

* In accordance with JEDEC registration data format 
JS·6 RDF-l. 

a Pulsed; pulse duration ,:5: 350 J.l.S, duty factor S 2%. 

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

1 

"Damage constant K '" 

V de 

VBE 

0 

-5 

A de Types 

IC IB MIN. MAX. 

- 1.2 

- 2.2 

0.2 0.05 80b -
0.2 0.05 60e -

7a 1.4 - 1.5 

7a 1.4 - 1.5 

7a 12 -

1 10 -

- 9 x 10-16 

Where hFE 1 := Beta prior to exposure 

hFE2 := Beta after exposure . 

¢:= Neutron fluence (1 MeVequlv.) 
Knowing K. hFE2 may be calculated for other 

fluences using the relationshIp: 

hFE 2 =---,­
K¢+-­

hFE1 

TYPICAL CHARACTERISTIC DURING GAMMA EXPOSURE FOR DOSE 

RATES OF LESS THAN 1 x 108 RAD(Sil/sec 

374 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
For all 

VOLTAGE - V de Types 

VCB VBE TYPICAL 

Collector-to-Base 
Charge Generation leI 20 0 
Constant 

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. 

5xl0 -8 

UNITS 

Coulomb 
Fiad 

The primary base·collector photo current [Ipp(base)] = (C)i. where i is the gamma dose rate in Rad(SH/s. 

UNITS 

mA 

mA 

V 

V 

V 
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Fig. 1 - Maximum operating areas for 2N6479 and 2N648D. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY 10 THE DISSIPATION-LIMITED PORTION 
AND IS/b-LlMITEO PORTION OF MAXIMUM-OPERATING­
AREA CURVES. DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 
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Fig.2 - Derating curves (or all types. Fig.3 - Typical de beta characteristic for all types. 
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Fig.4 - Maximum operating areas for 2N6481 and 2N6482. 
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Fig.S - Thermal-cycling rating chart for 
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8 CASE TEMPERATURE (Te); 100DC: 
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COLLfCTOR -TO-EMITTER VOLTAGE (VCE)-V 
92CS-22829 

Fig.7 - MsximMm operating area for 2N6479 and 2N6480 
at 100 Cease temperature. 
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COLLECTOR CURRENT (ICI-A 

, 6 8 

10' 

92C5-22831 

Fig.9 - Typical I-Me V-equivalent neutron damage coefficient as a 
function of collector current for all types. 

COLLECTOR CURRENT (Ie) -A 
92C5-21123 

Fig.1t - Typical base-to-emitter saturation voltage characteristic 
for all types. 
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Fig.8 - Maximem operat;ngarea for 2N64B1 and 2N6482 
at 100 Ccase temperature. 
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Fig. 10 - Typical co/lector-to-emitter saturation voltage as a function 
of 1-Me V-equivalent neutron fluence for all types. 
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Fig. 12 - Typical collector-to-emitter saturation voltage characteristic 
for all types. 
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CHANNEL A 

TO 
OSCILLOSCOPE 

TEKTRONIX NO. 503, 
OR EQUIVALENT 

CHANNEL B 

COMMON 

+ OTO 50V 
500 MA 

92CS-21092 

Fig. 13 - Circuit used to measure sustaining voltages VCEO(SUS) and 
VCER(sus). 

H-P PULSE GENERATOR 
MODEL 214A, OR 
EQUIVALENT 

51n 

INPUT PULSE: 

I. 20ns 
tf 20ns 
REP. RATE: 400 Hz 
PULSE DURATION ~ 30,,5 

0-30V 
TO OSCILLOSCOPE TEKTRONIX 
NQ.SI4A. OR EQUIVALENT 

92CS-21093RI 

Fig. 15 - Circuit used to measure saturated switching times. 

.. 
E 
I 

~ 
~ 200 

a 
~ 
8 

·-~AnB 
I I 
I I 
I I 

SO 80 
COLLECTOR-fO-EMITTER VOLTAGE (VCE)-V 

92CS-21091 

The sustaining voltages VCEO(SUS) and VCER(SUS) are acceptable when 
the traces fall to the right of point "A" for types 2N6479 and 2N6481. 
The traces must fall to the right of point "S" for 2N64BO and 2N6482. 

Fig. 14 - Oscilloscope display for VCEO(sus) and VCER(sus) measure­
ment. (Test circuit shown in Fig. 13). 

10% 

18, - 1.2 A 
182 - -1.2 A 
Ie - 12 A 

TIME 

INPUT WAVEFORM 

OUTPUT WAVEFORM 

92CS-21094 

Fig. 16 - Phase relationship between input and output currents showing 
reference points for specification of switching times. (Test 
circuit shown in Fig. 15). 

TERMINAL CONNECTIONS 
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2N6479 
2N6480 

Terminal No.1 - Base 
Terminal No.2 - Collector 
Terminal No.3 - Emitter 

2N6481 
2N6482 

Base 
Collector. Case 
Emitter 



File No. 678 ______________________________ _ 

oornLJD 
Solid State 
Division 

Power Transistors 
2N6486 2N6489 
2N6487 2N6490 
2N6488 2N6491 

15-A, 75-W, Silicon N-P-N and P-N-P 
Epitaxial-Base 
VERSAWATT Transistors 
Complementary Pairs for General-Purpose 
Switching and Amplifier Applications 

Features: 
• Thermal·cycling ratings 
II Maximum safe-area-of-operation curves 
" Color·coded packages of molded·silicone plastic: 

JEDEC TD·220AB H_1535 
Green - p-n-p (2N6489. 2N6490. 2N6491) 
Gray - n-p·n (2N6486. 2N6487. 2N6488) 

RCA-2N6486-2N6491·. inclusive. are epitaxial-base silicon 
transistors_ The 2N6486, 2N6487. and 2N648B are n-p-n 
complements of p-n-p types 2N64B9. 2N6490, and 2N6491, 
respectively. All these devices are intended for a wide variety 
of medium-power switching and amplifier applications, and 
are particularly useful in high-fidelity amplifiers utilizing com­
plementary-symmetry circuits. 

• Formerly RCA Dev. Nos. TA8325. TA8324. TA8323. TA8328. 
TA8327. and TA8326. respectively. 

MAXIMUM RATINGS. Absolute·Maximum Values: 

• COLLECTOR·TO·BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 
* With 1.5 volts (VBE) of reverse bias, and external 

base-la-emitter resistance (RBe) 0::: 100.n 

With external base-ta-emitter 
resistance (RBEI = 100 n _ . 
With base open. . . . . . 

• EMITTER-TO-BASE VOLTAGE_ 
• CONTINUOUS COLLECTOR CURRENT 

• CONTINUOUS BASE CURRENT . 
• TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC . 

At ambient temperatures up to 2SoC 

At case temperatures above 25°C. . 

At ambient temperatures above 25°C 

• TEMPERATURE RANGE: 
Storage and operating (Junction). . 

• LEAD TEMPERATURE lOuring solderingl: 
At distance ~ 1/8 in_ (3.17 mml from 

seating plane for 10 5 max. . . . . . 

'" In accordance with JEDEC registration data format JS-6 ROF-2. 

9-74 

These devices are supplied in the RCA VERSAWATT package 
in color·coded molded-silicone plastic; the 2N6489-2N6491 
(p-n-p) devices are green, and the 2N64B6-2N6488 (n-p-n) 
devices are gray. All are regularly supplied in the JEDEC TO-
220AB straight-lead version of the package. They are also 
available on special order in a variety of lead-form configu­
rations . 

N-P-N 2N6486 2N6487 2N6488 
P-N-P 2N6489. 2N649Ot 2N6491. 

VCBO 50 70 90 V 

VCEX 50 70 90 V 

VCER 45 65 85 V 

VCEO 40 60 80 V 

VEBO 5 5 5 V 

IC 15 15 15 A 

IB 5 5 A 

PT 
75 75 75 W 

l.B 1.8 1.8 W 

Derate linearly 0.6 W/oC 

Derate linearly 0.0144 W/oC 

-----65 to +150 --- °c 

235 °c 
• For p-n·p devices, voltage and current values are negative. 
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2N6486-2N6491 File No. 678 

ELECTRICAL CHARACTERISTICS, At case temperature (TC) ~ 2SOC unless otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRo 2N6486 2N6487 2N6488 
CHARACTERISTIC SYMBOL Vdc Adc 2N6489. 2N6490. 2N6491. UNITS 

VCE VBE IC Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Current: 35 500 
With external base-eminer ICER 55 500 .A 
resistance IA eE) = 100n 75 500 

With base-emitter junction reverse 45 1.5 500 
biased and external base-to-emitter 65 -1.5 500 .A 
resistance IRBE) = lOOn ICEX 

85 -1.5 500 

40 -1.5 5 
At TC "" 150°C 60 -1.5 rnA 

80 -1.5 

20 
With base open ICEO 30 rnA 

40 

Emitter-Cutoff Current lEBO -5 0 rnA 
DC Forward·Current 4 58 20 150 20 ·150 20 150 

Transfer Ratio hFE 4 158 5 5 5 

Collector-ta-Emitter 
Sustaining Voltage VCEO(susl 0.2 40b 60b BOb 
With base open 

With external base-emitter 
VCER(susl 0.2 resistance IRSE) = lOOn 45b 65b 85b V 

With base-emitter junction reverse-
biased and external base-ta-emitter VCEX(sus) -1.5 0.2 sob 70b 90b 
resistance (ABEl =.1000 

Base-la-Emitter Voltage V BE 
58 1.3 1.3 1.3 

V 158 3.5 3.5 3.5 

Collector-ta-Emitter --[ I B - 0.5 A sa 1.3 1.3 1.3 
Saturation Voltage I B = 5 A VCElsat) 158 3.5 3.5 3.5 V 

Magnitude of Common-Emitter 
Small-Signal Short-Circuit I hfe I Forward-Current Transfer Ratio: 
f= 1 MHz 

Common-Emitter. Small,Signal. 
Short-Circuit, Forward·Current hfe 25 25 25 
Transfer Ratio If = 1 kHzl 

Thermal Resistance: 
ROJC Junction·to-case 1.67 1.67 1.67 

°C/W 
Junction·to·ambient ROJA 70 70 

*In accordance with JEDEC registration data format IJS·6 RDF·2). b CAUTION: Sustaining voltages V CEO(sus), V CER(sus). and V CE (sus) 

. MUST NOT be measured on a curve tracer. (See Fig. ~) .• Pulsed; pulse duration == 300,",5, duty factor'" 1.8%. 

• For p-n-p devices, voltage and current values are negative. 

TERMINAL CONNECTIONS 

Terminal NO.1 - Base 

Terminal No.2 - Collector 
Terminal No.3 - Emitter 

Mounting Flange Terminal NO.4 - Collector 
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Fig. 1 - Maximum operating areas for all types •. 
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Fig.2 - Thermal-cycling rating chart for all types . Fig. 3 - Derating chart for all types. 

• For p-n-p devices, voltage and current values are negative. 

92CS-15996 
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4 CASE TEMPERATURE (Tel-fOQoC I I. _I 1 
2 Ie MAX. i ++ ,I I PULSE OPERATION * -

CONTINUOUS .. 
10 " 11.. '" IY I :>. 

U 8--C" 

~~ . . ~ !:l ... 
~ 
~ 
'" 0 

~ 
2 

4 Jil'.q,. 11- • -". \ I 104-

" " 1\ 2 *~:R~::il~IVE -1- - "-~ \ PULSE 
I 

:1-- 1 .L +4 v (2N648~1F-
"'''' 4 f-- VeEO MAX.· - 40 v (2N6489) 

+60V (2N6487)~ 
VeEO MAX. = _ 60 V (ZN6490.~~ 

2r-- + eo v 12N6488!1-
0.1 VeEO MAX,- - 80 V (2N6491)J 

2 4 . 8 
10 

2 
40 60 80 100 

92C5-22806 

Fig.4 - Maximum operating areas for all types •• 

1000 
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COLLECTOR-lO-EMITTER VOLTAGE (VCE)-4V 

f 
11 

: 
~ 
~ : >. ... 
ffi 
'" ~ 
0 

'" ! 
~ 
g 
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,...- r-~ 2 

--~.J ~ 100 ....... 
8 . "- "\. 

""'-4 I\. 
f'.. 1'-..' ~ 2 

~ 10 
2 4 . 8 2 4 • 8 

0.1 10 
COLLECTOR CURRENT IIC)-A 

92C5-22392 

Fig. 6 - Typical de beta characteristics for 2N64s6, 2N6487. 
and2N648B. 

BASE-TO-EMITTER VOLTAGE (VSE1-V 
92CSo21846RI 

Fig. 8 - Minimum reverse-bias second-breakdown characteristics 
for all typeS' •• 

2 

2 

COLLECTOR CURRENT (Ic)-A 
92C5-19571 

Fig.5 - Typical collector·to.emittsr saturation-voltage characteristicS' 
for all types. , 

l£J1038 COLLECTOR-TO-EMITTER VOLTAGE (VCE1"-4 V 

2 

10 
8 

• 
4 

2 

I 

-0.01 
2 4 • 8 2 4 6 8 2 4 6 8 

-0.1 -I -10 
COLLECTOR CURRENT I!C)-A 

2 4 6 8 
-100 

92CS-19576RI 

Fig. 7 - Typical dc beta characteristics for 2N6489, 2N6490, 
and2N6491. 

I COLLECTOR-TO-EMITTER VOLTAGE (VCEI=4V 

II CASE TEMPERATURE lTel s 25° C. 

:i' 10 

" -I • ,,/ '\. !' 8 

~ 7 

[ 6 \ 
" \ I; • 
~ 4 

~ 3 
\ 

z 1\ ~ 2 

I 

0.01 2 4 • p .I o 2 4 68 , 2 4 . 8 10 

COLLECTOR CURRENT (Icl- A 92CS-22449 

Fig. 9 - Typical gain-bandwidth product VI'. collector current for 
all types •• 

• For p·n-p devices. voltage and current values are negative. 
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COLLECTOR-TO-EMITTER VOLTAGE (YCE)-4V 
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BASE-TO-EMITTfR VOLTAGE (YBEI-V 
92.CS-22447 

COLLECTOR-lO-EMITTER VOl.TAGE (VCE'-V 

92CS-22807 

Fig. 10 - Typical input characteristics for all types·. Fig. 11 - Typical output characteristics for all types·. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-4V 

.5 .. 
I 
~12.5 

E 10 
0: 
0: a 
0:: 7.5 

~ 
::: 5 

8 

o 
0.5 1.5 

BASE-tO-EMITTER VOLTAGE (VBE)-V 
2.' 

92CS-22391 

Fig. 12 - Typical transfer characreristics for all types· 

PULSE DURATION:20,.,s 

EE.C?o'33 ~~~~~~g= ~~~~~~Ui5~:GE (Yeel-30Y '=""'","'''"""" CASE TEMPERATURE (TC)=25"C 
IB, = 182 = Ie 110 

COLLECTOR CURRENT(Ic)-A 

Fig. 13 - Typical saturated switching characteristics for 
2N6486. 2N6487. and 2N6488. 

COLLECTOR CURRENT(IC)-A 

Fig. 14 - Typical saturated switching characteristics for 

2N6489. 2N6490. and 2N6491. 

• For p-n-p devices, voltage and current values are negative. 
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PULSE GENERATOR 
HEWLETT-PACKARD 
NO. 214A, 
OR EQUIVALENT 

PULSE D.£1:.~25~F 
liON ~20~, 

REP. RATE :s 51n 

I kHz 

0- ... 25 V 

= L.....----' 

RL (NON-INDUCTIVE); 

3,n,IZW FOR Ie ~IOA 
3.7S.D,BW FOR IC~8A 

50, BW FOR Ie -SA 

7.5 D., BW FOR 'C"4A 
-4 TO 
:"6 V 

=+30v 

- + 
.00 
.F 

92CS-24801 

Fig. 15 - Circuit used to measure switching times for 2N6486, 
2N6487. and 2N6488. 

INPUT' 
PULSE GENERATOR 
TEKTRONIX TYPE 114, 
OR EQUIVALENT 
PULSE DURATION 

Vee ~-20V 

~20JLs 

REPETITION 
RATE=lkHz 

* RC 1,5 CHOSEN FOR .I.e 

.. VBB~+2 TO +IOV 

• VEE AND Vee ARE MEASURED FOR .I.SI AND I82 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No. 543A OR 
EQUIVALENT 

IS, AND 182 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER,OR EQUIVALENT 92CS-19586R3 

Fig. 17 - Circuit used to measure switching times for 2N6489, 
2N6490. and 2N6491. 

VCCzO-1.75V 

10 n 
IW 

CHOPPER TYPE 
MERCURY RELAY 
P a B JML 81308, 

CLtJm~~t~~~ 
1000 
1/2W 

28 mH 
SIGNAL TRANSFORMER 
Co. CH50 OR EQUIV. 

VCE. ('.'It VCE~('.'I 
111.5 v 

-FOR N-P-N TYPES 2N64B6. 2N6487.AND 2N648B, 

OSCILLOSCOPE 
INPUT 
HEWLETT-PACKARD 
MODEL NO.130B 
OR EQUIVALENT 

+VCC 

REVERSE POLARITY OF BATTERY AND Vee. 92CS-22810 

Fig. 79 - Circuit used to measure sustaining Voltages V CEO(susJ, 
VCER(.u.l.and VCEX(.u.1 for all types. 

384 

Fig. 76 - Phase relationship between input and output currents 
showing reference points for specification of switching 
times (test circuit shown in Fig. 75J. 

Fig. 78 - Oscilloscope display for measurement for switching times 
(test circuit shown in Fig. 71J. 

~~ .S' Y ABC 

: E VCEOI'.'J VeERI'"'7 ~CEXISUlI 

§ ~ -200t:±:tt=i.200t±::t:t=l-200 

j 0 ·40·60-80 a -45-65-8~ 0 -50-70-90 

8 COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

*PUlSE CURRENT Up) RANGE· 0.6-0.8 A 

THE SUSTAINING VOLTAGES VCEobus), VCERI-I, AND VCExl1U11 ARE ACCEPTABLE WHEN 
THE TRACES FALL TO THE RIGHT AND ABOVE POINT "A" FOR TYPES 2N8488AND 2NG489; 
POINT "8" FOR 2N6487 AND 2N8490;AND POINT "CH FOR 2N1488 AND 2N6491. 

92CS-22811 

Fig. 20 - Oscilloscope display for m9llSU18ment of sustaining voltages 
(rest circuit shown in Fig. 79J. 
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[ID(J8LJD 
Solid State 
Division 

JEDEC TO-3 

H-1570 

Power Transistors 

2N6510-2N6514 

High-Voltage, High-Current 
Silicon N-P-N 
Power-Switching Transistors 
For Switching Applications in Industrial 
Commercial and Military Equipment 

Features: 
a Fast switching speed 

1:::1 Epitaxial pi-nu construction 

" Hermetic steel package-JEDEC TO-3 

a Maximum.safe-area-of-operation curves 

a Thermal-cycling rating chart 

The RCA-2N6510. -2N6511, -2N6512, -2N6513, and -2N6514° 
are epitaxial silicon n-p-n power transistors with pi-nu con­
struction. They are especially designed for use in electronic 
ignition circuits and other applications requiring high-voltage, 
high-energy, and fast-switching-speed capability. 

These devices are hermetically sealed in a steel JEDEC TO-3 
package. They differ from each other in breakdown-voltage 
ratings, leakage, and beta characteristics. 

°Formerly RCA Dev. Nos. TA8847D. TA8847A, TA8847B, TA8847C. 
and TA8847E. respectively. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE ............................ VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE, 

With external base-to-emitter resistance RBE '" SO n. ............ VCER(sus) 
With base open ........ ................................ . VCEO(sus) 

'EMITTER-TO-BASE VOLTAGE............................... VEBO 
'CONTINUOUS COLLECTOR CURRENT........................ IC 
*CONTINUOUS BASE CURRENT .............................. IS 
'EMITTER CURRENT. . . . . ... .... . . . . . . . . . . . . . . . . . . . .. . . . .... IE 
'TRANSISTOR DISSIPATION, PT 

At case temperatures up to 2SoC .......................... . 
At case temperatures above 2SoC .......... ............ . 

'TEMPERATURE RANGE, 
Storage and Operating (Junction) .... ...................... . 

*PIN TEMPERATURE (During Soldering): 
At distances >= 1/32 in. (0.8 mm) from seating plane for 10 s max. 

*In accordance with JEDEC registration data format JC-25 RDF-1. 

9-74 

2N6510 2N6511 2N6512 2N6513 2N6514 

250 300 350 400 350 V 

250 300 350 400 350 V 
200 250 300 350 300 V 

6 6 V 
7 7 A 

3 3 3 A 
10 10 10 10 10 A 

120 120 120 120 120 W 
____ See Figs. 1 and 2. 

-65 to +200 °c 

230 °C· 
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ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 2!PC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

2N6510 
Vdc 

VCE VBE 

Collector-Cutoff Current: 
ICEO 

150 
With base open 200 

With base·emitter 250 -1.5 
junction reverse biased 300 -1.5 

ICEV 
With base-emitter 
junction reverse biased, 

250 -1.5 

TC= 1000 C 
300 -1.5 

Emitter-Cutoff Current lEBO -6 

Collector-ta-Emitter 
Sustaining Voltage: 

With base open VCEO(sus) 

With external base-to-
emitter resistance: VCER(sus) 
RBE = 50n 

Emitter-ta-Base Voltage: 
IE=3mA VEBO 

DC Forward-Current 
hFE 

3 
Transfer Ratio 3 

Base-to-Emitter 
VBE(sat) Saturation Voltage 

Collector-to-Emitter 
Saturation Voltage 

VCE(sat) 

Output Capacitance: 
Cobo VCB = 10 V, f = 1 MHz 

Magnitude of Common 
Emitter, Small-Signal I hfe I Short·Circuit, Forward- 10 
Current Transfer Ratio: 
f= 1 MHz 

Forward-Bias, Second-
Breakdown Collector 

ISlb 
38 

Current: 200 
t = 1 s, nonrepetitive 

Switching Time:c 

(VCC = 200 V, IBl = IB2): 

Delay Time ~ 

Rise Time t, 

Storage Time ts 

Fall Time tf 

• Thermal Resistance: 
Junction-to-Case ROJC 20 

• Minimum and maximum values and tast conditions 
In accordance with JEDEC registration data format JC·25 RDF-1. 

a Pulsed; purse'~ur8tion = 300 ",5, duty factor ~ 2%. 

386 

Adc 

IC IB 

0.2 

0.2 

3a 
4a 

3a 0.6 
4a 0.8 

3a 0.6 
4a 0.8 
7a 3 

1 

3 0.6 
4 O.B 

3 0.6 
4 O.B 

3 0.6 
4 O.B 

3 0.6 
4 O.B 

5 

2N6511 UNITS 

Min_ Typ. Max. Min. Typ. Max. 

- - 5 - - -
5 

rnA - - - - -
- - 5 - - -
- - - - - 5 

rnA 

- - 10 - - -
- - - - - 10 

- - 3 - - 3 rnA 

200b - - 250b - -
V 

250b - - 300b - -

6 - - 6 - - V 

10 - 50 - - -
- - - 10 - 50 

- - 1.7 - - -
V - - - - - 1.7 

- - 1.5 - - -
- - - - - 1.5 V 
- 1.5 2.5 - 1.5 2.5 

100 - 200 100 - 200 pF 

3 - 9 3 - 9 MHz 

3.16 - - 3.16 - -
A 

0.1· - - 0.1 - -

- 0.1 0.2 - - -
- - - - 0.1 0.2 

- 0.7 1.5 - - -
- - - - 0.7 1.5 

3 5 
/.ts - - - -

- - - - 3 5 

- 0.5 1.5 - - -
- - - - 0.5· 1.5 

- - 1.46 - - 1.46 oCIW 

b CAUTION: The sustaining voltages VCEO{sus) and VCER(sus) 
MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by means of the test circuit shown 
in Fig. 11. 

c See Figs. 8-10. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T C) = 2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 2N6512 

Vdc 

VeE VBE 

Coliector·Cutoff Current: 

With base open ICED 
250 
300 

With base ... mitter 350 -1.5 
junction reverse biased 400 -1.5 

With base·emitter 
ICEV 

junction reverse biased, 350 -1.5 

TC = lOOoC 400 -1.5 

Emitter·Cutoff Current lEBO -6 

Collector·to·Emitter 
Sustaining Voltage: 

With base open VCEO(sus) 

With external base·to· 
emitter resistance: VCER(sus) 
RBE=50n 

Emitter·to·Base Voltage: 
VEBO IE=3mA 

DC Forward·Current 
Transfer Ratio: 

hFE 2N6512,2N6513 3 
2N6514 3 

Base·to·Emitter 
Saturation Voltage: 

VBE(sat) 2N6512,2N6513 
2N6514 

Collector·to-Emitter 
Saturation Voltage: 

2N6512,2N6513 VCE(sat) 
2N6514 

All types 

Output Capacitance: 
Cabo VCB = 10 V, f = 1 MHz 

Magnitude of Common 
Emitter, Small-Signal 

I hfe I Short-Circuit, Forward- 10 
Current Transfer Ratio: 
f = 1 MHz 

Forward-Bias, Second-
Breakdown Collector 

I Sib 
38 

Current: 200 
t = 1 s, nonrepetitive 

.. Minimum and maximum values and test conditions 
in accordance with JEDEC registration data format JC-25 ROF-1. 

a Pulsed; pulse duration::;; 300 IJs, duty factor <; 2%. 

Adc 

IC IB 

0.2 

0.2 

4a 

5a 

4a 0.8 
5a 1 

4a 0.8 
5 1 
7 3 

1 

2N6514 2N6513 UNITS 

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

- - 5 - - -
5 

mA - - - - -
- - 5 - - -
- - - - - 5 

mA 

- - 10 - - -
- - - - - 10 

- - 3 - - 3 mA 

300b - - 350b - -
V 

350b - - 400b - -

6 - - 6 - - V 

10 - 50 10 - 50 
10 - 50 - - -

V - - 1.7 - - 1.7 
- - 1.7 - - -

- - 1.5 - - 1.5 V 

- - 1.5 - - -
- 1.5 2.5 - 1.5 2.5 

100 - 200 100 - 200 pF 

3 - 9 3 - 9 MHz 

3.16 - - 3.16 - -
0.1 0.1 

A - - - -

b CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) 
MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by means of the test circuit shown 

in Fig. 11. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T cJ = 2!fJC Unless Otherwise-Specified (Cont'd) 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENl 2N6512 

Vdc Adc 2N6514 

VCE VBE IC IB Min. Typ. 

Switching Time:c c 

(Vee = 200 V, IBl = IB2): 
Delay Time: 

2N6512.2N6513 4 O.B - 0.1 
2N6514 ~ 5 1 - 0.1 

Rise Time: 
2N6512,2N6513 4 O.B - 0.7 

2N6514 t,- 5 1 - 0.7 

Storage Time: 
2N6512,2N6513 4 0.8 - 3 

2N6514 to 5 1 - 3 

Fall Time: 
2N6512,2N6513 4 0.8 - 0.5 

2N6514 tf 5 1 - 0.5 

Thermal Resistance: 
Junction-to·Case ROJC 20 5 - -

* Minimum and maximum values and test conditions C See Figs. 8-10. 
in accordance with JEDEC registration data format JC-25 RDF-1 . 
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I 
~ 
I­z 
W 
0: 
0: 
::J 
<.> 
0: 

~ 
..J 
..J o 
<.> 

I" 

2 

, 
i 

4 6 8 6 8 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
Fig. , -Maximum operating areas for all types. 

LIMITS 

Max. Min. 

0.2 -
0.2 -

1.5 -
1.5 -

5 -
5 -

1.5 -
1.5 -

1.46 -

2N6513 

Typ. Max. 

0.1 0.2 
- -

0.7 1.5 

- -

3 5 
- -

0.5 1.5 
- -

- 1.46 

6 8 
1000 

92CS-25021 

UNITS 

/lS 

°e/W 



File No. 848 _________________________ _ 2N6510·2N6514 

150 

25 

o 25 50 75 100 125 150 175 200 

CASE TEMPERATURE {Tel - OC 
92C5·25022 

Fig. 2-Derating curve for all types. 

24682468246B 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE1....,..V 

92C5-25024 

1000 

Fig. 4-Maximum operating areas for all types at 25"C and 1000C. 

15 

I 12.5 

~ 
.. 10 

i 
G 7.5 

I 
8 

2.5 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VeE (saU] - V 

92CS-250ii!6 

Fig. 6-Typical collector-to-emitter saturation­
voltage characteristics for all types. 

100 

NUMBER OF THERMAL CYCLES 

92C5-25023 

Fig. 3-Therma/~ycling rating chart for all types. 

~I008 COLLECTOR-Ta-EMITTER VOLTAGE (VCE):3 v 

125·C ......... 0 

~ 
4 

'" "' 2 ~ 
00 z 
01 .. 10 .. • z 
"' • '" '" 
~ 4 

3! 
~ 

2 

" c I 

0.01 4 6 8 0 . 1 4 6 8 I 4 6 8 10 

COLLECTOR CURRENT (Iel - A 
92C5-2502:5 

Fig. 5-Typical de beta characteristic for all types. 

15 

~12.5 
!z 10 

~ 
~ 7.5 

g 
8 

2.5 

o.~ I 1.5 2 2.5 

BASE-TO-EMITTER SATURATION VOLTAGE [VBE(SQt~- V 

9ZCS-Z50Z8 

Fig. 7- Typical base-to-emitter saturation­
voltage characteristics for all types. 
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COLLECTOR-SUPPLY VOLTAGE (Veel- 200 v 
PULSE DURATION!: 25 p.S 

o 9 DUTY CYCLE s 1% 
. IBI"-IS2~IC/. 

to .• 

1 
:E 0.7 
;:: 

~ 
is D .• 
!:: 
~ 

0.' 

0.' 

"'." 

COLLECTOR CURRENT (1.cl- A 

i 

92CS-2S031 

Fig. 8- Tvpical rise- and fall~time characteristics 
for all types. 

PULSE GENERATOR 
HEWLETT-PACKARD 
NO. 214. OR EQUrV. 

10",F 
200 V 
(METAL 
PAPER) 

o 

COLLECTOR-SUPPLY VOLTAGE (VCC)=200 V 

~~!fvE c~~AJ'~~i 25 P.s 
J:BI"'-~82·Ic/5 

Is 

·111 

II! 
. 'j 

NORMALIZED TO TYPICAL \ALUE· 
FOR, ~65i,,2N.OJ2 AND 2NS;;\"'l 

TO NORMAL~E FO~O AND 2N6514 USE 
TYPICAL VALUES SHOWN UNDER ELECTRICAL . 

_ CHARAC~E~I~ICS AT THE TEST .~~~RENT SPECIAED 

2 3 4 5 6 8 
COLLECTOR CURRENT IICI-A 

92CS-25034 

Fig. 9- Typical storage-time characteristic for all types. 

Rl 2000p.F + 
20W 200V_ 

DEVICE 
UNDER 
TEST 

L-----.... -_~-... --... -4 ___ _J KELVIN 

ADJUST Rei AND Vasl FOR Ier SPECIFIED, AND 
RB2 AND V982 FOR 182 SPECIFIED ADJUST RL 
FOR SPECIFIED TEST CURRENT FOR EACH 
DEVICE AS SHOWN IN THE EL.ECTRICAL 
CHARACTERISTICS CHARTS. 

GNO. 

MAIN 
-=- GND. 

Fig. IO-Circuit used to measure switching times for all types. 

CLARE MERCURY RELAY 
MODEL NO. HGP-IOO4. 
OR ECUVALENT 

3911 
2W 

r-__ ..... __ OCHA~NEL 

42mH 
6 SERIES-CONNECTED 
J. W. MILLER NO. 2881. 
OR EQUIVALENT 

+-__ +-__ -Q,CHA=NEL 

+-----+------Q'CO~ 
+ 
-=-OT050V 
- 1500 mAl 

92CS-25033 

Fig. II-Circuit used to measure sustaining voltages 
V CEO'sus) and V CER'sus) for all types. 
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Ii D'I-_+-+-+-+~ Vcml",,) O.41--+'-l'--!--I.. 

~~D.2 I 
~. 

0.2 

8 0 L---"'2OD4 , -300L...J,I---I~ 250, 350 I 
2~ 350 300 400 

COLLECTOR-TO- EMITTER VOLTAGE (VCE) - v 

92CS-250n 

Thesustainingvoltages VCEO(sus) and VCER(sus) are acceptable 
when the traces fall to the right of point "A" for 2N6510; 
point "B" for 2N6511; point "c" for 2N6512 and 2N6514; 
and point "d·· for 2N6513. 

Fig. 12-Oscilloscope display for measurement of 
sustaining IIOltages. (Test circuit shown in 
Fig.11.) 
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DCl(]5LJD 
Solid State 
Division 

RCA-40250, 40250Vl, and 40251 are "HOMETAXIAL"­

BASE diffused-junction, silicon n-p-n transistors in­

tendedfora wide variety of intermediate- and high-power 

applications. These transistors are especially suitable 
for use in audio and inverter circuits in 12-volt mobile 
radio and portable communications equipment. 

Power Transistors 

40250,40250V1*,40251 

. SILICON N-P-N 
POWER TRANSISTORS 
General·Purpose Types for 
Industrial and Commercial Applications 

Type 40250Vl, with an attached heat radiator, is in­
tended for those applications which require a rugged 
transistor for mounting on a printed-circuit board. Tabs 

are provided on the underside of the radiator for mount­

ing purposes and for making electrical connection to the 
collector {which is connected internally to the mounting 
flange of the TO-66 Package}. 

* The "VI- suffix in the type number "40250VI- designates' 
the first variant of the basic type 40250. The VI-version is a 
type 40250 transistor with an attached heat radiator for free­
air operation. 

• Designed to assure freedom from second breakdown in 
class-A operation at maximum ratings 

40250 
• JEDEC TO·66 package 

for mounting convenience 
and positive heat-sink 
contact 

• VCEV = 50 V min. 

• IT = 1.0 Mc/s typo 

• R(sat} = 1 Q max. 

40250Vl 
o Heat-radiator package 

with mounting tabs for 
printed-circuit-board ap­
plication 

• 5.8·W dissipation capa· 
bility (at 25°C Iree·air 
temperature) 

• VCEV = 50 V min. 
• IT = 1.0 Mc/s typo 
• R(sat) = 1 Q max. 

40251 
• High.dissipation capability - 117 W max. 

• VCEV = 50 V min. 

"C" , .. ~? 
I 

40250 
(JEDEC TD·66) 

40250VI 
(JEDEC TO· 66 • R(sat) = 0.1875 Q max. 

• IT = 0.5 Mc/s typo 

40251 
(JEDEC TD· 3) WITH HEAT RADIATOR) 

Absolute·Maximum Values: 
COLLECTOR-TO-BASE VOLTAGE, VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

MAXIMUM RATINGS 

'With 1.5 volts of reverse bias. VCEV ..•.••.••••••••.••• 
With base open, VCEO .: ••••••.•••.••.•.•.••••••.• 

EMITTER-TO-BASE VOLTAGE. VEBO •.••••••..•••••••.. 
COLLECTOR CURRENT. IC •....••.•...••....••.•.•• 
BASE CURRENT. IB •..••.••••••.•••..•••.•••.•.•••• 
TRANSISTOR DISSIPATION. PT: 

At case temperatures up to 25°C ..••.•.••.•.••.•••.•.. 
At free-air temperatures up to 25°C • • , ..• , .• , • , . , •..... 
At temperatures above 25°C •. '.' .• , . , ... , , ... , ... , .. , 

TEMPERATURE RANGE: 
Storage & Operating (Junction), , , • , ....•••• , ..•.•... , . 

PIN TEMPERATURE (During soldering): 
At distances ~ 1/32 in. from seating plane for 10 s max. , • , , .. 

6-66 

40250 
50 

50 
40 

4 
2 

29 

See Fig.3 

40250V1 
50 

50 
40 
5 
4 
2 

5.8 
See Fig.4 

·}0251 
50 

50 
40 
5 

15 
7 

117 

S('(> Fig.5 

~--------65 to200------~~ 

__ ---- 235 -------

v 

\' 
V 
\' 
A 
A 

w 
Vi 
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40250, 40250V1, 40251 ______________________ File No. 112 

ELECTRICAL CHARACTERISTICS 
Case Temperature ITCI of 2SoC Unless Otherwise Specified 

DC 
Characteristic Symbol Collector 

Volts 

VCB. VCE 

ICBO 30 
Collector-Cutoff Current 

ICEV 40 

ICBO 30 
At TC = 150° C 

ICEV 40 

Emitter-Cutoff Current lEBO 

DC Forward-Current 
hFE 

4 
Transfer Ratio 4 

Collector-ta-Base 
BVCBO Breakdown Voltage 

Collector-ta-Emitter BVCEV Breakdown Voltage 

Collector-to-Emitter 
VCEo'sus) Sustaining Voltage 

Emitter-ta-Base BVEBO Breakdown Voltage 

Base-to-Emitter Voltage VBE 
4 
4 

Collecto .... to-Emitter VCE(sat) Saturation Voltage 

Power Rating Te st PRT 39 

Thermal Resistance: eJ_C Junction-lo-Case 

Junction-to-Free-Air eJ-FA 

TYPICAL AUDIO·AMPLIFIER CIRCUIT 
FOR TY PE 40250 

392 

'NPUT o--J~--"-_L~ 

(~~~ 100I'F 
IMPEDANCE) 

20n 

Vee· 13.7 V. 

TYPE 
40250 

,n 

Distortion = 6.5% at POUT = 4 W 

92CS-12562 

= 2% at POUT = 400 mW, f = 1 kc/s 

Flg.l 

TEST CONDITIONS LIMITS 

DC 
Emitter 
or Base 

Volts 

VEB VBE 

-1.5 

-1.5 

5 

-1.5 
-1.5 

", 

DC Types 
Current 40250 Type Units 

(Amperes) 40250Vl 40251 

IC IE IB Min. Max. Min. Max. 

0 - 1 - - rnA 

- - - 2 rnA 

0 - 5 - - rnA 

- - - 10 rnA 

0 - 5 - 10 rnA 

1.5 25 100 - -
8 - - 15 60 

0.05 50 - - - V 0.1 - - 50 -
0.05 50 - - - V 0.1 - - 50 -
0.1 40 - - - V 0.2 - - 40 -
0 0.005 5 - - - V 0 0.0l - - 5 -

1.5 - 2.2 - - V 8 - - - 2.2 

1.5 0.15 - 1.5 - - V 8 0.8 - - - 1.5 

3 - - - 1 s 

6.0 (max.) - 1.5 °C/W 40250 
30 (max.) - - °C/W 40250Vl 

TYPICAL INVERTER CIRCUIT 
EMPLOYING A PAIR OF TYPE 40251', 

"2 
50n 

Circuit Efficiency = 82% 
at P,N = 110 W, f = 3.5 kc/s 

T 1:' rJ2r,: tlfr0~~~s~:~~~;ion 

Vee or 13.7 V 

(Allen·Bradley T3000H l06B), 
R0-3 material or equivalent. 

Pri: 16 turns, No.20 wire, c.t. 

Feedback Winding: 8 turns, 
No.22 wire, c.t. 

92CS-I2563 
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i 
l-
ii 5 

! 
ill 4 
o 

o 

DISSIPATION DERATING CURVE 
FOR TYPE 40250 

50 100 150 200 
CASE TEMPERATURE (Te)-aC 

Fig.3 92CS-13005R1 

DISSIPATION DERATING CURVE 
FOR TYPE 402S0Vl 

-100 -50 0 50 100 150 200 

15 

o 

FREE-AIR TEMPERTURE (TFA)--C 

Fig.4 

DISSIPATION DERATING CURVE 
FOR TYPE 40251 

-100 -50 o 50 100 150 200 
CASE TEMPERATURE (TC)--C 

Fig.S 

92CS-13373 

92CS-13031R1 

TYPICAL OPERATION CHARACTERISTICS 
FOR TYPES 40250 & 402S0Vl 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)a4V 

~2oo T 
Q I ~ 160- J.2 '" ·C 
~ - -

~ f". ~ ~'" . 12Or-- --.- -'<: 
I!' rS' ,. .. I-- ~~ i 
il BOr!,> 

I ell' 
:i1 V \ ! 40 

e 
u 
0 0 

2 4 •• 2 4 6 • 2 4 6 • 2 
0.001 0.01 0.1 

COLLECTOR CURRENT (ICI-A 

Fig.6 

10 

92CS-12564RI 

BASE - TO-EMITTER VOLTAGE (VSEI-V 

Fig.7 92CS-I2.305R1 

, Fig.S 92CS-I2325R1 
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COLLECTOR-TO-EMITTER VOLTAGE{VCE).4V 

~ "I.. 
5 -1---
0 

i ,.'/.~ 
60 ~ 

'" 1--1-- ~"'~~ il' I--I-",~~P !l! 
g f-:~ 

40 c..;J 
~ 
a 
~ 

20 

~ 
g 0 

2 4 , 8 2 4 , 8 
O,Or 0.1 

COLLECTOR CURRENT CIC)-A 

Fig.9 
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TYPICAL OPERATION CHARACTERISTICS 
FOR TYPE 40251 

"' 
'\. 

2 4 6 8 
10 

92CS-12565RI 
BASE-TO-EMITTER YOLTAGE(VB£l-V 

92CS-l2307RI 

I 
BASE-YO-EMITTER VOLTAGE(VBE)-V 

92CS-12326R1 
Fig.ll 

TERMINAL CONNECTIONS 
FOR TYPES 40250, 40250Vl, & 40251 

Pin 1 - Base 

Pin 2 - Emitter 

Flange, Case - Collector (For 40250 & 40251) 
Heat Radiator - Collector (For 40250Vl) 

Fig.l0 
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B 

m 

[Rl(]5LJD 
Solid State 
Division 

C .. '-.. ~? 
JEOEC TO·66 

H-1340 

A 

JEDEC To-39 
llf~ ,""'~. ~ 

'r -See Note at 
right 

JEDECTO·3 
H·1381 H-1570 

Power Transistors 

N-P-N and P-N-P 

40309-40328 
40360-40364 

Silicon Power Transistors 

For Audio-Frequency Amplifier Applications 

Features: 
• Hermetically-sealed packages 
• Operation at case temperatures 

up to 2570 i: 
• Pellet bonded to header -

for greater power-handling capability 
for greater shock resistance 

• Freedom from second breakdown 

These devices are available with either 1%­
inch leads (TO-5 package) or %-inch leads 
(TO..J9 package). The longer.Jead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 

RCA transistors 40309-40328 and 40360-40364 are dif· 
fused'junction silicon n-p·n and p·n-p transistors intended 
for specific applications in audio amplifiers, giving high­
quality performance economically. These types cover appli­
cations from low-level input stages to high-power output 

stages of 5 to 50 watts. Supply voltages range from the 
nominal 12·volt vehicular type to 117·volt ac-dc type. 
The use of all·silicon devices permits more flexibility in the 
mechanical and electrical design of amplifiers since the 
output heat sinks can be held to a minimum. 

MAXIMUM RATINGS (Absolute-Maximum Values) 

CHARACTERISTIC 

VCEO(SUS) 

VCER(SUS)· 

VCEV·· 

VEBO 

VCBO 
IC 

IB 

PT*** 
TC up to 25°C 

TFA up to 25°C 

TC of 175°C 
TEMP. RANGE: 

Oper. Junction 
-RBe - 500 n 

Rae • 1.000 !l I., 40321 

RBt. :; 200 n for 40361. 
40362. & 40363 

Rae· ISO !ll., 40364 

9-73 

en 
C> 
<"> 
C> .... 
18 

-

-
2.5 

-
0.7 

0.2 

5 

1 

-

<"> - II> 
N ;;; ;;; <"> 
C> C> C> .... .... .... 
18 30 35 

- - -
- - -

2.5 2.5 2.5 

- - -
0.7 0.7 0.7 

0.2 0.2 0.2 

5 5 5 
1 1 1 

- - -

.... 
<"> 
C> .... 
40 

-
-

2.5 

-
0.7 

0.2 

5 

1 

-

.... en C> <.C N .... !Z! lQ N en 
;;; ;;; N N N <.C !:: <"> <"> <"> <"> <"> <"> <"> 
C> C> C> C> C> C> C> C> C> Z .... .... .... .... .... .... .... .... .. ::::> 

40 40 40 40 - - 70 - - V 

- - - - 300 300 - 70 -70 V 

- - - - - - - - - V 

2.5 -2.5 2.5 2.5 5 5 4 4 4 V 

- - - - - - - - - V 

0.7 -0.7 0.7 0.7 1 1 0.7 0.7 -0.7 A 

0.2 -0.2 0.2 0.2 0.5 0.5 0.2 0.2 ·0.2 A 

5 5 5 5 5 5 5 5 5 W 

1 1 1 1 1 1 1 1 1 W 

- - - - - - - - - W 

-65 to 2000C 
°c 

"VBe • ·1.5V ... At other temperatures see derating curves 
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MAXIMUM RATINGS (Absolute·Maximum Values) (Cont'd.) 

..., .., C> .... CD N .., co N co ... en 
CHARACTERISTIC N CD ;:;; N ;:;; ;:;; ;:;; ;:;; N N '" t-.., .., .., .., .., .., z C> C> C> C> C> C> C> C> C> C> C> ... ... ... ... ... ... ... ... ... ... ... => 

VCEO(SUS) 35 - 35 35 - - - - - - - V 

VCER(SUS)" - 70 - - 40 60 300 300 300 300 60 V 

VCEV"" 35 - - - - - - - - - - V 

VEBO 5 4 2.5 2.5 5 2.5 2.5 6 6 6 4 V 

VCBO 35 - - - - - - - - - - V 

IC 15 15 4 4 4 4 2 2 2 2 7 A 

IB 7 7 2 2 2 2 1 1 1 1 5 A 

PT*·· 

TC up to 25°C 117 115 29 29 29 29 35 35 35 35 35 W 

TFA up to 25°C - - - - - - - - - - - W 

TC of 175°C - - - - - - 5 5 5 5 - W 

TEMP. RANGE: 
·65 to 200°C 

Oper. Junction °c 

• RBe : 500 n 
.. -VBe - ·1.5V ...... Ai other temperatures see derating curves 
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RBe : 1.000 n fo' 40327 

Rat =- 200 n for 40361, 
40362. & 40363 

RBe : 150 n fo< 40364 

ELECTRICAL CHARACTERISTICS for Types in TO-3 Package 

TEST CONDITIONS 

CHARACTERISTIC VCB VCE VEB IC TC 
Volts mA oC 

'CBo(Max.) 
30 25 

30 150 

'CER'" (Max.) 
60 25 

60 150 

'EBo(Max.) 
5 

4 

BVCEQIsus)(Min.) 200 

VCERIsus)"'IMin.) 200 

BVCBo(Min.) 100 

4 8A 
VBEIMax.) 

4 4A 

VCEIsat)(Max.) 
8A" 

4A** 

hFE 
4 8A 

4 4A 

°J·cIMax.) 

fT(Typ.) 4 3A 
... 

LIMITS 

40525 40363 

5 

10 

1 

10 

10 

5 

35 

70 

35 

2 

1.8 

1.5 

1.1 

12·60 

20·70 

1.5 1.5 

700 

"IB = 800 rnA ""IB = 400 rnA "'RBE = 20012 

UNITS 

rnA 

rnA 

rnA 

V 

V 

V 

V 

V 

oCIW 

kHz 



File No. 78 ____________________ 40309-40328, 40360-40364 

ELECTRICAL CHARACTERISTICS for Types in TO-5 or TO.:J9 Package 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VCB VCE VEB IC TC UNITS 
40309 40311 4031~ 40315 40317 40319 40320 

Volts rnA DC 

15 25 0.25 0.25 0.25 0.25 0.25 0.25 

-15 25 -0.25 
jJA 

ICBO(Max.) 
15 150 1 1 1 1 1 1 

rnA 
-15 150 -1 

2.5 1 1 1 1 1 1 
IEBO(Max.) rnA 

-2.5 -1 

100' IS- 30 40 35- 40 40 
V CEO(sus)(M in.) 

-40· 
V 

-100' 

4 50 1 1 1 1 

VBE(Max.) 4 10 1 1 V 

-4 -50 -1.0 

VCE(sat)(Max.) 150· 1.4 -1.4 V 

4 50 70·350 70·350 70·350 70·350 

hFE -4 -50 35·200 

4 10 40·200 140.200 

o J.clMa~.) 35 35 35 35 35 35 35 °CfW 

o J.FA(Max.) 175 175 175 175 175 175 °CfW 

10 50 100 100 100 

fT(Typ.) -4 -50 100 rnHz 

4 50 100 

·IB=15rnA " RBE = 1,000 ohms 'Pulsed; pulse duration = 300 lisee, duty factor< 2%. 

o BV CEO value. RBE = ·200 n for 40361 & 40362 

t Negative value for 40362 

TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

TERMINAL CONNECTIONS 
Lead 1 - Emitter 

TERMINAL CONNECTIONS 
Pin 1 - Base 

Lead 2 - Base Pin 2 - Emitter 

Lead 3 - Collector, case Mounting Flange, Case-Collector 
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ELECTRICAL CHARACTER ISTICS for Types in TO·5 or TO·39 Package (Cont'd.) 

TEST CONDITIONS 

CHARACTERISTIC VCB VCE VEB IC 

Volts rnA 

60 
ICEO(Max.) 

60 

15 

ICBO(Max.) 15 

150 

150 

ICER-(Max.) 60t 

60t 

2.5 

IEBO(Max.) 5 

4t 

V CEO(sus)(Min.) 100' 

4 50 

VBE(Max.) 4 10 

10 50 

VCE(sat)(Max.) 150· 

VCER(sus)-
50 

100 

4 50 

-4 -60 
hFE 4 10 

10 20 

°J.C(Max.) 

o J.FA(Max.) 

10 50 

fT(Typ.) -4 -50 

4" 50 

'Pulsed; pulse duration = 300 p.sec. duty factor< 2%. 

-BV CEO value. 

t Negative value for 40362 

398 

TC 
40321 40323 40326 

°c 

25 

150 

25 0.25 0.25 

150 1 1 

150 100 

5 

25 

150 

1 1 

100 

IS- 40 

1 

1 

2 

300 

70·350 

40·200 

25·200 

30 35 30 

175 

100 

LIMITS 

UNITS 
40327 40360 40361 40362 

1 

250 
/lA 

/lA 
rnA 

100 p.A 

5 

1 -1 /lA 
100 -100 

rnA 

100 /lA 
1 1 -1 rnA 

70 V 

1 

1 V 

2 

1.4 1.4 -1.4 V 

300 
V 

70 70 

70·350 

35·200 

40·200 

40·250 

30 35 35 35 °CIW 

175 175 175 °CIW 

100 mHz 

100 100 

- RBE = 1.000 ohms 

R BE = 200 n for 40361 & 40362 



File No. 78 ____________________ 40309-40328, 40360-40364 

ELECTRICAL CHARACTERISTICS for Types in TO·66 Package At T C = 2!f'C Unless Otherwise Specified. 

CONDITIONS LIMITS 

CHARACTERISTIC VCB VCE VEB IC TC UNITS 
40310 40312 40313 40316 40318 40322 40324 40328 40364 

Volts A °c 

ICEO(Max.) 150 5 5 5 mA 

150 1.5'" 25 5 10 

300 1.5'" 10 
ICEV(Max.) 

150 1.5'" 150 10 10 
mA 

300 1.5'" 10 5 10 

50 25 0.5 
ICERA(Max.) mA 

50 150 2 

15 25 10 10 10 10 
ICBO(Max.) 

15 150 5 5 5 5 
JlA 

2.5 5 5 5 5 

5 5 
IEBO(Max.) mA 

6 5 5 5 

4 5 

VCEO(sus)(Min.) 0.1· 35- 35- V 

2 1 1.4 1.4 1.4 1.4 

10 0.1 1.5 

VBE(Max.) 10 0.5 1.5 V 

10 1 1.5 

5 2.5 1.8 

V CE(sat)(Max.) 2.5 2D V 

0.1· 60 40 
VCER(sus)(Min.) 

300· 300· 300· 300· 70b 
V 

0.2 

2 1 20·120 20·12C 20-120 10-120 

5 0.5 35·175 

5 2.5 20 

hFE(Min. or range) 10 0.1 40·250 

I 
10 0.5 40 50 75 

10 0.02 40 40 40 

10 1 20 

JEDEC TO·3 PACKAGE JEDECTO·5 OR TO·39 PACKAGE JEDEC TO·66 PACKAGE 

40325 40309 40319 40327 40310 40322 
40363 40311 40320 40360 40312 40324' 

4Q314 40321 40361 40313 4032,8 
,40315 40323 40362 40316 40364 
40317 40326 40318 
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40309-40328.40360-40364 _____________________ File No. 78 

ELECTRICAL CHARACTERISTICS far Types in TO·66 Package At T C= 2!PC Unless Otherwise Specified (Cant'd.) 

CONDITIONS LIMITS 

CHARACTERISTIC VCB VCE VEB IC TC UNITS 
40310 40312 40313 40316 40318 40322 40324 40328 40364 

Volts A °c 
4 0.5 750 750 750 750 kHz 

fTITyp.) 
10 2.5 15 rnHz 

150 150 100 100 100 rnA 
IS/b# IMin.) 

40 750 rnA 

ES/b-IMin.) 4 50 50 IlJ 

e J_CIMax.) 6 6 5 6 5 5 6 5 5 °cm 

.. Pulsed; Pulse duration E 300 .... sec, duty faclor <,2%. -RAE: lO(Jn~L - 5mlt 

, 'Sib is defined as the current at which second breakdown occurs at a specified collector volra~e with the emitler-base junction forward bi.H;CJ 

-ES/b is defined as the energy at which second breakdown occurs under specified reverse bias l'onJitions. ES/b" ~lLl2. where L is a series 
load or leakage inductance and I is the peak collt:clor current. RAE: 200hms &. L : 1m .. h. 

'RBE" 150 0 (JIB" 0,25:\ eBVCEO value . 

... .... 
~1::' ::. :, I' •••• .•• •... • •. 

~~~,Ib+~··~··+r:· •.• ~..r+ .. ~r •• * .•• ~ ••• :. 

I, 

-75 -50 -25 0 25 50 75 100 125 ISO 175 200 
TEMPERATURE-oC 

92CS-III72RI 

Fig.l - Dissipation rating curves for types 40309, 40311, 40314, 
40315,40317,40319,40320,40323,40326,40360, 
40361, and 40362. 

400 

'.:;:~ 
c, iii 
I' ,,~ 

-1l0 -50 

::' 

a 50 100 150 200 
CASE TEMPERATURE {TC)-OC 

92CS~1300i5RI 

Fig.2 - Dissipation derating curve for types 40310, 40312, 
40316, and 40324. 
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3\ 
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~ 
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'\ 
12' 

~ 
CASE TEMPERATURE (lei = 11~ 

100 200 300 '00 
COLLECTOR-lO-EMITTER VOL 1S (YCEI 

92(S-221131 

Fig.3 - Dissipation derating curve for type 40313. 

CASE TEMPERATURE 

,\ 
i\ 

l 

\ 
1 

:-., 

I FREE·AIR TEMPERATURE \ 
t-. t-- t--- ~ r-... 

0 
150125 ·IDO ·75 ·50 ·25 0 25 50 151110 125 ISO 175200 

TEMPERATURE _oC 

92CS-Z2433 

Fig.5 - Dissipation derating curves for types 40321 and 40327. 

1'0 

~ 
"' ----!;: !'\ ~ 100 

1\ 15 

t; 

~ 50 '" ~ 

'\ " ~ , \ 
·100 -SO 025 50 100 150 200 

CASE TEMPERATURE-oC 

Fig.7 - Dissipation derating curve for type 40363. 
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]0 
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t 25 ~ 

" ~ I 10 
I 

-~ 
~ 15 

-~ ~ 
! 

10 

CASE TEMPERATURE{T~ 

100 zoo 300 .00 
DC COLlECTOR-TO-EMITTER VOLTS (lieF) 

FigA - Dissipation derating curve for types 40318, 40322, 
and 40328. 

o 
-100 -50 o 50 100 150 200 

CASE TEMPER:o\TURE-·C 92CS-13031 

Fig.6 - Dissipation derating curve for type 40325. 

35~---4----~--~~----+-----~---4 

~ 30 :\ 

I 25 f-----I---------jl----+! --I~- -- -1-

~ 20 r--- -- -- -----t-- ---- -1'\ 
~ 15___ \ 

~ 10 --- 1\ 
\ 

-tlJlJ -51J IJ 2S 51J tlJlJ 150 200 
CASE TEMPERATURE-DC 

Fig.S - Dissipation derating curve for type 40364. 
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_______________________________ FileNo.211 

OOCBLJD 
Solid State 
Division 

Power Transistors 

40346 40346V1 40346V2 
40412 40412V1 40412V2 

~. ,.. .* wr 
Medium-Power Silicon 
N-P-N Planar Transistors 

! .• 
40346V2 
40412V2 

H~1375 
40346S 
40412S 

II \ 
For High·Voltage Switching and 
Linear·Amplifier Applications 

40346L 
40412L Features: -~_.1 '~ ..,~ I '40346Vl 

40412Vl 
I \ 

\ 
• For operation at junction 

lomperature up to 2000 C 

These devices are available with either 1%· 
inch leads fTO-5 package) or %-inch leads 
(TO·39 package). The longer-lead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are spacified by 
suffix "s" after the type number. H-1468 H·1380 • Planar construction for 

low noise and low leakage 

RCA·40346, ·40346V1, ·40346V2, ·40412, ·40412V1, and 
-40412V2 are silicon n·p-n transistors having high breakdown 
voltages, high frequency·response capability, and fast switch· 
ing speeds. 

These transistors are intended for a wide variety of low· and 
medium·power, high·voltage applications. Types 40346, 
40346V1, and 40346V2 are especially useful in such de· 
vices as neon indicator and NIXIE* driver circuits and 
in differential and operational amplifiers. Types 40412, 
40412V1, and 40412V2 are especially suited for class·A 
acldc audio·amplifier service. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·EMITTER VOLTAGE: VCER(sus) 

With RBE = 1,000 n . 
With RBE = 10,000 n 

COLLECTOR CURRENT. IC 
BASE CURRENT. IB 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C . 
At free·air temperatures up to 50°C. 
At free·air temperatures up to 250 C . 
At other temperatures. 

TEMPERATURE RANGE: 
Storage and Operating 

402 

Types 40346 and 40412 are supplied in a JEDEC TO· 
39 (S) or TO-5 (L) package; types 40346V1 and 40412V1, 
with a factory·attached heat radiator for greater free·air 
dissipation,capability; and types 40346V2 and 40412V2 are 
supplied with an attached flange for increased power dissi· 
pation and mounting convenience. 

* Nixie is a Registered Trademark of Burroughs Corporation, 
Electronic Com.p~n~nts Division, Plainfield, N. J. 

40346 40346V1 40346V2 40412 40412V1 40412V2 

175 175 175 V 
250 250 250 V 

1 A 

0.5 0.5 0.5 0.5 0.5 0.5 A 

10 10 10 10 W 
1 1 W 

4 4 W .. See Fig. 1 • 
.. -65 to +200 • °c 

9-73 



File No. 211 _________________________ 40346, V1, V2 
40412, V1, V2 

ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 2f1JC, Unless Otherwise Specified 

LIMITS 

VOLTAGE ~RRENI 40346 40412 
CHARACTERISTICS SYMBOL 40346VI 40412VI 

V de rnA de 40346V2 40412V2 UNITS 

VCE VEB IC Max. Min. Mill<. Min. Mill<. Min. Max. Min. 

Collector-Cutoff Current: 
ICEO With base open 100 - - - 5 - 5 - - - - J.IA 

With R = 10,000 ohms ICER 100 - - - - - - - 1 - I mA 
With base reverse-biased: 

ICEV TC=25°oC 200 1.5 - - 10 - 10 - - - - J.IA 
TC=150o C 

ICEV 200 1.5 - - I - I - - - - mA 

TC=150 C 
ICEV ISO 1.5 - - - - - - 2 - 2 mA 

Emitter--Cutoff Current 
lEBO - 4 - - 5 - 5 - - - - J.IA 
lEBO - 3 - - - - - - 100 - 100 J.IA 

CoUectol""To-Emitler 
.Sustaining Voltage: 
With external base-to-

emitter resistance 

~~~:~:~:~ RBE=I,OOO ohms - - 50 175 - 175 - - - - - V 

RBE=IO,OOO ohms - - 50 - - - - 250 - 250 - V 

Collector-To-Emitter 
VCE(sat) I'," Saturation Voltage! - - 10 - 0.5 - 0.5 - - - - V 

IB=I rnA 

Base-TO*Emitter Voltage VBE 10 - 10 - I - I - - - - V 

Second-Bre akdown Current ISIb 200 - - - - - - SO - 5D - 'mA 

DC Forward-Current 
hFE Transfer Ratio 10 - 10 25 - 25 - - - - -
hFE 20 - 30 - - - - 40 - 40 -

Small-Signal Forward-
Current Transfer Ratio: 

hIe f=5 MHz 10 - 10 2 - 2 - 2 - 2 -
Output Capacitance: 

Cob VCB= IOV, f= I MHz - - - - - - - - 10 - 10 pF 

Thermal Resistance: 
Junction-to"'cBse ROJC - - - - IS - - - IS - - °C/W 
Junction-to-afree au ~JFA - - - - - - 45 - . - - 45 °C/W 

403 



, 40346, V1, V2 __________________________ File No. 211 
40412, V1, V2 

150 -100 -50 0 50 100 150 200 

175 

150 

1 
t 125 

!:! 

~~o 
u 75 

'" ~ 
~ 50 

8 
25 

-9 

TEMPERATURE - "c 
92LS-1554 

Fig. 1 - Dissipation derating curves. 

CASE TEMPERATURE (Tel- 2es·c 

075 

.5 

0>4 

S'ASE'CURRE T( sl 0.3 

.2 

0.1 

~ 50 n ~ ~ ~ ~ _ _ 
COLLECTOR-TO-EMITTER VOLTS (VeEI-v 

Fig.3 - Typical output characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTS (VCE): 10 

1028 
~ 6 .c. 
~ 
. 

I .'*' / 
~ 

2 I~G 
j la, ~ 
:i 6 ,,:" " I 

4 

<>.-""/ ~ 
~ 2 g,<.i 

/ 
>- I.O~~ I- ,if 
z f::= !>J" w 

'" 41-I-~ '" ~ 
21-f--0 u 

/ '" g 0.18 
i;l 6 

~ 
4 

2 

0.01 I 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 

BASE-TO-EMITTER VOLTS (VSEI 

Fig.5 - Typical transfer characteristics for all types. 
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COLLECTOR TO EMITTER VOLTS (VCE)-lOl 

1:' 140 " '" ~ 
Q 0/ 
~ 120 

'" i 100 .c. 
"," 

80 
~ 

~c. 

~ V ff-<V 
60 ... <S 

~ g~ 
40 <.'-~ 

i t>c,'-L'f 
~ 20 5l1' 
u ,,' 0 a 

2 2 468 2 468 2 4 6' 4 6' 
0.01 0.1 I 10 100 

2 • 6 
l'bOO 

COLLECTOR CURRENT (lei-MILLIAMPERES 
92CS-12615 

Fig.2 - Typical dc-beta characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTS {VcEl-IO 

104 8 
6 

1.0 
0.2 0.3 0.4 0.5 0.6 

BASE-TO-EMITTER VOLTS {VBEl 

0.7 0.8 

9ZCS-126!8 

FigA - Tvpical input characteristics for all types. 

TERMINAL CONNECTIONS 
FOR 40346 ANO 40412 

Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 

TERMINAL CONNECTIONS 
FO R 40346Vl AN 0 40412Vl 

Lead 1 - Emitter 
Lead 2 - Base 

Heat Radiator, . Lead 3 - Collector 

TERMINAL CONNECTIONS 
FOR 40346V2 ANO 40412V2 

Lead 1 - Emitter 
Lead 2 - Base 

Flange, Lead 3 - Collector 



File No. 88 ________________________________ _ 

OOCI8LJD 
Solid State 
Division 

Power Transistors 
40347 
40348 
40349 

40347V1 
40348V1 
40349V1 

40347V2 
40348V2 
40349V2 

-~ , RCA:' , 
~,{ .~~ 

Hometaxial-Base Silicon N-P-N 
Medium- and High-Voltage Transistors 

40347V2 1 ~ 
40348V2 ' 
40349V2 H-1375 

403'47S 
403485 

General·Purpose Transistors for Industrial and 
Commercial Equipment 

403495 

Features: 

40347L 
4034BL 
40349L 

a High second·breakdown resistance 

"VCE(satl typically less than 1 V at 1A 
for 40347 and 40348 

These devices are available with either 1%­
inch leads (TO-5 package) or %-inch leads 
ITO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are specified by 
suffix "s" after the type number. 

40347V1 
4034BV1 
40349V1 

H-1468 H-1380 
a V CEV(sus) for 40349 = 160 volts min. 
a HermeticallY'sealed packages 

RCA-40347, 40348. and 40349 are hometaxial-base, silicon 
n-p-n transistors intended for a wide variety of low- and 
medium-power applications requiring medium- and high-voltage 
power transistors. These devices differ primarily in their break­
down-voltage ratings. 

Types 40347V1, 40348V1, and 40349V1 are 40347, 40348, 
and 40349; respectively, with factory-attached heat radiators; 
they are intended for printed circuit-board applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Types 40347V2, 40348V2, and 40349V2, are 40347, 40348, 
and 40349, respectively, with factory-attached diamond-shaped 
mounting flanges. 

Typical applications for these transistors include switching 
regulators, converters. inverters, relay controls, oscillators, 
pulse amplifiers, and audio amplifiers (in low-power driver 
and output stages). These transistors are especially suitable for 
use in low-cost ac/dc af amplifier circuits. 

40347 
40347Vl 
40347V2 

40348 
4034BVI 
4034BV2 

40349 
40349Vl 
40349V2 

COLLECTOR-TO-BASE VOLTAGE ... , ., , , , , ,. , ... , ... , , VCBO 60 90 160 V 
COLLECTOR-TO-EMITTER VOLTAGE: 

With -1.5 V (V BE, of reverse bias .................. . 

With base open ............................... . 

EMITTER-TO·BASE VOLTAGE"""., .. ,.,.",.,."" 

CONTINUOUS COLLECTOR CURRENT " ........ ,.,',' 

PEAK COLLECTOR CURRENT ,.,""',." ...... ,.,'" 

CONTINUOUS BASE CURRENT"" ','." ... '.""'.'" 
TRANSISTOR OISSIPATION.,. , , , , , , , , , .. , ... , ., , ., , , , 

At case temperature up to 25°C 

At case temperature above 25°C 

At ambient temperature up to 25°C 

At ambient temperature above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) .................... . 

LEAD TEMPERATURE (During soldering): 

VCEV 
VCEO 
V EBO 

IC 

ICM 
IB 
PT 

At distances ~ 1/32 in. (0.8 mm) from seating plane for 10 s max. 

4-74 

60 
40 

7 

1.5 

3.0 

0.5 

11.7 (40347V2) 11.7 (4034BV2) 

BJ5 (40347) 8,75 (40348) 

160 
140 

7 
1.5 

3.0 
0,5 

11.7 (40349V2) 

8,75 (40349) 
..... 11----- Sec Figs. 1 & 2 --------t!!:» 

1 ,0 (40347) 1 ,0 (40348) 1 ,0 (40349) 

404 (40347VlI 404 (40348Vl) 404 (40349V 11 

... ....,11/----- See F;g, 3 -----I ..... 

-65'0200_ 

230 ... 

V 
V 

V 

A 
A 

A 

w 
w 

w 
w 

°c 

°c 
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40347--49. V1. V2 ________________________ File No. 88 

ELECTRICAL CHARACTERISTICS. At Case Temperature lTC' = 2~C unless otherwise specified 

TEST CONDITIONS LIMITS 

Characteristic Symbol Voltage Current 
Vdc Adc 40347 40348 40349 

VCE V BE IC IB Min~ Max. Min. Max. Min. Max. 

Collector-Cutoff Current 
30 - 1 - - - -

With external base-to-
ICER 60 - - - 1 - -

emitter resistance 
90 - - - - - Z 

(R BE) = 1 kn 

With RBE = 1 kn 
30 - 1 - - - -

and TC = 150°C ICER 60 - - - 1 - -
90 - - - - - 1 

Emitter-Cutoff Current lEBO -7 - 10 - 10 - 10 

4 0.15 - - - - 30 125 

DC Forward-Current 4 0.30 - - 30 125 - -
Transfer Ratio hFE 4 0.45 25 100 - - 10 -

4 1.00 - - 10 - - -
Collector-ta-Emitter 

Sustaining Voltage: 
ISee Figs. 4. 6. and 8) 

With base-emitter junc- VCEV(sus) -1.5 0.050 60 - 90 - 160" -
tion reverse biased 

With base open VCEO(sus) 0.050 40 - 65 - 140" -

4 0.15 - - - - - 1.1 

Base-ta-Emitter Voltage V BE 4 0.30 - - - 1.3 - -
4 0.45 - 1.5 - - - -

0.15 15mA - - - - - 0.5 
Collector-ta-Emitter 

VCE(satl 0.30 30mA - - - 0.75 - -
Saturation Voltage 

0.45 45mA - 1 - - - -
Forward-Bias Second Break- 38 345 - - - - -

down Collector Current ISlb 63 - - 208 - - -
(1-s non-repetitive pulse) 138 - - - - 95 -

20(max.) 20(m"x.) 20(m"x.) 

Thermal Resistance 
R8JC 

40347 40348 40349 

Junction-to-Case 15(max.) 15(m"x.) 15(m"x.) 

40347V2 40348V2 40349V2 

Thermal Resistance: 
R8JA 

40(max.) 40(max.) 40(max.) 
Junction-ta-Ambient 40347V1 40348V1 40349V1 

a Pulsed; pulse duration:: 300 tJ.S, duty factor::S;;;; 2%. 

TERMINAL CONNECTIONS FOR TYPES 
40347. 40348. & 40349 

406 

Lead 1 . Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 

TERMINAL CONNECTIONS FOR TYPES 
40347V1. 40348V1. & 4049V1 

Lead 1 - Emitter 
Lead 2· Base 

Heat Radiator, Lead 3 .' Collector 

TERMINAL CONNECTIONS FOR TYPES 
40347V2. 40348V2. & 40349V2 

Lead 1 • Emitter 
Lead 2 - Base 

Flange. Lead 3 • Collector 

Units 

I'A 

mA 

I'A 

V 

V 

V 

V 

mA 

°C/W 

°C/W 
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Fig. 1 - Maximum operating areas for types 40347, 40348 and 40349. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tcl-·C 

921.S-1469AI 

Fig. 2 - Dissipation derating curve for types 40347, 40348. and 40349. 

AMBIENT TEMPERATURE (TA)-OC 

92SS-~:>79RI 

Fig. 3 - Dissipation deraringcurve for types 40347V1. 40348V1. 
and 40349VI. 
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CASE TEMPERATURE (Te) = 250C 

'" 100 f-t--H++++t11c-f-H-t+-++t+I-IH+H ;! 
~ 9°f-t--H++++t11r-f-!4 
~ 

~i80f-t--H++++t11--1!' 

~17°f-t--H+++++t--l! 
~! 
~~60 - VeER 

~ 5°--lt-H+++++t--l~~tt-++t+I--IH+H 
l;l ...... VCEO 
~ c°t--t-++tt-t-t++r-t-Htr~-r++~~rtH 

1.0 2 • & 810 2 4 6 ~OO 2 4 681K 2 • 6 RIOK 2 4 68100K 

EXTERNAL BASE-Ta-EMITTER RESISTANCE (RBE)-n 

Fig_ 4 - Sustaining voltage vs_ base-to-emitter resistance for types 
40347, 40347V1 and 40347V2. 
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CASE TEMPERATURE (Tel" Z50C 

LO 2 46810 2 4 & 8100 2 4 68lK 2 4' '10K l 4 5 'lOOK 

EXTERNAL BASE-lO-EMITTER RESISTANCE {RBE>-n 

Fig_ 6 - Sustaining voltage vs. base-to-emitter resistance for 
type. 40348, 40348V1 and 40348V2. 
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Fig. 8 - Sustaining voltage vs. base-to-emitter resistance 
for types 40349, 40349V1 and 40349V2. 
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Fig. 5 - Typical gain-bandwidth product vs. collector current 
for types 40347, 40348 and 40349. . 
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Fig. 7 - Reverse-bias second-breakdown characterisrics for 
types 40347, 40348 and 40349. 
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Fig. 9 - Typical saturation characteristic for types 40347, 
40348 and 40349. 
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Fig. 10 - Typical output characteristics for type 40347. Fig. 11 - Typical de beta characteristics for type 40347. 
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Fig. 12 - Typical output characteristics for type 40348. Fig. 13 - Typical de beta characteristics for type 40348. 

CASE TEMPERATURE (Tel" 2SoC I I COLLECTOR-lO-EMITTER VOLTAGE (VCE) " 4V 

200 eASE CUR~E.T lIei .I'mA 

180 3.5 

TI60 
r,- 3.0 

gl40 1/ 2.5 

~ '/ 2.0 
:5120 
g; '/ 1.5 8100 
~ 

11.0 ~ 80 
1rl 
~ 60 

0.5 
40 

20 I 
I 

240 

! 
~2DD ,#' 
S '\~~ 

~ 160 
10' -f-- ~~,,~ 

~ '\<....~~i' , 
~ 120 ,p"" 

, 
~ "" -~ / '1.~'V 
<;l 80 

, 
'" V ~ 40 ~ 
g I-- ~ 

0 
1.0 2.0 3.0 4.0 5.0 0.1 2 .611.0 2 .6 BID 2 461100 2 . 

COLLECTOR·lO-EMITTER VOLTAGE (VeEI-V COLLECTOR CURRENT (lc)-mA 

Fig. 14 - Typical output characteristics for type 40349. Flg_ 15 - Typical de beta characteristics for type 40349_ 

409 



40347-49, V1, V2 ________________________ File No. 88 
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Fig. 16 - Typical transfer. characteristics for type 40347. 
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Fig. 17 - Collector-cutoff-current characteristic for 
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File No. 215 -------------------------------

OO(]5LlD 
Solid State 
Division 

4:iip ,.&I ~ 

JEOECTO~-lr 40369 

H-,S70 

.-" 
frf 
403665 
403675 
403855 

Power Transistors 

40366-40369 
40385 

High- Reliability Silicon 
N-P-N Power Transistors 
For Power Switching and Amplifier Applications 

Features 

• High reliability assured by five preconditioning steps 

• Group A test data included* 

/1\ ~ W 4O:~O15 40366L 
40367L 

JEDEC TO-8 
40385L 

H·1380 

• Transistors utilize JEDEC hermetic 
packages; 

40369-TO·3 
40368-TO·8 

40366, 40367 t . 
40385 \ See Note at right 

These devices are available with either 1%­
inch leads (TO-S package) or %,·inch leads 
ITO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num­
ber; the shorter-lead versions are specified by 
suffix "s" after the type number. 

RCA·40366-40369 and 40385 are silicon n·p·n power 
transistors derived from JEDEC types 2N2102, 2N1482, 
2N1486, 2N1490, and 2N3439. They are specially pre· 
conditioned for use in power·switching and amplifier appli· 
cations in those instances where high reliability is a requisite. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ....... VCBO 
COLLECTOR·TO·EMITTER VOLTAGE: 

With external base·to·emitter resistance 
(RBE) $.10n ................... VCER 

With -1.5 V (VBE) of reverse bia~ ....... VCEV 
With base open ...................... VCEO 

EMITTER·TO·BASE VOLTAGE ........... VEBO 
CONTINUOUS COLLECTOR CURRENT .... IC 
CONTINUOUS BASE CURRENT ..••...... IB 
TRANSISTOR DISSIPATION: 

At case temperature up to 25°C ......... 
PT 

At free·air temperature up to 25°C .•...•. 
At temperatures above 25°C ............ 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ..•....... 

PIN or LEAD TEMPERATURE (During 
soldering) : 

At distances? 1/32 in. (0.79 mm) 
from seating plane for lOs max ..... 

9·73 

a High voltage ratings: 

VCER = 80 V max. (40366) 

VCEV = 100 V max. (40367,40368 & 40369) 

VCEO = 350 V max. (40385) 
• High power·dissipation capability: 

PT = 5 W max. (40366,40367 & 40385) 

= 25 W max. (40368) 

= 75 W max. (40369) 

* Group A test data shown on pages 2 & 3. 

40366 40367 40368 40369 40385 

120 100 100 100 450 

80 
100 100 100 

65 55 55 55 350 
7 12 12 10 7 

1.5 3 6 
1 1.5 3 

5 5 25 75 10 

-+-- Derate linearly to 0 wat~ at 200°C -

.. -65 to 200 • 

255 255 235 235 255 

V 

V 
V 
V 
V 
A 
A 

W 
W 

°c 

°c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 25°C 

TEST CONDITIONS LIMITS 

Voltage Current 
Characteristic Symbol 40366 40367 40368 40369 40385 Unit. 

V de rnA de 

Vea VeE VEO Ie I a Min, Ma •• Min, Max. Min_ Ma •• Min. MOJII, Min. Mo •• 

leBO 30 4.0 9.0 10 ~A 

60 2.0 nA 

Collector·Cutor! Currl'nl ICr,:O 300 20 ~A 

ICEV 450 1.5 500 ~A 

0 5.0 nA 
0 20 ~A 

Emitter-CutoU Current lEBO 10 6.0 ~A 

12 2.0 5.0 ~A 

200 35 100 

750 35 100 

1500 25 75 

DC Forward-Current hFE 10 0.01 10 
Transfer Ratio 10 0.1 20 

10 ~O 

10 20 40 160 

10 150" 40 120 
10 500" 25 
10 1000· 10 

Collector-ta-Base 
Breakdown Voltage 

BVeB, 1.5 0.1 120 V 

Collector-ta-Emitter BVCEV 1.5 0.25 100 100 100 V 
Breakdown Voltage 

Emitter-la-Base BVEBO 7.0 V 
Breakdown Voltage 
(IE = 0.1 rnA). 

Collector-to-Emi tter 

Sustaining Voltage: 

With external 
base-to--emitter VCER(sus) 100· 80 .V 
resistance 
(RBE) • 10 il 50 55 350 
Wi th base open VC~O(sus) 100· 65 V 

100 55 55 

50 0.5 
150· 15 0.5 

Collector-la-Emitter 
200 10 1.4 

V 
Saturation Voltage 

VCE(sat) 
750 40 0,75 

1300 100 1.0 

Base-to-Emitter VBE(sal) 150· 15 1.1 V 
Saturation Voltage 50 1.3 

200 3.0 
Base-to-Emitter Voltage V BE 750 2.5 V 

1500 2.5 

• Pulsed; pulse dumtion = 30011 s, duty factor = 1.8%. 
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GROUP· A TESTS (IN ACCORDANCE WITH MI L· 5·19500) 

TEST METHOD EXAMINATION ~IMITS 

PER OR CONDITIONS ~TPD' 4036~ 40367 40368 40369 40385 UNITS 

MI~·STD·750 TEST Min. Max. Min. Max. Min. MalIC, Min. Max. Min, Max. 

Subgroup 1 10 

2071 Visual and 
Mechanical 
Examination 

Subgroup 2 VC8 = 30V,IE 10 .!! 4.0 9.0 10 ~A 

30360 ICBO VC8 = 60V, IE = 2.0 nA 

;W41A 'CEV vCE = 450V , 
500 

V8E o-1.5V 
~A 

'CEO 
VCE: 300V, 

30410 
IE = 0 20 ~A 

VE8 ' .V, IC = 5.0 nA 

VE8 =6V,lc' 0 20 ~A 

30610 'EBO VEB .. 10V, IC • 0 - 6.0 ~A 

VE8 • 12V, IC • 2.0 5.0 ~A 

300lA BVCBV IC' 100"A, 120 V 
VE8 • 1.5V 

30260 BVEBO IE' 100"A, IC • 7.Q - V 

IC' O.25mA, 
100 - 100 V 

BVCEV 
VEB .... 1.5V 

301lA 
Ie = 0.5 rnA, 100 V 
VE8 = 1.5V 

IC • SOmA. Ie :a 55 - 350 V 

VCEO(SUS) IC' IOOmA-, 18 = 0 65 V 
30110 

IC = 100mA, 18 ' 0 55 55 V 

VCER(SUS) 
IC' IOOmA·, 

80 V 30118 
R8E = 10 (] 

IC • SOmA, - 0.5 V 
(a = 4mA 

Subvroup 3 
IC' 150mAo, 0.5 V 

18 • ISmA 

Ie = 200mA, 1.4 V 

VCE(sal) 
18 • lOrnA 

3071 
Ie '" 750mA,- - 0.75 V 

18 = 40mA 

IC = I.SA, 1.0 V 

18 = IOOmA 

IC = SOmA, 
1.3 V 

3066A VBE(sat) la = 4mA 

IC = 150mA·, 
1.1 V 

18 = 15mA 

IC = 200mA. VeE = 'V 3.0 V 
3066A VBE 

IC = 750mA, VeE ". 4V 2.5 V 
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GROUP· A TESTS (CONT.) 
TUT METHOD EXAMINA TION 

PER OR 

MIL.STO.750 TEST 

3076 

CONDITIONS 

Ie = 0.01 rnA, 

VeE' 10V 

Ie" 0.1 rnA, 

VeE' 10V 

Ir. = 2 rnA. 

VeE' 10V 

Ie = 20mA, 

VeE = tOV 

Ie .. 150mA·, 

VeE' 10V 

Ie • 200mA, 

VeE' 4V 

Ie :10 500mA·, 

VeE' 10V 

Ie • 750mA, 

VeE' 4V 

Ie E 1 A·, 

VeE' 10V 

Ie' 1.5A, 

VeE' 4V 

LTPD' 40366 40367 
Min. Mox. Min. Mox. 

10 

20 

40 120 -
35 100 

25 

10 

LIMITS 

UNITS I 40368 40369 40385 
Min. Max. Min. Max. Min. Max, 

30 

40 60 

35 100 

25 75 

.Pulsed; pulse duration ,= 300JJ.s, duty ractor '" 1.8~. 'Lot toll'rnnC'e per cf'nl d('frclivl', 

The RCA-40366, 40367, 40368, 40369, and 40385 are 
high·reliability versions of the RCA·2N2102, 2N1482, 
2N1486, 2N1490 and 2N3439*, respectively. These tran· 
sistors are intended for medium- and high·power switching 
and amplifier applications in military and industrial 
equipment. 

The 40366 and 40385 are silicon n·p-n types with a power· 
dissipation capability of 5 watts each. The 40367 is a silicon 
n-p·n hometaxial type with a power-dissipation capability of 
5 watts. These devices are available with either 1-1,~·inch 

leads (TO·5 package) or Y,·inch leads (TO-39 package). 

The 40368 is a silicon n-p-n hometaxial type in a JEDEC 
TO-8 package with a power-dissipation capability of 25 
watts. 

The .40369 is a silicon n-p-n hometaxial type in the popular 
JEDEC.TO-3 package and has a dissipation capability of 75 
watts. 

414 

The 40366, the high-reliability version of the 2N2102, 
features linear beta characteristics which are controlled over 

. a wide range of collector currents (0.01 mA to 1 A). 

The 40367, 40368; 'and ·40369, the high-reliability versions 
of the 2N1482, 2N1486, and 2N1490, respectively, feature 
rugged construction, low saturation voltage, and high beta at 
high currents, and are designed to assure freedom from 
forward·bias second breakdown when operated with speci­
fied limits. 

Typical applications for these transistors include: power­
switching circuits such as dc-to-dc converters, inverters, 
choppers, solenoid- and relay-controls; oscillator, regulator, 
and pulse-amplifier circuits; Class A and Class B push-pull 
audio- and servo-amplifiers. 

* Complete data for types 2Nl482. 2Nl486, 2N1490, 2N2102 and 
2N3439 are giverfin separate technical bulletins (Files 135. 137. 139, 
106, and 64, respectively). Bulletins are available upon request from 
RCA Solid State Division. Box 3200. Somerville. N.J. 08876. 
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RELIABILITY TESTING 

Each RCA-403GB. 40367. 40368. 40369 and 40385 is subjected to the following preconditioning steps: 

1. Temperature Cycling-Method 102A of MIL-STD-202. 5 cycles, _650 C to 2000 C 

2. Bake, 72 hours min., 200 0 C 

3. Helium Leak, 1 x 10-8 eels max. 

4. (a) Methanol Bomb. 70 psig, 16 hours min. (For 40366) 

(b) Bubble Test (Per MIL-STD-202, CONDo A), 1250 C min., 
1 minute, ethylene 'glycol (For 40367, 40368, 40369 & 40385) 

5. Serialization 

6. (a) Record ICBO and hFE 1150 rnA) (For 40366) 

(b) Record ICBO Wld hFE (For 40367, 40368, & 40369) 

(c) Record ICEV and hFE (20 rnA) IFor 40385) 

7. (a) Power Age, TFA = 25 0 C, VCB = 60 V, t= 168 hours, 
P T = 1 W, free·air (For 40366 & 40367) 

(b) Power Ago', TC = 1250 C, VCB = 24 V, t= 168 hours, 
PT = 10.5 W, with heat-sink (For 40368) 
PT = 32 W, with heat-sink (For 40369) 

(c) Power Age, TFA=25 0 C, VCB =200 V, t= 168 hours. 
PT = 800 mW. free Ilir (For 40385) 

8. (a) For 40366. t record ICBO' hFEIl50 rnA), BV CBV' V CEO(sus), BVEBO ' 
V CE(sat). Data furnished with transistor. 

(b) For 40367, 40368, & 40369, t record ICBO' hFE • BV CEV' V cEdsus), lEBO' 
VCE(saO. Data furnished with transistors. 

(c) For 40385, trecord iCEO' lEBO' VCEO(sus), ICEV' VCE(sat), Wld hFE(20 rnA). 
Data furnished with transistor. 

t Delta criteria after 168 hours Power Age: 

llhFE ± 257. (For all types) iliCBO + 11.J.A (For 40367, 40368. & 40369) 

TERMINAL CONNECTIONS 
FO R 40366,40367, 
AND 40385 

TERMINAL CONNECTlDNS 
FOR 40368 

TERMINAL CDNNECTIONS 
FOR 40369 

Pin 1 - Emitter 
Pin 2 - Base 

Case, Pin 3 - Collector 

Lead 1 - Emitter 

Lead 2 - Base 

Case, Lead 3 - Collector 

Pin 1 - Base 

Pin 2 - Emitter 

Case - Collector 

Mounting Flange - Collector 
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oocraLJD 
Solid State 
Division 

Power Transistors 

40406 40408 40410 
40407 40409 40411 

m 
Silicon N-P-N and P-N-P 
Power Transistors 

404065 
404078 

For Audio-Amplifier 
Applications 

Features: 

40406 & 40407 ~, rn 
-..:::n 40411 40406L 

• VCEO(SUS) = -50 V max. (40406) 
These davices are available with either 1%· 
inch leads (TO-5 package) or %-inch leads 
(TO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num· 
ber; the shorter-lead versions are specified by 
suffix "S" after the type number. 

i 40407L 
4040BL 

• VCEO(SUS) = 50 V max. (40407) 

JEOECTO-3 • 40406 is p-n-p complement of 40407 

• 1 W dissipation rating 

RCA-40406-40411. inclusive. are diffused-junction silicon 
n-p-n and p-n-p transistors intended for use in audio ampli­
fiers. Giving high-quality performance economically. these six 
devices have power dissipation ratings of 1 to 150 W_ 

40408 

• VCEO(SUS) = 90 V max. 

• 1 W dissipation rating 

40409 & 40410 

• VCER(sus) = 90 V max_ (40409) 

• VCER(sus) = -90 V max_ (40410) TERMINAL CONNECTIONS 
FOR 40406-40410 

TERMINAL CONNECTIONS 
FOR 40411 • 40410 is p-n-p complement of 40409 

Pin 1 - Base Lead 1 - Emitter 
Lead 2 - Base 

Case or Heat 
Pin 2 - Emitter 
Case - Collector 

Radiator. Lead 3 - Collector Mounting Flange - Collector 

MAXIMUM RATINGS. Absolute-Maximum Values 40406 

Collector-to-Emitter Sustaining Voltage: 
With base open . . . . . . . . . . . . . . . . . . . . . . . . . VCEQ(sus) -50 
With RBE = 100 n ...................... VCER(sus) 

Emitter-to-Base Voltage:. 
With collector open ... _ . ___ . _______ .. __ . _ 

VEBO -4 
Collector Current _ . __ ... _ . _ .. _____ . _ . ______ IC -0.7 

Base Current ............................. IB -0_2 

Transistor Power Dissipation: P,-
At free-air temperatures up to 25° C __ .. __ . __ 
At free-air temperatures up to 50° C ____ .. ___ 
At case temperatures up to 25° C _ . ___ .. _ . __ 
At other temperatures 

Operating Junction Temperature Range 4 

• 3 W free-air dissipation rating 

40411 

• VCER(sus) = 90 max. 

• Hometaxial-base construction 

• 150 W dissipation rating 

40407 40408 40409 40410 40411 

50 90 
90 -90 90 

4 4 4 -4 4 

0.7 0_7 0_7 -0.7 30 

0.2 0.2 0.2 -0_2 15 

3 3 
150 

See Fig_ 1 See Fig_ 2 See Fig. 3 

65 to +200 ~ 

V 
V 

V 

A 

A 

W 
W 
W 

°c 
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File No. 219 _____________________ 40406 40408 40410 

ELECTRICAL CHARACTERISTICS 

Characteri sti c Vee 

ICEO 

ICBO 10 

lEBO 

VCEO(SUS) 

V CE(sat) 

VBE 

hFE 

hfe 
c 

fT 

6J_C 

6J_FA 

Cob 
d 10 

a Negative for types 40406 & 40410 

cF= 20 MHz 

dF=IMHz,IE=O 

TEST CONDITIONS 

VCE VEe IC Ie 

Volts mA 

40a 

BO 

40° 

BO 

4a 

1000 

150a 15 

-10 -0.1 

10 1 

4 10 

-10 -0.1 

lO 1 

4 10 

10 50 

4° 500 

40407 40409 40411 

LIMITS 

TC 40406 40407 40408 

°c Min. Max. Min. Max. Min. Max. 

25 -lilA lilA 

25 lilA 

150 -101lA lOOIlA 

150 250 llA 

0.251lA 

-lmA 1mA 1mA 

-50 V 50V 90V 

1.4 V 

-O.BV 

O.BV 

IV 

30 200 

40 200 

40 200 

6 

......, 100 MHz (Typ) jill 

350 C/W 35O C/W 350 C/W 

1750 CIW 1750 C/W 1750 C/W 

15pF 
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40406 40408 40410 File No. 219 
40407 40409 40411 --------------------

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

Characteristic VCB 

leER 
b 

lEBO 

. b 
VCER(susl 

VCE(satl 

VBE 

hFE 

fT 

6J_C 

6J_FA 

PRTe 

a Negative for types 40406 &. 40410 

b RBE = 100!l 
e Power rating test at 200 watts 

418 

VCE 

Volts 

80a 

80° 

4° 

4 

4 

-4 

·t 

4a 

4 

40 

VEB IC IB 

rnA 

4° 

100° 

200 

150a 15 

4A 400 

150a 

4A 

150 

-150 

4A 

50° 

4A 

5A 

LIMITS 

TC 40409 40410 40411 

°c Min. Mox. Min. Mox. Min. Mox. 

25 lilA -lilA 500llA 

150 100llA -lOOIlA 2mA 

ImA -lmA 5mA 

90V -90V 

90V 

1.4 V -1.4 V 

0.8 V 

IV -1 V 

1.2V 

50 250 

50 250 

35 100 

~100 MHz (Typ)~ 

800 kHz (Typ) 

1.17° C/W 

500 C/W 500 C/W 

1 sec 
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40409 
40410 
40411 
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Fig. 1 - Dissipation derating curver for 40406, 40407, and 40408. 
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Fig. 3 - Dissipation derating curve for 40411. 
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Fig. 2 - Dissipation derating curve for 40409 and 40410. 
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Fig. 6 - Typical dc beta characteristics for 40411. 
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40406 
40407 

40408 
40409 

40410 ______________________ Fi1e No. 219 
40411 

·ID.' 
COLLECTOR-lO·EMITTER VOL lAGE (VCEI:-4V / FREE·AIR TEMPERATUREfTFA1' 250C 

-8.0 

c r / ~-6.0 -

/ 
B -4.0 .-

Il ;: 
-Z.O 

V 
·0.1 -0.2 -0.3 -0.4 -0.5 -0.6 0.1 -0.8 -0.9 ·1.0·1.1 -1.2 

BASE:' TO-EMITTER VOL TAGE fVBE)-V 

9;?CS-22428 

Fig. 7 - Typical input characteristic for 40406 and 40410. 
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Fig. 9- Typical input characteristics for 40411. 

92CS-13003R2 

Fig. 11 - Typical output characteristics for 40407, 40"!08. and ~n,:09. 
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BASE-TO-EMITTER VOLTS IVSE) 

92CS-12329R2 

Fig. 8 - Typical input characteristics for 40407, 40408, and 40409 . 
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Fig. 10 - Typical outputcharacter;stics for 40406 and 40410. 
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Fig. 12 - Typical output characteristics for 40411. 



File No. 219 40406 -----------------------------------------40407 
40408 
40409 

40410 
40411 

·1 

-I 

FREE·AIR TEMPERATURE fTFA) = 2SI!C 

BASE CURRENT It ) = ·10 .. 

-5 -10 -15 -10 -15 -30 

COLLECTOR· TO·EMITTER VOL lAGE (VCE)-V 

-35 

Fig. 13 - Typical output characteristics for 40406 and 40410. 
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Fig. 15 - Typical transfer characteristics for 40407, 40408, and 40409. 
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Fig. t 7 - Sustaining voltage vs. external base-fa-emitter resistance 
for 40417. 
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Fig. 14 - Typical output characteristics for 40407, 40408, and 40409. 
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Fig. 16 - Typical saturatian·valtagecharacteristics far 40411. 
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Fig. 18 - Typical transfer characteristics far 40411. 
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_______________________________ File No. 302 

DDJ]3LJD 
Solid State 
Division 

3J 

Power Transistors 

Silicon P-N-P Transistors 

For Driver and Output Stages in 
Audio-Amplifier Circuits 

Features: 

• Planar construction provides low-noise and low·leakage 
characteristics 

• Gain bandwidth product (fT) = 50 MHz min. 

40537 
40538 

40537L 
40538L 

JEDEC TOoS 

H·13BO 

40537S 
40538S 

JEDEC TO-39 

• 40538 is p·n·p complement of 40539' rTh-_-d-'-Yic-"-,-,,-,,,-j-'.-b-',-w-i-Ih-'-i-lh-er-. -,%-. ..., 

H·t381 

• Low saturation voltage: 
VCE(sat) = -1.1 V max. (40537) 

= -2.0 V max. (40538) 

• High pulse beta at high collector current: 
hFE = 50 min. at IC = -50 mA (40537) 

= 15 min. at IC = -500 mA (40538) 

inch I.ads CTO'& package) or )S:·inch Iuds 
(TO-39 package). Thelonllr-lud versions are 
specified bV suffix "L" aftar the type num­
ber: the shorta,-Iead versions are specified by 
suffix "'S" aftar the type number. 

RCA·40537 and 40538 are double·diffused. epitaxial·planar. 
silicon p·n·p transistors. They differ in the current at which 
the parameters are controlled. 

The 40537 is designed specifically for use as a driver in audio· 
amplifier circuits. The 40538 is intended as a complement to 
n-p·n type 40539 in complementary·symmetry output stages'. 

* Data for type 40539 appear in File No. 303. 

40537 
MAXIMUM RATINGS,AbsolulrI-Maximum Values: 40538 

COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 
With external base·to·emitter resistance (RBE) = 500 n ............... . VCER(sus) -55 V 

EMITTER-TO·BASE VOLTAGE ................................... . VEBO -5 V 

COLLECTOR CURRENT ...................................... .. IC -0.7 A 

BASE CURRENT .............................................. . IS -0.2 A 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 25° C ............................... . 5 W 
At free·air temperatures ·up to 25° C ............................ . W 
At temperatures above 25° C .................................. . Derate linearly to 0 W at 200° C 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ............................... . -65 to 200 °c 

LEAD TEMPERATURE (During soldering): 
At distance;;' 1/32 in. (O.B mm) from seating plane for 10 s max ........ . 230 °c 
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File No. 302 __________________________ 40537.40538 

ELECTRICAL CHARACTE R ISTICS. A t Case Temperature (T C) = 250 C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
DC VOLTAGE 

VCE 

Collector Cutoff Current 
With external base·to·emitter ICER -45 
resistance (RBE) = 500 n 

Emitter Cutoff Current lEBO 

DC Forward·Current Transfer Ratio hFE 
-4 
-4 

Collector-to· Emitter 
Sustaining Voltage 

VCER(sus) With external base-to-emitter 
resistance (RBE) = 500 n 

Base-to-Emitter Voltage VBE 
-4 
-4 

Collector-to-Emitter 
VCE(sat) 

Saturation Voltage 

Gain-Bandwidth Product fT -4 

Thermal Resistance 
ROJA (Junction·to-Free Air) 

apulsed; pulse duration'" 300 ~s. duty factor < 2%. 

"' 
COLLECTOR-TO-EMITTER VOLTAGE (VeE)" -IOV 

"-
-\~o:;' 

~, .= 120 
0 
;:: .. 
roo ,. \ 

p..1'\l~'C. (TA )- 25-C 
~ 

eo 
>- 1-- ,~~ 
>- .. ~, 
ffi 601-.~ .. 
~ f' 
I 40 

-.~ 0 .. 
; .. 20 
~ 
g 

0 . .. 
-0.1 -1.0 -10 -100 

COLLECTOR CURRENT (leI-rnA 

~ 

1\1 
~.\ 
1\ 

. . . 
-1.000 

92LS-I292 

Fig. 1 - Typical de beta characteristics for both types. 

(V) 

VEB 

-5 

OCCURRENT TYPE TYPE 
UNITS (rnA) 40537 40538 

IC IB MIN. MAX. MIN. MAX. 

- -10 - -10 p.A 

a - -1 - -1 mA 

-50 50 300 - -
-500a - - 15 90 

-100 -55 - -55 - V 

-50 - -1.B - -
V 

-500 - - - -2.7 

-50 -5 - -1_1 - - V 
-500 -50 - - - -2_D 

-50 100 (Typ.) 100 (Typ.) MHz 

- 175 - 175 °C/W 

BASE-TO-EMITTER VOLTAGE (VSEI-V 

92LS-1295.e.'i: 

Fig.2 - Typical transfer characteristics for both types. 
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f:I~: ••..•••..•..••.. ;L I •••••••• ,. 

.. ... . .. 
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-4 -8 -12 16 -20 -0.4 -0.8 -1.2 -I.' -2. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE 1- v COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

921.S-129IRI 92L.S-1287RI 

Fig.3 - Typical output characteristics for both types. Fig.4 - Typical output characteristics for both types. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 



File No. 303 ______________________________ ..:.-

DDLC3LJ1J 
Solid State 
Division 

Power· Transistors 
40539 
40544 

Medium.-Power Silicon 
N-P-N Planar Transistors 
For Driver and Output Stages in 
Audio-Amplifier Circuits 

Features: 
• Low leakage current 

40544L 40539L 

H1375 H13BO 

D Low saturation voltage: 

VCE(sat) = 1.0 V Max. (40544) 
= 2.0 V Max. (40539) 

a 40539 is n·p·n complement 

of 40538* 

These devices are available with either 1%­
inch leads (TO-5 package) or !Ii-inch leads 
ITO-39 package). The longer-lead versions are 
specified by suffix "L" after the type num· 
ber; the shorter-lead versions are specified by 
suffix. "S" after the type number. 

RCA-40539 and 40544 are silicon n-p-n planar transistors. 
Type 40539 employs the JEDEC TO-39 (40539S) or TO-5 
(40539L) package; type 40544 is supplied with a factory­
attached, diamond-shaped mounting flange. 

The 40539 is intended as a complement to p-n-p type 
40538 in complementary-symmetry output stages. The 
40544 was designed specifically as a driver in audio-amp­
lifier circuits. 

* Data for type 40538 appears in File No, 302. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

40539 40544 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-ta-emitter resistance 
(RBE) = 100 n ............................. VCER(sus) 50 V 

(RBE) = 500 n ....... _ ........... _ .......... VCER(SUS) 55 V 

EMITTER-TO-BASE VOLTAGE .................... VEBO 5 5 V 

COLLECTOR CURRENT ... _ ............... _... .. IC 0_7 0.7 A 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 25° C ................. . 5 7 W 

At free-air temperatures up to 25° C ............... . W 

At temperatures above 25° C .................... . Derate linearly to 0 W at 2000 C 

TEMPERATURE RANGE: 
Storage and operating (Junction) ................. . _-65to+20o_ °c 

LEAD TEMPERATURE (During soldering): 
At distance;;' 1/32 in_ (0.8 mm) from 

seating plane for lOs max. _255_ °c 
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40539,40544 _______________________ _ File No. 303 . 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tci = 2!PC 

TEST CONDITIONS LIMITS 

DC Voltage DC Current Type Type 
Characteristic Symbol (V) (rnA) 40539 40544 Units 

VCE VEB IC IB Min. Max. Min. Max. 

Collector-Cutoff Current 
With external base-to-emitter ICER !LA 
resistance (RBE) = 100 fl 40 - _. - 10 

= 500 D 45 - 10 - -

Emitter-Cutoff Current lEBO 5 0 - 1.0 - 1.0 rnA 

DC Forward-Current Transfer Ratio hFE 4 500 15 90 - -
4 50 - - 35 200 

Coil ector- to - Emitter Sustaining 
Voltage 
With external base-to-emitter VCER(sus) V 
resistance (RBE) = 100 fl 100 .- - 50 -

=500fl 100 55 - -

Baso-to-Emitter Voltage VBE 
4 500 -- 2.7 - -
4 50 - - - 1.7 V 

Collector-to-Emitter VCE(sat) ;;00 50 - 2.0 _. - V 
Saturation Voltage 150 15 - - - 1.0 

Gain-Bandwidth Product fT 4 50 100 (Typ.) 100 (Typ.) MHz 

Thermal Resistance 6J -C 35 25 °C/W 
(Junction-to-Case) - -

200 
COLLECTOR-TO-EMITTER VOLTAGE (VCE) =10 V 
fREE-AIR TEMPERATURE ITFA)" 25- C l-

t .15 

~ .50 
a: 
~ .20 ~ r!! 
~ .....- 1\ 
l- • 
i5 ,/ 
~ 75 

~ \ 
I ",,/ 

,/ 

g 
0.1 

4 • .0 • 4 •• .0' . . • 0' 
COLLECTOR CURRENT (IC)- mA BASE-TO-EMITTER VOLTAGEIVBE) - v 

92.S5-3678 92CS-IU29RI 

Fig. 1 - Typical dc-beta characteristics for both types. Fig.2 - Typical input characteristics for both types. 
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I 
COLLECTOR-TO-EMITTER VOLTAGE (VCE}-V 

92CS-12327RI 

0.2 0,4 a .• a .• 1.0 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

92CS-1232SRI 

Fig.3 - Typical output characteristics for all types. FigA - Typical transfer characteristics for all types. 

TERMINAL CONNECTIONS 
FOR 40539 

Lead 1 - Emitter 
Lead 2 - Base 

Case, Lead 3 - Collector 

TERMINAL CONNECTIONS 
FOR 40544 

Lead 1 - Emitter 
Lead 2 - Base 

Flange, Lead 3 - Collector 
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_"---_____________________________ File No. 304 

OO(]5LJD 
Solid State 
Division 

Power Transistors 
40542 
40543 

SILICON N·P·N, MOLDED SILICONE· PLASTIC 1I0MHAXIAL·BASE TRANSISTORS 
RCA-40542 and -40543 are hometaxial**-base silicon 

n-p-n power traDsis~ors employing a new plastic package 
with formed leads which can be inserted into a TO·3 

socket. 

These types differ in voltage ratings and in the 

current at which the parameters are controlled. The 

40542 is intended as a complement to p-n-p type 40051 

in complementry-symmetry output stages of audio-ampli­

fier circuits. The 40543 was designed specifically for 

amplifier applications. 

*Data for type 40051 appears in File No. 67. 

FOR OUTPUT STAGES IN 
AUDIO-AMPLIFIER CIRCUITS 

40542 -- N-P-N Complement of 40051* 

40542 & 40543 
For TO-3 Sockets 

H·1532 

·*"HOMETAXIAL" was coined by RCA from two words, 
"homogeneous" and "axial," to provide a name for a 
transistor structure in which the base region comprises 
homogeneous resistivity silicon material in the axial direc­
tion {emitter ... to-collector}. Hometaxial types provide 
greater power-handling capability, lower saturation resist­
ance, and freedom from second breakdown. 

• Molded silicone-plastic package 

• Low saturation voltage: 

VCE(sat) = 1.0 V max. at IC = 2.5A (40542) 
= 1.0 V max. at IC = 3.0 A (40543) 

• Low thermal resistance: 
e J-C = 1.5 °C/W max. 

MAXIMUM RATINGS 

,Absolute-Maximum Values: 

COLLECTOR-TO-EMITIER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (RSE) = 100 n. . . . . ... VCER(sus) 

EMITTER-TO-BASE VOLTAGE •••••••••••••••••••••••••• 

COLLECTOR CURRENT •••••••••••••••••••••••••.••.. 

TRANSISTOR DISSIPATION: •••••••.••••••••••••••••••• P T 

At case temperatures up to 250 C ••••••••••••••••••••••• 

At temperatures above 250 C •••••••••••• ~ ••••••••••••• 

TEMPERATURE RANGE: 

Storage & Operating (Junction) ••••••••••••••••••••••••• 

LEAD TEMPERATURE (During Soldering): 

At distances:!!:' 1/16 in. fcom seating plane for 10 s max. 

40542 

50 

6 

83 

40543 

60 

5 

8 

83 

Derate linearly 
to 0 W at 1500 C. 

-65 to 150 

235 

V 

V 

A 

W 

1()'67 
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File No. 304 __________________________ 40542,40543 

ELECTRICAL CHARACTERISTICS 

Case Temperature (TCI = 250 C 

TEST CONDITIONS 

Characteristic Symbol 
DC Voltage DC Current 

(V) (A) 

VCE VEB IC IB 

Coliector-CutoH Current 
With external base .. to .. emitter ICER 

40 

resistance (RBE) = 100 n 50 

Emi tter-Cu toff Curren t lEBO 5 0 

DC Forwarct-Current Transfer Ratio hFE 
4 2.5" 
4 3.0" 

Collector-to-Emitter Sustaining Voltage 

With external base .. to-emitter VCER(sUS 0.2" 
resistance (RBE) = 100 n 

Base-to-Emi tter Voltage VBE 
4 2.5" 
4 3.0" 

Collector-to-Emitter Saturation Voltage VCE(sat) 
2.5" 0.25 
3.0" 0.3 

Gain-Bandwidth Product fT 4 0.5 

Thermal Resistance· 
Bl-C (Junction-to-Case) 

"Pulsed; pulse duration = 300 p.s, duty factor = 1.8%. 

TERMINAL CONNECTIONS FOR TYPES 
40542 & 40543 

Lead No. 1- Base 
Lead No.2 - Emitter 

Mounting Flange - Collector 

LIMITS 

Type Type 
Units 

40542 40543 

Min. Max. Min. Max. 

- 1.0 - - ,nA 
- - - 1.0 

- 5.0 - 5,0 mA 

20 70 - -
- - 20 70 

50 - 60 - V 

- 1.7 - - V 
- - - 1.7 

- 1.0 - - V - - - 1.0 

0.8 2.8 0.8 2.8 MHz 

- 1.5 - 1.5 °C/W 
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40542,40543 __________________________ File No. 304 

TYPICAL DC BETA 
FOR TYPE 40542 

TYPICAL INPUT CHARACTERISTICS 
FOR TYPE 40542 

COLLECTOR· TO _EMITTER VOLTAGE (VeE) .4 V COlLECTOR·TO·ElOTl£R VOLTAGE (VCE)=4 V 

0.6 
CASE TEMPERAlURE (Te) • 2SOC 

70 

"H! .. 
'" i so 1.---,.... 
~ V 
!!: 
S .. ,;' '\ / iii 30 

I'" ~ ,./ 

I \ 
10 

lj 

0.01 
. ,. 

0.1 
. ,. 

1 

COLLECTOR CURRENT lIe) - A 

Fig. 1 
TYPICAL OUTPUT CHARACTERISTICS 

FOR TYP E 40542 

CASE TEMPERATURE (Tcl=25 DC 

500 

400 

BASE CURRENT (10)= 100 rnA 

10 30 

COLLECTOR-TO·EMITIER VOLTAGE (VCE)-V 

Fig. 3 

50 

10 

0.5 1.0 1.5 

-BASE· TO·EIIITTER VOLTAGE (VBEI-V 

Fig. 2 

10 

ms·J!i02 

TYPICAL TRANSFER CHARACTERISTICS 
FOR TYP E 40542 

TYPICAL GAIN. BANDWIDTH PRODUCT 
FOR TYPE 40542 

COLLECTOR· TO· EMITTER VOLTAGE IVCEI"' V 

430 

0.5 1.0 

BASE·TD- EMITTER VOLTAGE cYBEI-V 

Fig. 4 

2.0 
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File No. 304 ----------------------___ 40542, 40543 

TYPICAL DC BETA 
FOR TYPE 40543 

TYPICAL INPUT CHARACTERISTICS 
FOR TYPE 40543 

COLLECTOR·TO-EMlnER VOLTAGE (Vee) • .c v 
CASE TEMPERAlURE (Tel. l50 C 

1l! 
; 

S 

i .. 
I 
~ 

~ 

70 .. 
./ I--r--. so 

.. 
V 

30V .. 
10 

D 

0.01 
. .. 

D.I 
... 

COLLECTOR CURRENT (Iel-A 

Fig. 6 

I'\. 

1\ 
\ 

9ZSSol681 BASE· TO· EMITTER VOLTAGE (VBE)-V 

Fig. 7 

TYPICAL OUTPUT CHARACTERISTICS 
FOR TYPE 40543 

ID 

CUJ.ECl1III.TO-EllTTERVOLTAGE IVCEl-V 

Fig. 8 
TYPICAL TRANSFER CHARACTERISTICS 

FOR TYPE 40543 
TYPICAL GAIN·BANDWIDTH PRODUCT 

FOR TV PE 40543 

BAIE-TQ-EIIITTERVOLTAGE IVBE)-V 
Fig. 9 

COLLECTOR-TO· EMITTER VOLTAGE (VCEI- 4V 
CASE TEMPERATURE (Tc)= 250e 

1.' 

1.4 , 
1.2 / 

~ 
t; 1.0/ g 
IE 0.8 

S 0.6 

i 0.4 

~ 0.2 

0 

0.01 
2 . 

r--. 
" 

1\ 

• . 0.1 2 . , . 
COLLECTOR CURRENT (le)-A 

Fig. 10 

\ 
1\ 

2 . , . 
10 

92S5-3594 
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______________________________ File No. 358 

[RlOBLJD 
Solid State 
Division 

~ " 
, \ '\ .. 

\ H·1570 

H-1534R1 40636 
40613 40627 JEDEC TO-3 40618 40629 
40621 40630 
40622 40631 
40624 40632 

JEDEC TO-220AA 
(For TO-66 Sockets) 

m E;t 

.. 
405948 , I 
405958 

11\ 
406118 , , 406168 

I I \ 406348 
406358 

40594L 
40595L 
40611L 

H-1468 40616L 
40635L 

JEDEC 
TO-39 

40625L or S JEDEC TO-5 

40628L or 5 

See NOTE 
With Heat-Radiator 

at right 

See NOTE at 
right above 

H-13BO H-1381 

RCA-40594, 40595, 40611,40613,40616, 
40618, 40621, 40622, 40624, 40627-
40632, and 40634-40636, inclusive are 
silicon n-p-n and p-n-p transistors intended 
for driver and output stages in high-fidelity 
amplifier circuits. 

These devices have been specifically designed 
for use in complementary-and-quasi-comple­
mentary-symmetry audio-amplifier circuits. 

432 

Power Transistors 
40594 40595 40611 40613 
40616 40618 40621 40622 
40624 40625 40627-40632 

40634-40636 

Silicon Transistors for 
Audio-Frequency 
Linear-Amplifier Applications 

Transistors for Driver 
Appl ications: 

N-P-N Types 
NOTE: 

40594 40616 40628 
40611 40625 40635 

P-N-P Types 

40595 40634 

These devices are available with either 1%­
inch leads (TO-5 package) or %-inch leads 
fTO·39 package). The longer..Jead versions are 
specified by suffix "L" after the type num­
ber: the shorter-lead versions are specified by 
suffix "S" after the type number. 

Transistors for Output Applications: 
N-P-N Types 
40613 40624 
40618 40627 
40621 40629 
40622 40630 

40631 
40632 
40636 

TERMINAL CONNECTIONS 
FOR TYPES IN 
TO-220AA PACKAG E 

Lead NO.1 - Base 
Stub - Do not use stub as tie point. 

Lead No.3 - Emitter 
Mounting Flange - Collector 

TERMINAL CONNECTIONS FO R 40636 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

TERMINAL CONNECTIONS 
FO R TYPES IN TO-5 
OR TO-39 PACKAG E 

TERMINAL CONNECTIONS 
FOR 40625 AND 40628 

Lead 1 - Emitter 

Lead 2 - Base 

Case, Lead 3 - Collector 

Lead 1 - Emitter 

Lead 2 - Base 

Heat-Radiator, Lead 3 - Collector 
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File No. 358 40594-5,40611,40613,40616,40618 
------------------40621-2, 40624-5, 40627-32,40634-36 

·MAXIMUM RATINGS, Absolute-Maximum Values: 

RCA Type VCEOlsuSI VCERI sus), VEBO Ie IB P T - W' 
Temp. Range 

i Slor age & Oper atingl 

V V V A A TC = 25°C T A = 25°C °c 
+ 

40594 95 4 2 1 10 1.2 65 to 200 
40595 - -9~ -4 -2 -1 10 1.2 65 to 200 
40611 25 - 2.5 0.7 0.2 5 1 65 to 200 

40613 25 - 5 4 2 36 1.8 65 to 150 
40616 32 - 2 •. 5 0.7 0.2 5 1 65 to 200 
40618 30 - 5 4 2 36 1.8 65 to 150 
40621 32 - 5 4 2 36 1.8 65 to 150 
40622 40 - 5 4 2 36 1.8 65 to 150 
40624 45 - 5 6 3 50 1.8 65 to 150 
40625 45 - 7 1 - - 3.5 65 to 200 

40627 55 - 5 6 3 50 1.8 65 to 150 
40628 55 - 7 1 - - 3.5 65 to 200 
40629 - 35 5 4 2 36 1.8 65 to 150 
40630 - 40 5 4 2 36 1.8 65 to -150 
40631 - 45 5 4 2 36 1.8 65 to 150 
40632 - 60 5 6 3 50 1.8 65 to 150 

40634 - -75 -7 1-0.1 -0.2 5 1 65 to 200 
40635 - 75 7 0.7 0.2 5 1 65 to 200 
40636 - 95 7 15 7 115 - 65 to 200 

• RBE ~ 68 n(40612, 40623, & 406261 
= lOOn 140594, 40595, 40629, 40630, 40631, 40632, 40633, 40634, 40635, & 40636) 

OPT at temperatures above 25°C, derate linearly to 0 walts at maximum temperature 
1 e.g. + 100, + 150, or + 200°C). 

ELECTRICAL CHARACTERISTtCS, At Case Temperature = 2tPC 

RCA 
ICBO Max, ICER Max. lEBO Max. VCEQ(sus) Min. 

e-:-:--
VCE RBE Type VCB VEB IC 

}J-A V }J-A rnA V n }J-A rnA V V rnA 

40611 0.5 15 - - - - - 1 2.5 25 100 
40613 2 25 - - - - - ·1 5 25 100 
40616 0.5 15 - - - - - 1 5 32 100 
40618 2 30 - - - - - 1 5 30 100 

40621 0.5 30 - - - - - 1 5 32 100 
40622 - - 500 - 40 100 - 1 5 40 100 
40624 - - 500 - 45 100 - 1 5 45 100 

40625 0.25 60 - - - - I - 5 45 100 

40627 - - 500 - 55 100 - I 5 55 100 
40628 0.25 60 - - - - 1 - 5 55 100 
40629 - - - 0.5 30 100 - I 5 - -
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40594-5,40611,40613,40616,40618 _________________ File No_ 358 
40621-2,40624-5,40627-32,40634-36 

ELECTRICAL CHARACTERISTICS, At Case Temperature = 2!f1C (Cant'd) 

RCA 
ICBO Max_ ICER Max_ lEBO Max. VCEQ(sus) Min. 

Type VCS VCE RSE VES IC 

/LA V 11A rnA V 0 (LA rnA V V rnA 

40630 - - - 0.5 35 100 - 1 5 - -
40631 - - - 0.5 40 100 - 1 5 - -
40632 - - - 0.5 50 100 - 1 5 - -
40634 - - -10 - - 65 100 - - 0.1 -4 - -
40635 - - 10 - 65 100 - 0.1 ' 4 - -
40636 - - - 0.5 85 100 - 1 4 - -
40594 - - 10 - 85 100. - 0.1 4 - -
40595 - - -10 - - 85 100 - - 0.1 -4 - -

VCERi sus) Min. VCEisat) Max. VBE Max. hFE 
RCA 

IC RBE IC IB VCE IC IC VCE Type 
V rnA \i V rnA rnA V V rnA Min. Max. rnA V 

- - - - - - - - - 70 500 50 4 40611 
- - - - - - - 1.3 4 1000 30 120 1000 4 40613 
- - - - - - - - - 70 500 50 4 40616 
- - - - - - - - - 30 120 1000 4 40618 

- - - 1 1500 150 1.5 4 1500 25 100 1500 4 40621 
- - - 1 1500 150 1.5 4 1500 25 100 1500 4 40622 
- - - 1 2500 250 1.7 4 2500 20 100 2100 4 40624 

- - - 0.5 150 15 1 4 150 100 300 150 10 40625 
- - - 1 2500 250 1.7 4 2500 20 100 2500 4 40627 
- - - 0.5 150 15 1 4 150 100 300 150 10 40628 
35 100 100 1 1000 100 1.3 4 1000 20 70 1000 4 40629 

40 100 100 1 1500 150 1.4 4 1500 20 70 1500 4 40630 
45 100 100 1 2000 200 1.5 4 2000 20 70 2000 4 -40631 
60 100 100 1 3000 300 1.4 4 3000 20 70 3000 4 40632 

-75 - 100 100 - 0.8 - 150 - 15 - 1.4 -4 - 150 50 250 - 150 -4 40634 

75 100 100 0.8 150 15 1.4 4 150 50 250 150 4 40635 
95 200 100 1 4000 400 1.4 4 4000 20 70 4000 4 40636 
95 100 100 0.8 300 30 1.4 4 300 70 350 300 4 40594 

- 95 - 100 100 - 0.8 - 300 - 30 -1.4 -4 - 300 70 350 -300 -4 40595 
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File No. 356 ____________________________ _ 

OO®LJD 
Solid State 
Division 

RCA-40608 is an epitaxial silicon n-p-n planar transis­
tor. It is especially designed for operation as a Class A. 
wide-band power amplifier in VHF circuits. 

The features of high gain-bandwidth product and low 
cross-modulation make the 40608 especially suited for 
use in CATV and MATV systems. 

*Formerly RCA Dcv. Type No. TA2761 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE .. VCBO 40 V 

COLLECTOR-TO-EMITTER 
VOLTAGE: 
With external base-ta-emitter 

resistance. (RBE) = lOOn ..•.•. VCER 40 V 

EMITTER-TO-BASE VOLTAGE ..... VEBO 2 V 

COLLECTOR CURRENT •...•.•.• IC 0.4 A 

TRANSISTOR DISSIPATION ....... PT 
At case temperatures up to 250 C . . . . . . 3.5 W 
At case temperatures above 25oC ...... See Fig. 1. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ..... -65to + 200 °C 

LEAD TEMPERATURE <During soldering): 
At distances 2!: 1/32 in. <0.79 mm) from 

seating plane for 10 s max ..•..••... 

11-73 

230 °C 

RF Power Transistors 

40608 

SILICON N-P-N "overlay" 
TRANSISTOR 
For Class A Wide-Band 
CATV and MATV 

Applicatiations 

Features: 

o High Gain-Bandwidth Product 

o Low Cross-Modulation 

H-1381 

JEDEC TO·39 

CASE TEMPERATURE _·c 
92LS-1224RI 

Fig. 1- Dissipation Derating Curve 
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40608 _____________________________ File No. 356 

ELECTRICAL CHARACTERISTICS, Case Temperature = 25 0 C 

Test Conditions 
DC DC 

Characteristic Symbol Collector Current Limits Units 
Volls (mA) 

VCB VCE IE IB IC Min. Max. 

Coliector·Cutoff Current ICED 20 0 100 "A 

Coliector·to·Base 
V(BR)CBO 0 0.1 40 V 

Breakdown Voltage 

Collector·to·Emi tter VCER(sus) 50" 40 V 
Voltage (Sustaining) 

Em i tter ·to·Base 
V(BR)EBO 0.1 0 2 V 

Breakdown Voltage 

Coliector·to·Emi tter VCE(sat) 10 50 1.0 V 
Saturation Voltage 

Coliector·to·Base Capacitance 
Cob 30 0 3.0 pF 

(Measured at 1 MHz) 

Gain·Bandwidth Product fT 15 50 700 MHz 

DC Forward·Current 
hFE 15 50 35 120 

Transfer Ratio 

Voltage Gain VG 15 50 11 dB 
(See Fig. 2.) 

Cross Modulation CM 15 50 -57 (Typ.) dB 
@46dBmV(See Fig. 3.) 

a Pulsed through an inductor (20 mH); duty factor = 50~,o; RSE = 1000.. 

Generator No.1 & No.2 
Matching Nel\vorJ, No.1 

& No.2: 
Combiner: 
Variable Attcnuator: 
Field Strength Meter. 

with Detector Output: 
Potentiometer: 
Filter: 
AC Voltmeter: 

92LS-122~RI 

Hewlett-Packard, HP608D, 
or ('quivalent 
50 to 75.0 
20 dO isolation between generators 
As required 

50-220 MHz 
100kD 
1000Hz 
Ballantine 861, or equivalent 

Fig. 2· Block Diagram for Cross·Moc/ulation 

Test Set·Up 
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OPERATING INSTRUCTIONS FOR 
CROSS·MODULATION TEST 

1. Set up equipment as shown in Fig. 2. 

2. Set generator No.1 to 150 MHz modulated 30% by 1000 Hz, 
and tunc field strength meter to 150MHz. 

3. Adjust output of generator No.1 to give rated output of 
the amplifier. 

4. Adjust potentiometer to calibrate voltmeter for a convenient 
level. This level then corresponds to 100% cross modulation. 

5. Remove modulation. 

6. Set generator No.2 to 210MHz modulated 30% by 1000Hz 
and tune field strength meter to 210 MHz. 

7. Adjust output of generator No.2 to give rated output of the 
amplifier. (If the amplifier hus a flat response then the out­
put of the two signal generators will be equal,) 

8. Tune field strength meter to 150 MHz CW and read voltmeter. 

9. Turn voltmeter to proper scale for reading. Calculate per­
centage of cross modulation based upon 100% level set in 
step 4. 



File No. 356 _____________________________ 40608 

"4 

I~T 
4 

BIFILAR WINDINGS 
a CONNECTIONS 

c1, C2, CS: 0.0021LF 

C3: 7-100 pF, ARCO 423, 
or equiva1ent 

C4: .031L F 

C6 , C7: 1,500 pF 

CS ' Cn: S~OpF, ARCO 404, 
or equivalent 

R1: 3900, Y..W 

R2: 6.S0, Y..W 

R3: 3300,1 W 

R4: 2700, Y..W 

T: 4 turns No. 30 wire. bifilar 
wound; toroidal core: 3/8 in. OD, 
3/16 in •. !D, liS in. thick, IGC' 
type Q-l, or equivalent. 

*Indiann General Corp., Electronics/Ferrites Div., 
Keasbey, N.J. 

Fig. 3·RF Amplifier Circuit for Voltage Gain Test 

TYPICAL ADMITTANCE CHARACTERISTICS 

(Common·Emitter Circuit) 

100 

FREQUENCY-MHz 

92LS-1234R2 

Fig. 4· Forward Transfer Admittance 

t3 IcOLlECTOR-TO·EMITTER VOLTS (VCE)=20 1 JII' 50! 
~ ~ ~AM(lIENT TEMPERATURE (TA):25 D C "I b'; 

;, 20-- -- JV~'-f-
~~ - -- --.-1-- :-"/~--+--+--1 
... .- I .til;, 
~ou ~_ I..-~--I---l--+--l-, -1--1---$ ---- ~---
z '" i i l 
8.D. ! I ~ 
'" w 1.0 f--f--L.-l---l-'_ .. 1:-J..l.f 1E'"25, 50,OR 75 

~ ~ 1:-1-, 
"'« ~""(J ----- --~ &: ~~,(,. .,.--------- ~--
~ ~ ..... 
w'" ffi ~ .5 ~~ ----- --- -_._----

~o 

lOa 

F'REOUENCY-MHz 

92LS-J238R2 

Fig. 5 - Reverse Transfer Admittance 
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40608 __________________ ~ ________ File No. 356 

0 

si 
;EE 
::II 40 

a iii 
i~ 
'::0 
O'::::i 30 
.0 
~!! z _ .. -
ti~ 

20 iii'" 
i'jl! 
<>I! 

i~ 
~m 10 

l!i 

438 

TYPICAL ADM(TTAHCE CHARACTERISTICS 

(Common.Emitter Circuit) 

C°lfof~~~;~ITTER .. J" COLLECTOR-lO-EMITTER 

AM:iEL~~ ~;~~~~:URE H+-----I----1 AMBIENT TEMPERATURE , l~ .I ITA)z25-C , 50, 
, ' .... 11!t_ 

(TA) -2S·C 

f--

i 

~'" 
, 

, 
IE·25 

50 

70 

I ., .... ;:::. .... i,.S\1.E.'· 
" .... ::: ..... pJlRE.~ 

l),f.: ;.~\\..\..\ 
E.ll\11E.: 

r--..... 
~ 

::::;.-- 7' 

f-+-+--l-+--I-,E.~ MILLIAMPERES IIEI-15_ 

E.:~::_ :=====fce-:': 
_-- 2.5 

IS e 100 
100 

fREQUENCY - MHz 
FREQUENCY -MHz 

92LS-1236R2 

Fig. 6· Input Admittance Fig. 7 • Output Admittance 

1000 

• .. 
E 4 
I 
u 

H • .. 
z 
~ 
§IOO 
<> • 
'" 0 • .. 
~ 4 

8 
• 

10 

CASE TEMPERATURE(Tc)-IOO·C 

Ie MAX . 

1'-. 
~OT'SPOT TEMPERATURE 

{TJS'-ZQO ·C 

NOTE: 
TJS IS DETERMINED BY 
USE OF INFRARED 
SCANNING TECHNIQUES 

2'~ '00 
COLLECTOR-lO-EMITTER VOLTAGE (VCE'-V 

92CS-228!57 

Fig. 8, Safe Area for DC Operation 

TERMINAL CONNECTIONS 

lead 1 - Emitter 
lead 2 - Base 
lead 3 - Collector, Case 

.2LS-1257R2 



File No.49B ________________________________ _ 

40850 
40851 

ffil(]5LJD 
Solid State 
Division 

JEDECTO·66 

40852 
40853 
40854 

JEDEC TO·3 

Power Transistors 
40850 40851 
40852 40853 

40854 

450-V Silicon N-P-N Types 
For Off-Line Switching-Regulator Type 
Power-Supply Applications 

Features: 
• High·voltage ratings for operation from power lines without 

a step-down transformer 
" Popular JEDEC TO·3 and TO·66 hermetic packages 

Applications: 
g For use in switching-regulator supplies which feature: 

- A substantial reduction in size and weight due to 
elimination of the 60·Hz power transformer. 

- Operation with a substantial reduction of heat 

RCA 40850-40854, inclusive, are silicon n·p·n power 
transistors,selected from RCA's line of silicon power transis­
tors,for power·supply applications. Their high·voltage ratings 
(450 V) permit operation directly off the power line thereby 
eliminating the heavy and bulky 60-Hz power transformer. 

a 5·V, off·line supplies with current ratings of 
25,50, 100, or 200 A 

" 30·V, off·line supplies with current ratings of 
5, 10,20, or 40 A 

Their fast switching speeds (t r plus tf equal to less than 2.0 
liS) permit operation above the audio·frequency range (20 to 
30 kHz) for quiet performance, and permit the use of small 
ferrite-core transfqrmers for changing the voltage level. 

These types have sufficient voltage capability to be used as 
push-pull inverters or pulse-width-modulated inverters oper­
ating directly off the 120·V power line. 

Types 40850-40854 have sufficient voltage capability to 
operate as switching regulators off a 240·V line; for 120·V 
lines, the prototypes can be used. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

40850 40851 

COLLECTOR·TO·BASE VOLTAGE, 
VCBO 450 450 

COLLECTOR·TO·EMITTER 
SUSTAINING VOLTAGE: 

With base open, VCEO(sus) 300 350 

With external base-ta-emitter 
resistance (RBE)S.50 n, 
VCER(SUS) 400 375 

EMITTER·TO·BASE VOLTAGE, 

VEBO 6 9 

COLLECTOR CURRENT, IC 
Continuous and Average 2 7 
Peak (10 ms max.) 5 10 

CONTINUOUS BASE CURRENT, IB 4 

• Formerly RCA40832. 

11·73 

A brief description of these types, together with prototype 
identification, is given in the tables on pages 2, 3, and 4. 

40852" 40853 40854 

450 450 450 V 

350 300 300 V 

375 375 325 V 

9 6 6 V 

7 10 15 A 
10 15 30 A 

4 5 10 A 

Continued on following page. 

439 



40850-40854 _____________ ---..,. ___________ File No. 498 

MAXIMUM RATINGS (cont'd): 

TRANSISTOR DISSIPATION, Pr 
(Power Dissipation-Limited Region') 
At case temperaures up to 250 C 

At case temperaures above 250 C 
and in the IS/b-Limited Region' 

TEMPERATURE RANGE: 
Storage & Operating (Junction) 

PIN TEMPERATURE (During 
Soldering): 

At distances> 1/32 in. 
(O.B mm) fro-m case for 10 s max. 

40850 40851 40852- 40853 40854 

35 45 100 100 175 W 

See derating curves in prototype bulletins. 

_----------65 to +200 °c --------

_-----------------------2~oC-------------_. 

... Safe-operating-area cu~es for prototype devices should be extended to the maximum values of collector current given for these devices . 
• Formerly RCA-40832 

TERMINAL CONNECTIONS (All Types) 
Pin 1 . Base 

Pin 2 . Emitter 

Mounting Flange, Case· Collector 

Type 40850 (For 5-V, 25-A & ~-V, 5-A Power Supplies) 

Package: JEDEC TO-66 
Application Information: See "RCA Power Circuits" manual SP-52 and RCA Application Note AN3065 

ELECTRICAL CHARACTERISTICS,At Case Temperature (TCi = 25'1C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
MIN. ,MAX. 

Collector-Cutoff Current: ICEV VCE = 450 V, VBE = -1.5 V - 0.2 mA 

With base reverse biased ICEV VCE = 450 V, VBE = -1.5 V, TC = 1250 C - 2 mA 

Collector-to-Emitter Voltage 
VCEO 

. 
IC = 0.2 A,IB = 0 300 V 

With base open -

Collector-to· Emitter Voltage • With external base-to- VCER IC = 0.2 A, RBE = 50 n 400 - V 
emitter resistance (RBE) 

Emitter-to-Base Voltage VEBO IE=5mA,lc=0 6 - V 

DC Forward·Current Transfer 
hFE IC = 0.75 A. VCE = 10 V Ratio 

25 -

Collector-ta-Emitter Saturation 
VCE(sat) IC = 2 A. I B = 0.4 A 2.0 V 

Voltage -

Base·to·Emitter Saturation 
VBE(sat) 

Voltage IC=2A,IB=0.4A - 2.0 V 

Second-Breakdown Collector 
Current: ISIb • VCE = 100V 0.35 A -
With base forward biased 

Second-Breakdown Energy: 
ES/b· 

L = 100 /lH, IC(PEAK) = 2 A. R = 20 n 
0.2 - mJ 

With base reversed biased VBE=-4V 

a For characteristics curves and test conditions, refer to published data for prototype 2N3585 I File 1381. 
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Type 40851 (For 5·V, 50·A & 30·V, 10·A Power Suppliesl 
Package: JED EC TO·66 

Appiications Information: See "RCA Power Circuits" manual SP·52 and RCA Application Note AN4509 

ELECTRICAL CHARACTERISTICS At Case Temperature (TCI ~ 2ff'C Unless Otl,erwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector-Cutoff Current: ICEV VCE ~ 450 V, VBE ~ -1.5 V 

With base reverse biased ICEV VCE ~ 450 V, VBE - -1.5 V, TC = 1250 C 

Collector-ta-Emitter Voltage 
VCEO 

a 
IC = 0.2 A, IB = 0 

With base open 

Collector-ta-Emitter Voltage a 
With external base-to- VCER IC = 0.2 A, R B E = 50 n 
emitter resistance (RaE) 

Emitter-ta-Base Voltage VEBO IE = 1 rnA, IC = 0 

DC Forward-Current Transfer 
hFE IC = 1.2 A, VCE = 1.0 V 

Ratio 

Collector-ta-Emitter Saturation 
VCE(satl IC = 4 A, IB = 0.8 A 

Voltage 

Base-ta-Emitter Saturation 
VBE(satl IC=4A,IB=0.8A 

Voltage 

Second-Breakdown Collector a 
Current: ISlb VCE = 50 V 
With base forward biased 

Second-Breakdown Energy: 
ESIb 

a L = 100 jlH, IC(PEAKI = 3 A, R = 50 n 
With base reversed biased VBE=-4V 

a For characteristics curves and test conditions, refer to published data for prototype 2N6079 (File 492). 

Type 40852 (For 5·V, 50·A & 30·V, 10·A Power Supplies I 
Package: JEDEC TO·3 

LIMITS 
MIN MAX. 

- 0.5 

- 5 

350 -

375 -

9 -

12 -

- 3 

- 2 

0.9 -

0.45 -

Applications fnformation: See ;'RCA ·Power circuits" manual Sp·52 and RCA Application Note AN4509 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tci ~ 2!f1C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 
Collector-Cutoff Current: ICEV VCE = 450 V, VBE ~ -1.5 V - 0.5 

With base reverse biased ICEV VCE = 450 V, VBE = -1.5 V, TC = 125°C - 5 
Collector-to-Emitter Voltage 

VCEO 
a 

IC = 0.2 A, I B = 0 350 
With base open -

Collector-to-Emitter Voltage a 
With external base-to- VCER IC = 0.2 A, RBE = 50 n 375 -
emitter resistance (RBE) 

Emitter-to-Base Voltage VEBO IE = 1 rnA, IC = 0 9 -
DC Forward-Current Transfer 

hFE Ie = 1.2 A, VCE = 1.0 V 12 -
Ratio 

Collector-to-Emitter Saturation 
VCE (satl IC = 4 A, IB = 0.8 A - 3.0 

Voltage 
Base-to-Emitter Saturation 

VBE(satl IC =4A,IB =0.8A - 2.0 
Voltage 

Second-Breakdown Collector a 
Current: ISIb VCE = 40 V 2.5 -
With base forward biased 

Second-Breakdown Energy: 
ESIb 

a L = 100jlH,IC(PEAKI = 3 A, R - 50n 
0.45 -

With base reversed biased VBE = -4 V 

a For characteristics curves and test conditions, refer to published data for prototype 2N5840 (File 410). 

UNITS 

rnA 

rnA 

V 

V 

V 

V 

V 

A 

rnJ 

UNITS 

rnA 

rnA 

V 

V 

V 

V 

V 

A 

rnJ 

441 



40850-40854 _____________ -..,.. ___________ File No. 498 

442 

Type 40853 (For 5·V, 100·A & 3D·V, 20·A Power Supplies) 
Package: JEDEC TO·3 
Applications Information: See "RCA Power Circuits" manual SP·52 

ELECTRICAL CHARACTERISTICS At Case Temperarure f7C1 ~ 2ff'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. 

Collector-Cutoff Current: ICEV VCE = 450 V, VBE = ·1.5 V -
With base reverse billsed ICEV VCE - 450 V, VBE - ·1.5 V, TC = 125°C -

Collector-ta-Emitter Voltage 
VCEO· 

With base open 
IC = 0.2 A, IB = 0 300 

Collector-ta-Emitter Voltage 
VCER 

. 
IC = 0.2 A, RBE = 50 n 375 

With external base-to-
emitter resistance (RSE) 

Emitter-ta-Base Voltage VEBO IE - 5 mA, IC = 0 6 

DC Forward-Current Transfer 
hFE IC = 5 A, VCE = 4 V 10 

Ratio 

Collector-ta-Emitter Saturation 
VCElsa') IC = 8 A, IB = 1.6 A 

Voltage -

Base-ta-Emitter Saturation 
VB Elsa') IC = 8 A, IB = 1.6A 

Voltage 
-, 

Second-Breakdown Collector 

Current: ISlb 
. 

VCE = 50 V 2.2 
With base forward biased 

Second-Breakdown Energy: 
ES/ba L = 50 IlH, ICIPEAK) = 5 A, R = 20 n 

0.62 With base reversed biased VBE =·4 V 

a For characteristics curves and test cordltlons, refer to published data for prototype 2N5805 (FIle 407). 

Type 40854 (For 5·V, 200·A & 30·V, 40·A Power Supplies) 
Package: JEDEC TO·3 

AppliCations· Information: See "RCA Power Circuits" manual SP·52 

ELECTRICAL CHARACTERISTICS At Case Temperarure (TC) ~ 2ff'C Unless Otherwise Specified 

MAX. 

1.0 

10 

-

-

-

3.0 

2.0 

-

-

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 

Collector-Cutoff Current: ICEV VCE = 450 V, VBE = ·1.5 V - 1.0 

With base reverse biased ICEV VCE = 450 V, VBE = ·1.5 V, TC - 125°C - 10 

Collector-to-Emitter Voltage 
VCEO 

a 
IC = 0.2 A, 18 = 0 300 

With base open -

Collector-to-Emitter Voltage 
a 

With external base-to- VCER Ic = 0.2 A, RBE = 50 n 325 -
emitter resistance (RBE) 

Emitter-to-Base Voltage VEBO IE = 5 mA, IC = 0 6 -
DC Forward-Current Transfer 

hFE IC = 10 A, VCE = 4V 
Ratio 8 -

Collector-to-Emitter Saturation 
VCElsat) IC = 16 A, IB = 3.2 A 3.0 

Voltage -

Base-to-Emitter Saturation 
VBElsa') Voltage IC = 16A,IB = 3.2 A - 3.0 

Second-Breakdown Collector 
Current: ISIb 

a 
VCE= 30V 5.8 -

With base forward biased 

Second-Breakdown Energy: 
ESIb 

a L - 50 IlH, ICIPEAK) = 10 A, R = 50 n 
2.5 With base reversed biased VBE = -4 V -

a .. 
For characterrstlcslcurves and test condItIons, refer to publrshed data for prototype 2N6251 (FIle 5231. 

UNITS 

mA 

mA 

V 

V 

V 

V 

V 

A 

mJ 

UNITS 

mA 

mA 

V 

V 

V 

V 

V 

A 

mJ 



File No. 548 

D\l(]5LJ[J RF Power Transistors 
Solid State 
Division 40894 

40895 
40896 
40897 

High - Frequency 
Silicon N-P-N Transistors 
For TV·Tuner, FM and AM/FM "Front·End", and 
IF Amp,lifier, Oscillator, and Converter Service 
Features: 
• High gain·bandwidth products: 

fT = 1200 MHz typo for tuner types 
= 800 MHz typo for if-amplifier types 

• Very low collector·to·base feedback capacitance: 
Ccb = 0.7 pF typo for 40894.40895 

• Low noise figure: 
JEDEC TO·72 H-1299 3 dB typo at 200 MHz for rf amplifier type 

RCA-40894; 40895. 40896. and 40897 are high-frequency 
n-p-n silicon devices characterized especially for rf. mixer. 
oscillator. and if stages of vhf. SSB. and FM receivers. 

• High power gain as neutralized amplifier: 
GpE = 15 dB min. at 200 MHz (40894) 

• High power output as uhf oscillator: 
POE = 20 mW typ_ at 500 MHz (40896) 

These devices utilize a hermetically sealed four-lead JEDEC 
TO-72 package_ All active elements of the transistor are in­
sulated from the case. which may be grounded by means of 
the fourth lead in applications requiring minimum feedback 
capacitance. shielding of the device. or both. 

• Low noise figure: 
NF = 4_5 dB max_ at 200 MHz (40894) 

• Low collector-ta-base time constant: 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE ... ___ . ______ . ____ .... . 

COLLECTOR-TO-BASE VOLTAGE .. _. ______ ..... _ .. _ .. _ .... . 

EMITTER-TO-BASE VOLTAGE. _ ... _ .. ____ .. ___ ............ . 

CONTINUOUS COLLECTOR CURRENT ...................... . 

TRANSISTOR DiSSiPATION ............................... . 
With heat sink. at case temperatures up to 25°C ............... . 
With heat sink, at case temperatures above 25°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. . .......................... . 

12-71 

rb'Cc = 14 ps max_ 

VCEO 

VCBO 

VEBO 
Ie 

PT 

12 

20 

2.5 

50 

300 
Derate linearly 1.71 

200 
Derate linearly 1.14 

-65 to +200 

265 

V 

V 

V 

rnA 

mW 
mwl"e 
mW 
mwl"e 

°e 

°c 
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40894-40897 File No. 548 

ELECTRICAL CHARACTERISTICS at Ambient Temperature (TAl 25°C unless otherwise specified 

TEST CONDITIONS 

CHARACTERISTICS SYMBOLS 
FREQUENCY 

MHz 

Collector·Cutoff 
Current 

ICSO 

TA = 150'C 

Collector-to·Base V(SR}CBO 
Breakdown Voltage .... 

Collector-ta-Emitter VCEOlsus} 
Sustaining Voltage 

Emitter-ta-Base V(SR}ESO 
Breakdown Voltage 

ColleCtor-ta-Emitter VCEls.t} 
Saturatio~ Voltage 

Base-ta-Emitter VBElsat} 
Saturation Voltage 

Static Forward Current- hFE 
Transfer Ratio 

Magnitude of Common-
Emitter. Small·Signal 

100 Short·Circuit, For- ih,.1 1 kHz 
ward Current 
Transfer Ratio8 

Collector-ta-Base Ccb 0.1 to 1 
Feedback Capaci· 
tanceb 

Common-Base Input Cib 0.1 to 1 
CapacitanceC 

Collector-ta-Base 'b'Ce 31.9 
Time Constanta 

Small·Signal Power Gain 
in Neutralized Com-

10.7 
mon-Eminer Ampli- GpE 200 
fier Circuit8 (see 
Fig.6} 

Noise FigureS NF 200 

aLead No ... (case) grounded; As .. 1250 

bn., .. ·termin.1 mealu,ement of the collector·to-base capaCitance 
wi'Ch the CUll and emitter leadl connected to the guard terminel. 

clem No ... 10ISel floating. 

444 

DC COLLECTOR OR 
EMITTER VOLTAGE 

V 

VCS VCE VES 

15 

15 

6 

6 
6 

10 

0.5 

6 

12 
12 

6 

LIMITS 

OCCURRENT TYPE 40894 TYPE 4OS95 
mA RF AMPLIFIER MIXER 

IE IC IS Min. TVp· Max. Min. Typ. Max. 

0 - - 0.02 - - 0.02 

0 - - I - - I 

0 0.001 20 - - 20 - -

3 0 15 - - 15 - -

0.Q1 0 2.5 - - 2.5 - -

10 I - 0.4 - - 0.4 

10 1 - - 1 - 1 

1 50 SO 250 40 70 250 

5 9 14 20 9 14 20 
2 25 90 300 25 90 300 

0 - 0.7 1 0.7 1 

0 - - 2 - 2 

2 3 7 14 3 7 14 

5 - - - - - -
5 15 21 - 15 21 -

1.5 - 3 4.5 - - -

UNITS 

~A 

V 

V 

V 

V 

V 

pF 

pF 

ps 

dS 

dS 



File No. 548 40894-40897 

ELECTRICAL CHARACTER ISTICS at Ambient Temperature ITA) 2SoC unless otherwise specified 

TEST CONDITIONS 

FREQUENCY 
CHARACTER ISTICS SYMBOLS 

MHz 

Collector-Cutoff 
Current 

ICBO 

TA = 150'C 

Collector-ta-Base V(BRICBO 
Breakdown Voltage-

Collector-ta-Emitter VCEO(susl 
Sustaining Voltage 

Emitter-to-Base V(8RIEBO 
Breakdown Voltage 

C9lleetor-to-Emitter Vce(s.!1 
Saturati0!1 Voltage 

Base-ta-Emitter V8E(S.!1 
Saturation Voltage 

Static Forward Current- hFE 
Transfer Ratio 

Magnitude of Common-
Emitter, Small-Signal 

100 Short-Circuit. For- I hie I 1 kHz 
ward Current 
Transfer RatioS 

Collector-ta-Base Ccb 0.1 to 1 
Feedback Capaci· 
tanceb 

Common-Base Input Cib 0.1 to 1 
CapacitanceC 

Collector-ta-Base fb'Ce 31.9 
Time Constanta 

Small·Signal Power Gain 
in Neutralized Com-

10.7 
mon-Emitter Ampli· GpE 
fier Circuita (see 

200 

Fig. 61 

Noise Figure3 NF 200 

'LeMt No. 41c:ase1 grounded; Rg c 125n 

~hre •. terminel measyrement of the collector·to-base capacitance 
with the case ,nd emitter leads connected to the guard terminal. 

CLe.t.No. 4lcase) floating. 

DC COLLECTOR OR 

EMITIER VOLTAGE 
V 

VC8 VCE VEB 

15 

15 

6 

6 
6 

10 

0.5 

6 

12 
12 

6 

DC CURRENT 
rnA 

IE IC IB 

0 

0 

0 0.001 

3 0 

0.01 0 

10 1 

10 I 

1 

5 
2 

0 

0 

2 

5 
5 

1.5 

LIMITS 

TYPE 40896 TYPE 40897 
OSCILLATOR IF AMPLIFIER 

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

. . 0.02 . - 0.02 

- - 1 - - 1 

20 - - 20 - -

15 - - 15 - -

2.5 - - 2.5 - -

- - 0.4 - - 0.4 

- - 1 - I 

27 50 250 70 120 250 

9 14 20 9 14 20 
25 90 300 25 90 300 

- 0.7 1 - 0.7 1 

- - 2 - - 2 

3 7 14 3 7 14 

- - - 18 25· -
15 21 - - - -

- - - - - -

UNITS 

~A 

V 

V 

V 

V 

V 

pF 

pF 

ps 

dB 

dB 
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40894-40897 File No. 548 

COMMON-EMITTER CtRCUIT,BASE INPUT; 
OUTPUT SHORT-CIRCUITED 
FREQUENCY (I) -[OOMHz 
AMBIENT TEMPERATURE {TA}- 25·C 
COLLECTOR-lO-EMITTER VOLTAGE (VCE) = 6V 

o 10 20 25 30 35 
COLLECTOR CURRENT (le)- mA 92CS- 14169RI 

Fig. I-Small·signal beta characteristic for all types 

TWO-PORT ADMITTANCE (v} PARAMETERS AS FUNCTIONS OF 
FREQUENCY (f) FOR ALL TYPES 

CO~~~ufM~TH1>~~ :b~~~~Tt~g.SE INPUT; I 
COLlECTOR-TO-EMITTER VOLTAGE (VCE1= 4V I 
~~~~i~~°.fE~~E:{ut~l?(+:t!A25°C I 

~ I 
i-----jl-+-H-++t-t+--+, -----r 

20 -- " t- r r"t-

10 

r---

6 8 100 
FREOUENCY {fl - MHz 

Fig. 2-lnput admittance (Yi.,) 

Fig. 4-Forward transadmittance (Yf.,) 

446 

92CS-14131R\ 

92CS-14728RI 

22 CO~~8~Em~Tc1WE~~CUIT; INPUT 

o COLLECTOR-lO-EMITTER VOLTAGE (VCE)" 4V 

2 i~i~i~~O;E~~~RRE:iJ~1?i +:)~A250C 
o 181--__ +-+-++++I+++-I_"_--_-+_I--H+t+H ~ i 'o E 
E ! I 
114 i----t--+--t---H:--H-tI----j-+-+-t-+-1--I--H 1 
JI21---1-+---+--t+t+tt----+-+---t--H-,-H-! '" 
~,OI----1--+-+H-+-m-----+--+--+-++-I--H-I ~ 
~ 8 -- ,.++t++++----+-----t--f---++++-H2 ~ 
~ 6 -- . - - ---+_+++++--_+-+---I/___++++-Hl5 ~ 

~4------1r--+-+-++t+tr----"+-b-o-.r~~~-I-t+HI ~ 
§ 21----1r-_+___+-++t+tr-_-='-q~·;;.·...-Tl"Tl.,O.50 

o -I 1 , . 
100 

FREQUENCY {f)-MHz 

Fig. 3-0utput admittance (Yo.,) 

10 
• e 

100 
FREQUENCY (fl-MHz 

Fig. 5-Reverse transadmittance (Yrei 

, e 
1000 

92CS-14730RI 

. . 
1000 



File No. 548 

DC COMMON 

TYPE TYPE 
IN3195 IN3195 

~~~M 0.02 
.,n 

SOURCE Jl.F L, 

r C, C2 
'OK 3-35 2-10 

'2r 
-VEE 

AFC ,," 

TO 
Son 

2·10 LOAD 

C7 [_ 
2-10 

C6 

40894-40897 

NOTE: (Neutralization Procedurel: (a) Connect a 50-0 rf volt­
meter to the output of a 200-MHz signal generator (Ag = 5001, and 
adjust the generator output to 5 mV. (b) Connect the generator to 
the input and the rf voltmeter to the output of the amplifier, as 
shown above, Ie) Apply VEE and Vee. and adjust the generator 
output to provido on amplifier output of 5 mV. (dl Tune C2, CG, 
and C7 for maximum amplifier output, readjusting the generator 
output as required to maintain an output of 5 mV from the ampli­
fier. (e) Interchango the connections to the signal generator and the 
rf voltmeter. If) With sufficient signal applied to the output terminals 
of the amplifier. adjust eN for a minimum indication at the amplifier 
input. (g) Repeat steps (al. (b), (cl.and (dl to determine if retuning 
is necessary. 

Q = Type 40894. 40895. 40896. or 40897 

L1: 1·3/4 turns No.la wire 0.5 in. (12.7 mmllong, 0.5 in. (12.7 
mm) ID 

L2: 2 turns No. 16 wire, 0.5 in. (12.7 mmllong, 0.5 in. (12.7 mm) 
ID 

L3: 2 turns No. 18 wire,O.25 in. (6.35 mm) long, 0.5 in. 112.7 mm) 
I D. Position approximately 1/4 in. (6.35 mm) from L 2. 

+ vee 92CS 1475JRI All capacitances in pF unless otherwise specified. 

Fig. 6-Neutralized amplifier circuit used to measure power gain and noise figure at 200 MHz for all types 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 
Lead 4 - Connected to case 
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File No. 574 

OOOBLJl] RF Transistors 
Solid State 
Division 

40915 

JEDEC TD-72 H-1299 

O.2-to-1.4-GHz Low-Noise 
Silicon N-P-N Transistor 

For High-Gain Small-Signal Applications 

Features: 
• Low noise figure: 

NF = 2.S dB (max.) with 11 dB gain at 450 MHz 
= 3_0 dB (typ.) at 890 MHz 
= 4_S dB (typ.) at 1.3 GHz 

• High gain (tuned, unneutralized): 

• High gain-bandwidth product 
• Large dynamic range 

GpE = 14 dB (min.) at 4S0 MHz • Low distortion 
= 6_S dB (typ.) at 1.3 GHz 

RCA-40915' is an epitaxial silicon n-p-n planar transistor in­
tended for low-power, small-signal applications where both 
low noise and high gain are desirable. It utilizes a hermetically 
sealed four-lead JEDEC TO-72 packago_ All of the elements 
of the transistor are insulated from the case, which may be 
grounded by means of the fourth lead_ 

*Formerly RCA Dev. No. TA8104. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

Collector-to-Base Voltage ___ ..... . VCBO 35 V 

Collector-to-Emitter Voltage ...... . VCEO 15 V 

Emitter-to-Base Voltage .......... . VEBO 3.5 V 

Collector Current (Continuous) .... . IC 40 mA 

Transistor Dissipation: PT 
At ambient temperatures up 

to 25°C ............... . 200 mW 
At ambient temperatures above 

25°C ................ . Derate linearly 
at 1.14 mW;oC 

Temperature Range: 
Storage and Operating 

(Junction) .... _ ........ . -65 to +200 °c 

~ 

'" , 
0-

92CS-20062 

Fig. 1-Typical noise figure vs. frequency. 

COLLECTOR-IO-EMITTER VOLTAGE IVCE)=IOV 
AMBIENT TEMPERATURE ITA): 2SoC 
NOTE; fT CALCULATED FROM MEASURED 

VALUES OF 5 PARAMETERS 

10 15 20 
COLLECTOR CURRENT lIel - mA 92CS-1973!S 

448 

Fig.2-Gain-bandwidth product vs. col/ector 
current. 

11-73 



File No. 574 40915 

ELECTRICAL CHARACTERISTICS at Ambient Temperature (TAl 2SoC 

TEST CONDITIONS 

DC 
DC 

CHARACTERISTIC SYMBOL 
COLLECTOR 

CURRENT LIMITS 
VOLTAGE 

(VI 
(mA) 

VCB I VCE IE I IB I IC MIN. I MAX. 

STATIC 

Collector Cutoff Current ICBO 

Collector·to·Base V(BR)CBO 
Breakdown Voltage 

Collector·to·Emitter V(BR)CEO 
Breakdown Voltage 

Emitter·to·Base V(BR)EBO 
Breakdown Voltage 

DC Forward·Current hFE 
Transfer Ratio 

Thermal Resistance: 
ROJA 

(Junction·to·Ambient) 

DYNAMIC 

Device Noise Figure (f = 450 MHz) NF 

Small,Signal Common· Emitter GpE 
Power Gain (f = 450 MHz) 
Unneutralized Amplifier 

At minimum noise figure GpE 

Collector·to·Base Output Cobo 
Capacitance (f = 1 MHz) 

'" ~ I 
N 

15 
N 
~ 

Z 

~ 

~ 10 
~ 
z 
0 

~ z FREOUff.JCYUh/GI1Z 

COLLECTOR-lO-EMITTER VOLTAGE IVCE~·IOV t±± 
AMBIENT TEMPERATURE ITA}·2S·C,ZG"ZL"SO.n FFf 

10 

10 

8 10 12 14 16 18 

COLLECTOR CURRENT Uel-rnA 

10 

10 

10 

10 

'" ~ , 
... 
" ~ 
~ 

ill g 

0 - 20 

0 0.01 35 -

0 0.1 15 -

0.01 0 3.5 -

3 20 -

- 880 

1.5 - 2.5 

1.5 14 -

1.5 11.0 -

0 - 1.0 

5 FREQUENCY 10- 450MHz 
AMBIENT TEMPERATURE (TA1J:Z5°C 

4 

....-
3 

3V :;: ~ 6V 

2 COLLECTOR -TO-EMITTER 
VOLTAGE \VeEI·IOV 

I 

0.> I.' 2 . 
COLLECTOR CURRENT Ire I-rnA 

UNITS 

nA 

V 

V 

V 

-

°C/W 

dB 

dB 

dB 

pF 

~~ /' 

• 8 10 

92CS-19737 

Fig.3- Typical insertion power gain vs. collector current. Fig.4- Typical noise figure vs. collector current. 
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40915 _____________________________ File No. 574 

COLLECTOR CURRENT tIcI·mA 

Fig.5- typical power gain (at minimum noise 
figure) vs. collector current. 

-90 0 

o· 

92CS-19141 

Fig.8- Typical input reflectIon coefficient. 

~ 
0 

~~ 
~i'T20 
j~ 

d!"' 
~~Tl0 
"'~ 
~~ 
o~ 
~~ 

!OS 0 

~~ 
0" 

-~ 

FREQUENCY {fl:450 MHz 
AMBIENT TEMPERATURE (TAI=25°C 

,.\0"_ 
\~k?' ~"Q\-~~." 

t.~~ ,0-

~ 
2 4 10 
COLLECTOR CURRENTlIcl-mA 

Fig.6- Typical output power level (with 1 dB of 
gain compression) vs. collector current. 

COLLECTOR·rO-EMITTER VOLTAGE (YeEI-IOV 
TERMINATIONS: son 
AMBIENT TEMPERATURE CTAI-2SoC 

20 

-10 -20 -30 -40 
o· 

FORWARD TRANSFER COEFFICIENT ~SZII-d81 REVERSE TRANSFER COEFFICIENT (512)- dB 
t2CS-It740 

Fig.7- Typical forward and reverse transfer coefficients. 

450 

In General Radio type 1607-P44 transistor mount, 
or equivalent. 

.... Vaa adjusted for Ie '" 1.5 mAo 

Fig.9-Block diagram of test setup for measurement 
. of power gain and noise figure. 



File No. 574 ___________________________ 40915 

Fig. 10-Typical output reflection coefficient. 

Cl: 1.0- 30 pF 
C2.C3: 1.0-20 pF 
C4.C5: O.04 IlF 

C6: 1-10 pF 

L,: 2 turns NO.18 wire, 3/16 in. (D.18B mm) 
ID, 0.10 in. 12.54 mmllong 

L2: 3 turns No., 18 wire, 3/16 in. (0.188 mml 
ID.0.15 in. (3.Bl mmllong 

L3.L,j: 0.22-IlH rf choke 
LS: 3 turns No. 18 wire, 3/16 in. (O.18S mm) 

ID, 0.15 in. (3.Bl mm) long 

* VBB adjusted for Ie = 1.5 rnA 

Fig. II-Circuit diagram of 450·MHz amplifier 
(unneutralized) used for measurement 
of power gain and noise figure. 

TERMINAL CONNECTIONS 
Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector 
Lead 4 - Case 
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_________________________________ File No. 772 

OOQ8LJD 
Solid State 
Division 

JEDEC TO-220AB 
H-1535R1 

Power Transistors 

Epitaxial-Base, Silicon N-P-N 
VERSAWA TT Transistor 

General-Purpose Medium-Power Type for 

Switching and Amplifier Applications 

Features 

• Low saturation voltages 

• VERSAWATT package (molded silicone plastic) 

• Maximum safe-area-of-operation curves specified 
for de operation 

41500 

RCA-41500 is an epitaxial-base silicon n-p-n transistor supplied 
in the JEDEC TO-220AB version of the VERSAWATT package. 
This transistor is intended for a variety of medium-power 
switching and amplifier applications. such as series and shunt 

regulators and driver and output stages of high-fidelity ampli­
fiers. The 41500 may also be used as the n-p-n complement 
of p-n-p type 41501_ (Data for the 41501 are supplied in bulle­
tin File No. 770.) 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ................................ . VCBO 35 V 
COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-supply resistance (Rse) =0 100 n, 
and base supply voltage (Vee) = a .•••.•.........•................ VCEX 35 V 
With base open ....................•.......................... VCEO 25 V 

EMITTER-TO-BASE VOLTAGE ................................... . V EBO 3 V 
COLLECTOR CURRENT (Continuous) 

At case temperature ~ 10SoC ....•............................... IC A 
BASE CURRENT (Continuous) 

At case temperature ~ 130°C ......•............................. IS 3 A 
TRANSISTOR DISSIPATION: 

::~:::.::::;::~;::~~::~~~<::::::::::::::::::::::::::::::: : 
At ambient temperatures up too 25 C ...............•.............. 

:: ~::: ::~::~::~~:: ::::: ~~O~C • : : : :: : : : : : : :: : :: : : :: : : :: : : : : : : : : 

PT 
40 W 
16 W 

1.8 W 
Derate linearly at 0.32 W/oC. or see Fig. 4, 

Derate linearly at 0.32 W/oC 
At ambient temperatures above 25°C ............................. . Derate linearly at 0.0144 wtc 

TEMPERATURE RANGE: 

Storage and Operating (Junction) ................................ . -65 to 150 °c 
LEAD TEMPERATURE (During Soldering): 

At distance ~ 1/8 in. (3.17 mm) from case for 10 s max. . ............ . 235 °c 
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File No. 772 ____________________________ 41500 

ELECTRICAL· CHARACTERISTICS, At Case Temperature (TC) = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 41500 UNITS 
Vdc Adc 

VCE VBE 'C 'B Min. Max. 

Collector-Cutoff Current: 
With external base-ta-emitter resistance 'CER 30 - 0.25 mA 
(RBE) = 100 n 

Emitter-Cutoff Current 'EBO -3 0 - 1 mA 

Collector-to-Emitter Sustaining Voltage: 
With base open VCEO(sus) O_la 0 25 - V 

With external base-to-emitter 
VCER(sus) 0_1 35 

resistance (RBE) = 100 n -

DC Forward-Current Transfer Ratio hFE 4 l a 25 -
Base-to-Emitter Voltage VBE 4 l a - 1.5 V 

Collector-to-Emitter Saturation Voltage VCE(sat) ,a 0_' - 1 V 

. Common-Emitter, Small-Signal, Short-
Circuit, Forward-Current Transfer hfe 4 0.5 20 -
Ratio (f = 50 kHz) 

Gain-Bandwidth Product fT 4 0_5 4 - MHz 

Magnitude of Common-Emitter, Small-
Signal, Short-Circuit, Forward Current Ihfel 4 0_5 4 -
Transfer Ratio (f = 1 MHz) 

Collector-to-Base Capacitance 
Cobo 0 - 250 pF 

(f=' MHz, VCB= 10V) 

Thermal Resistance: 
ROJC 3_125 

Junction-to-Case 
-

°CIW 

Junction-to-Ambient ROJA - 70 

apulsed; pulse duration = 300 /lS; rep. rate = 60 Hz; duty factor <;;. 2%. 

CAUTION: The sustaining voltage V CER(sus) MUST NOT be measured on a curve tracer_ 

120.0 
IW 

6~V :r~--l 
60Hz I I 

, I 
L _____ J 

CHOPPER TYPE 
MERCURY RELAY 
p e. B JML 81308, 
CLARE 1028, OR 

EQUIVALENT 

loon 
Il2w 

I5n 
5W 

2.5mH 
J W MILLER No 4533, 
OR EQUIVAl ENT 

---0 
VERT. 

In,J%,1/2W 
(NON-INDUCTIVE) 

OSCILLOSCOPE 
GND INPUT 

HQRIZ 

HEWLETT-PACKARD 
MODEL No 130B, 
OR EQUIVALENT 

Vee 

92C5-24059 

Fig. 7 - Circuit used to measured sustaining voltage V CER(sus). 

t ~e:Rt'"') 
el tOO 
uu 
j!:! a 35 

3 COLLECTOR-TQ-EMITTER VOLTAGE 

(VCE 1- V 

92C5-24060 

"The sustaining voltage, VCER(sus). is acceptable when the 
traces fall to the right and above point" A". 

Fig. 2 - Oscilloscope display for measurement of sustaining voltage 
(test circuit shown in Fig. 1). 
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~ 
~ ISO 

iil .. 
~ 12. 

~ 100 

~ 

454 

6 6 8 
5.7 10 25 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 3 - Maximum operating area. 

25 50 75 100 125 ISO 175 200 001 
4 •• 

0.1 

4 6 8 
1000 

92CS-24061 

4 ,. 

CASE TEMPERATURE (TCI-·C COLLECTOR CURRENT tIC1-A 

4 •• 
10 

92C5-22543 92CS-1966BRI 

Fig. 4 - Current derating curves. Fig. 5 - Typical de beta characteristics. 
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" E 

! 
'" H 

~ 
z w 
~ 
~ 

" u 
w 
~ 

~ 

COLLECTOR -TO-EMITTER VOLTAGE (VCE)~ 4 V 

300 

250 

200 

050 

100 

50 

0 
0.1 

" on 

'" 
u 

~- ~ ill-

J 
~ 
w 
~ 

" u 

0_5 

" 0 
~ , 

1_5 

COLLEC TOR-TO-EMI TTER VOLTAGE (VCE I: 4 V 
CASE TEMPERATURE (TCj·25°C 

~IO~--,---,--r,-,---,----r-,-++---~--~ 

J-
;: 81-· 
~ V 
~ 6VV - -H---+----I--+-I-I-'[\\-\-1------1 

~ 4 ---I--- -- ----- ---- --+-H---'~---j 
! \ 
~2- ~ 
:3 

0.01 680.1 2 4 6' , 
8ASE-TO- EMITTER VOLTAGE (VSE)-V 

COLLECTOR CURRENT licl-A 
92CS-19674 

92CS-22531 

Fig. 6 - Typical input characteristics. 

ICmA 

10 12 14 16 

COLLECTOR -TO-EMITTER VOLTAGE eVCE)-V 

92CS-19673RI 

Fig. 8 - Typical output characterstics. 

" I 
U 

H 

~ 4 

Fig. 7 - Typical gain·bandwidth product. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)a4V 

02 0,4 0.6 0.8 1·2 1.4 1.6 
BASE-TO-EMITTER VOLTAGE IVSE ) - V 

92CS-22~3!5 

Fig. 9 - Typical transfer characteristics. 

TERMINAL CONNECTIONS 

Terminal No.1 - Base 
Terminal No.2 - Collector 
Terminal No.3 - Emitter 
Terminal No.4 - Collector 
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_______________________________ File No. 770 

ffil(]3LJD Power Transistors 
Solid State 
Division 

JEDEC TO-220AB 

H-1535R1 

Epitaxial-Base, Silicon P-N-P 
VERSAWA TT Transistor 
General-Purpose Medium-Power Type for 
Switching and Amplifier Applications 

Features 

• low saturation voltages 

• VERSAWATT package (green molded silicone plastic) 

• Maximum safe..area-of-operation curve specified for de operation 

RCA-41501 is an epitaxial-base silicon p-n-p transistor supplied 
in a VERSAWATT package. It is intended for a wide variety of 
medium-power switching and amplifier applications. such as 
series and shunt regulators and· driver and output stages of 
high-fidelity amplifiers. 

TERMINAL CONNECTIONS 

Terminal No.1 - Base 
Terminal No.2 - Collector 
Terminal No.3 - Emitter 
Terminal No.4 - Collector 

41501 

25 50 75 100 125 ISO 115 ZOO 

EFFECTIVE CASE TEMP, OR CASE TEMP. (TEFF OR TC}-OC 

Fig. 1_ Derating curve. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ..................•....•..................... VCBO 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (R BE) "" 100 n ........................... VCEA(sus) 

With base open. . . . . . . . . . • . . • . . . . . . . . . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V CEO (sus) 

EMITTER-TO-BASE VOLTAGE .....•....•.................................... V EBO 
COLLECTOR CURRENT ..............................•..................... IC 

BASE CURRENT .....................................•..................... IB 

TRANSISTOR DISSIPATION: ° PT 
At case temperatures up to 2~ C ................................•..•......... 

At ambient temperatures up to 25°C ....•..•..•........•..................... 

At case temperatures above 25°C. . . . • . . • . . • . . . . . . . . . . . . . . . . • . . . Derate linearly 

-35 

-35 

-25 

-3 

-7 

-3 

40 

1.8 

0.32 W/oC. or see Fig. 1. 

V 

V 

V 

V 

A 

A 

W 

W 

At ambient temperatures above 2SoC . . . . . . . . . . . . . . . . . . . . . . . . . . . Derate linearly 0.0144 wtc 
TEMPERATURE RANGE: 

Storage and operating (Junction) ..........•.............................•... -65 to +150 °c 
LEAD TEMPERATURE (During soldering): 

At distance;;;;= 1/8 in. 13.17 mm) from seating plane for lOs max. . ................. . 235 °c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature IT cJ = 25"C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 

Vdc Adc 

VCE V BE Ic IB Min. Max. 

Collector Cutoff Current: 

With external base-to-emitter resistance ICER -30 - -0.25 rnA 
(RBE)= 100 n 

Emitter Cutoff Current lEBO 3 0 - -1 rnA 

DC Forward-Current Transfer Ratio hFE -4 _1' 25 -

Collector-ta-Emitter Sustaining 

Voltage: VCEO(sus) _O.la 0 _25b -
With base open 

V 
With external base-to-emitter 

VCERlsus) _0.,8 _35b 
resistance ("RBE) '" 1 00 n -

Sase-ta-Emitter Voltage V BE -4 _1' - -1.5 'V 

Collector-ta-Emitter Saturation 
VCE(s.t) _1' -0.1 - -1 V 

Voltage 

Collector-ta-Base Capacitance 
Cob 0 - 250 pF 

(f = 1 MHz, VCB = -10 V) 

Thermal Resistance 

Junction4o-Case R8JC - 3.125 °C/W 

Junction-ta-Ambient R8JA - 70 

8 Pulsed, pulse duration'" 300 p.s, duty factor'" 1.8% 

b CAUTION: Sustaining voltages V CEO(sus), and V CEX(sus) MUST NOT be measured on a curve tracer. 

1:1100°8 COLLECTOR-TO-EMITTER VOLTAGE (VCE)- -4 V 

! · 0 

~ 
II: 
II: 

"' ~ : ... ... 
z 
II! 
!5 
't 
0 
II: 

!i 
II: 

Ii! 
g 

• 
2 

100 • • • 
2 

10 • • 
• 
2 

I 

-0.01 

I I I 
CASE TEMPERATURE (Tcl-~25·C 

25·C 

• • • -0.1 

~ 

• •• -I 
COLLECTOR CURRENT ('Ici - A 

Fig. 2 - Typical dc beta characteristics. 

~ 

••• -10 

92CS-23930 
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I 
'" 0 .. .. 

COLLEC TOR-TO-EMITTER VOLTAGE (VCE 1"-4V 

+++ I 
-300 

l' l'fti 
n Ie '" -250 

~ 
-200 '" II: 

i= .. 
-150 i 

I!! 
-100 5 
-50 

o -0.5 -I -1.5 -2 
BASE-lO-EMITTER VOLTAGE (VSE)--;-V 

92CS-23931 

Fig. 3 - Typical input characteristics. 

457 



41501 _____________________________ FileNo.770 

-I 

-0.' 

458 

I­
Z 
III 

'" !!i 
o 

'" ~ 
o 
III 
...I 
...I o 
o 

6 2 
-I -5.1 ~IO -25 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS,-23929 

Fig. 4 - Maximum operating areas. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)"-4V 
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ffilcn5LJD 
Solid State 
Division 

JEDECT0-39 H-13B1 

Power Transistors 

Medium-Power Silicon 
N-P-N 'Planar Transistor 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 
Il For operation at junction 

temperature up to 2000 C 

D Planar construction for 

low noise and low leakage 

EI Low output capacitance 

41502 

RCA-41502 is a silicon n-p-n planar transistor intended for a 
wide variety of small-signal and medium-power applications 
in commercial and industrial equipment. The device features 
exceptionally low noise, low leakage, high switching speed, 
and high pulsed beta. 

It is suitable for low-power, low·cost industrial and audio 
uses, and may be employed as the n-p·n complement to RCA 
p-n-p type 41503. (Data for the 41503 are supplied in bulletin 
File No. 774.) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open ...•..••....... . . . • . . . . . • . . . . . . . . . . . . . . V CEO (sus) 30 V 

EMITTER-TO-8ASE VOLTAGE ...............•........... VE80 4 V 

COLLECTOR CURRENT........................ ......•.. IC A 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 250 C ..................•...... 3 W 
At ambienttemperatures up to 250 C ..•.. _ ............... . 0.8 W 
At temperatures above 250 C See Fig. 1 

T.EMPERATURE RANGE: 
Storage and Operating (Junction) ....•.................... -65 to +200 °c 

LEAD TEMPERATURE (During soldering): 
At distance;;' 1/16 in. (1.58 mm) from 

seating plane for 10 s max. . ..•...•................... 300 °c 
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ELECTRICAL CHARACTERISTICS. At Case Temperature (T C) = 2fPC Unless Otherwise Specified 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

Vde mAde 
VCB VCE VEB IE IB IC 

Collector Cutoff Current: 
With emitter open ICBO 15 0 

Emitter-to-Base 
Breakdown Voltage V(BR)EBO 0_1 0 

Collector-to-Emitter 
Sustaining Voltage: 
With base open VCEO(sus) 0 30a 

Collector-to-Emitter 
Saturation Voltage VCE(sat) 15 150a 

Base-to-Emitter Voltage VBE 10 150a 

DC Forward-Current 
Transfer Ratio: hFE 10 150a 

Output Capacitance Cob 10 0 

Input Capacitance Cib 0_5 0 

Thermal Resistance: 
Junction-ta-case ROJC 
Junction-ta-ambient ROJA 

a Pulsed. Pulse duration = 300 .usee; duty factor =s;;;;; 2%. 

460 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector, Case 

.", ;;:1 ii' ,'!' ,i'i i::: •••• ':, 
'; ,,,: i,.' 

.,' '1 
:.:: I' 

92CS-Ul73R2 

Fig. 1 - Rat;ng chart. 

LIMITS 

41502 

Min. Max. 

- 2 

4 -

30 -

- 1.5 

- 2_5 

20 -
- 25 

- 80 

- 58_3 

- 219 

UNITS 

IlA 

V 

V 

V 

V 

pF 

pF 

°CIW 
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::: :::: j': 

i'l 1.~-"'-'-"-'ll:.ll.!.li1llJL!.JilJ 

BASE-lO-EMITTER VOLTAGE (VBE)-V 

92CS-1I185R2 

Fig. 2 - Typical transfer characteristics. 

COLLECTOR-fa-EMITTER VOLTAGE {VCE1-V 

92CS-12667RI 

Fig. 4 - Typical output characteristics. 

.! : ,'jl" 

COl.lECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-11175R2 

Fig. 6 - Typical output characteristics. 

}; 
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COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 
92CS-12665RI 

Fig. 3 - Typical output characteristics. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 

92CS-12668RI 

Fig. 5 - Typical output characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) '" 10 V 

Jill 
IIII 
I.!.c. ....... 
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~~P\O~ 

~>J 
f-- ,(?,~~ V.M 

:\ ~~ 
f-~~\~" V V -55 
~ f-r-- ...... 
~ f- I 
r-r I 

0.01 0.1 10 100 1000 
COLLECTOR CURRENT (IC)- mA 

92CS-tII81R3 

Fig. 7 - Typical de beta characteristics. 
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OO(]5LJD 
Solid State 
Division 

JEDECTO·39 

H-1381 

Power Transistors 

Medium-Power Silicon 
P-N-P Planar Transistor 

General·Purpose Medium·!'ower Type for 
Industrial and Commercial Applications 

Features: 

• Maximum safe-area-of-operation curves specified 
for dc operation 

• Planar construction for low noise and low 
leakage 

41503 

RCA-41503 is an epitaxial·planar silicon p·n·p transistor in· 
tended for a wide variety of small'signal, medium·power appli· 
cations. It is suitable for low·power, low·cost industrial and 

audio uses, and may be employed as the p·n·p complement to 
RCA n·p·n type 41502. (Data for the 41502 are supplied in 
bulletin File No. 773). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 
With base open •••.••••.•••••••••••••••.•••••••••••••••• _ .••••.•••••.•• 

EMITTER·TO·BASE VOLTAGE ..•.•...•...•...........•.....•.............. 
COLLECTOR CURRENT ...•..•............•.......••.•.........•.•.•.•... 
BASE CURRENT •... , " ........•.....•....•...•.•.•.......•........•....• 
TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC .......................................... . 

~~ ::~:~;t:er;::~:::~5~6 t~ .2.~O~ . : : :::::: : : :: ::: : : : : : : : : : : : : : : : : : : : : : : : : 
TEMPERATURE RANGE: 

Storage and operating (Junction) .......•...••.•........•.•...........••.... 
LEAD TEMPERATURE (During soldering): 

At distances;> 1/16 in. (1.58 mm) from seating plane for 10s max. . .••••..••••••• 

VCEO(sus) 
V EBO 

Ic 
IB 

-30 V 
-4 V 
-1 A 
-0.5 A 

W 
W 

See Figs. 1 and 5 

-6510 +200 ·C 

230 ·C 

.o~+-~~H--+--~++--~~+++-~-+~ 

CASE OR AMBIENT TEMPERATURE (TC OR T A )_·C -0.1 

. 92CS-24057 

Fig. 1 - Dissipation derating curve. 
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... 
-I -10 -100 

COLLECTOR CURRENT (Ic)-mA 

1\ , 
. 
-600 

92C5-24058 

Fig. 2 - Typical de beta characterist/cs. 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (TcJ = 25'C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

41503 UNITS 
V de mA de 

VCB VCE VEB IC IE IB Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -15 - -2 IlA 

Emitter·to·Base Breakdown Voltage V(BR)EBO 0 -0.1 -4 - V 

Collector-ta-Emitter Sustaining 
Voltage: 
(See Figs. 3 and 4) 

With base open VCEO(sus) -30' 0 -30 - V 

Collector-ta-Emitter Saturation 
Voltage VCE(sat) -150 -15 - -1.5 V 

Base·to·Emitter Voltage VBE -10 -150b - -2.5 V 

DC Forward-Current Transfer Ratio hFE -10 -150b 20 -

Collector-Base Capacitance 
(at f = 1 MHz) Cob -10 0 - 30 pF 

Input Capacitance Cib -0.5 0 - 90 pF 

Thermal Resistance: 

Junction-ta-Case ROJC - 25 

Junction-ta-Ambient ROJA 165 
°CIW 

-

af~~I~?t~i~in~h:of~sJ:i~~~~ldOI~:g:;,~~H1~ds~~ ~!-!~I o~q~e b:esrrcl~~~r~ s~~~n ci~vFi~~3.er. 
bPulsed; pulse duration = 300 IlS, duty factor'; 2%. 

6V -

CLARE MERCURY 
RELAY MODEL NO. 
HGP 1004, OR 
EQUIVALENT 

a::=:60C/S 

IZOn. 

200$1 

OSCILLOSCOPE INPUT 
HEWLETT- PACKARD 
MODEL NO. ''308, 
OR EQUIVALENT 

HORIZ~ 
GND. 

-Vee 
(O-IOOV) 

VERT. 

'J2CS-24054 

Fig. 3 - Circuit used to measure sustaining voltage, V CEO (sus). 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector. Case 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

@--
vc:o (,,,' 

92CS-240!5!5 

NOTE: The sustaining voltage V CEO (sus) is acceptable when 
the traces fall to the left and below point "A". 

Fig. 4 - Oscilloscope display for measurement of sustaining voltage 
(test circuit shown in Fig. 1). 
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Fig. 5 - Maximum operating areas. 

I 

COLLECTOR·TO-EMITTER VOLTAGE (VeE) - v 

Fig. 6 - Typical output characteristics. 

92LS-1282RI 

92CS- 24056 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 

Fig. 7 - Typical output characteristics. 
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[KlQBLJ[] Power Transistors 
Solid State 
Division 

41504 

, 
Hometaxial-Base Silicon N-P-N 
VERSAWA TT Transistor 
Designed for Medium·Power 
linear and Switching Applications 

Features: 

JEOEC TO·220AB 
H-1535Rl 

CI Low saturation voltages 
.... High dissipation ratings 

RCA·41504 is a silicon n·p·n transistor intended for a wide 
variety of medium·power applications. The hometaxial·base 
construction of this device renders it highly resistant to second 
breakdown over a wide range of operating conditions. The 
41504 is supplied in the JEDEC TO·220AB straight·lead 
version of the VERSAWATT package. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR·TO-EMITTER SUSTAINING VOLTAGE: 

Applications: 

CI Series and shunt regulators 

.. High·fidelity amplifiers 
CI Power-switching circuits 
• Solenoid drivers 

TERMINAL CONNECTIONS 
JEDEC TO-220AB 

Terminal No.1 - Base 
Terminal No.2 - Collector 
Terminal No.3 - Emitter 
Terminal NO.4 - Collector 

With external base-ta-emitter resistance (R BE) = 100 n ...................... . VCERlsu,) 

VEBO EMITTER-TO-BASE VOLTAGE. _ ....................•.................... 

CONTINUOUS COLLECTOR CURRENT .................................. . IC 
CONTINUOUS BASE CURRENT ................•.......................... IB 

TRANSISTOR OISSIPATION: P T 
At case temperatures up to 2S:C ....................................... . 

At case temperatures above 25 C ....................................... . 

TEMPERATURE RANGE: 

Storage and Operating (Junction) ....................................... . 

PIN TEMPERATURE lOuring Soldering): 

At distances ~ 1/32 in. (0.8 mm) from seating plane for 10 5 max. 

5-74 
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See Fig. 1 

-65 to +150 

235 

V 

V 
A 

A 

w 

DC 

DC 

465 



41504 ____________________________ File No. 775 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TcJ = 2!f'C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

UNITS 
Vdc Adc 

VCE VEB IC IB MIN. MAX. 

Coliector·Cutoff Current: 
With external base-to-emitter resistance 

ICER 20 5 mA 
(RBE) = 100 n -

Emitter·Cutoff Current lEBO 4 0 - 1 rnA 

Coliector·to·Emitter Sustaining Voltage: 
With external base·to·emitter resistance 

VCER(sus) O.la 35 V 
(RBE) = 100 n -

DC Forward-Current Transfer Ratio hFE 4 l a 25 -
Coliector·to·Emitter Saturation Voltage VCE(sat) l a 0.05 - 1 V 

Base-to·Emitter Voltage VBE 4 l a - 1.5 V 

Magnitude of Common-Emitter. 
Small·Signal Short-Circuit Forward Ihfel 4 0.2 2 -
Current Transfer Ratio (f = 0.4 MHz) 

Thermal Resistance: 
Junction-to-Case R8JC - 3.5 °CIW 

Junction·to-Ambient R8JA - 70 

a Pulsed: Pulse duration = 300 IlS. duty factor";; 2%. 

25 50 15 100 125 ISO 175 200 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Te)-aC 
925$03600 

Fig. 1 - Current derating curve. 
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COLLECTOR·tO·EMITTER VOLTAGE (VCE) ~ 4 V 
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Fig. 2 - Typical de beta characteristics. 

COLLECTOR· TO·EMITTER VOLTAGE (VCE) • " V 
CASE TEMPERATURE (Tel" 25° C 

1.6 
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0.' 
68 100 

COLLECTOR CURRENT (Ie) _ mil. 

Fig. 3 - Typical gain-bandwidth product. 

SASE· TO· EMITTER VOLTAGE (VSE) _ v 

Fig. 5 - Typical transfer characteristics. 

. " 1,000 

9ZSS-3Tll 

92SS-1121 

BA.SE·TO-EMITTER VOLTAGE IVBE) _ V 

Fig. 4 - Typical input characteristics. 

3D 4D sa 

COLLECTOR·lO·EMITTER VOLTAGE (VCE)- V 

Fig. 6 - Typical output characteristics. 

!l2S5-37Z5 

91SS>113' 
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OOcrdLJD 
Solid State 
Division 

Power Transistors 

41505 

High-Voltage, Medium-Power 
Silicon N-P-N. Transistor 

For High-Speed Switching and Linear-Amplifier Applications 

Features 
• Thermal fatigue ratings 

"Plastic TO.s" 
• High frequency response: fT = 20 MHz 
• Maximum area-ot-operation curves for de and pulse operation 

H-1642 • Designed to assure freedom from second breakdown in class A. B. 
and C operation at maximum ratings 

RCA·41505 is an epitaxial·coliector. diffused·base silicon n·p·n 
transistor with high breakdown voltage. high frequency reo 
sponse. and high switching speed. 

Typical applications for this device include TV video output. 
RGB output, chroma.output, TV blanking, solenoid drivers, 
off·line inverters, regulators, audio output, and electrostatic 
deflection in display circuits. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION·LIMITED PORTION AND ISlb-LIMITED 
PORnON OF /U,XIMUM-OPERATING·AREA CURVES. 
DO NOT DERATE THE SPECIFIED VALUE FOR IC MAX. 

2S so 7S 1011 125 150 175 200 

CASE TEMPERATURE (Tcl - fit: 
92SS04~RI 

MAXIMUM RATINGS,Absolute·Maximum Values: 

COLLECTOR.TO.EMITTER.SUSTAINING VOLTAGE 

EMITTER·TO·BASE VOLTAGE 

COLLECTOR CURRENT 

BASE CURRENT . . . . 

TRANSISTOR DISSIPATION: 

At case temperatures up to 2Soc 

At case temperatures above 2SoC 

For pulse operation . . . . 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

LEAD TEMPERATURE (During soldering): 

At distance~ 1/16 in. (1.59 mm) from case for 10 s max .. 

468 

Fig. t - Dissipation derating curve. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T ci = 2!PC: 

TEST CONDITIONS 

VOLTAGE 
CHARACTERISTIC SYMBOL V de 

VCB VCE VEB VBE 

Collector-Cutoff Current: 
With external base-ta-emitter ICER 150 
resistance (RBE) = 100 n 

DC Forward·Current Transfer hFE 
10 

Ratio 10 

Collector·to·Emitter 
Sustaining Voltage: VCEO(sUS) 

With base open 

Collector·to·Emitter VCE(sat) 
Saturation Voltage 

Emitter-ta-Base 
Breakdown Voltage V(BR)EBO 

Output Capacitance (at 1 MHz) Cob 20 

Thermal Resistance: 
Junction-ta-Case ROJC 

Junction-ta-Ambient ROJA 

a CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector 

Rectangular Metal Slug - Collector 

LIMITS 

CURRENT 
41505 mAde 

IC IE IB MIN. MAX. 

- 50 

50 20 -
5 10 -

10 0 200a -

50 5 - 2 

0 1 7 -

0 - 8 

- 5.5 

- 138 

I COLLECTOR-TO-EMITTER VOLTAGE'(V, )-10 V 

I 
u 
!:! 
>­z 
w 

'" '" " " '" o 
>-

" w 
-' 
-' 
8 

20 40 
0.1 

60 , .. 
BASE-lO-EMITTER VOLTAGE (VBEJ-V 

UNITS 

IlA 

V 

V 

V 

pF 

°C/W 

COLLECTOR-TO-"EMI!TER VOLTAGE (VCE)-V 

92C5-23965 !:J2C5-23964 

Fig.2 - Typical output characteristics. Fig.3 Typical input characteristics. 
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Fig.4 - Maximum operating areas. 
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Fig.S - Typical de beta characteristic •. Fig.6 - Typical transfer characteristics. 
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DDJIDLJD 
Solid State 
Division 

JEOEC TO-3 

Power Transistors 

41506 

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

For Switching and Linear Applications 

Features: 
• Maximum safe-area-of-operation curves 

a Low saturation voltage: VCE(satl ~ 1.5 V (max.) 

.. High voltage rating: VCEO(SUS) ~ 200 V 
• High dissipation rating: PT ~ 100 W 

The RCA-41506 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter- site structure. This device em­
ploys the popular JEDEC TO-3 package. 

saturation-voltage values and is especially suitable for use in 
inverters, switching regulators, high-voltage bridge amplifiers, 
and other high-voltage switching applications_ 

The 41506 features high breakdown-voltage ratings and low 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE _ _ _ _ _ _ _ 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open. • • • • • • • 

EMITTER-TO-BASE VOLTAGE _ _ _ 

CONTINUOUS COLLECTOR CURRENT 

PEAK COLLECTOR CURRENT _ 

CONTINUOUS BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC and VeE up to 40 V 

At case temperatures up to 2SoC and VeE above 40 V 

At case temperatures above 2SoC and VeE above 40 V 

TEMPERATURE RANGE: 

Storage .and Operating (Junction) • • • • • • 

PIN TEMPERATURE lOuring Soldering): 

At distances~1/32 in. 10.8 mm) from seating plane for 10 s max .. 

5-74 

VCBO 

VCEOlsus) 

VEBO 

IC 

ICM 

IB 
PT 

200 V 

200 V 

4 V 

3 A 

5 A 

1.5 A 

100 W 

See Fig.4 

See Figs. 3 and 4 

-65 to 200 °c 

230 °c 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tel = 25°C Unless Otherwise Specified 

TEST CONDITIONS 

DC VOLTAGE OCCURRENT 
CHARACTERISTIC SYMBOL V (A) LIMITS 

VCE VEB IC IB 

Collector Cutoff Current: 
With base open ICED 200 

Emitter-Cutoff Current lEBO 4 

DC Forward-Current Transfer Ratio hFE 3 2a 

Collector-to-Emitter Sustaining 
Voltage: 

0_2 With base open VCEO(sUS) 

(See Figs. 1 and 2) 

Base·to·Emitter Saturation Voltage VBE(sat) 2a 0.35 

Collector-ta-Emitter Saturation 
VCE(sat) 2a 0.35 

Voltage 

Second-Breakdown Collector Current: 
(With base forward-biased) ISlbc 40 
Pulse duration (non·repetitive) = 1 s 

Thermal Resistance (Junction-to·Case) ROJC 10 5 

a Pulsed; pulse duration < 350 lotS, duty factor == 2%. 
b CAUTION: The sustaining voltage VCEO(sUS) MUST NOT be measured on a curve tracer. The 

sustaining voltage should be measur~d by means of the test circuit shown in Fig.1. 
C IS/b is defined as the current at which second breakdown occurs at a specified collector voltage 

with the emitter-base junction forward-biased for transistor operation in the active region. 

HORIZONTAL 
INPUT 

TEKTRONIX OSCILLOSCOPE 
MODEL RM- 503.0~ EOUIY. 

vERTICAL 
INPUT 

PUSH 
TO 

TEST 
..J... + ,----------0 O---()vcc 

Min. 

8 

200b 

-

-

2.5 

1 
1 

! 
1 ----------1J -"'I 1 CLARE 

MODEL No.HGP·2034, 
OR EQUtVALENT 

I 
1 
1 
I : 
1 

200 
COLLECTOR-TO - EMIT TE R 

VOLTAGE (VeE)-V 

Max. 

5 

10 

-

-

2 

1.5 

-

1.75 

THE SUSTAINING VOL -':AGE VCEO (lUI) IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT ~A~ 

92CS-2420t 

92CS·t92B6RI 

UNITS 

rnA 

rnA 

V 

V 

V 

A 

°CIW 

Fig. 1 - Circuit used to measure sustaining voltage. VCEO(sus). 
Fig.2 - Oscilloscope display for measurement of sustaining 

voltage (test circuit shown in Fig. 1 ). 
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92CS-24202 

Fig.3 - Maximum operating areas. 

NOTE: CUR RENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION- 3.5 COLLECTOR-lO-EMITTER VOLTAGE (VCEI:5 V 
LIMITED PORTION ANO THE IS/b-UMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVtS 0 o NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

1 
S/b "'-I 
O~E"O' 

. ,SIt:) 

3 -.. ,'" " ,~J I ~-«'" :::) "-2.5 

I'~" ~=- J...-- t----. ~2 

!5 2 

~f5 
1.5>-- CASE TEMPERATURE 

vP'- \ " ... 
\ Ou> 

(TC)' 2S"C 

~~ --;QI"I04' 

H++!~</"'I .. 
' I"c!"O 

_ .. 1>--

\~ ~ 

" ~ 0.5--·-0 

"I=-z 

0 
25 50 75 100 125 150 175 200 0.01 4 6 8 0 •1 .. 6 8 r 

CASE TEMPERATURE tTC ) _oC 
COLLECTOR CURRENT. (Ie I-A 

9ZCS-19296 9255- 4016R1 

Fig.4 - Dissipation and current derating curves. Fig.5 - Typical normalized de beta characteristics. 
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COLLECTOR-TO-EMITTER VOLTAGE 1Vee"S V 

0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE IVSEI-V 

Fig.6 - Typical transfer characteristics. 

92SS-401BRI 

TERMINAL CONNECTIONS 

Pin 1 - Base 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI- V 

92SS-4077RI 

Fig.7 - Typical output characteristics. 

Pin 2 - Emitter 
Mounting Flange, Case - Collector 



File No. 622 _______________________________ _ 

[fCl(]5LJO Power Transistors 
Solid State 
Division 

43104 

Hometaxial-Base High-Current 
Silicon N-P-N Transistor 
Rugged High·Voltage Device for Applications 
in I ndustrial and Commercial Equipment 

Features: 
II High dissipation capability - 150 W 

JEOEC TO·3 
• B·A specification for hFE. VBE. and VCE(sat) 

" VCEX -160 V min. 

H-1S70 
• Low saturation voltage with high beta 

RCA·43104* is a hometaxial·base silicon n·p·n transistor 
intended for a wide variety of high·voltage high·current 
applications. Typical applications include power·switching 

circuits, audio amplifiers, series- and shunt-regulator driver 

and output stages, dc-ta-de converters, inverters, and solenoid 
(hammer)/relay driver service. The 43104 employs the 

popular JEDEC TO·3 package. 

* Formerly type RCA508. 

12 

o 25 50 15 100 125 150 175 200 

CASE TEMPERATURE (T c)- '"C 
92LS-1764RI 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·T()'BASE VOLTAGE ..•..••......•................. VCBO 

COLLECTOR·TO·EMITTER VOLTAGE: 
With base open· ......•......••.•............................. 
With reverse bias (VeE) of -1.5 V .............................. . 

EMITTER·TO·BASE VOLTAGE .........•..............•.......... 

COLLECTOR CURRENT: 

Continuous •...•...•.....••.••.............................• 
Peak ...................................................... . 

VCEO 
VCEX 

VEBO 

IC 

BASE CURRENT: IB 
Continuous ................................................ . 
Peak ..................... ................................. . 

TRANSISTOR DISSIPATION: 
At case temperatures up to 250 C ................................ . 
At case temperatures above 250 C ............................... . 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ................................. . 

PIN TEMPERATURE (Ouring Solderingl: 
At distances.2:,1/32 in. 10.8 mm) from case for lOs max ............. . 

4-74 

Fig. 1- Current derating curve. 

160 

140 
160 

16 
30 

4 
15 

150 

See Fig. 1 

-65 to +200 

230 

V 

V 
V 

V 

A 
A 

A 
A 

w 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC SYMBOL VOLTAGE CURRENT 43104 UNITS 

Vdc Adc 

VCB VCE VEB VBE IC IE IB Min. Max. 

Celiector·Cutoff Current: 
ICBO 140 0 2 mA 

With emitter open -
With base-emitter junction 

ICEX 140 -1_5 - 2 mA 
reverse· biased 

With base-emitter junction 
ICEX 140 -1.5 - 10 mA 

reverse-biased and TC = 150°C 

With base open ICEO 120 0 - 10 mA 

Emitter-Cutoff Current lEBO 7 0 - 5 mA 

DC ForwarcH:urrent Transfer Ratio hFE 
4 sa 15 60 
4 16a 5 -

Collector-to-Emitter Sustaining 
Voltage: 
With base-emitter junction reverse-

VCEX(sus) -1_5 0_1 160 - V 
biased (RBE = 100 m 

With external base-to-emitter 
VCER(sus) 0_2a 150 V 

resistance (RBE) = 100 n -

With base open VCEO(sus) 0.2a 0 140 - V 

Base-to-Emitter Voltage VBE 4 8a - 2.2 V 

Cellector·to-Emitter Saturation 
VCE(sat) 

sa 0.8 - 1.4 
V 

Voltage 16a 3.2 - 4 

Second-Breakdown Cellector 
Current: 
With base forward-biased and 

IS/bb 1-5 nonrepetitive pulse 60 2.5 - A 

Second-Breakdown Energy: 
With base reverse-biased and 

ES/bc -1.5 2.5 0.125 J 
L=40mH, RBE= loon -

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 

I hfel Forward-Current Transfer 4 1 4 -
Ratio ( f = 50 kHz) 

Common-Emitter, Small-Signal, 
Short,Circuit, Forward-Current hfe 4 1 40 -

,Transfer Ratio (f = 1 kHz) 

Thermal Resistance: 
ROJC 1.17 °CIW 

Junction-to-Case 
-

a Pulsed; pulse duration = 300 p.s, rep. rate = 60 Hz, duty factor';;; 2%. 

b IS/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emitter-base junction 
forward-biased for transistor operation in the active region. 

c ES/b is defined as the energy at which second breakdown occurs under specified reverse-bia ... onditions. ES/b = 1/2L12 where 
L is a series load or leakage inductance and I is the peak collector current. 
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0 
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fi: 

«'0'6--.. 1 .t1Ili 

Fig, 2 - Maximum operating areas. 

TJ MA~'20~.C 
100 · ~ ~J ~'>~.,J -• 
~ "'~4>",,~ 

• 1\ ~ C"4,,&~ (~ \ 
1\ '\~ - ~ 2 'j. __ ~_'-' > ·c 

'1'>. K~ ,,~ 1-'5 " , . 8 104 2 • • • 10' 
2 . 

NUMBER OF THERMAL CYCLES 

Fig. 3- Thermal-cycling rating chart. 

6 e 106 2 

92C5-19491 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

BASE-TO-EMITTER VOLTAGE IVSE)-V 

Fig. 4 - Tvpical input characterisOcs. 
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BASE·TO-EMITTER VOLTAGE (VBE)-V 
92S5-'3296 

Fig. 5 - Typical transfer characteristics. 

1601I-V~C~E::.R +-Ho~+-l-+TCTAS-E_rTE-M...,PrE"TRA,T..;U-RE--r( T~C~IT" 2::.:'r ",-iC 

1"""""-

120 

468 468 468 468 

10 100 IK 10K lOOK 
EXTERNAL BASE-lO-EMITTER RESISTANCE (RBEJ-n 

92CS-21478 

Fig. 7 - Sustaining voltage VI. base-to'1Jmitter resistance. 

rOe COLLECTOR CURRENT (lc'/BASE CURRENT (Ie) = 10 

6 

4 or 

~u 
CASE TEMPERATURE ('t )=2S"C , 

/ / 
2 .. 

ffi 

~ 
~ 
~ 

8 

I 
~/.('2S.C 

, 
6 

4 

2 

0.1 I/Ii 
2 4 6 , 2 4 6 , 

O·~OLLECTOR-TO-EMITTER SATUR~~ION VOL TAGE ~CE(SQt~-V 
9255-3301 

Fig. 9 - Typical saturation-voltage characteristics. 

2.' 

o 

CASE TEMPERATURE (TC) -25·C 

BASE CURRENT CIB)·~90 mA 

400 mA 

300 mA 

200mA 

'IOO'lnA 

!SOmA 

0.5 I 1.5 2 2.5 I 3 '~5 
COLLECTOR-lO-EMITTER VOLTAGE 1YCe.l-4V 92CS-I95SS 

Fig. 6 - Typical output characteristics. 

~ 
COLLECTOR-lO·EMITTER VOLTAGE (VcE)-4Vlll 

" III III Q 18 I I III I I III I .. 
~ 16 I~SE TEMPERATURE (TC)"2S"C-

'" i 14 r< ~I 
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FIg. 8 - Typical de beta characteristics. 

Fig. 70 - Reverse-bias second-breakdown characteristics. 
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OO(]3LJ[] 
Solid State 
Division 

Power Transistors 

RCA1A01-RCA1A11 
RCA1A15-RCA1A19 

Silicon Transistors for 

Audio-Frequency 

~ Linear-Amplifier Applications 

I ( ~ , I 

JEDEC TO·39 H-1381 

N·P·N TYPES 

RCA1AOl 
RCA1A03 
RCA1A06 
RCA1A07 
RCA1A09 

RCA1All 
RCA1A15 
RCA1A17 
RCA1A18 

"RCA lA·Series" n-p·n and p·n·p silicon transistors are es­
pecially characterized for audio-amplifier applications_ They 
are particularly useful as input devices, VSE multipliers for 
biasing, current sources, load-line-limiting (protection) circuits, 
predrivers, and in some instances as complementary drivers. 
Other applications for these devices include audio power 
amplifiers, linear modulators, servo amplifiers, and opera­
tional amplifiers. T.he units are supplied in the JEDEC TO-39 
package. -

~ ISO 
~ 

iii 
5i 125 
~ 
~ z i 100 

i3~ 

P·N·P TYPES 

RCA1A02 
RCA1A04 
RCA1A05 
RCA1A08 

RCA1Al0 
RCA1A16 
RCA1A19 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector, Case 

a 25 50 75 100 125 150 175 200 

6-73 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TCI--C 

92CS-21'J92 

Fig. 1- Derating curve for all types. 
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MAXIMUM RATINGS, Absolute-Maximum Values: RCA1A01 RCA1A02 RCA1A03 RCA1A04 RCA1A05 RCA1A06 RCA1A07 RCA1AOB 

COLLECTOR-TO-SASE VOLTAGE _ ....... VCSO 95 -95 -75 75 . 50 -50 

COLLECTOR·TO-EMITTER VOLTAGE: 

With base open ................... ... VCEO 70 -50 40 -40 

With external base-ta-emitter resist-

ance (R SE ) = 100 n ............... VCER 95 -95 -75 75 50' -50· 

EMITTER-TO-SASE VOLTAGE ........... VESO 4 -4 4 -4 -4 4 -5 

COLLECTOR CURRENT. . . . . . . . . . . . . . . . IC -1 -2 -1 -1 

BASE CURRENT. . . . . .. . . . .. . . . . . . . . . . . IB 0.5 -0.5 -1 -0.5 0.5 0.05 -0.05 

TRANSISTOR OISSIPATlON: PT 

At case temperatures up to 25°C .... ... . 10 10 5 5 5 

At case temperatures above 2SoC. . . . . . . . .. .. 0------------- See Fig. 1 ~ 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... . 

PIN TEMPERATURE (During Soldering): 

At distances ~ 1/32 in. (0.8 mm) 
from case for 10 s max. 

'RSE = 10n 

ARSE = 300 n 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open . ................... .. VCEO 

EMITTER-TO-IjASE VOLTAGE ........... VESO 

COLLECTOR CURRENT. . . . . . . . . . . . . . . . IC 

SASE CURRENT. . . .. . . . . . . . . . . • . . . . . . IS 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .. ..... . 

At case temperatures above 2SoC . ...... . 
TEMPERATURE RANGE: 

Storage & Operating (Junction) ........ . 

PIN TEMPERATURE (During Soldering): 
At distances ~ 1/32 in. 10.B mm) 

from case for 105 max. . .......... . 
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-65 to +200 .. 
.. 230 • 

RCA1A09 RCA1Al0 RCA1Al1 RCA1A15 RCA1A16 RCA1A17 RCA1A18 RCA1A19 

175 -175 175 100 -100 90 10 -10 

6 -6 6 -5 4 4 -4 

-1 -1 -1 

0.5 -0.5 0.5 0.5 -0.1 0.5 0.5 -0.5 

10 10 10 10 10 5 
4 See Fig, 1 ~ 

4 -65 to +200 • 

4 230 ~ 

V 

V 

V 

V 

A 

A 

W 

°c 

°c 

V 

V 

A 

A 

W 

°c 

°c 



File No. 651 _______________ RCA1A01-RCA1A11.RCA1A15-RCA1A19 

Type RCA1A01 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature ITCI = 25"C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With base open ICEO VCE=60V.I B =0 

Emitter Cutoff Current: 
With collector open lEBO VEB=4V,IC=0 

Collector-to-Emitter Voltage: 
With base open VCEO IC = 100 rnA 

Gain Bandwidth Product fT VCE=4V,IC=50mA 

DC Forward-Current Transfer Ratio hFE IC= lOrnA, VeE =4 V 

Collector-to-Emitter Saturation Voltage VCE(sat) IC= 150mA,IB = 15 rnA 

Base-to-Emitter Voltage VBE IC=10mA,VCE=4V 

LIMITS 
MIN. MAX. 

- 1 

- 1 

70 -

120 -
40 200 

- 1.4 

- 1 

For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 

Type RCA 1A02 
Package: JEDEC TO-39 
Construction: Silicon p-n-p, epitaxial planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature ITCI = 25"C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With base open ICEO VCE = -40 V, IB = 0 

Emitter Cutoff Current: 
With collector open lEBO VEB = -4 V, IC = 0 

Collector-to-Emitter Voltage: 
With base open VCEO IC= -0.1 A 

Gain Bandwidth Product fT VCE = -4 V,IC= -50mA 

DC Forward-Current Transfer Ratio hFE IC= -0.1 rnA, VCE = -10V 

Base-to-Emitter Voltage VBE IC = -0.1 rnA, VCE = -10V 
. -For characteristics curves and test condItIons, r~fer to published data for prototype 2N4036 (FIle 216) . 

LIMITS 
MIN. MAX. 

- -1 

- -1 

-50 -
60 

30 200 

- -O.B 

UNITS 

p.A 

rnA 

V 

MHz 

V 

V 

UNITS 

p.A 

rnA 

V 

MHz 

V 
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RCA1A01-RCA1A11, RCA1A15-RCA1A19 _______________ File No. 651 

Type RCA 1A03 
Package: JEDEC TO·39 
Construction: Silicon n·p-n, planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONOITIONS 
LIMITS 

MIN. 

Collector Cutoff Current: 
With external base·to-emitter resistance IRBE) ICER VCE = 85 V, RBE = lOOn -

Emitter Cutoff Current: 
With collector open lEBO VEB = 4 V, IC = 0 -

Coliector-to·Emitter Voltage: 
With external base-to·emitter resistance (RBE) VCER IC = 0.1 A, RBE = lOOn ' 95 

Gain Bandwidth Product f,- IC - 0.1 A, VCE - 4 V 50 
DC Forward-Current Transfer Ratio hFE IC = 300 rnA, VCE - 4 V 70 
Collector-to-Emitter Saturation Voltage VCE(sat) IC - 300 mA, IB - 30 mA -
Base·to-Emitter Voltage VBE IC - 300 mA, VCE - 4 V -
Second·Breakdown Collector Current: 

With base forward biased ISlb VCE = 50 V, t = 0.4 s 0.2 

For characteristics curves and test conditions, refer to published data for prototype 2N5320 (File 325). 

Type RCA1A04 
Package: JEDEC TO-39 
Construction: Silicon p-n-p, epitaxial-planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tci = 25'C Unless Otherwise Specified 

MAX. 

10 

0.1 

-

-
300 
0.8 
1.4 

-

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 

Collector Cutoff Current: 
With external base-to·emitter resistance (RBE) ICER VCE = -85 V, RBE = lOOn - -10 

Emitter Cutoff Current: 
With collector open lEBO VEB = 4 V,IC = 0 - -0.1 

Collector· to-Emitter Voltage: 
With external base·to·emitter resistance (RBE) VCER IC = -0.1 A, RBE = lOOn -95 . -

Gain Bandwidth Product f,- IC--O.l A, VCE --4 V 50 -
DC Forward-Current Transfer Ratio hFE IC= -300mA, VCE = -4V 70 300 
Coliector·to·Emitter Saturation Voltage VCE(sat) IC= -300mA,IB = -30 mA - -0.8 
Base-to·Emitter Voltage VBE IC- -300mA, VCE - -4V - -1.4 
Second-Breakdown Collector Current: 

With base forward biased' ISlb VCE = -35 V, t = 0.4 s -0.285 -

For characteristics curves and test conditions, refer to published data for prototype 2N5322 (File 325). 
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UNITS 

pA 

mA 

V 
MHz 

V 
V 

A 

UNITS 

I1A 

mA 

V 
MHz 

V 
V 

A 



File No. 651 ________________ RCA1A01-RCA1All, RCA1A15-RCA1A19 

Type RCA lA05 
Package: JEDEC TO-39 
Construction: Silicon p-n-p epitaxial planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T Ci ~ 25°C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONOITIONS 

Collector Cutoff Current: 
With external base-la-emitter resistance (RSE) ICER VCE ~ -65 V, RBE = 10012 

Emitter Cutoff Current: 
With collector open lEBO VEB=-4V,IC=0 

Collector-to-Emitter Voltage: 
With external base-ta-emitter resistance (RBE) VCER IC = -0.1 A, RBE = lOOn 

Gain Bandwidth Product fT IC ~ -50 rnA, V CE ~ -4 V 

DC Forward-Current Transfer Ratio hFE IC =-150 rnA, VCE = -4 V 

Collector-ta-Emitter Saturation Voltage VCE(sat) IC = -150mA, IB =-15mA 

Base-ta-Emitter Voltage VBE IC = -150mA, VCE = -4 V 

Second-Breakdown Collector Current: 

With base forward biased 
ISlb VCE =-65 V,t=OAs 

LIMITS 

MIN. MAX_ 

- -10 

- -0.1 

-75 -
60 

50 250 

- -0.8 

- -1.4 

-0.1 -

For characteristics curves and test conditions, refer to published data for prototype 2N4036 (File 216). 

Type RCA1A06 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tci ~ 25°C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONOITIONS 

Collector Cutoff Current: 

With external base-ta-emitter resistance (R BEl ICER VeE = 65V, RBE = 10012 

Emitter Cutoff Current: 

With collector open lEBO VEB=4V,le=0 

Collector·to-Emitter Voltage: 
With external base-la-emitter resistance (R BE) VeER Ie = 100 rnA, RBE = 10012 

Gain Bandwidth Product IT Ie = 50 rnA, VeE = 4 V 

DC Forward-Current Transfer Ratio hFE Ie = 150 rnA, VCE = 4V 

Collector-ta-Emitter Saturation Voltage VeE (sat) Ie = 150 rnA, IB = 15 rnA 

Base-to-Emitter Voltage VBE Ie - 150 rnA, VeE - 4V 

Second-Breakdown Collector Current~ 

With base forward biased ISlb VeE = 65V. t = 0.4 s 

LIMITS 
MIN_ MAX_ 

- 10 

- 0.1 

75 -

120 -
50 250 

- 0_8 

- 1.4 

0.077 -

For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 

UNITS 

J1A 

rnA 

V 

MHz 

V 

V 

I A 

UNITS 

J1A 

rnA 

V 

MHz 

V 

V 

A 
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RCA1A01-RCA1A11, RCA1A15-RCA1A19 _______________ File No. 651 

Type RCA 1A07 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT C) ; 25'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With base open ICED VCE;40V 

Emitter Cutoff Current: 
With collector open lEBO VEB; 3 V, IC; 0 

Collector·to-Emitter Voltage: 
With base open VCEO IC;100mA 

Collector-to· Emitter Voltage: 
With external base·to·emitter resistance (RBE) VCER IC; 100mA, RBE; Ion 

Gain Bandwidth Product fT VCE;10V,IC-50mA 

DC Forward·Current Transfer Ratio hFE IC-3mA,VCE-l0V 

Collector-to-Emitter Saturation Voltage VCE(sat) IC;20mA,IB;1 mA 

Base·to·Emitter Saturation Voltage VBE(sat) IC =20mA, IB = 1 mA 

LIMITS 
MIN. MAX. 

- 10 

- 0.1 

40 -

50 -
120 -
50 250 

- 1 

- 1.3 

For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 

Type RCA1A08 
Package: JEDEC TO-39 
Construction: Silicon p-n-p, epitaxial planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature ITC) ; 25°C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With'external base-to-emitter-resistance ICER VCE = -40 V, RBE = 330n 

Emitter Cutoff Current: 
With collector open lEBO VEB; -5 V 

Coliector-to·Emitter Voltage: 
With base open VCEO IC= -100mA, IB =0 

Collector-to-Emitter Voltage: 
With external base-to·emitter resistance (RBE) VCER IC = -100 mA, RBE = 330n 

Gain Bandwidth Product fT VCE = -10V, IC= -50mA 

DC Forward-Current Transfer Ratio hFE IC =-50mA, VCE = -1.5V 

Collector-to-Emitter Saturation Voltage VCE(sat) I C=-100mA,IB=-5mA 

Base-to-Emitter Saturation Voltage VBE(sat) IC - -100mA, IB - -5 mA 

Second-Breakdown Collector Current: 
With base forWard biased ISlb V CE = -35 V, t = 0.05 s 

LIMITS 
MIN, MAX, 

- -10 

- -0.1 

-40 -

-50 -
60 -
70 250 

- -1.4 

- -1.4 

-0.12 -

For characteristics curves and test conditions, refer to published data for prototype 2N4036 (File 216). 
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File No. 651 _______________ RCA1A01-RCA1A11, RCA1A15-RCA1A19 

Type RCA1A09 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, epitaxial 

ELECTRICAL CHARACTERISTICS At Case Temperature lTC' = 2!PC Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDIlIONS 
r--LlMITS 

MIN. MAX. 

Collector Cutoff Current: 
ICEO VCE =90V.IB=0 - 10 

With base open 

Emitter Cutoff Current: 
lEBO VEB = 6 V, IC = 0 100 -

With collector open 

Collector-ta-Emitter Voltage: 
VCEO IC = 10 rnA, IB = 0 175 -

With base open 

Gain Bandwidth Product fT IC = 10 rnA, VCE = 10 V 15 -

DC Forward-Current Transfer 
hFE Ratio 

IC = 10 rnA, VCE = 10 V 20 100 

Collector-ta-Emitter Saturation 
VCE!sat) IC= 50mA,IB = 4mA - 0_5 

Voltage 

Base-ta-Emitter Voltage VBE IC = 10 rnA, VCE = 10 V - 0.9 

Second-Breakdown Collector 
Current: ISlb VCE = 150 V, t = 1 s 0_065 -

With base forward biased 

For characteristics curves and test condItions. refer to published data for prototype 2N3439 (File 64). 

Type RCA1Al0 
Package: JEDEC TO-39 
Construction: Silicon p-n-p 

ELECTRICAL CHARACTERISTICS, At Case Temperature lTC' = 2!PC Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
~~IMITS 

MIN. MAX. 

Collector Cutoff Current: 
ICEO VCE =-120 V, IB = 0 - -10 

With base open 

Emitter Cutoff Current: 
lEBO VEB =-6V,IC=0 - -100 

With collector open 

Collector-to-Emitter Voltage: 
VCEO IC=-10mA,IB=0 -175 -

With base open 

Gain Bandwidth Product fT IC= -10mA, VCE = -10 V 15 -

DC Forward-Current Transfer 
hFE Ratio 

IC = -10 rnA, VCE = -10 V 40 250 

Collector-ta-Emitter Saturation 
VCE!sat) IC=-10mA,IB=-lmA - -2 

Voltage 

Base-to-Emitter Voltage VBE IC = -10 mA, VCE = -10 V - -0.8 

Second-Breakdown Collector 
Current: ISlb VCE=-150V,t=ls -0.04 -

With base forward biased 

For characteristics curves and test conditions, refer to published data for prototype 2N5415 (File 3361. 

UNITS 

J1A 

J1A 

V 

MHz 

V 

V 

A 

UNITS 

J1A 

J1A 

V 

MHz 

V 

V 

A 
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RCA1A01-RCA1A11, RCA1A15...,.RCA1A19 _______________ File No. 651 

Type RCA1A11 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, epitaxial 

ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ ~ 2fPC Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS 

MIN_ 

Collector Cutoff Current: 
ICED VCE ~ 90 V; IB ~ 0 

With base open 
-

Emitter Cutoff Current: 
lEBO VEB~6V,IC~0 

With collector open 
-

Collector-ta-Emitter Voltage: 
VCEO IC=10mA,IB=0 175 

With base open 

Gain Bandwidth Product fT IC = 10 rnA, VCE = 10 V 15 

DC Forward-Current Transfer 
hFE IC = 1 rnA, VCE = 10 V 40 

Ratio 

Base-to-Emitter Voltage VBE IC = 1 rnA, VCE = 10 V 0_5 

For characteristics curves and test conditions, refer to published data for prototype 2N3439 (File 64), 

Type RCA1A15 
Package: JEDEC TO-39 
Construction: Silicon n-p-n, epitaxial 

MAX_ 

10 

100 

-

-

250 

0_7 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TCi = 25'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN_ MAX. 

Collector Cutoff Current: 
With base open ICED VCE = 90V - 10 

Emitter Cutoff Current: 
With collector open lEBO VEB = 5 V, IC = 0 - 1 

Collector-to-Emitter Voltage: 
With base open VCEO IC= 10mA,IB =0 100 -

Gain Bandwidth ProducI fT VCE - 10V,IC - 10 rnA 15 -
DC Forward-Currenl Transfer Ralio hFE Ie: - 10 rnA, VeE - 10 V 20 100 
Collector-la-Emitter Saturation Voltage VCE(satl Ic-l0mA,IB -1 rnA - 1 
Base-la-Emitter Voltage VBE Ic-l0mA, VCE = 10V - 1 
Second-Breakdown Collector Current: 

Wilh base forward biased ISlb VCE ~50V,t=0.4s 0_2 -

For characteristics curves and lesl condilions, refer te> published data for protolype 2N3440 (File 641. 
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File No. 651 _______________ RCA1A01-RCA1A11. RCA1AJ5-RCA1A1B 

Type RCA 1A 16 
Package: JEDEC TO·39 
Construction: Silicon p·n·p. epitaxial 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C Unless Otherwise Specified' 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. 

Collector Cutoff Current: 
With base open ICEO VCE = -90 V -

Emitter Cutoff Current: 
With collector open lEBO VEB=-5V,IC=0 -

Coliector·to·Emitter Voltage: 
With base open VCEO Ic=-10mA,IB=0 -100 

Gain Bandwidth Product IT VCE = 10V, IC = lOrnA 15 
DC Forward·Current Transfer Ratio hFE IC - -10 rnA, VCE - -10 V 40 
Coliector·to·Emitter Saturation Voltage VCE(sat) IC - -10 mA.IB - -1 rnA -
Base·to·Emitter Voltage VBE IC - -10 rnA, VCE - -10 V -
Second·Breakdown Collector Current: 

With base forward biased ISlb VCE = -50 V, t = 0.4 s -0.2 

For characteristics curves and test conditions, refer to published data for prototype 2N5416 (File 336). 

Type RCA1A17 
Package: JEDEC TO·39 
Construction: Silicon n·p·n, planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C Unless Otherwise Specified 

MAX. 

-10 

-1 

-
-

250 
-1 
-1 

-

CHARACTER ISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 

Collector Cutoff Current: 
With base open ICED VCE = BO V. IB = 0 - 1 

Emitter Cutoff Current: 
With collector open lEBO VES = 4 V, Ic = 0 - 1 

Coliector·to·Emitter Voltage: 
With base open VCEO IC = 100 rnA, IS = 0 90 -

Gain Bandwidth Product IT VCE = 4 V, IC = 50 rnA 120 
DC Forward·Current Transfer Ratio hFE IC - 10 rnA, VCE = 4V 40 200 
Coliector·to·Emitter Saturation Voltage VCE(sat) IC = 150 rnA, IB - 15 rnA 1.4 

Base·to·Emitter Voltage VSE IC = 10 rnA, VCE - 4 V - 1 

For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 

UNITS 

/lA 

rnA 

V 
MHz 

V 
V 

A 
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mA 

V 
MHz 

V 
V 

487 



RCA1A01-RCA1A11. RCA1A15-RCA1A19 _______________ File No. 651 

Type RCA1A18 
Package: JEDEC TO·39 
Construction: Silicon n·p-n. planar 

.ELECTRICAL CHARACTERISTICS. At Case Temperature (TCI = 2!f'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. 

Collector Cutoff Current: 
With base open ICEO VCE=SV,IB=O -

Emitter Cutoff Current: 
With collector open lEBO VEB = 4 V, IC = 0 -

Collector-to· Emitter Voltage: 
With base open VCEO IC= 10mA,IB =0 10 

Gain Bandwidth Product fT IC = 50 mA, VCE - 4 V 120 
DC Forward-Current Transfer Ratio hFE I~ - 10 mA V~r; = 4 V 40 
Coliector·to·Emitter Saturation Voltage VCE(sat) IC= 10mA,IB =O.SmA -
Base-to·Emitter Voltage VBE IC - 10 mA, VCE = 4 V -

For characteristics curves and test conditions, refer to published data for prototype 2N2102 (File 106). 

Type RCA 1A 19 
Package: JEDEC TO-39 
Construction: Silicon p-n-p, epitaxial planar 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 2!f'C Unless Otherwise Specified 

MAX. 

10 

1 

-
-

250 
1 

0.78 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX: 

Collector Cutoff Current: 
With base open ICEO VCE = -SV,IB=O - -10 

Emitter Cutoff Current: 
With collector open lEBO VEB = -4 V, IC = 0 - -1 

Collector-to-Emitter .voltage 
With base open VCEO Ic=-10mA,IB=0 -10 -

Gain Bandwidth Product fT IC 50mA, VCE 4V 60 
DC Forward-Current Transfer Ratio hFE IC - -10 mA, VCE - -4 V 40 250 
Coliector-to·Emitter Saturation Voltage VCE(sat) IC - 10mA,IB 0.5mA 1 
Base·to-Emitter Voltage V8E IC - -10 mA, VCE - -4 V - -0.78 

For characteristics curves and test conditions, refer to published data for prototype 2N4036 (File 216). 
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File No. 647 _____________________________ _ 

9-14 

oornLJD 
Solid State 
Division 

Power Transistors 

RCA1B01 

Silicon Transistor for 

70-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 
JEOEC TO.3 H·1570 Hometaxial-Base Output Transistors 

RCA 1 BOl is an n·p-n hometaxial·base silicon transistor 
in a JEDEC TO-3 package. This device is particularly suitable 
for audio·output use. and can be driven by either the 
RCA lA03 n·p-n or RCA lA04 p-n-p transistor_ 

RCA1BOl in conjunction ·with seven TO·39 transistors, 
eleven diodes, and an 84-volt split power supply. The amplifier 
output is directly coupled to an B-ohm speaker. This amplifier 
is most useful for instrumentation applications where rugged· 
ness and raw power are essential. The 70-watt amplifier shown in Figs. 1 and 5 uses the 

INPUT 

CLASS 8 
DRiVER 
n~p-n 

RCAIA03 

OUTPUT 
n-p-n 

ReAIBOI 

DIFFERENTIAL ~----r-----r---G~~~)----l..i--c( AMPLIFIER 
p-n-p 121 FEEDBACK 

RCAIA02 

OUTPUT 
n-p-n 

RCAIBOI 

nCS-21991 

Fig. 1-Block diagram and transistor complement for 70-wattquasi-complementary­
symmf!try audio amplifier with hometaxial-base output transistors. 
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RCA1B01 File No. 647 

MAXIMUM RATINGS,Absolute·Maximum Value.: 

COLLECTOR·TO·BASE VOLTAGE""" .. "'," .... ,'" .. ,"'" VCBO 
COLLECTOR.TO·EMITTER VOLTAGE: 

With external basa.to-emitter resistance (Ree) ::; lOOn. . .. . . . . . . .. . VeER 
EMITTER·TO·BASE VOLTAGE, .. , ""," .. ' ,,"",',.",", .. ' VEBO 
COLLECTOR CURRENT, , , , , , , , , , , , , , , , .. , ,., , , , , , , , , , , , , , , , , , IC 

BASE CURRENT " .... ,""""""""', .. ,"""""""'" 18 
TRANSISTOR OISSIPATION: D PT 

At case temperatures up to 25 0C ..........•..•........••....... 
At case temperatures above 25 C .....•.............•••......•.. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ..........................•....• 

PIN TEMPERATURE (During Soldering): 
At distances~1/32 in. (0.8 mm1 from case for 10 s max ........... . 

00 

g 150 
8 li<- T ~ MAX.· ~oo·h 

~ 

" c 
) 6 

t I'--. I" ..... ~,~~f--
z '\ ,,,,,,,~o\> 
0 4 

~ 

~ 125 

~ 

RCA1BOl 

95 

95 
7 

15 

115 
See Fig. 2 

-65'0200 

230 

-- - --

;:: \ I'" .. ~" 0: 1'- 'I'~ 
Co\< 

~ 100 

~ 
Q 

\ .. ",~~ 
'" '" 

- -

1\ I~ '\ ~/ ... ~ 2 
~ \' rt ~ ~ I" 

10 
~~;, 1\ ~ 

o 25 50 75 100 125 150 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFFORTC1-"C 

92C$·21992 

2 4 6 8 
10' 

2 4 6 

NUMBER OF THERMAL CYCLES 

:--

t--", 
8 

Fig.2-Derating curves for all types. Fig.3- Thermal-cycling ratings for RCA 1 B01. 
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100e CASE TEMPERATU.RE (TC 1=25-C 

,.. 
z 

(CURVES MUST BE DERATED LINEARLY NORMALIZED 
WITH INCREASE IN TEMPERATURE I --+ POWER 

, I I 1 j I I MULTIPLER 

Ic MAX. I CONTIN OUS) PULSE OPERATION * 301'5 

~ 15 

a 10.j===t==~~::t=t~ 

10 
COLLECTOR-TO·EMITTER. VOLTAGE I VCE'-V 

6 8 
100 

8. 

92C5-21993RI 

Fig.4-Maximum operating area$ for RCA 1801. 
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FileNo. 647 ____________________________ RCA1B01 

TYPE 
IN3754 IBO 

r-~~~~AAr-~--------------~----------------~--~----~-+42V 
0, + C, ", 

50 "B 
;r50V 2.71< "10 

33K 
RIDA 

"3 
. 

50 CG 47 
12K 50V 

"2' 22 

39 pF 

"4 
GBO R,. 

100 

C,. 
0.02 
50V 

L----+-----+----~----------~~----------~----~~--~----r_,_-42~ 

NOTES: 

90·C THERMAL 

--YUT 
T 

117V ~II 60~~ 
3 -A SLOW-BLOW 

TYPE 

net.! - 21995RI 

-42VN.L. t42VNL. 

92CS-21994RI 

1. T: Signal 56·4 (Signal Transformer Co., 1 Junius St., Brooklyn, N.V: 11212), or equivalent. 

2. Resistors are 1/2·watt unless otherwise specified; values are in ohms. 

3. Capacitances are in IlF unless otherwise specified. 

4. Non·inductive resistors. 

5. Provide approx. 1°CIW heat sinking per output device based on mounging with mica washer 
and ZnO thermal compound (Dow Corning No. 340, or equivalent) with T A = 4SoC max. 

6. Mount on heat sink, Wakefield No. 209·AB, or equivalent. (Alternatively, this type may be 
obtained with a factory·attached integral heat sink.) 

Fig. 5-70·Watt amplifier circuit featuring quasi-complementary-symmetry output employing hometaxial-base output transistors. 
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RCA1B01 ___________________________ File No. 647 

TYPICAL PERFORMANCE DATA 
For 70·Watt Audio Amplifier 

Measured at a line voltage of 120 V, TA = 25°C, and a frequency of 1 kHz, unless otherwise sPecified. 
Power: 

Rated power (8·n load, at rated distortion) ..... . 
Typical power (4·n load) .................. . 
Typical power (16·n load) .................. . 
Music power (8·n load, at 5% TI]]) with 

regulated supply) ....................... . 
Dynamic power (8·n load, at I % THO with 

regulated supply) ...................... . 

Total Harmonic Distortion: 
Rated distortion .......................... . 

5 

'-1kHz / 2 
I 

I 

70W 
lOOW 
40W 

lOOW 

88W 

1M Distortion: 
10 dB below continuous power output at 

60 Hz and 7 kHz (4:1) .................. . 

Sensitivity: 
At continuous power-output rating 

Hum and Noise: 
Below continuous power output: 

Input shorted ........................ . 
Input open ........................... . 

1.0% lnput Resistance 

2 

I 
I 

I I 
60 WATTS 

0.1% 

700mV 

85 dB 
80 dB 

20kn 

I 
5 

/ I " 
,V ~ w 

> -
2 r-- lI ..... ~LATED 1M THO 
.I jUPP1LY 

2 \ 
\ , 

~ 
0.05 0.10.20.5 I 2 5 10 20 30 40 50 60 70 80 90 100 10 20 50 100 200 SOD IK 2K 5K 10K 20K 5DK lOOK 

POWER OUTPUT(POUlI-w 

Fig.6-Distortion VS'. power output. 

Type RCA1B01 
Package: JEDEC TO-3 

92CS-15178 

Construction: Silicon n-p-n, hometaxial base 

FREQUENCY-Hz 

Fig. 7-Response curve. 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tci = 2~C Unless Otherwise Specified 

9ZCS-L513\ 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
MIN. 

Collector Cutoff Current: 
With,external base·to·emitter resistance (RBE) ICER VCE = 85 V, RBE = lOOn -

Emitter Cutoff Current: 
With collector open lEBO VEB = 4 V, IC = 0 -

Collector·to·Emitter Voltage; 
With external base·to·emitter resistan"ce (R8EI VCER IC = 0.2A, RBE = lOOn 95 

Gain 8andwidth Product IT VCE = 4 V, IC - 1 A 0.8 
DC Forward·Current Transfer Ratio hFE IC - 4 A, VCE - 4 V 20 
Collector·to·Emitter Saturation Voltage VCE(sat) IC - 4 A, IB = 0.4 A 
Base·to·Emitter Voltage VBE IC 4A, VCE -4V 
Second·Breakdown Collector Current: 

With base forward biased ISlb VCE = 60 V, t = I s 1.95 

For characteristics curves and test conditions, refer to published data for prototype 2N3055 (File 524). 
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TERMINAL CONNECTIONS'FOR TYPE RCA1BOl 

Pin 1 - Base 
Pin 2 - Em itter 
Case - Collector 

Mounting Flange - Collector 

MAX. 

0.5 mA 

1 mA 

- V 
MHz 

70 
1 V 

1.4 V 

- A 



File No. 649 ______________________________ _ 

OOcn3m 
Solid State 
Division 

JEOECTO·3 H·1570 

Power Transistors 

RCA1B04 

Silicon Transistor for 

120-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

Parallel Output Transistors 

RCA 1804 is an n·p·n silicon pi-nu transistor in a JEDEC TO-3 
package. This device is especially characterized for audio 
applications, and can be driven by RCA1Cl.2 and RCA1C13 
transistors. 

The 120-watt amplifier circuit in Figs. 1 and 5 uses the 
RCA 1804 in conjunction with eleven other discrete transistors, 

twelve diodes, and a 130-volt split· power supply. The amplifier 
output is directly coupled to an B-ohm speaker. This RCA 
120-watt audio amplifier is especially designed for top-of-the­
line quadrasonic use in applic~tions requiring % kW of quadra­
sonic sound with excellent tonal quality. 

9-74 

CLASS A CLASS 

_ 

DIFFERENTIAL DRIVER 
OUTPUT 

I 
PRE DRiVERS n-p-n - n-p-n 
p-n-p t21 

RCAICI2 (21 
RCA lAID RCAIB04 

V_E 
MULTIPLIER 

1 
n-p-n 

INPUT 
RCAIAI8 

0--
DIFFERENTIAL 
AMPLIFIER FEEDBACK 

n-p-n (21 
RCAIAll 

1-
OVERLOAD 

PROTECTION 
CIRCUIT 

~ (I) n-p-n RCAIAIB 
III p-n-p RCAIAI9 

CURRENT CURRENT 
SOURCE SOURCE CLASS B 
n-p-n n-p-n DRIVER OUTPUT 

RCAIAD9 RCAIA09 p-n-p I-- n-p-n 
(21 

'----- RCAtCt3 RCAIB04 

92CM-22023 

Fig. 1- Block diagram and transistor complement for 120-watt quasi-complementary-symmetry audio amplifier with 
parallel output transistors_ 
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RCA1B04 ______________________________________________ ___ 
File No. 649 

MAXIMUM RATINGS, Absolute·Maximum Values:. 

COLLECTOR·TO·BASE VOLTAGE • • 
COLLECTOR·TO·EMITTER VOLTAGE: 

With base open 

With extermil base-to-emitter resistance (Rae) = 100 n 

EMITIER·TO·BASE VOLTAGE 

COLLECTOR CURRENT. . 

BASE CURRENT 

TRANSISTOR OISSIPATION: 
At case temperatures up to 2SoC 
At case temperatures above 25°C 

TEMPERATURE RANGE: 
Storage & Operating (Junction) • 

PIN TEMPERATURE (Ouring Soldering): 
At distances L 1/32 in. (0.8 mm) from case for 10 s r:nax. 

~ ISO 
~ 

III 
(I) 125 
~ 
~ z 
~ 100 

a~ 
~~75 
",0 
~> 

~ 50 

~ 
~ 25 

{

RCAIA09 
RCAIAIO 
RCAIAII 
RCA1AIB 
RCAIAI9 
RCAI804 

o 25 50 75 100 125 150 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tel--C 

90?CS-22025 

Fig. 2- Derating curves for al/ types. 

4 6. 
10 

VC80 

VCEO 

VCER 

VE80 

IC 

18 

PT 

RCA1B04 

225 

200 

225 

5 

7 

2 

150 
See Fig. 2 

-65 to 200 

230 

V 

V 

V 

V 

A 

A 

W 

°C 

°C 

100 

.r-~---+~-r+---r--1~r+1---+---r-~~ 

10 

4 6' 

4 6 e 10 4 2 4 6 e 105 

NUMBER OF THERMAL CYCL.ES 
92CS-19922 

Fig. 3- Thermal-cycling ratings for RCA 1804. 

4 6 8 I 
100 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1-V 

9ZCS-22024 

Fig. 4- Maximum operating areas for ReA 1804. 
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File No. 649 --------------______________ RCA1B04 

92CM- 22026RI 

Fig. 5-12D-watt amplifier circuit featuring quasi.aomplementary-symmetry with parallel output transistors. 

·NOTES FOR FIG. 5: 

1. 01-08 ·lN5391; 09-010 ·lN914; 011-012· 1N5393. 

2. Resistors are 1/2·watt, ± 10% unless otherwise specified; 
values are in ohms. 

3. Capacitances are in IlF unless otherwise specified. 

4. Non·inductive resistors. 

5. Provide approx. 10 C/W heat sinking per output device 
based on mounting with mica washer and 2nD thermal 
compound (Dow Corning No. 340, or equivalent) with 
T A = 450 C max. 

6. Mount on heat sink, Wakefield No. 209·AB. or equivalent. 
(Alternatively, this type may be obtained with a factory· 
attached integral heat sink.) 

7. Attach heat sink cap (Wakefield No. 260-6SH5E. or equivalent'.) 
on device and mount on same heat sink with output transistor. 

IZOV 
60 Hz 

6-4 SLOW­
BLOW TYPE 

~ 
THERMAL 
CUTOUT 
NOTE I 

-65 V 

92CS-22021RI 

NOTES FOR FIG. 6: 

1. 900 C thermal cutout attached to heat sink 
for output transistors. 

2. Power transformer: Signal 88·6 (Signal Trans· 
formerCo.,l Junius St., Brooklyn, N.Y. 11212), 
or equivalent. 

Fig. 6-Power supply for 12o-watt audio amplifier. 
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RCA1B04 ~ _________________________ File No. 649 

TYPICAL PERFORMANCE DATA 
For 120·Watt Audio Amplifier 

Measured at a line voltage of 120 V, TA = 2t1'C, and a frequency of 1 kHz, unless othelWise specified. 

Power: 
Rated power (8·12 load, at rated 

distortion) ......... , ................ . 
Typical power (4·12 load) ................ . 
Typical power (16·12 load) ............... . 

Total Harmonic Distortion: 
Rated distortion ....................... . 

1M Listortion: 
10 dB below continuous power output 

at 60 Hz and 7 kHz (4: I) .............. . 

10, .. • LINE VOLTAGE (Vll NE)-120Vac 

~ 4 
LOAD RESISTANCE (RL):a,Sl 
AMBIENT TEMPERATURE {TA1.Z5-C 

~ , IIII I I III I IIII 
I III I II IIII z I 0 'I- REFERENCE DISTORTION (0.5 "4) ~ • 0 

4 in 
Q 

u 
, 

Z 
~O.I 

'" ' .. 6 
:J: 

4 
-' 
j! , 
l:! 

0.01 , 460 , 460 , 460 , 460 
0.01 0.1 10 100 

POWER OUTPUT (Pour)-W 

, 

120W 
IBOW 
BOW 

0.5% 

0.2% 

4' 68 
IK 

92CS- 2+794 

Fig. 7- Typical total harmonic distortion VI. power output for 
single channel (8 n), and both channels driven at 1 kHz. 
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IHF Power Bandwidth: 
3 dB below rated continuous power at 

rated distortion. . . . . . . . . . . . . . . .. 5 Hz to 50 kHz 
Sensitivity: 

At continuous power output rating. . . . . . . .. 900 m V 
Hum and Noise: 

Below continuous power output: 
Input shorted ..... , ............... , . 
Input open .......... , , , . , ......... . 
With 2 k12 resistance on 20·ft. cable 

on input ........................ . 
Input Resistance ........ , ...... , ........ . 

10, 
OUTPUT POWER (Pourl-GO W CONTINUOUS .. 6 LINE VOLTAGE (VLlNE1-120Vac 

~ 4 AMBIENT TEMPERATURE (TA )·2S·C 

~ , I II I II I 
I 

I I II I 
z , 
0 

F E CE 0 STORTION (0. %1 
~ 6 -
~ 4 

Q , 
u 

~O.I 
~ , 
'" 6 .. 
:J: 4 
-' 
j! , -l:! 

0.01 
2 4 ., 2 4 6 2 4 • 2 4 6 2 

104 dB 
88 dB 

\04 dB 
18k12 

460 
10 100 I K 10K lOOK 

FREQUENCY (f)- Hz 

Fig. 8- Typical total harmonic distortion V.I'. frequency 
for 60-watt output. 



File No. 649 ____________________________ RCA1B04 

Type RCA1B04 
Package: JEDEC TO-3 
Construction: Silicon n-p-n, multiple-epitaxial, pi-nu 

-ELECTRICAL CHARACTERISTICS At Case Temperature IT ci - 25"C Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS 

MIN_ MAX_ 

Collector Cutoff Current: 
With external base-ta-emitter ICER VCE = 120 V, RBE = 100 n - 1 
resistance (ABE) 

Emitter Cutoff Current: 
lEBO VEB=5V,IB=0 - 1 With collector open 

Collector-ta-Emitter Voltage: 
VeEO le=0.2A,IB=0 200 -With base open 

Collector-ta-Emitter Voltage: 
With external base-to-emitter VCER Ie = 0.2 A, RBE = 100 n 225 -
resistance (RBE) 

Gain Bandwidth Product IT Ie = 0.2 A, VeE = 10 V 5 -
DC Forward-Current Transfer 

hFE le=2A,VCE=5V 15 75 
Ratio 

Collector-ta-Emitter Saturation 
VeE(sat) Ie = 2 A,IB = 0.255 A - 2 

Voltage 

Base-ta-Emitter Voltage VBE IC=2A,VCE=5V 1 2 

Second-Breakdown Collector 
Current: ISlb VCE=120V,t=ls 1.25 -
With base forward biased 

For characteristics curves and test conditions. refer to published data for prototype 2N5239 (File 321). 

TERMINAL CONNECTIONS FOR TYPE RCA1B04 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

UNITS 

rnA 

rnA 

V 

V 

MHz 

V 

V 

A 
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_________________________________ Filii No. 650 

OOm5LJD 
Solid State 
Division 

Power Transistors 

RCA1B05 

Silicon Transistor for 

200-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

Parallel Output Transistors 
JEOEC TO-3 H-1570 

RCA 1 B05 is a silicon n·p·n pi·nu transistor in a JEDEC TO·3 
package. This device is especially suitable for applications in 
audio·amplifier circuits, in which it may be used as either 
driver or output unit. 

the amplifier output stages. These devices are employed in 
conjunction with eleven other discrete transistors, twelve 
diodes, and a 160·volt split power supply. The amplifier 
output is directly coupled to an B·ohm speaker. This 200·watt 
audio amplifier is especially designed to feature ruggedness in 
combination with high power output and excellent high·fidelity 
performance. 

The 200·watt amplifier shown in Figs. 1 and 5 uses eight 
RCA 1 B05 transistors, two as drivers and six as paraliel units in 

CLASS A 
DIFFERENTIAL 

I 
PREORtVERS 
p-n-p (21 
RCAIAIO 

veE 
MULTIPLIER 

"-p-n 

·INPUT 
RCAIAIB 

DIFFERENTIAL 
0- AMPLIFIER 

n-p-n (2) 

RCAIAII 

OVERLOAD 

~ 
PROTECTION 

CIRCUIT r-- (,) n-p-n RCAIAI8 
(II p-n-p RCAIAI9 

CURRENT CURRENT 
SOURCE SOURCE 
n-p-n n-p-n 

RCAIA09 RCAIA09 

-

CLASS B CLASS B H ,OUTPUT 
PRECRtvER DRIVER (3) 

n,-p-n. n _po" n-p-n 
RCA IE02 ReArBOS RCAI B05 

FEEDBACK 

CLASS B CLASS B OUTPUT 
PREORIVER DR rVER (3) 

p-n-p - n-p-n n-p-" 
RCAIE03 ReArSOS ReArBOS 

92CM- 22039 

Fig. 1- Block diagram and transistor complement for 20o-watt quasi-complementary-symmetry audio amplifier with 
parallel output transistors_ 
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File No. 650 ______ -:--___________________ RCA1B05 

~ 150 
~ 

~ 
en 125 
Ii 
!Z 
~ 100 

MAXIMUM RATINGS. Ab50lute-Maximum Value.: 

COLLECTOR-TO-BASE VOLTAGE _ _ 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base open . . . . . . . . 
With external base·ta-emitter resistance (RBE) = 100 n 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT _ _ 

BASE CUR RENT 

TRANSISTOR DISSIPATION: 
At case temperatures up to 2SoC 
At case temperatures above 25°C' 

TEMPERATURE RANGE: 
Storage & Operating (Junction) . 

PIN TEMPERATURE lOuring Soldering): 
At distances ~ 1/32 in. (0.8 mm) from case for 105 max. 

VCBO 

VCEO 
VCER 

VEBO 

Ic 

IB 

~ 

RCA1B05 

275 

250 
275 

5 

150 
See Fig_ 2 

-65 to 200 

230 

V 

V 
V 

V 

A 

A 

w 

100 

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

10 
a 25 50 75 100 125 150 175 200 4 6 8 10 4 2. 4 6 8 105 

NUMBER OF THERMAL CYCLES 
EFFECTIVE CASE TEMP. OR CASE TEMP. {TEFF OR TCI_oc 

52CS-21992 
92CS-19922 

Fig. 2- Derating curves for all types. Fig. 3- Thermal-cycling ratings for RCA 1805. 

~ :r--+--+-+-r+-----f-'O~A~ 
~ 2f--+--+-++l----+---f~i~; ------1-

g I ,: .I.·t r-\- -­
S 0.1 2 f----1f----'I-+-H----f--

I
S-+'j ~-'i",H ~~ = 

, .. 2 4 681 
10 100 250 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1-V 
92CS-;ZZ'040 

Fig. 4- Maximum opera~ing areas for RCA 1805. 
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33. 
IW 

(ON CARD) 

011 

L-------~------~----~----~----------------~--~--_*----~~----+_--~~-80V· 

92CM-22041RI 

FiD. 5- 120-watt amplifier circuit featuring quasi-complementary-symmetry with parallel output transistors. 

NOTES FOR FIG. 5: 

1. 01-0B -1N5391; 09-012· 1N5393. 

2_ Resistors are 1/2,watt, ± 10% unless otherwise 
specified; values are in ohms_ 

3_ Capacitances are in Jl F unless otherwise 
specified. 

4. Non-inductive resistors_ 

500 

5_ ... Provide approx. 10 C/W heat sinking per 
output device based on mounting with 
mica washer and ZnO thermal compound 
(Dow Corni'!t No_ 340, or equivalent) 
with T A = 45 C max. 

6. Mount on heat sink, Wakefield No_ 209-AB, 
or equivalent_ (Alternatively, this type may 
be obtained with a factory-attached integral 
heat sink.) 

7_ Attach heat sink cap (Wakefield No. 260-6SH5E, 
or equivalent) on device and mount on same 
heat sink with output transistor. 

120V 
GO Hz 

IO-A SLOW­
BLOW TYPE 

THERMAL 
CUTOUT 
NOTE I 

-80 V + 80 V 

92CS-22042Rr 

NOTES: 

1. 900 C thermal cutout attached to heat 
sink for output transistors. 

2. Power transformer: Signal 120·6(Signal 
Transformer Co., 1 Junius St., Brooklyn, 
N.Y. 11212), or equivalent. Use 125-volt 
primary tap. 

Fig. 6- Power supply for 120-watt audio amplifier. 



File No. 650 ____________________________ RCA1B05 

TYPICAL PERFORMANCE DATA 
For lOO·Watt Audio Amplifier 

Measured ata line voltage of 120 V, TA = 2!1'C, and a frequency of 1 kHz, unless otherwise specified. 

Power: 
Rated power (8·U load, at rated 

distortion) ......................... . 
Typi~al power (4.n load) ................ . 
Typical power (l6·U load) ............... . 

Total Harmonic Distortion: 
Rated distortion ....................... . 

1M Distortion: 
10 dB below continuous power output 

at 60 Hz and 7 kHz (4: I) .............. . 

200W 
300W 
130W 

0.5% 

0.2% 

§ 108Hf-t-ttt-+-+-t1+-+-+t-H_f-Htt-t-tt+-+H 
~ 
~ 
o '~~~~~~~~~~~~~~tt~~~~ ~ :, REFERENCE DISTORTION 10.5 %} 

~ r' 
2) 80TH 

o Hf-t-ttt-+-+-t1+-+-+hcHANNELSH-t--t-IH-+H z 

~~I~=1==~a=~~~t=t=~~~==~~=t~~~ ~ . 
~ 6 

~ r+-H+r+-~~~-rH+~rH~~~ 

~ 
0.01 

SINGLE 
CHANNEL 

2 4 68 2 4 68 2 468 2 4 68 2 4 68 
O.Ot 0.1 I 10 100 

POWER OUTPUT ,'POUTI-W 

=;g. 7- Typical total harmonic distortion vs. power output for single 
channel and both channels driven at 1 kHz. 

IHF Power Bandwidth: 
3 dB below raled continuous power at 

rated dislortion ................. 5 Hz to 35 kHz 
Sensitivity: 

At continuous power output rating .......... 900 mV 
Hum and Noise: 

Below continuous power output: 
Input shorted ....................... . 
Input open .......................... . 
With 2 kU resistance on 20·ft. cable 

on input ......................... . 
Input Resistance ......................... . 

10. 

96 dB 
84 dB 

94 dB 
ISkU 

2 4 6 e 2 4 68 2 468 2 4 6 B 2 4 68 
10 100 1000 10K lOOK 

FREQUENCY - H;r 

92CS-22044 

Fig. 8- Typical total harmonic distortion vs. frequency 
for tOO-watt output. 
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Type RCA1B05 
Package: JEDEC TO-3 
Construction: Silicon n-p-n, multiple-epitaxial, pi-nu 

ELECTRICAL CHARACTERISTICS At ease Temperature IT cl = 2SOC Unle .. Otherwise Specified 

502 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 

Co lIector Cutoff Current: 
With external base-ta-emitter ICER VCE = 200 V. RBE = 100 n - 1 

resistance (RBE) 

Emitter Cutoff Current: 
lEBO VEB=50V.IC=0 - 1 

With collector open 

Collector-ta-Emitter Voltage: 
VCEO IC = 0.2 A, IB = 0 250 -With base open 

Collector-ta-Emitter Voltage: 
With external base-to-emitter VCER IC = 0.2 A. RBE = 100 n 275 -

resistance IRBE' 

Gain Bandwidth Product IT IC = 0.2 A. VCE = 10 V 5 -
DC Forward-Current Transfer 

hFE IC=2A,VCE=5V 15 75 
Ratio 

Collector-ta-Emitter Saturation 
VCE(sat' IC = 2 A, IB = 0.255 A - 2 

Voltage 

Base-la-Emitter Voltage VBE IC=2A.VCE=5V 1 2 

Second·Breakdown Colfector 
Current: ISIb VCE = 140V.t= 1 s 1.07 -
With base forward biased 

~or characteristics curves and test conditiolJs. rafer to published data for prototype 2N5240 ,t File 321). 

TERMINAL CONNECTIONS RCA1B05 

Pin 1 - Base 
Pin 2 - Emitter 

Mounting Flange, Case - Collector 

UNITS 

mA 

mAo 

V 

V 

MHz 

V 

V 

A 



File No. 648 ________________________________ _ 

OOCI8LlD 
Solid State 
Division 

Power Transistors 

RCA1B06 

Silicon Transistor for 

70-Watt 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

with 

JEDEC TO·3 H-1570 Pi-Nu Output Transistors 

RCA1B06 isan n·p·n pi·nu silicon transistor in a JEDEC TO·3 
package. This device is especially characterized for audio· 
amplifier applications, and can be driven by either RCA 1 C03 
or RCA lC04, n·p·n and p·n·p types, respectively. 

The 7Q.watt amplifier shown in Figs. 1 and 5 uses the 

CLASS A 
DIFFERENTIAL 

I 
. PREDR1VERS 

I p-n-p (21 
RCA IAI6 

VBE 
MULTIPLIER 

n-p-n 

INPUT 
RCAIAIB 

DIFFERENTIAL 

0-- AMPLIFIER 
n-p-n (21 
RCAIA/7 

I ~ 

CURRENT CURRENT 
SOURCE SOURCE 
n-p-n n-p-n 

RCAIAIS RCAIA15 

-

RCA 1 B06 output device in coniunction with eleven other 
discrete transistors, thirteen diodes, and a 90·volt split power 
supply. The amplifier output is directly coupled to an B·ohm 
speaker. The high·frequency RCA1B06 output transistors used 
in the amplifier circuit produce excellent transient" response at 
a high power level. 

CLASS B 
DRIVER OUTPUT 

n-p-n - n-p-n 
RCA1B06 RCAIC03 

FEEDBACK I 
OVERLOAD 

PROTECTION 
CIRCUIT 

I r) n-p-n RCAIAIB 
(11 p-n-p RCAIAI9 

CLASS 8 
DRIVER OUTPUT 

p-n-p - n-p-n 
RCAI B06 

RCAIC04 

92CM- 220t3 

Fig. I-Block diagram and transistor complement for 70·watt quasi-complementary­
symmetry audio amplifier with pi."u output transistors. 
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RCA1B06 ________________________________________________ ___ 
"'ileNo.648 

MAXIMUM RATINGS, Absolute·Maximum Values: 
COLLECTOR·TO·BASE VOLTAGE.............................. VCBO 
COLLECTOR·TO·EMITTER VOLTAGE: 

With base open • . • • • • • • • . . . . . . . . . . • • . . • • • • . . . . . . • . . • • • • • • • • VCEO 
With external base-to-emitter resistance (ABEl = lOOn............. VeER 

EMITTER·TO·BASE VOLTAGE. .. ... .•• .. ..... .......... ....... VEBO 
COLLECTOR CURRENT ...... • . • • . . • . . . . . . . • • .. . .. . . . .. .. • .. . IC 
BASE CURRENT ........................................ , • .. • IB 
TRANSISTOR OISSIPATION: ° PT 

At case temperatures up to 25 0C ..•..................•.••.•... 
At case temperatures above 25 C •....•....•...•...........•..• 

TEMPERATURE RANGE: 
Storage & Operating (Junction) .....••.••......•............•. 

PIN TEMPERATURE lOuring Soldering): 
At distances~ 1/32 in. (0.8 mm) from case for 10 s max. . ...•..... 

100 

RCA1B06 

120 

100 
120 

6 
7 
2 

150 
See Fig. 2 

-65 to 200 

230 

~ 150 
~ 

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

~ 
~ 125 

~ 100 

=j iRCAIAI5 
RCAIA16 
RCAIAI7 
RCAIAIS . 
RCAIAI9 
RCAIB06 

"'oS' 
oS"" 

~~~o "'C'~ 'So.. "'c 
<I'+: OJ' 

/"i'c ';f!"4/c 
0. 

o 25 50 1S 100 125 150 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (T EFF OR TCI_oC 

92cS-22014 

Fig.2-Derating curves for all types. 

6 CASE TEMPERATURE (TC ):25°C 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE tVCE)-V 

92CS-22015 

Fig.4-Maximum operating areas (or RCA 1 B06. 
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10 
4 6 8 104 2 4 6 8 105 

NUMBER OF THERMAL CYCLES 
92CS-19922 

Fig.3- Thermal-cycling ratings (or RCA 1 BOO 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 

V 

V 
V 
V 
A 
A 

W 

°c 

°c 



File No. 648 ___________________________ RCA1B06 

01 

02 

-NOTES: 

3. 
~ •. 

1. 900 C thermal cutout attached to heat sink 
for OUtput transistors. 

.00.05 

2. Power transformer: Signal 120·2 (parallel secondary), 
Signal Transformer Co., 1 Junius St., Brooklyn, N.Y. 11212, 
or equivalent. 

9i!'CM-22016RI 

+45V 

3. Resistors are 1/2·watt unless otherwise specified; 
values are in ohms. 

L----4-------4~-45V 

4. Capacitances are in /IF unless otherwise specified. 

5. Non·inductive resistors. 

6. 01·0B,OI1·1N5391 
09,OI0,OI2,OI3-1N5393. 

7. Provide approx. 10 CIW heat sinking per output device 
based on mounting with mica washer and ZnO thermal 
compound (Dow Corning No. 3400 ) with T A = 450 C max. 

8. Mount on heat sink, Wakefield No. 209·AB, or equivalent. 
(Alternatively, this type may be obtained with a factory· 
attached integral heat sink.) 

9. Attach heat sink cap (Wakefield No. 260·6SH5E, 
or equivalent) on device and mount on same heat sink 
with output transistor. 

Fig.5-1D-Watt amplifier circuit featuring quasi-complementary-symmetry 
output employing pi-nu construction output transistors. 

OUTPUT 
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RCA1B06 ___________________________ File No. 648 

TYPICAL PERFORMANCE DATA 
For 70·Watt Audio Amplifier 

Measured at I! line voltage of 120 V, TA = 2ff1C, and a frequency of 1 kHz, unless otherwise specified. 

Power: 
Rated power (8·n load, at ratcd 'distortion) 
Typical power (4.n load) .................. . 
Typical power (16-n load) ................. . 

Total Harmonic Distortion: 
Ratcd distortion ......................... . 

1M Distortion: 
10 dB below continuous power output at 

70W 
100W 
SOW 

0.5% 

60 Hz and 7 kHz (4: I) ...................... <0.2% 

10 8 

§ 6 

4 

'" '" , 
! 
0 I SINGLE 
;:: :c. REFERENCE DISTORTION (O~tt 

CHANNEL 

~ ,r- ¥' 
BOTH 

Ci CHANNELS 
u , 
~ 
::E 0.1 
'" 8 .. 6 
~ 

-' 4 1'_ .. e , 
0.01 , 4 6. , 4 68 , 468 , 4 68 , 468 

0.01 0.1 I 10 100 

POWER OUTPUT 1Pourl- W 
92CS-22017 

Fig. 6-Typical total harmonic distortion vs. power output 'at 1 kHz. 
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IHF Power Bandwidth: 
3 dB below rated continuous power at 
rated distortion. . . . • . . . . . . . . . . . . . . 5 Hz to 50 kHz 
Bandwidth at 1 W. . . . . . . . . . . . . . . .. 5 Hz to 100kHz 

Sensitivity: 
At continuous power-output rating .......... 600 mY 

Hum and Noise : 
Below continuous power output: 

Input shorted. . . . . . . . . . . . . . . . . . . . . . . . .. 100 dB 
Input open. . . . . . . . . . . . . . . . . . . . . . . . . . .. 85 dB 
With 2 kn resistance on 20-ft. ' 
cable on input ......................... ' 97 dB 

Input Resistance· . . . . . . . . . . . . .. . . . . . . . . . . . .. 18 kn 

10 8 

:. 6 

::l 4 

'" it , 
I 
z I 

8 0 
REFERENCE DISTORTION (0.5%1 

~ 6F r .-.- r-4 

II ;; , 
u 
Z 
~ 0,1 

'" 8 
~ 6 

~ 
, 

I't-
f! , r-

0.01 , 4 68 , 4 68 .' 468 , 4 68 ,. 4 68 
10 100 I K 10K lOOK 

FREQUENCY- Hz 
92CS-"220IB 

Fig.7- Typical total harmonic distortion vs. frequency at 35 W. 
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D\l(]8LJD Power Transistors 
Solid State 
Division RCA1B07 

RCA1B08 

Silicon Transistors for 

40-Watt 

Full-Complementary-Symmetry 

Audio Amplifiers 

with 
JEDECTO.3 Darlington Output Transistors 

RCA 1 B07 and RCA 1 BOB are n·p-n and p-n-p Darlington 
silicon transistors respectively. They are especially character­
ized for use as output devices in. audio applications, and are 
provided in the JEDEC TO-3 package. 

·The 40-watt audio· amj:ilifiers shown iri ·Figs: oS-ana· 6 use 
RCA 1 B07 and RCA 1 BOB transistors as output devices in 
·conjunction with nine TO-39 discrete transistors, and ten· 
diodes_ The amplifier shown in Fig. 5 uses a 64-volt split 
power supply with the output directly coupled to an B-ohm 
speaker. Fig. 6 shows an amplifier with a 5B-volt·split supply 
with the output directly coupled to a 4-ohm speaker. These 
40-watt Darlington full-complementary-symmetry amplifiers 
combine excellent performance with economy. 

S 150 

1,2, 
~ 
l< 
~ 100 

o 25 50 7S 100 125 ISO 175 zoo 

9-74 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TC)--C 

Fig. I-Derating curves for all types. 

Fig. 2-Block diagram and transistor complement for 4(J.watt full-complementary­
symmetry audio amplifier with Darlington output transistors. 

92CS-21992 

507 



RCA1B07. RCA1B08 _____________________ _ File No. 791 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ..•...............•....... VCBO 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open. .••. . . . . . . . .• . • • . . . . . . . . . . . .•. .• . . . . ..• veE a 
With external base·to-emitter resistance (R BE ) "" 100 n. . . . . . .•. VeER 

EMITTER-TO-BASE VOLTAGE ..............•..••.•••..•..• VEBO 

COLLECTOR CURRENT. . . . . . . • • . . . . . . . . . . . . . . . . . . .• . . . .• IC 

BASE CURRENT. . •. . . . . . . • • . . . . . . . . . . . . . . . . . . . . . • •• . . . .• Ie 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C ...••..........•.•.....•.• 
At case temperatures above 25°C .......•.••..•......•..... 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ••..••.............•...... 

PIN TEMPERATURE lOuring Soldering): 
At distances ~ 1/32 in. (0.8 mm) from case for 10 s max ••••••• 

Type RCA1B07 
Package: JEDEC TO-3 

Type RCA1BOS* 
Package: JEDEC TO-3 

RCA1B07 RCA1B08 

80 -80 

80 -80 

80 -80 

-5 

10 -10 

0.25 -0.25 

100 100 
--- See Fig. 1 

--- -65 to 200 ---

----230 

Construction: Silicon n-p-n. Darlington Construction: Silicon p-n-p. Darlington 

ELECTRICAL CHARACTERISTICS. At Case Temperature (T cJ = 2!PC 

TEST CONDITIONS* 
LIMITS 

CHARACTERISTIC SYMBOL 
Min. Max. 

Collector-to-Emitter Voltage: 
With base open VCEO IC = 200 rnA. I B = 0 SO -

DC Forward-Current Transfer Ratio hFE IC = 5 A. VCE = 3 V 1000 15000 

Collector Cutoff Current: VCE=SOV.IB=O 

With base open ICEO TC = 1500 C - 10 

Collector-to-Emitter Saturation Voltage VCE(satl IC = 5 A. IB = 10 rnA - 2 

Base-to-Emitter Voltage VBE IC = 5 A. VCE = 3 V - 2.S 

Second-Breakdown Collector Current: 
With base forward biased· ISIb VCE = 70 V. t = 1 s 0.25 -

* For RCA 1 BOO, voltage and current values are negative. 

100 100 a 

"" r--.. 

V 

V 

V 

V 

A 

A 

W 

°c 

°c 

UNITS 

V 

rnA 

V 

V 

A 

4 e 8 104 2 4 e a 105 

NUMBER OF THERMAL CYCLES 

2 4 6 • 
10· 

2 4 68 10 2 4 68 100 2 4 68 

92CS-19922 

Fig. 3-Thermal-cycling rating chart for RCA 1807 and RCA 18OB. 
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NOTE: 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

FOR RCAIBOB, VOLTAGE AND CURRENT 
VALUES ARE NEGATIVE. "92CS-2"'14J 

Fig. 4-Maximum operating areas for RCA 1807 and RCA 18OB. 
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.r---.--~ + 32 V NL 

L---+-------~_-32VNL 

92CS-24140 

NOTES: 

1. Provide approximately 1.30 CIW heat sinking per 
output device, based on mounting with a mica 
washer and ZnO thermal compound (Dow·Corning 
No. 340, or equivalent) with T A = 450 C max. 

2. 900 C thermal cutout attached to heat sink for 
output transistors. 

3. Power transformer: Signal 88·2 (parallel second· 
aryl, Signal Transformer Co., 1 Junius St., 
8rooklyn, N.Y. 11212, or equivalent. 

4. Resistors are l/2·watt unless otherwise specified; 
values are in ohms. 

5. Capacitances are in IlF unless otherwise specified. 

6. Non·inductive resistors. 

7. Dl-Dl0: lN5391. 

Fig. 5-40-oott amplifier circuit featuring full-complementary­
symmetry output employing Darlington output transistors. 

92CM-24133 

TYPICAL PERFORMANCE DATA 
For 40·Watt Audio Amplifier 

Measured at a line voltage of 120 V, TA = 2fiDC, and a 
frequency of 1 kHz, unless otherwise specified. 

Power: 
Rated power (8·12 load, at rated distortion) 40 W 

Total Harmonic Distortion: 
Rated distortion. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5% 

1M Distortion: 
10 dB below continuous power output at 
60 Hz and 7 kHz (4: 1) ..................... <0.2% 

IHF Power 8andwidth: 
3 d8 below rated continuous power at 
rated distortion. . . . . . . . . . . . . . . . . . . . 5 Hz to 50 kHz 
Bandwidth at 1 W . . . . . . . . . . . . . . . . .. 5 Hz to 100 kHz 

Sensitivity: 
At continuous power-output rating ............ 700 mV 

Hum and Noise: 
Below continuous power output: 

Input shorted. . . . . . . . . . . . . . . . . . . . . . . . .. 100 dB 
Input open. . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 d8 
With 2 kn resistance on 20·ft. 
cable on input ......................... 97 dB 

Input Resistance. . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 kn 
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92CS-24141 

1. Provide approximately 1.30 C/W heat sinking per 
output device, based on mounting with a mica 
washer and ZnO thermal compound (Dow-Corning 
No. 340, or equivalent) with TA = 450 C max. 

2. 900 C thermal cutout attached to heat sink for 
output transistors. 

3. Power transformer: Signal 80-4 (parallel second­
ary)_ Signal Transformer Co'.; 1 Junius St., 
Brooklyn, N.Y. 11212, or equivalent. 

4. Resistors are 1/2-watt unless otherwise specified; 
values are in ohms. 

5_ Capacitances are in p.F unless otherwise specified_ 

6-. Non-inductive resistors. 

7~ 01-010: lN5391. 

Fig, 6-40-watt amplifier circuit featuring full-complementary­
symmetry output employing Darlington output transistors. 
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TYPICAL PERFORMANCE DATA 
For 40-Watt Audio Amplifier 

Measured at a line voltage of 120 V, TA = 2!PC, and a 
frequency of 1 kHz, unless otherwise specified. 

Power: 
Rated power (4-n load, at rated distortion) .... _ 
Typical power (8-n load) . _ ................ _ 

Total Harmonic Distortion: 

40W 
30W 

Rated distortion ... _ .. _ .. _ ..... _ .. _ ...... _ 0.5% 
1M Distortion: 

10 dB below continuous power output at 
60 Hz and 7 kHz (4: 1) ... _ .. _ .... _ .. _ . . . . . . . <0.2% 

IHF Power Bandwidth: 
3 dB below rated continuous power at 
rated distortion ................ _ . _ _ 5 Hz to 50 kHz 
Bandwidth at 1 W _ . _ . . . . . . . . . . . . . .. 5 Hz to 100 kHz 

Sensitivity : 
At continuous power-output rating ....... _ .... 500 mV 

Hum and Noise: 
Below continuous power output: 

Input shorted .. _ .. _ . _ ... _ . _ .. _ ........ . 
Input open. _ ..... __ .... _ ............. _ 
With 2 kn resistance on 20-ft. 
cable on input ..... __ .... _ .. _ . _ .... __ .. . 

Input Resistance . _ ...... _ .... _ .. _ ....... _ .. . 

100 dB 
85 dB 

97 dB 
18kn 
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Fig. 8-Tvpical distortion vs. frequency for 40-oott 
amplifier with 54-volt supply. 
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Fig. 9-Typical distortion vs. power output for 40-watt 
amplifier with 58-volt supply. 

Fig. 10-Typical distortion vs. frequency for 40-watt 
amplifier with 58-volt supply, 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Em itter 
Case - Collector 

Mcunting Flange - Collector 
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________________________________ File No. 652 

ffilm5LJD Power Transistors 
Solid State 
Division 

RCA1C03 
RCA1C04 

RCA1C12 
RCA1C13 

Silicon Transistors for 

Audio-Frequency 

Linear-Amplifier Applications 

JEOEC TO-220AB 

N-P-N 

RCA1C03 
RCA1C12 

and 

RCA1C03, RCA1C04, RCA1C12, and RCA1C13 are com­
plementary silicon n·p-n and p-n-p transistors especially 
characterized for audio-amplifier applications. These devices, 
singly or in pairs in complementary- or quasi-complementary­
symmetry circuits, are particularly useful as drivers or pre­
drivers. They may also be used in audio power amplifiers, 
linear modulators, servo amplifiers, and operational amplifiers. 
The units are supplied in the JEDEC TD-220AB version of the 
plastic VERSAWATT package_ 

P-N-P Complementary Types 

RCA1C04 
RCA1C13 

25 50 15 100 125 150 175 200 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE - _ - - ________________ VCBO 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open _________ . ________________________ V CEO 

With external base-to-emitter resistance (RBE) = 100.n - - - VCER 

EMITTER-TO-BASE VOLTAGE - - - - - - - - - - - - - - - - - - - - - - - VEBO 

CONTINUOUS COLLECTOR CURRENT - - - - - - - - - - - - - - - - IC 

CONTINUOUS BASE CURRENT - - - - - - - - - - - - - - - - - - - - - - IB 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 2SoC ................... . 
At case temperatures above 2SoC ................... . 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ___________________ _ 

PIN TEMPERATURE (During Soldering): 
At distances 2:. 1132 in_ (0_8 mm) from seating plane 

for 10 s max ................................. . 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TC)-OC 
92SS-36oo 

Fig. ~- Derating curve for all types. 

RCA1C03 RCA1C04 RCA1C12 RCA1C13 

120 -120 140 -140 

100 -100 120 -120 

120 -120 140 -140 

5 -5 5 -5 

4 -4 4 -4 

2 -2 2 -2 

40 40 40 40 

• See Fig_ 1 

• -65 to +150 

230 .. 

V 

V 

V 

V 

A 

A 

W 

°c 

°c 
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File No. 652 ________________ RCA1C03, RCA1C04, RCA1C12, RCA1C13 

Type RCA 1C03 
Package: JEDEC TO-220AB 
Construction: Silicon n-p-n, epitaxial 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) = 2!f'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. 

Collector Cutoff Current: 
With external base-to-emitter resistance (RBE) ICER VCE = 110 V.RBE = lOOn -

Emitter Cutoff Current: 
With collector open lEBO VEB = 5 V. IC = 0 -

Collector-to-Emitter Voltage: 
With base open VCEO IC=O.lA.IS=O 100 

Gain Bandwidth Product tr IC - 0.5 A. VCE 4V 4 
DC Forward-Current Transfer Ratio hFE IC - 1 A. VCE - 4 V 50 
Collector-to-Emitter Saturation Voltage VCE(sat) IC-1A.IB=0.lA -
Base-to-Emitter Voltage VSE IC-l A. VCE 4V 
Second- Breakdown Collector Current: 

With base forward biased ISlb VCE=40V.t=0.4s 1 

For characteristics curves and test conditions. refer to published data for prototype 2N6293 (File 542). 

Type RCA 1C04 
Package: JEDEC TO-220AB 
Construction: Silicon p-n-p, epitaxial 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 2!f'C Unless Otherwise Specified 

MAX. 

1 

1 

-

250 
1 

1.5 

-

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. 

Collector Cutoff Current: 
With external base·to·emitter resistance (RBE) ICER VCE = -110V. RBE = lOOn -

Emitter Cutoff Current: 
With collector open lEBO VEB = -5 V. IC = 0 -

Collector-to-Emitter Voltage: 
With base open VCEO IC = -0:1 A, IB = 0 -100 

Gain Bandwidth Product tr IC 0.5A, VCE 4V 10 
DC Forward-Current Transfer Ratio hFE IC- 1 A, VCE 4V 50 
Collector-to-Emitter Saturation Voltage VCE(sat) IC- -1 A,IS --0.1 A -
Base-to-Emitter Voltage VBE IC- 1 A. VCE- 4V 
Second-Breakdown Collector Current: 

With base forward biased ISlb VCE = -40 V. t = 0.4 s -1 

For characteristics curves and test conditions, refer to published data for prototype 2N6476 (File 676). 

TERMINAL CONNECTIONS 

Lead 1 - Base 
Lead 2 - Collector 
Lead 3 - Emitter 
Lead 4 - Collector 

MAX. 

-1 

-1 

-

250 
-1 
1.5 

-

UNITS 

rnA 

mA 

V 
MHz 

V 
V 

A 

UNITS 

rnA 

rnA 

V 
MHz 

V 
V 

A 
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RCA1C03. RCA1C04. RCA1C12. RCA1C13 _______________ _ 

Type RCA 1C12 
Package: JEDEC TO-220AB 
Construction: Silicon n-p-n, epitaxial 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT cI = 2fiOc Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN_ MAX. 

Collector Cutoff Current: 
With external base-ta-emitter ICER VCE = 90 V, RBE = 100 n - 100 

resistance (RBE) 

Emitter Cutoff Current: 
lEBO VEB=5V,IC=0 1 

With collector open 
-

Collector-to-Emitter Voltage: 
VCEO IC=O.lA,IB=O 120 -

With base open 

Collector-to· Emitter Voltage: 
With external base-to-emitter VCER IC=O.l A, RBE = lOOn 140 -

resistance (R BE) 

Gain Bandwidth Product fT IC = 0.5 A, VCE = 4 V 4 -
DC Forward-Current Transfer 

hFE IC = 1 A, VCE = 2 V 40 250 
Ratio 

Base·to-Emitter Voltage VBE IC = 1 A, VCE = 2 V - 1.2 

Second-Breakdown Collector 
Current: ISIb VCE = 60 V, t = 0.4 s 0.66 -
With base forward biased 

. . 
For characteristics curves and test condItIons, refer to published data for prototype 2N6474 (File 676) . 

Type RCA 1C13 
Package: JEDEC TO-220AB 
Construction: Silicon p-n-p. epitaxial 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT cI = 2fiOc Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS 

MIN. MAX. 

Collector Cutoff Current: 
With external base·to-emitter ICER VCE = -90 V, RBE = 100 n - -100 

resistance (RBE) 

Em itter Cutoff Current: 
lEBO VEB = -5 V, IC = 0 -1 

With collector open 
-

Collector·to-Emitter Voltage: 
VCEO IC=-O.lA,IB=O -120 -With base open 

Coliector·to·Emitter Voltage: 
With external base-ta-emitter VCER IC = -0.1 A, RBE = 100 n -140 -

resistance (RBE) 

Gain Bandwidth Product fT IC = -0.5 A, VCE = -4 V 10 -
DC Forward·Current Transfer 

hFE IC=-lA,VCE=-2V 40 250 
Ratio 

Base-to-Emitter Voltage VBE IC=-lA,VCE=-2V - -1.2 

Second-Breakdown Collector 
Current: ISlb V CE = -60 V, t = 0.4 s -0.66 -
With base forward biased 

For characteristics curves and test conditions, refer to published data for prototype 2N6476 (File 676). 
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FileNo. 644 ________________________________ _ 

[IlCIT3LJD 
Solid State 
Division 

JEDEC TO·220AB H-1535R1 

Power Transistors 

Silicon Transistors for 

25-Watt 

RCA1C05 
RCA1C06 

Full-Complementary-Symmetry 

Audio Amplifiers 

RCA1C05 and RCA1C06 are n-p-n and p-n-p epitaxial-base 
silicon power transistors. respectively_ These complementary 
output devices-.for:audio applications are provided in the 
JEDEC TO-220AB plastic·package. 

The 25-watt audio-amplifier circuit shown ,in Figs_ 1 and 2' 
uses RCA lC05 and RCA lC06 as output devices in conjunc-

tion with seven TO-39 discrete transistors, ten diodes, and a 
52-volt split power supply. The amplifier output is directly 
coupled to an B-ohm speaker. The full-complementary­
symmetry output stage provides excellent high-frequency 
performance at moderate cost. 

9-74 

DRIVER 
n-p-n 

RCAIAD6 

FEEDBACK 

OR IVER 
p-n- p 

RCA lADS 

OUTPUT 
n-p-n 

RCAICO~ 

OUTPUT 
n-p-n 

RCAIC06 

~2CS-21959 

Fig.l- Block diagram and transistor complement for 25-watt 
full-compiemsntary-symmetry audio amplifier. 
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RCA1C05,RCA1C06 __________________________________________ __ 
File No_ 644 

MAXIMUM RATINGS, Absolute-Maximum Values: 
COLLECTOR-TO-BASE VOLTAGE _______ .••••••••••••••••••• _ •• 

COLLECTOR-TO- EMITTER VOLTAGE: 

With base open ••.••••••••••...•..••.•••••••••.•..•.••.•.. 

With external bas.to.mltter resistance (ABE' "" 100Sl ........... . 

EMITTER-TO-BASE VOLTAGE .••••••••••• _ •••••••••••••••• ,. 

COLLECTOR CURRENT •••••••••••••••••.•••••.••••••••••••• 
BASE CURRENT ••••••••••••••.••••••••••••••••••••• _ ••••••• 

TRANSISTOR DISSIPATION: 

VCBO 

VCEO 

VCER 
VEBO 

IC 

IB 
PT 

RCA1C06 RCA1C06 

60 -60 

so ·-50 

60 -60 
S -5 

7 -7 

3 --3 

40 40 At case temperatures up to 2SoC 
At case temperatures above 25°C 

TEMPERATURE RANGE: 

_SeeF/g.5_ 

Storage & Operating (Junction) •..•••••••••• •••••.••••.••••••• --6510+150 -+-
PIN TEMPERATURE (During Solderlngl: 

At distances~1/32 in. (0.8 mml from case of 105 max. _230_ 

Type RCA1C05 
Pack;lge: JEDEC TO·220AB 
Construction: Silicon n'p-n, epitaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tel = 25"e Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With external base-to.-emitter resistance (Rse) ICER VCE=SOV,RBE = 1000 

Emitter CutOff Current: 
With collector open lEBO VBE=5V,IC=0 

Collector-la-Emitter. Voltage: 
With external base-to-emitter resistance (RaEI VCER IC=O.1 A,RBE= 1000 

Gain Bandwidth Product IT IC=O.1 A.VCE=4V 

DC Forward..current Transfer Ratio hFE IC=3A.VCE=4V 

Collector-to-Emitter Saturation Voltage VCE("" IC=3A,IB=0.3A 

Base-to-Emitter Voltage VBE IC=3A,VCE=4V 

Second-Breakdown Collector Current: 
With base forward biased ISlb VCE=2OV,,=0.Ss 

For characteristics curves and test conditions, refer to published data for prototype 2N6292 (File 5421. 

Type RCA1C06 
Package: JEDEC TO·220AB 
Construction: Silicon p·n-p, epitaxial base' 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tel =25"e Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With external base-to-emitter resistance tRBEI ICER VCE = -50 V, RBE = 1000 

Emitter Cutoff Current: 
With collector open lEBO VEB=-SV,IC=O 

Collector-to-Emitter Voltage: 
With external base-to-omitter resistance (RBE) VCER IC=41.1 A,RBE=I00!J 

Gain Bandwidth Product IT IC=41.1 A,VeE =-4V 

DC Forward-Current Transfer Ratio hFE IC=-3A, VCE=-4V 

Collector-to-Emitter Saturation Voltage VCE("" IC=-3A,IB=41.3A 

Base-to-Emitter Voltage VBE IC=-3A, VCE=-4V 

Second-Breakdown Collector Current: 
With base forward biased ISlb VCE=-20V.,=0.Ss 

For characteristics curves and test conditions, refer to published data for prototype 2N6107 (File 4881. 
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LIMITS 
MIN. MAX. 

- 1 

- 1 

60 -
4 -
20 120 

- 1 

1.S 

2 -

LIMITS 
MIN. MAX. 

- -1 

- -1 

-60 -
10 -
20 120 

- -1 

- -1.S 

-2 -

V 

V 

V 

V 

A 

A 

W 

·C 
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File No. 644 ___________ ~ ___________ RCA1C05. RCA1C06 

r-~~~~~~~--~----------~----------------1r~~----_,-+2.V 

80·C THERMAL 
CUTOUT 
~ T 

117V ~II 60~~ 
1.5-A SLOW-BLOW 

TYPE 

NOTES: 
92CS-21960RI 

1. T: Signal 36·2 (Signal Transformer Co., 
1 Junius St., Brooklyn. N.Y. 11212), 
or equivalent. 

2. Resistors are 1/2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in JlF unless otherwise 
specified. 

4. Non-inductive resistors. 

5. Mount driver transistors on heat sink. 
Wakefield No. 209-AB. or equivalent. 
(Alternatively. this type may be 
obtained with a factory-attached 
integral heat sink.) 

6. Provide approximately 20 C/W heat 
sinking per output device. 

Fig. 2-25-watt amplifier circuit featuring true-complementary­

symmetry output with load line limiting. 

0" 

R2. 
22 

C,. 
0.02 
sov 

92CM-21961RI 

TYPICAL PERFORMANCE DATA 
For 25-Watt Audio Amplifier 

Measured at a line voltage of 120 V. TA = 2!f>C. 

and a frequency of 1 kHz. unless otherwise specified. 

Power: 
Rated power.(8-1} load, at rated distortion) 
Typical power (4-1} load) .................. . 
Typical power (\6-1} load) ................. . 

Total Harmonic Distortion: 
Rated distortion ......................... . 
Typical'at 20 W .......................... . 

1M Distortion: 
10 dB below continuous power output at 
60Hz and 7 kHz (4: I) .................... . 

IHF Power Bandwidth: 
3 dB below rated continuous power at 
rated distortion ........................ . 

Sensitivity: 

25W 
45W 
16W 

1.0% 
0.05% 

0.1% 

80kHz 

At continuous power-output rating ......... . 600mV 
Hum and Noise: 

Below continuous power output: 
Input shorted •........................ 
Input open ........................ .. 

Input Resistance ......................... . 

80dB 
75 dB 
20k1} 
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Fig.3- Typical distortion v.r. ff'fKIuency •. 
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Fig.5 - Derating curve for all types. 
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TERMINAL CONNECTIONS FOR TYPES 
RCA1C05, RCA1C06 
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DDJ]sLJD 
Solid State 
Division 

JEDEC TO·220AB H·1535R1 

Power Transistors 

Silicon Transistors for 
40-Watt 

RCA1C07 
RCA1C08 

full-Complementary-Symmetry 

Audio Amplifiers 

RCA1C07 and RCA1COB are n-p-n and p-n-p epitaxial-base 
silicon power transistors, respectively, especially suitable for 
audio-output applications_ These devices are provided in the 
economical JEDEC TO-220AB version of the VERSAWATT 
package_ 

The 40-watt amplifier shown in Figs. 1 and 2 uses the 

RCA 1 C07 and RCA 1 COB in conjunction with seven TO-39 
transistors, ten diodes, and a 64-volt split power supply_ The 
amplifier output is directly coupled to an B-ohm speaker_ 
The high-frequency performance of this 40-watt amplifier 
will provide excellent reproduction for the most critical 
listener. 

9-74 

INPUT 

CLASS B 

DRIVER 
n-p-n 

RCAfA06 

OUTPUT 
n·p-n 

ReAlt07 

DIFFERENTIAL I -----+-----+----<~~~~)----J>-r--i:( Ap~~~~F(I;)R r FEEDBACK 

RCAIA02 

CLASS A 

PR~~:~~ER I-<~----<~-----i 
RCAIAOI 

CLASS e 
DR IVER 
p-n-p 

RCAIA05 

Fig.1- Block diagram and transistor complement for 40-watt 
full-complementary-symmetry audio amplifier. 

OUTPUT 
p-n-p 

RCAICOB 
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RCA1C07,RCA1C08 ____________________________________________ __ 
File No. 646 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·BASE·VOLTAGE.... .. •. • • . .••• • . ••••••• ••• .•• v CBO 

COLLECTOR·TO·EMITTER VOLTAGE: 

With base open ••.•••••.•.•••.•••••••••.••••.••••••••••••. V CEO 

With external base·to-emitter resistanco (R BE' == lOOn ..••.••..••• VeER 

EMITTER·TO·BASE VOLTAGE................................ VEBO 

COLLECTOR CURRENT. . .. • . . •. . • •. .••••. . ••• .•• • . • • . •••••• • IC 

BASE CURRENT ..................................... , .••••. IB 

TRANSISTOR DISSIPATION: PT 
° At case temperatures up to 2:5 C 

RCA1C07 RCA1C08 

76 -75 

65 -65 

75 -75 

5 -5 

10 -10 

4 -4 

75 75 

At case temperatures above 25°C 

TEMPERATURE RANGE: 

"4--SeeFig.5 --.... 

Storage & Operating (Junction) ••••••••••••••••••••••••••••••• 

PIN TEMPERATURE (During Soldering): 

04- -65 to 150 _______ 

At di$tances~1/32 in. (0.8 mml from case for 10 s max ••.....•.••• +--- 230 -----. 

Type RCA lC07 
Package: JEDEC TO·220AB 
Conslruction: Silicon n·p·n, epitaxial base 

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

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With external base·to~mitter resistance (RBE) ICER VCE =65V,RBE = lOOn 

Emitter Cutoff Current: 
With collector open lEBO VBE=5V,IC=0 

Collector-to-Emitter Voltage: 
With external base-to-emitter resistance (RBEI VCER IC=O.lA.RBE = lOOn 

Gain Bandwidth Product IT Ic = 1 A. VCE=4V 

DC Forward-Current Transfer Ratio hFE IC=4A. VCE =4V 

Collector-to-Emitter Saturation Voltage VCE'''') IC=4A.IB=0.4A 

Base-to-Emitter Voltage VBE IC-4A.VCE-4V 

Second-Breakdown Collector Current: 
With base forward biased ISlb VCE=30V,t=0.5. 

For characteristics curves and test conditions, refer to published data for prototype 2N6488 (File 678), 

Type RCA1C08 
Package: JEDEC TO·220AB 
Conslruction: ·Silicon p·n·p, epitaxial base 

ELECTRICAL CHARACTERISTICS, At'Case Temperature (TCI = 25°C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With external base-to-emitter resistance (ReEl ICER VCE' -65V, RBE = lOOn 

Emitter Cutoff Current: 
With collector opim lEBO VEB =-5V.IC =0 

Collector-to-Emitter Voltage: 
With external basc-to-cmittcr resistance (RBEI VCER IC "-O.lA.RBE = lOOn 

Gain Bandwidth Product IT IC"-l A"VCE=-4V 

DC Forward-Current Transfer Ratio hFE IC - -4A. VCE =-4V 

Collector-to-Emitter Saturation Voltage VCE(satl IC = -4A,1 B = -O.4A 

Base-to-Emitter Voltage VBE IC = -4A, VCE " -4V 

Second-Breakdown Collector Current: 
With base forward biased ISlb VCE = -30V •• =0.5. 

For characteristics curves and test conditions, refer to published data for prototype 2N6491 (File 678). 
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File No. 646 _______________________ RCA1C07, RCA1C08 

TYPE 
IN5392 IBO 

r-+~C-~~0~D~I~R~5~'~R8-t---------------t----------------~~r----g-~-!I~ +32V 

~50V 22K R,O 

R. 
680 

R3 
10K 

IBK 

+ 
C6 

27K 

50 
50V 

TYPE 
IN3754 

04 

TYPE 
IN3754 

03 

"12 
100 

RCAICOB 

R21 
0,43 
5W 

TYPE 
IN5392 

0" 

R24 
22, 

C,• 
0.02 
50V 

L---~----~----~----------~Ar~~--------------~--~------~-32V 

BO· THERMAL 
CUTOUT 

-/c T 

~~~II 
2 -A SLOW-BLOW 

TYPE 

NOTES: 

92CS-219;68RI 

1. T: Signal 88-2 (parallel secondary), 
Signal Transformer Co .• 1 Junius St., 
Brooklyn, N.Y. 11212, or equivalent. 

2. Resistors are 1/2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in !L F unless otherwise 
specified. 

4. Non-inductive resistors. 

Cl6IO,05 
-=- 50V 

92CM-21969AI 

TYPICAL PERFORMANCE,DATA 
For 40-Watt Audio Amplifier Circuit 

Measured at a line voltage of120.V, TA = 2!PC, 

and a frequency of 1 kHz, unless otherwise'specified. 

Power: 
Rated power (8-11. load, at rated distortion) 
Typical power (4-11. load) .................. . 
Typical power (16-11. load) ................. . 

Total Harmonic Distortion: 
Rated distortion ......................... . 
Typical at 20 W .......................... . 

1M Distortion: 
10 dB below continuous power output at 
60 Hz and 7 kHz (4: I) ................... .. 

IHF Power Bandwidth: 
3 dB below rated continuous power at 
rated distortion ....................... . 

Sensitivity: 

40W 
75W 
25W 

1.0% 
0.05% 

0.1% 

80kHz 5. Mount driver transistors on heat sink, 
Wakefield No. 209-AB, or equivalent. 
(Alternatively, these types may be 
obtained with a factory-attached 
integral heat sink.) 

At continuous power-output rating ......... . 600mV 

6. Provide approximately 1.30 C/W 
heat sinking per output device. 

Fig.2- 4tJ.Watt amplifier circuit featuring full-comp/ementary­
symmetry output using load line limiting. 

Hum and Noise: 
Below continuous power output: 

Input shorted ....................... . 
Input open ......................... . 

Input Resistance ......................... . 

80 dB 
75 dB 
20k11. 
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Fig.3- Response curve. 
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Fig.5- Derating curve for all types. 
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Fig.7- Maximum operating areas for RCA TC07. 
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FigA-Typical distortion vs. frequency. 

6 8 104 

NUMBER OF' THERMAL CYCLES 
9ZCS-18003RI 

Fig.6- Thermal·cycling ratings for RCA 1C0711nd RCA TCOB. 
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Fig.8- Max;mum operating areas for RCA tCOB. 

TERMINAL CONNECTIONS FOR TYPES 
RCA1C07. RCA1C08 
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oornLJD 
Solid State 
Division 

Power Transistors 

RCA1C09 

Silicon Transistor for 

40-Watt 

Quasi-Complementary ... Symmetry 

Audio Amplifiers 

JEOEC TO·220AB H-1535A1 

RCA lC09 is an n·p·n hometaxial·base silicon power transistor 
packaged in the JEDEC TO·220AB (VERSAWATT) case. 
Two of these devices. driven in the class·B mode by the 
RCA 1 A06 and RCA 1 A05 silicon n·p·n and p·n·p transistors, 
can be used as output devices in audio·amplifier applications. 

INPUT 

The 4lJ.watt amplifier shown in Figs. 1 and 5 uses two 
RCA 1 C09 transistors as output units in conjunction with 
seven TO·39 transistors, 11 diodes, and a 64·volt split power 
supply. The amplifier output is directly coupled to an B-ohm 
speaker. Th is 4O·watt amplifier features ruggedness and 
economy in the mid·power range. 

DRIVER 
n-p-n 

RCAIA06 

OUTPUT 
A-P' n 

RCAIC09 

AMPLIFIER DIFFERENTIAL ~----j-----j---{!~~~:J---l.l--I:( p-n-p 121 fEEDBACK 

9-74 

RCAIA02 

OUTPUT 
n-p-n 

RCAIC09 

92CS-2197S 

Fig.l- Block diagram and transistor complement for 4CJ.lIIIBtt 
quasi-comple~ntary.svmmetrv audio amplifier. 
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RCA1C09 ________________________________________________ ___ 
File No. 645 

MAXIMUM RATINGS. Absolute-Maximum Values: 
COLLECTOR·TO-BAS"E VOLTAGE •••••••••••••••••••••••••••••• 

COLLECTOR-T().EMITTER VOLTAGE: 

With base open •••••••••••••••••• • ••••••••••••••••••••••• 

With external base-to-ilmitter resistanco (ABE) to lOOn •••••• " •••.• 

"EMITTER-TO·BASE VOLTAGE •••••••••••••••••••••• , •••••••• 

COLLECTOR CURRENT •••••••••••••••••••••••••••••••••••••• 

BASE CURRENT •••••••••••••••••••••••••••••••••••••••••••• 
TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC 

At case temperatures above 2SoC 

TEMPERATURE RANGE: 

Storage & Operating (Junction) •••••••••••••.•••••••••••••••• 
PIN TEMPERATURE (During Soldering): 

At distances ~1/32 in. (0.8 mm) from case for 10 s max. 

~ ~ 150 
"- 1 

VCBO 

VCEO 

VCER 

VEBO 

IC 

18 
PT 

Ii! 
3; 125 ~ 2 

z 
o 

'RCA1C09 

75 

65 

75 

10 

4 

75 

See Fig. 2 

-65 to 150 

230 

~ 
~ 100 
~ 

(

RCAIAOI 
RCAIA02 
RCAIA05 
RCAIA06 
RCAIAI8 

~ 10 1---++----1rl--\:-IT"r't, 
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RCAIAI9 
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EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tel-oC 
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Fig.2- Derating curves for all types. 
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i 

:i 
<; 
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~ 
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92CS-18003RI 

Fig.3- Thermal-cycling ratings for RCA lC09. 

~ -l::I=C=M=AjX~,I=CO:N=T='N~U:OU;S~It:~~~~~~?a~! iu .... 10ai 
... SOOms 

10 

COLLECTOR- TO- EMITTER VOLTAGE (VCE)-V 

92CS-21977 

Fig.4- Maximum operating areas for RCA7C09. 

V 

V 

V 

V 

A 

A 

W 

°c 

°c 



FileNo.645 ___________________________ RCA1C09 

TYPE 
IN3754 180 

r-+~C-4+4r.o~I~R~5Ar--~------------~~--------------~--~------~T32V 

50 RS g~ 
~V ~ ~ ~~ 

R3 
12K 

27K 

50 
50V 

TYPE 
lN3754 

04 

RIDA 
47 

R'2 
100 

~--~----~----~---------Jvv\_----------~-----4----+-----~~-32V 

SO·C THERMAL 
CUTOUT T 

_0""'o all 117V 
6O~SW 
2 -A SLOW-BLOW 

TYPE 

NOTES: 92CS-21979RI 

1. T: Signal 88·2 (parallel secondary). 
Signal Transformer Co .• 1 Junius St .• 
Brooklyn. N.Y. 11212. or equivalent. 

2. Resistors are 1I2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in J.lF unless otherwise 
specified. 

4. Non·inductive resistors. 

5. Mount driver transistors on heat sink. 

92CM" 2197t1RI 

TYPICAL PERFORMANCE DATA 
Fo{ 40-Watt Audio Amplifier Circuit 

Measured at aline voltage of 120 V, TA = 2sOC, and a 
frequency of 1 kHz, unless otherwise specified. 

Power: 
Rated power (B-U load. at rated distortion) 
Typical power( 4-U load) .................. . 
Typical power (16-U load) .: ............... . 
Music power (B-U load, at 5% THD with 
regulated supply) ......................... . 
Dynamic power (B-U load, at 1% THD with . 
regulated supply) ......................... . 

Total Harmonic Distortion: 
Rated distortion ......................... . 

1M Distortion: 
\0 dB below continuous power output at 

40W 
SSW 
2SW 

SSW 

SOW 

1.0% 

Wakefield No. 209-AB. or equivalent_ 
Alternatively. these types ';'ay be 
obtained with a faCtory-attached 
integral heat sink. 

60 Hz and 7 kHz(4:1) .................... 0.1% 

6. Provide approximately I.JDC/W 
heat sinking per output device. 

Fig. 5-40-wart amplifier circuit featuring quasi­
complementary-symmetry output. 

Sensitivity: 
At continuous power-output rating ......... ' 600 mV 

Hum and Noise: 
Below continuous power output: 

Input shorted ........................ . 
With 2 kU resistance on 20-ft. cable on input. 

Input Resistance .......................... . 

SOdB 
75 dB 
20kU 
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Fig.6- Distortion VS. power output. 

Type RCA 1C09 
Package: JEDEC TO-220AB 

92CS-t!)l77 

Construction: Silicon n-p-n, hometaxial base 

FREQUENCY-HZ 

Fig.7- Response curve. 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C Unless Otherwise Specified 

92CS-15t30 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
MIN. 

Collector Cutoff Current: 
With external base·to-emitter resistance (RBE) ICER VCE=65 V, RBE= lOon -

Emitter Cutoff Current: 
With collector open lEBO VEB=5V.IC=0 -

Collector-to·Emitter Voltage: 
With external base-to·emitter resistance (RBE) VCER IC=0.2A, RBE = lOon 75 

Gain Bandwidth Product t,- IC-0.5A, VCE -4V 0.8 

DC Forward·Current Transfer Ratio hFE IC=4A,VCE=4V 20 

Collector·to·Emitter Saturation Voltage VCE(sat) IC-4A,IB -0.4A -
Base-to·Emitter Voltage VBE IC-4A,VCE-4V -
Second-Breakdown Collector Current: 

With base forward biased ISlb VCE=40V,t=0.5s 1.B7 

For characteristics curves and test conditions, refer to published data for prototype 2N6103 (File 485). 
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TERMINAL CONNECTIONS FOR TYPE RCA1C09 

Lead 1 
Lead 2 
Lead 3 
Lead 4 

Base 
Collector 
Emitter 
Collector 

MAX. 

1 mA 

1 rnA 

- V 

- MHz 

120 

1 V 

1.5 V 

- A 
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rnOBLJD 
Solid State 
Division 

Power Transistors 
IRCA1C10 
IRCA1C11 

Silicon Transistors for 

12-Watt 

True-Complementary-Symmetry 

Audio Amplifiers 

JEOEC TO-220AB H-1535Rl 

RCA lCl0 and RCA lCll are n-p-n and p-n-p epitaxial-base 
silicon power transistors, respectively, especially character­
ized for audio-output service. To enhance circuit economics, 
they are provided in the JEDEC TO-220AB version of the 
VERSAWATT plastic package. 

The 12-watt audio-amplifier circuit shown in Figs. 1 and 7 
uses RCA lCl0 and RCA lCll as output devices in con­
junction with three discrete transistors, two diodes, and a 

.. single 36-volt power supply; the amplifier output is 
capacitively coupled to an B-ohm speaker. The choice of a 
true-complementary-symmetry output stage provides excel­
lent fidelity for a low-cost system. 

The 12-watt amplifier circuit shown in Figs. 2 and 10 uses 

9-74 

Fig. 1- Block diagram and transistor 
complement for 12-watt true­
complementary-symmetry 
audio ?mplifier. 

RCA lCl 0 and RCA lCll discrete transistors, an integrated 
circuit, one diode, and a 36-volt split power supply; the 
amplifier output is directly coupled to an B-ohm speaker. 
The integrated circuit-true-complementary-symmetry com­
bination provides a high-quality, low-cost amplifier. 

The RCA CA3094AT integrated circuit provides sufficient 
drive current for the complementary-symmetry output stage. 
Tone controls, bass and treble, with functions of "boost" 
and "cut" are incorporated into the feedback loop of the 
amplifier, resulting in excellent signal-to-noise ratio and 
freedom from distortion. Ratings and characteristics of type 
CA3094AT are given in RCA data bulletin File 59B. 

Fig.2- Block diagram and transistor com­
plement for 12-watt true-comple­
mentary-symmetry audio amplifier 
with integrated-circuit driver. 

527 



RCA1C10,RCA1C11 __________________________________________ __ 
File No. 642 

ReA1ClO RCA1Cll 

MAXIMUM RATINGS, Absolute-Maximum Values: 
COLLECTOR·TO·BASE VOLTAGE ............................. VCBO 40 --40 
COLLECTOR·TO·EMITTER VOLTAGE: 

With base open •••••••••••••••••••••••••••••..•••••.•••••. 

With external base-to-ernitter resistance (RBE) = lOOn .....••••••. 

EMITTER·TO·BASE VOLTAGE •••.•••..••.•.•••••..•...•••.•.. 

.. COLLECTOR CURRENT •••••.••••••.•••••••..•••••.••••••••• 

BASE CURRENT ••••••••.•••••••••••.•••••••••••••••••••••.• 

TRANSISTOR OISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 2SoC 

TEMPERATURE RANGE: 

Storage & Operating (Junction) .•••••...••••••.••••••.•.•.•..• 

PIN TEMPERATURE (OuringSoldering): 

At distances~1/32 in. (0.8 mm) from case for 10 s max •••••....... 
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Fig.3 - Derating curves for all types. 
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Fig.5 - Maximum operating areas for RCA tCtO. 
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Fig.4 - Thermal-cycling ratings for RCA tCtO and RCAtCt1. 
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File No. 642 ________________________ RCA1Cl0, RCA1Cll 

Type RCA1Cl0 
Package: JEDEC TO·220AB 
Construction: Silicon n·p·n, epitaxial·base 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 2ft'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector Cutoff Current: 
With external base·to-emitter resistance (RBE)- ICER VCE = 35 V, RBE = lOOn 

Emitter Cutoff Current: 
With collector open lEBO VEB = 5 V 

Collector-to-Emitter Voltage: 
With base open VCEO IC=O_lA,IB=O 

Collector-to-Emitter Voltage: 
With external base-to-emitter resistance (RBE) VCER IC = 0_1 A, RBE = lOon 

Gain Bandwidth Product fT VCE - 4 V, IC = 0_5 A 

DC Forward-Current Transfer Ratio hFE IC = 1.5 A, VCE = 4 V 

Collector-to-Emitter Saturation Voltage VCE(sat) IC = 1.5 A. IB = 0_075 A 

Base-to-Emitter Voltage VBE IC-l.5A,VCE-4V 

Second-Breakdown Collector Current: 
With base forward biased ISlb VCE=20V,t=0.4s 

LIMITS 
MIN. MAX. 

- 10 

- 1 

40 -

50 -
4 -
50 250 

- 1 

- 1.5 

2 -

For characteristics curves and test conditions, refer to published data for prototype 2N6292 (File 542). 

TERMINAL CONNECTIONS FOR 
TYPES RCA 1 Cl 0, RCA 1 Cll 

Lead 1 
Lead 2 
Lead 3 

Mounting Flange 

Type RCA1Cll 
Package: JEDEC TO-220AB 
Construction: Silicon p-n-p, epitaxial base 

Base 
Collector 
Emitter 
Collector 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T ci = 2ft'C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Collector-Cutoff Current: 
With external base-to-emitter resistance (RBE) ICER VCE = -35 V, RBE = lOOn 

Emitter Cutoff Current: 
W.ith collector open lEBO VEB = -5 V 

Collector-to-Emitter Voltage: 
With base open VCEO IC=-O.lA,IB=O 

Collector-to-Emitter Voltage: 
With external base-to-emitter resistance (RBE) VCER IC = -0.1 A, RBE = lOOn 

Gain Bandwidth Product fT VCE = -4 V, IC = -0.5A 

DC Forward-Current Transfer Ratio hFE IC = -1.5A, VCE = -4 V 

Collector-to-Emitter Saturation Voltage VCE(sat) IC = -1.5 A, IB = -0.075 A 

Base-to-Emitter Voltage VBE IC - -1.5A, VCE 4V 

Second-Breakdown Collector Current: 
With base forward biased ISlb VCE = -20 V, t = 0.4 s 

LIMITS 
MIN_ MAX_ 

- -10 

- -1 

-40 -

-50 -
10 -
50 250 

- -1 

- -1.5 

-2 -

For characteristics curves and test conditions, refer to published data for prototype 2N6107 (File 488). 

UNITS 

I1A 

rnA 

V 

V 

MHz 

V 

V 

A 

UNITS 

pA 

rnA 

V 

V 

MHz 

V 

V 

A 
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RCA1C10, RCA1C11 ________________________ File No. 642 

~IJ~all 
I-A SLOW-BLOW 

TYPE 

NOTES: 

IOOO,..F 
50V 

+36 V N.L. 
92CS-15165RI 

1. T: Thordarson 23V 118, Stancor TP4, Triad 
F-93X, or equivalent (for Stereo 
Amplifiers). 

2. Resistors are 1/2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in pF unless otherwise 
specified. 

4. Non-inductive resistors. 

DI-IN3193 
D2- IN34 

Fig.7-. 12-watt amplifier circuit featuring complementary-symmetry 
output. 

Power: 

TYPICAL PERFORMANCE DATA 
For 12·Watt Audio Amplifier Circuit 

Measured at a line voltage of 120 V, TA = 25° C, and a frequency of 1 kHz, 
unless otherwise specified. 

1M Distortion: 
Rated power (8·11. load, at rated distortion) 10 dB below continuous power output at 

9i!.CS-(:1475 

Typical power (4-11. load) .................. . 
12W 
12W 

6.SW 
60Hzand7kHz(4:I) ................... 1.5% 

Typical power (16-11. load) ................. . 
Music power (8.11. load, at 5% THO with 
regulated supply) ......................... . 
Dynamic power (8·11. load, at 1 % THO with 
regulated supply) ......................... . 

Total Harmonic Distortion: 
Rated distortion ......................... . 

I­
Z 

5 

ISW 

13W 

1.0% 

/ '" c.> 
0:: 

'" 0.. I 
/ 

2 

~ 0.5 
o 
~ O. 2 

~ 0 .I 
5 CiO.O 
QI 

530 

-
0.2 

.....-V -
0.5 2 5 10 20 

POWER OUTPUT (POu-r-W 
92C5-17314 

Fig.8-Distortion vs. power output. 

Sensitivity: 
At continuous power·output rating. . . . . . . . .. 600 mV 

Hum and Noise: 
Below continuous power output: 

Input shorted ....................... . 
Input open ......................... . 

Input Resistance ......................... . 

ID ... 
I 
'" '" z 
o 
Q. 

'" '" 

I 

o 

I 

0:: -2 
~ 
~ -3 
oJ 

)~ 

I 
I 

90 dB 
70 dB 
23kn 

'" 0:: -4 
20 50 100200 500 IK 2K 5K 10K 20K 

FREQUENCY-Hz 
92CS-17315 

Fig.9-Response curve. 



File No. 642 RCA1C10, RCA1C11 

-lay +18 y 

NOTES: 
I. T: Stancor No.P-8609 (120 V AC to 

26.8 V CT @ 1 A) or equ iv~lent 

.,2. FOR STANDARD INPUT: Short C2; 
Rt· 250 K; CI • 0.047I1F; Remove R2 

3. FOR CERAMIC·CARTRIDGE INPUT: 
CI • 0.0047I1F; RI • 2.5 Mf!; Remove 
Jumper from C2; Leave R2. 

4. DIIN5392 
5. Resistors are 1/2·watt unless otherwise 

specified; values are in ohms. 
6. Capacitances are in pF unless otherwise 

specified. 
7. Non·inductive resistors. 

0.01 B20 

r-------t---~--------~---------------+I.V 
220 
IW 

220 
IW 

". 1.8M 

"L .n 

L---~--+-------------~4r----~r--------I.V 

Fig.10-12-watt amplifier circuit featuring an integrated-circuit driver and a true-complementary-symmetry output stage. 

TYPICAL PERFORMANCE DATA 
For 12-Watt Audio Amplifier Circuit 

Measured at a line voltage of 120 V. TA = 25°C. and a frequency of I kllz. unless otherwise specified. 

Power: 
Rated power (S-n load. at rated distortion) .... . 
Typical power (4-n load) .................. . 
Typical power (16-n load) ................. . 
Music power (S-n load, at 5% THO with 
regulated supply) ......................... .. 

Total Harmonic Distortion: 
Rated distortion ......................... . 
Typical at I W ........................... . 

1M Distortion: 
10 dB below continuous power output at 

12W 
9W 

6.5 W 

15W 

1.0% 
0.05% 

60 Hz and 2 kHz (4: I) ..................... 0.2% 

UNREGULATED SUPPLY 
# 2 LOAD: 8 n 

.!. lol--\--+--+-+--I--!---,II----I 
~ 1··f----I----+--~----t---+--__1---Itt---i 
z 
~ 1.4f----I----+--~----t---+--__1---I/-t---i 
0: 

~ 1.2:f----I----+--~f---t---+--__1--."....+----l 
<; 

~ " 5 O.81---+----+---+----t---+---+-IIft-i---1 
.6 0.61---+----+---+----t---+---+-#1-i---1 
! 0.41---+----+ ...... '"';-;-... 6=--+---+-II---i---1 
~ 60Hz 812 kHz 
!o.2 '.60H%62kHI 

60 HI a 7 kHI 
o 4 , 8 10 12 I. 

POWER OUTPUT (POUT)-W 
9ZCS-219~1 

Fig. 1 7-lntermodulation distortion VI. power output. 

Sensitivity: 
At continuous power-output rating 
(tone controls Oat) ....................... 100 mV 

Hum and Noise: 
Below continuous power output: 

Input open ........................... S3 dB 
Input resistance .................... , . . . . . .. 250 kn 
Voltage Gain .............................. 40 dB 
Tone Control Range ....................... See Fig.12 

:: ./"""-.. I 
00 BASS tIOOST" ~ 
., "'- ./ TR£IILE BOOST .. ""'- ./ ! 40,..- fLAT_ 

~ 3~ ./ .......... ............ 
~ 30 / ""'-
;! / ~LEcur 

c: 25 
BASSCUY > 20 
~ 

" 
10 

0 
2 4 •• 2 ... 2 . .. 2 ... 

10 100 1000 10 K lOOK 
FREQUENCY (f )-Hz 'US-llnz 

Fig. 12-Voltage.gain lIS. frequency. 
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_______________________________ File No. 643 

OOCG3LJD 
Solid State 
Division 

Power Transistors 

RCA1C14 

Silicon Transistor for 

25-WaH 

Quasi-Complementary-Symmetry 

Audio Amplifiers 

JEDEC TO·220AB H-1535R1 

RCA 1 C14 is an n·p·n hometaxial·base silicon power transistor 
provided in the JEDEC TO·220AB package. This device is 
ideally suited for use in the output stage of quasi· 
complementary-symmetry audio amplifiers 

The 2&watt audio·amplifier circuit shown in Figs. 1 and 5 

uses two .RCA1C14 transistors in conjunction with seven 
TO·39 low·level audio transistors, 11 diodes, and a 52·volt 
split supply. The amplifier output is directly coupled to an 
Iklhm speaker. Ruggedness and economy are features of this 
high fidelity amplifier. 

fEEDBACK 

DRIVER 
p-n-p 

RCAIA05 

OUTPUT 
n-p-n 

RCAICl4 

OUTPUT 
n-p-n 

RCAICI4 

92C5-21956 

Fig.'- Siock diairam and transistor complement for 25-watt 
. qu_i-complementary-svmmetry Budio amplifier. 
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.RCA1C14 
File No. 643 _________________________ ---. 

MAXIMUM RATINGS,Absolute-Maximum Values: 
COLLECTOR·TO-BASE VOLTAGE ............................. VCBO 
COLLECTOR·TO·EMITTER VOLTAGE: 

With base open ........................................... . 

With external base·to-emitter resistance (Ase) = lOOn •.••.•••.••• 

EMITTER·TO·BASE VOLTAGE ............................... . 

COLLECTOR CURRENT .................. • ................ . 

BASE CURRENT ........................................... . 

TRANSISTOR OISSIPATION: 

At case temperatures up to 2SoC 

At case temperatures ab~ve 2SoC 

TEMPERATURE RANGE: 

Storage & Operating (Junction) •••••••••••••••••••••••••••••• 

PIN TEMPERATURE lOuring Soldering): 

At distances~1/32 in. (0.8 mm) from case for 105 max ..••.•.••••• 

~ 150 
~ 

~ 125 

~ 
W 100 

jRCAIAOI 
RCAIA02 
RCAIA05 
RCAIA06 
RCAIAI8 
RCAIAI9 

o 25 50 75 100 125 ISO 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tcl-oC 

92C5-21957 

VCEO 
VCER 
VEBO 

IC 

IB 
PT 

RCA1C14 

60 V 

40 V 

60 V 

5 V 

A 
3 A 

50 W 
See Fig. 2 

-65 to 150 ·C 

230 ·C 

• 8 104 

NUMBER OF THERMAL CYCLES 
t2CS-18003RI 

Fig.2- Derating curves for all types. Fig.3- Thermal-cycling ratings for RCA 1Cf4. 

8 CASE TEMPERATURE (TC)-2S0 C 
6 (CURVES MUST BE DERATED LINEARLY 
4 WITH INCREASE IN TEMPERATURE) -+---1-+-+-1 

l H-+-t-t--t­
: 108J~~~M~A~X~·F'C~0~NT~I~NU~0~U~SI~~~~~~~~~ * 761 ~ 41c*;;:--+---t a FOR SINGLE 

0.1 

2 NON REPETITIVE 
PULSE 

1 4 6 8 10 2 8 100 
COLLECTOR-TO-EMITTER VOLTAGE I VCE1-V 

92CS-21958 

FigA- Maximum operating areas for RCA fCf4. 
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RCA1C14 __________________________ File No. 643 

TYPE 
IN37!54 180 

r-~~~~~~~--------------_t----------------1r~r_----_,-+26V 
+ c:o ~I R5 

~!'OV 
"8 

I.BK 

2.2K 

50 
50V 

TYPE 
IN3754 

04 

"25 
22 

~--~----~--__ ~--------~vv~----------~----~----+-----+_~-26V 

eo- C THERMAL 
~UT T 

117V ~II 60~....:.J 
1.5-A SLOW-BLOW 

TYPE 

NOTES: 
92CS-15159R2 

1. T: Signal 36-2 (Signal Transformer Co., 
1 Junius St., Brooklyn, N.Y. 11212), 
or equivalent. 

2. Resistors are 1/2-watt unless otherwise 
specified; values are in ohms. 

3. Capacitances are in p. F unless otherwise 
specified. 

4_ Non-inductive resistors. 

5_ Mount driver transistors on heat sink, 
Wakefield No_ 209-AB, or equivalent. 
(Alternatively, this type may be obtained 
with a factory-attached integral heat sink.) 

6. Provide approximately 2°1W heat sinking 
per output device. 

534 

Fig. 5-25·wstt amplifier cil'Cuit featuring quasl­
complementary- symmetry output. 

I O,05 
C'5 =- SOy 

92CM-I!lI!l6R3 

TYPICAL PERFORMANCE DATA 
For 2S-Watt Audio Amplifier 

Measured at a Iille voltage of 12IJ V, TA ~ 25°C, and a 

frequellcy ofl kHz, unless otherwise specified 

Power: 
Rated power (B-n load, at rated distortion) 
Typical power (4-n load) .. ',""', ... , .. , .. 
Typical power (16-n load) .' ...... ,', ...... . 
Music power (8-n load, at 5% THD with 
regulated supply) .............. , .......... . 
Dynamic power (8-n load, at 1% THD with 
regulated supply) ... , .. , .. , .......... , .... . 

Total Harmonic Distortion: 
Rated distortion ......................... . 

1M Distortion: 
10 dB below continuous power output at 
60 Hz and 7 kHz (4: I) ............. ' .... . 

Sensitivity: 

25W 
45W 
16W 

38W 

33W 

1.0% 

0.1% 

At continuous power-output rating .... , ..... 600mV 
HUIll and Noise: 

Below continuous power output: 
Input shorted ....................... . 
Input open ......................... . 

Input Resistance ........... , ...... , ....... . 

80 dB 
75 dB 
20kn 
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>-

~ 
'" 

I 

'" ! 0.5 

o 
~ 0.2 

~ O. I 
15 

0.05 

I-I kHz. 

I'-
i' IM 

r--
QI020512 

II I 
o I 

1 I 

/ REGULATED 

I SUPPLY 

I 
I 

I 
~. 

5 ~ 15 20 25 30 35 40 45 

POWER OUTPUT(POUTJ-W 
92CS-15179 

r I 
iJ! 

! 
'" -> I 

~ -2 

-, 

Vf-" 

10 20 

I I 
20 WATTS 

50 100 200 500 IK 2K 

FREQUENCY-Hz 

1'\ 
1\ 

\ 
5K 10K 20K SDK lOOK 

92CS-15146RI 

Fig.6- Distortion vs. power output. Fig.7- Response curve. 

Type RCA 1C14 
Package: JEDEC TO-220AB 
Construction: Silicon n-p-n, hometaxial base 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT C) = 25"C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 

Collector Cutoff Current: 
With external base·to·emitter resistance (RBE) ICER VCE = 50 V, RBE = 100n - 0.5 

Emitter Cutoff Current: 
With collector open lEBO VEB=5V,IC=0 - 1 

Coliector·to·Emitter Voltage: 
With base open VCEO IC=lA,IB=O 40 -

Coliector·to·Emitter Voltage: 
With external base·to·emitter resistance (RBE) VCER IC=O.1 A, RBE = 100n 60 -

Gain Bandwidth Product fT IC=0.5A, VCE =4V 0.8 -
DC Forward·Current Transfer Ratio hFE IC=3A,VCE=4V 20 70 

Coliector·to·Emitter Saturation Voltage VCE(sat) IC=3A,IB=0.3A - 1 

Ba.e'lo·Emitter Voltage VBE IC=3A,VCE=4V - 1.4 

Second·Breakdown Collector Current: 
With base forward biased ISlb VCE=40V,t=0.5. 1.25 -

For characteristics curves and test conditions, refer to published data for prototype 2N5495 (File 353). 

TERMINAL CONNECTIONS FOR TYPE RCA1C14 

Lead 1 Base 
Lead 2 - Collector 
Lead 3 - Emitter 
Lead 4 - Collector 

UNITS 

rnA 

rnA 

: V 

, 
V 

MHz 

V 

V 

A 
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_______________________________ FileNo.653 

OOaBLJD 
Solid State 
Division 

Power Transistors 

RCA1E02 
RCA1E03 

Silicon Transistors for 

Audio-Frequency 

'~"~,--" ... \~"'~ Linear-Amplifier Applications 

JEOEC TO·66 H-1340 

N-P-N 

RCA 1E02 

RCA 1 E02 and RCA 1 E03 are silicon n-p-n and p-n·p transistors, 
respectively. These complementary devices are especially 
characterized for audio-amplifier applications. They may be 
used singly or as a complementary pair in complementary­
or quasi-complementary-symmetry circuits, and are particu­
larly useful as drivers or predrivers. They may also be used 
in audio power amplifiers, linear modulators, servo amplifiers, 
and operational amplifiers. The units are supplied in the 
JEDEC TO·66 package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE. 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open 

With external base-to-emitter resistance (RBEI = 100 n . 
EMITTER·TO-BASE VOLTAGE 

COLLECTOR CURRENT . 

BASE CURRENT 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 

At case temperatures above 2SoC 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances ~ 1/32 in. (0.8 mm) from case for 105 max. 

536 

C 
I&J 150 
~ 

~ 125 
!;; 
~ z 
W 100 

P-N-P 

RCA1E03 

TERMINAL CONNECTIONS 

Pin 1 . Base 

Pin 2 . Emitter 

Mounting Flange, Case - Collector 

a", 'Tt~lt'r"4"< 

o 25 50 75 100 125 ISO 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TC1_oc 

92CS-21992 

Fig. 1 - Derating curve for all types. 

RCA1E02 RCA1E03 

VCBO 200 -200 

VCEO 175 -175 

VCER 200 -200 

VEBO 5 -5 

IC 2 -2 

IB -1 

PT 

35 35 

_SeeFig.l_ 

_ -65 to +200_ 

.... f---- 230 ---~ .... 

V 

V 

V 

V 

A 

A 

W 
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Type RCA 1E02 
Package: JEDEC TO-66 
Construction: Silicon n-p-n; double-epitaxial 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT ci = 25"C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL 
LIMITS 

TEST CONDITIONS 
MIN. MAX. 

Collector Cutoff Current: 
With external base-to-emitter ICER VCE = 120 V, RBE = 100 n - 100 

resistance (RBE) 

Emitter Cutoff Current: 
lEBO VEB=5V,IC=0 1 

With collector open 
-

Collector·to-Emitter Voltage: 
VCEO IC=O.lA,IS=O 175 -

With base open 

Collector·to-Emitter Voltage: 
With external base-ta-em itter VCER IC=O.l A. RBE = lOOn 200 -

resistance (RSE) 

DC Forward·Current Transfer 
hFE IC=0.3A, VCE =2V 30 150 

Ratio 

Base-ta-Emitter Voltage VBE IC=0.3A,VCE=2V - 1 

Second-Breaktiown Collector 
Current: ISlb VCE = 80 V, t = 0.4 s 0.4 -

With base forward biased 

For characteristics curves and test conditions, refer to published data for prototype 2N3583 (File 1381. 

Type RCA 1 E03 
Package: JEDEC TO-66 
Construction: Silicon p-n-p, epitaxial 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T ci = 25"C Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

MIN. MAX. 

Collector Cutoff Current: 
With external base-ta-emitter ICER VCE = -120 V, RSE = 100 n - -100 

resistance (RSE) 

Emitter Cutoff Current: 
lEBO VEB = -5 V, IC ='0 -1 

With collector open 
-

Coliector·to·Emitter Voltage: 
VCEO IC=-O.lA,IB=O -175 -

With base open 

Coliector·to·Emitter Voltage: 
With external base-ta-emitter VCER IC = -0.1 A, RBE = 100 n -200 -

resistance (RBE) 

DC Forward·Current Transfer 
hFE Ii; = -0.3 A, VCE" -2 V 30 150 

Ratio 

Base·to·Emitter Voltage VBE IC = -0.3 A, VCE "-2 V - -1 

Second·Breakdown Collector 
Current: ISlb V CE = -80 V, t = 0.4 s -0.25 -
With base forward biased 

For characteristics curves and test conditions, refer to published data for prototype 2N6211 (File 507). 

UNITS 

IlA 

mA 

V 

V 

V 

A 

UNITS 

IlA 

mA 

V 

V 

V 

A 
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_______________________________ File No. 583 

OO(]5LJ[] 
Solid State 
Division 

JEDEC TO·220 AB 

Power Transistors 

RCA 29 
RCA29A 

RCA 298 
RCA29C 

Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

• 30 W at 25°C case temperature 
• 3 A rated ciollector current 
• Min. fT of 3 MHz at 10 V, 200 mA 
• Designed for complementary use with RCA30, RCA30A, RCA30B, 

and RCA30C p-n-p types* 

RCA29, RCA29A, RCA29B, and RCA29C are epitaxial-base, 
silicon n·p·n transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 

amplifiers. These new plastic power transistors are designed 
for complementary use with devices in the RCA30 series. 
They differ from each other in voltage ratings. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE .... " .. VCBO 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open ................... VCEO 

EMITTER-TO-BASE VOLTAGE .......... VEBO 

CONTINUOUS COLLECTOR CURRENT .... IC 

CONTINUOUS BASE CURRENT ......... IB 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 25°C ......... 
At ambient temperatures up to 25°C ...... 

TEMPERATURE RANGE: 
Storage & Operating (Junction) .......... 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from case 
for 10 s max. ................... . 

538 

* Technical data for the RCA30-series devices are given in RCA data 
bulletin File 584. 

RCA29 RCA29A RCA29B RCA29C 

40 60 80 100 V 

40 60 80 100 V 

5 5 5 5 V 

3 3 3 3 A 

A 

30 30 30 30 W 
2 2 2 2 W 

.. -65 to 150 .. °c 

.. 235 .. °c 
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FileNo. 583 _______________________ RCA29 RCA29B 
RCA29A RCA29C 

ELECTRICAL CHARACTERISTICS, At Case Tsmperature fTc) = 2tt>C 

TEST CONDITIONS LIMITS 

DC DC 
CHARACTERISTIC SYMBOL VOLTAGE CURRENT RCA29 RCA29A RCA29B RCA29C UNITS 

(V) (A) 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff 
30 0 - 0.3 - 0.3 Current: ICED 

- - - -
With base ~pen 

60 0 - - - - - 0.3 - 0.3 
rnA 

With base-emitter 
40 0 - 0.2 - - - - - -

junction short- leES 
60 0 - - - 0.2 - - - -

circuited 
80 0 - - - - - 0.2 - -

100 0 - - - - - - - 0.2 

Emitter-Cutoff 
lEBO -5 0 1 1 1 

Current - 1 - - - rnA 

Collector·to·Emitter 
Sustaining Voltage: VCEO(sus) 0.03a 0 40 - 60 - 80 - 100 - V 

With base open 

De Forward· 4 02a 40 40 40 40 
Current hFE 

- - - -
Transfer Ratio 

4 , a 15 150 15 150 15 150 15 150 

Base-to-Emitter 
VBE 4 l a 1.3 1.3 1.3 1.3 V VOI_ - - - -

Collector-to-
Emitter 

VCE(s,t) , a 0.125 0.1 0.1 0.1 0.1 V 
Saturation - - - -
Voltage 

Common-Emitter. 
5mall-5i9nal. 
Short-Circuit. hIe 10 0.2 20 - 20 - 20 - 20 -
Forward Cur-
rent Transfer 
Ratio: 
(1= 1 kHz) 

Magnitude of Common 
Emitter. Small-
Signal, Short- I hIe I 10 0.2 3 - 3 - 3 - 3 -Circuit, Forward 
Current Transfer 
Ratio (I = 1 MHzl 

Saturated Switching 
Time (VCC = 30 V. 
RL =3011. 
181 = 182): 

Turn-on time 
'ON 

(Vecl 
1 0.1 0.4 hvp.) 0.4 hvp.) 0.4 hvp.l 0.4 (tvp.l 

td+ tr 30 
Il' 

Turn-off time (Veel 
1.2 (tvP.) 1.2 (typ.) 

ts: tf 
tOFF 30 1 0.1 1.2hvp.) 1.2 hvp.) 

Thermal Resistance : 
Junction-la-Case ROJC - 4.11 - 4.11 - 4.11 - 4.11 ."e/W 
Junction-to-

ROJA Ambient - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration = 300 IlS, duty factor = 2% 
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RCA29A RCA29C 

o 

540 

~ rflll~IIII~III1I1!1l1lllil]lIl1l1l1l1l1lil!ll~~II~ 
~ 
gO.1 

0.01 
6 8 

10 
2 4 6 

COLLECTOR'TO-EMITTER VOLTAGE (VCEI- V 

* DIFFERS FROM TIP SERIES 

Fig. 1 - Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT' CONSTANT VOLTAGE 
"APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

•• ~o 75 100 125 150 175 200 6 B 104 

92CS-20154 

NUMBER OF' THERMAL CYCLES 
92C5-20152 

CASE TEMPERATURE ITC1_oC 

92C5-19663 

Fig. 2 - Derating curves for all types. Fig. 3 - Thermal-cycling ratings for all types. 



File No. 583 RCA29 RCA29B 
---------------------- RCA29A RCA29C 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DuRATION· 
20,..1; REP. RATE '" 

I kHz) 

VSS·-4.5V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.S43A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

!RCS-24985 
Fig. 5 - Oscilloscope display for measu,em~t of switching times. 

FIg. 4 - Circuit used to measure saturared switching times for all types. 

~400 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)· 

0 CAS~ TEJPElTUE IT),..,C ~ 200 ..- 1;;:c-~ :'""-r-. 
~ 100 ....- -~ 80 -40·C 

~ 
60V f-.. 

~ 
40 

Q 

I 
20 

8 10 • 6 

0.01 
4 6. 

0.1 
4 6. 

4V 

r--.. 
"10-

.......... "\ 
i'\. 

COLLECTOR CURRENT I IC I-A 

4 6. 
10 

92CS-20157 

~ 
: COL1cToR-ro- EMITTER VOLTAGE (VCE)=4 V 

0 

2 --lTE",lER1T~R~ (Tc,l. 125.1 S 
~ ~ 25·C-,......, . 
z 6;;;; -40·C 
~ :"\. :0 4~ 
I- ~ 
~ 2 

~ 
~' • 6 

;l 4 

~ 2 

8 
2 4 6 • 2 4 6 • 2 4 6 • 

0.1 , 10 
COLLECTOR CURRENT I IC)-A 

9ZCS-22538 

Fifl. 6 - Typical de beta characteristics for RCA29. RcA29A. and 
RCA29B. 

Fig. 7 - Typical de beta characteristics for RCA29C. 

TERMINAL CONNECTIONS 

Lead No. 1 - Base 
Lead No.2 - Collector 
Lead No.3 - Emitter 

Mounting Flange, Lead No.4 - Collector 
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_______________________________ File No. 792 

OO(]3LJ[] 
Solid State 
Division 

JEOEC T0-220AB 

H-1636 

Power Transistors 

RCA29/SDHRCA29B/SDH 
RCA29A/SDH .. RCA29C/SDH 

Hometaxial-Base, Silicon ·N-P-N 
VERSAWA TT Transistors 

For Medium·Power Switching and 
Amplifier Applications 

Features: 

• 50 W at 250 C case temperature 

• Low saturation voltage 
• Maximum safeaarea-of-operation curves 

• Thermal·cycle rating curves 

TERMINAL CONNECTIONS 

Terminal No.1 - Base 

Terminal No.2 - Collector 

Terminal No.3 - Emitter 

. Mounting Flange, 
. Terminal No.4 - Collector 

RCA29/SDH, RCA29AlSDH, RCA29B/SOH. and RCA29C/ 
SOH are single·diffused hometaxial·base silicon n·p·n tran· 
sistors. These types are essentially hometaxial·base versions of 
the RCA29, RCA29A, RCA29B, and RCA29C epitaxial·base 
types, respectively.- They are intended for a wide variety of 
switching and amplifier applications, such as series and shunt 

regulators and 'driver and output 'stages of high·fidelity amp· 
lifiers. These new plastic power transistors differ from each 
other in voltage ratings and in the currents at which the 
parameters are controlled. 

• RCA29'series types are described in RCA data bulletin File No.583. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE. • 

COLLECTOR·TO·EMITTER VOLTAGE: 

With base open. . . . . . . . 

EMITTER·TO·BASE VOLTAGE. • • 

• CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT. 

• TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC 

At ambient temperatures up to 2SoC 

At case temperatures above 2SoC . 

At ambient temperatures above 2SoC 

TEMPERATURE RANGE: 

Storage & Operating IJunction). . 

TERMINAL TEMPERATURE (During Soldering): 

At distance 1/8 in. (3.17 mm) from case 

for 10smax. . . . . . 

• Differs from RCA29 Series. 
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VCBO 

Derate linearly 

RCA29ISDH 

40 

40 

5 

4 

36 

1.8 

RCA29A1SDH RCA29B1SDH RCA29CISOH 

60 80 100 V 

60 eo 100 V 

5 5 5 V 

4 4 2.5 A 

A 

36 36 50 W 

1.8 1.8 I.B _W 

See Fig.2 

0.0144 wJDc 

-65 to 150 °c 

235 °c 

6-74 



File No. 792 __________________________ RCA29/SDH Series 

ELECTRICAL CHARACTERISTlCS,At Case Temperature ITCI = 2!PC 

CHARACTERISTIC SYMBOL 

VCE 

Coliector·Cutoff 
Current: ICED 30 
With base open 

With base-emitter 
junction short- ICES 

40 

circuited 
60 

Emitter Cutoff Current lEBO 

Collector-to-
Emitter Break-

VBR(CEO) down Voltage: 
With base open 

* DC Forward-Current hFE 4 
Transfer Ratio 4 

Base-ta-Emitter Voltage VBE 4 

Collector·to·Emitter 
VCE(sat) 

Saturation Voltage 

Common-Emitter, 
Small·Signal, 
Short-Circuit, 
Forward-Cur- hte 10 

rent Transfer 
Ratio 
(f = 1 kHz) 

* Magnitude of Common 
Emitter, Small· 
Signal, Short· I hte I 10 
Circuit, Forward-
Current Transfer 
Ratio (I = 1 MHz) 

Unclamped Inductive 
(VCC) 

Load Energyb 
10 

(L=20 mH)See Fig.8 

* Saturated Switching 
Time: (VCC) 
(RL=30n) 

ton 30 
See Figs. 10 and 11 
Turn-on time 
(td + tr) 

Turn-off time (VCC) 
(ts+ tt) toft 30 

* Thermal Resistance: 
Junction-la-Case ROJC 

Junction-ta-Ambient ROJA 

* Differs from RCA29 Series. 

a Pulsed: Pulse duration'" 300 J,lS. duty factor = 2%. 

TEST CONDITIONS LIMITS 
DC 

VOLTAGE 
(V) 

VEB VBE 

0 
0 

5 

DC 
CURRENT RCA29/SDH RCA29A1SDH UNITS 

(A) 

IC IB MIN. MAX. MIN. MAX. 

0 - 0.3 - 0.3 

mA 

- 0.2 - -
- - - 0.2 

0 - 1 - 1 mA 

0.03a 0 40 - 60 - V 

0.2" 40 - 40 -
1" 15 - 15 -

1" - 1.3 - 1.3 V 

l a 0.125 - 0.7 - 0.7 V 

0.2 20 - 20 -

0.2 0.8 - 0.8 -

- 32 - 32 mJ 

1 O.lc 2.3 5 2.3 5 
(typ.) (typ.) 

/1S 
1 O.lc G 15 6 15 

(typ.) (typ.) 

- 3.5 - 3.5 

70 70 
°C/W - -

b Based upon ability of device to perform in circuit shown in Fig.S. 

e 181 = 182 = value shown. 
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RCA29/SDH Series _________________________ File No •. 792 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C (Cant'd) 

TEST CONDITIONS LIMITS 
DC 

CHARACTERISTIC SYMBOL VOLTAGE 
(V) 

VCE VEB VBE 

Coliector·Cutoff 
Current: ICEO 60 
With base open 

With base-emitter 
SO 

junction short- ICES 
0 

circuited 
100 0 

Emitter Cutoff Current lEBO 5 

Collector·to· 
Emitter Break· 

VSR(CEO) down Voltage: 
With base open 

• DC Forward-Current hFE 4 

Transfer Ratio 4 

Base·to·Emitter Voltage VBE 4 

Collector·to·Emitter 
VCE(sa!) 

Saturation Voltage 

Common-Emitter. 
Small-5ignal. 
Short-Circuit, 
Forward-Cur- hfe 10 

rent Transfer 
Ratio 
(f = 1 kHz) 

... Magnitude of Common 
Emitter, Small· 
Signal. Short- I hie I 10 
Circuit, Forward-
Current Transfer 
Ratio (I = 1 MHz) 

Unclamped Inductive 
(VCC) 

Load Energyb 
10 

(L=20 mH)See Fig.S 

• Saturated Switching 
Time: (VCC) 
(RL=30U) 
See Figs. 10 and 11 ton 30 

Turn-on time 
(td + tr) 

Turn-off time (VCC) 
(ts + tf) toft 30 

... Thermal Resistance: 
Junction-ta-Case ROJC 

Junction-ta-Ambient ROJA 

., Differs from RCA29 Family. 

a Pulsed: Pulse duration::: 300 lots. duty factor" 2%. 
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DC 
CURRENT _ RCA29B/SDH RCA29C/SDH UNITS 

(A) 

IC . IB :MIN • MAX. MIN. MAX. 

0 - 0.3 - 0.3 

rnA 

- 0.2 - -
- - - 0.2 

0 - 1 - 1 rnA 

0.03a 0 80 - 100 - V 

0.2a 40 - 40 
l a 15 - 15 -
1· - 1.3 - 1.3 V 

l a 0.125 - 0.7 - 0.7 V 

0.2 20 - 20 -

0.2 O.S - O.S -

- 32 - 32 mJ 

1 O.lC 2.3 5 2.3 5 
(typ.) (typ.) 

1 O.lc 6 15 6 15 
/lS 

(typ.) (typ.) 

- 3.5 - 2.5 

70 - 70 
oCIW 

-

b Based upon ability of device to perform in circuit shown in Fig.S . 

e IS1 = IS2 :::: value shown. 



File No. 792 _________________________ RCA29/SDH Series 

o 

<I: 

I 
U 
!:! 
I-
Z 
UJ 
a: 
a: 
:J 
u 
a: 
0 
I-
U 
UJ 
...J 
...J 
0 
U 

10 CASE TEMPERATURE (TC)- 25·C 
8 (CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) 

2 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

40 60 80 100 

92CS-24197 

Fig. 1 - Maximum operating areas for RCA29/SDI;I, RCA29A/sDH, and RCA298ISDH. 

NOTE: CURRENT DERATING 4T CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-UM1TED PORTION 
OF MAXIMUM·OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

2' 50 15 100 125 150 175 200 
CASE TEMPERATURE tTcl-OC 

100 

'" 1 
~ .. 

Z 
0 
;: 
~ 
iii 10 

<; 

'" ~ 
~ 
~ 

I 

• ,. 
4 

~ .~ 2 .,0 

~ "'<" +~A l\~io", r---",/ ~ · .( \. "~ • \ \ 1\1\ ,\V<",,-. 
4 

I \ \ I\I\\~" 2 

h \% \.g I~~ ~~~" 
2 4 • • 10' 

2 4 • 
NUMBER OF THERMAL CYCLES 

• 
92CS-2010BRI 

Fig.2 - Dissipation and ISIb derating curves for all types. Fig.3 - Thermal-cycling rating chart for RCA29ISDH, RCA29A/SDH, 
and RCA298/SDH. 
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<t 

I 
"0 
t! 
I­
Z 
III 
Q: 
Q: 
:> 
o 
Q: 
o 
I­
o 
III 
..J 
..J 
o 
o 

CASE TEMPERATURE (TC)' 25°C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 

6 ~ TEMPERATURE) 

10 8 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig.4 - Maximum operating areas for RCA29CISDH. 

92CS-24198 

100a "' I .;--
COLLECTOR-To.EMITTER 

100 VOLTAGE (VeE) = 4 V 
6 

'" 4 I 

~ ~ ~ ..5't" ... " z 2 

~., .. ~ 0 

L\ ~ 10 r\ ~""''' g: 'S>~ 

0 • ~ \ \. '\. " ~+"+G 
'" 

6 ~ \ 
0 \ ""'''')0 to 4 X 

« 

~ \ "" '~~ fi! !Ii 
« >:? 
'" I-

, 
~ I~ ~ .~ ,,~ I I~ , 4 6 . 

10' 6 8 105 

NUMBER OF THERMAL CYCLES 
92CS-22441 

Fig.5 - Thermal-cycling rating chart for RCA29C/SDH. 
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Fig.6 - Typical de beta characteristics for RCA29/SDH, RCA29A/SDH, 
and RCA29BISDH. 
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3J0~--~ Hz I 
I 
I L.. __ _ 

.... 
IW 

.- 140 COLlECTOR-TQ-EMITTER VOLTAGE IVCE)=4 V 
~ . ." .-

:: 120 f""-I-+H-j-'.:,.r-H-t+-+--+t-I j----j-t--lf--H 
Q 

~ 
100 f--t--H+t-+-'\t-+-I+--+-t-H- _. -t--H-H 

i5 

, 
~ BOIf--+-H-t+7,<f/"-H'+f"""+--++++- -:: ,. 
a 60!'f--t----cvt+t-+--t-+-I+'rtf\~C,ASE TEMPERATURE 
~./ , (Tcl-2.·C 

a~, /' 't' 1\ 1\ 
401, .... '-+-H+t-+--t-+-I+:-=cI-,-.t-M-l-+--+-++I 

; 121"C, "-

~ 20: f--t--H+t-+--t-+-I+--+-t-t+t-.... -"OO;...,:l-+t-H 

24682468246 
10- 3 ,10- 2 10-1 

COLLECTOR CURRENT (Iel - A 

2 4 68 
10 

92CS-22444 

Fig.7 - Typical de beta characteristics for RCA29CISOH. 

L=IOmH 
(SEE NOTE) 

L=lOmH 
(SEE NOTE) 

+Vcc ,,0-20 V 
INCREASE Vee SUPPLY 

UNTIL Ie'" loB A 

+-----~O Ie MONITOR 

1.0.,1"10 
INON-INDUCTIVE) 

+------0 GNO 

DEVICE 
UNDER 
TEST 

+------0 VCE MONITOR 

i i 100 ms----i I 
I I . I I 

COLLEd~~:-~I---------1-- 1---

CURRE~ I: I I 

I I I I I 

V(BR)CER-J--I 1-------1---1 I 
I I 
I 

COLLECTOR I 
VOLTAGE I 

I 

_J__ : 
o TO 20V 

'----+----------o-"oC -1- 0--

NOTE: l'M) 1OmH, 0.11 .n CHICAGO STANDARD TRANSFORMER CORP. 
NO. C-26B8, OR EQUIVALENT. 

92CS-20156RI 

Fig.8 - Circuit for measuring inductive-load switching for all types. 

INPUT: 
PULSE GENERATOR 
.HEWLETT PACKAGE 
MODEL NO. 214A 
OR EQUIVALENT 

PULSE~ 
DURATION=- 2O".s -= 
REP. RATE -I kHz 

• ADJUST FOR IB2 

VCC"+30Vdc 

50 .. 

.. IBI AND IB2 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 AND 

TYPE 134 AMPLIFIER, OR EQUIVALENT 

Fig. to - Circuit used to measure switching times for all types, 

92CS-20139 

Fig. 9 - Inductive.load swi~ching voltage and current waveforms 
(test circuit shown in Fig.B). 

INPUT WAVE FORM 

92C5-20137 

Fig.tt - Phase relationship between input current and output voltage 
showing reference points for specification of switching times 
(test circuit shown in Fig. to). 
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OOcn5LJD 
Solid State 
Division 

JEDEC TO·220AB H·1535 

Power Transistors 

RCA30 RCA30B 
RCA30A RCA30C 

Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistors 

For Power-Amplifier and 
High·Speed·Switching Applications 

Features: 

• 30 W at 25°C case temperature 
• 3 A rated collector current 
• Min. fT of 3 MHz at 10 V, 200 mA 
• Designed for complementary use with RCA29, 

RCA29A, RCA29B, and RCA29C· n·p·n types* 

RCA30, RCA30A, RCA30B, and RCA30C are epitaxial·base, 
silicon p·n·p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high·fidelity 
amplifiers. 

These new plastic power transistors are designed for com· 
plementary use with devices in the RCA29 series. They differ 
from each other in voltage ratings. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ................. 
COLLECTOR·TO·EMITTER VOLTAGE: 

With base open ................................ 
EMITTER·TO·BASE VOLTAGE .................... 
CONTINUOUS COLLECTOR CURRENT ............. 
CONTINUOUS BASE CURRENT ................... 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C ... .............. 
At ambient temperatures up to 25°C ............... 

TEMPERATURE RANGE: 
Storage and Operating (Junction) .................. 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from case for 105max ... 

548 

* Technical data for the RCA29-series devices are given in RCA data 
bulletin File 583. 

RCA30 RCA30A RCA30B RCA30C 

VCBO -40 -60 -80 -100 V 

VCEO -40 -60 -80 -100 V 

VEBO -5 -5 -5 -5 V 
IC -3 -3 -3 -3 A 

IB -1 -1 -1 -1 A 

PT 
30 30 30 30 W 
2 2 2 2 W 

4 65 to 150 • °c 

4 235 • °c 
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RCA30 RCA30B 
File No. 584------------------------RCA30A RCA30C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tei ~ 25"e 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC SYMBOL VOLTAGE RENT RCA30 RCA30A RCA30B RCA30C UNITS 

Vdc Adc 

VCE VBE Ic MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Coliector·Cutoff Current: -30 - -0.3 - -0.3 :- - - -
With base open ICEO -60 - - - - - -0.3 - -0.3 

-40 0 - -0.2 - - - - - - rnA 
With base·emitter june· -60 0 - - - -0.2 - - - -
tion short-circuited ICES -80 0 - - - - - -0.2 - -

100 0 - - - - - - - -0.2 

Emitter·Cutoff Current lEBO 5 0 - -1 - -1 - -1 - -1 rnA 

Collector·to· Emitter 
Sustaining Voltage: 

With base open VCEO(sus) -0.03" -40 - -60 - -80 - -100 - V 

DC Forward·Current 
hFE 

-4 -0.28 40 - 40 - 40 - 40 -
Transfer Ratio -4 _l a 15 150 15 150 15 150 15 150 

Base·to·Emitter Voltage VBE -4 _1· - -1.3 - .,.1.3 - -1.3 - -1.3 V 

Collector·to·Emitter 
Saturation Voltage: 

IB= -125mA -1· - -0.7 - -0.7 - -0.7 - -0.7 V 

Common-Emitter Small-

Signal, Short·Circuit, 
Forward Current 
Transfer Ratio: 
f = 1 kHz hfe -10 -0.2 20 - 20 - 20 - 20 -

Magnitude of Common· , 
Emitter, Small·Signal, 
Short·Circuit, For· 
ward Current Transfer 
Ratio: 
f = 1 MHz Ihfel -10 -0.2 3 - 3 - 3 - 3 -

Saturated Switching 
Time (VCC = -30 V, 
RL = 30 n, 
IBl = IB2 = -0.1 AI: 

Turn-an-time 

td + tr tON -1 0.2 (typ.) 0.2 (lYP.). 0.2 (typ.) 0.2 (typ.) 
I'S 

Turn·off lime 
Is + If IOFF -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

Thermal Resistance: 
Junction-ta-Case ROJC - 4.17 - 4.17 - 4.17 - 4.17 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

• Pulsed: Pulse durallon = 300l's, duty factor = 2%. 
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RCA30 RCA30B File No. 584 RCA30ARCA30C---------------------------------------------

o 
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-I 
2 4 6 8_ 10 2 4 6 8_ 100 2 4 

COLLECTOR-ro-EMITTER VOLTAGE (VCEI- V 

*OIFFERS FROM TIP SERIES 92es -20149 

Fig. 1 - Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-UMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 00 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (TC) _·C 

92C$-19663 

Fig. 2 - Derating curves for all types. 

103 e 8 104 

NUMBER OF THERMAL CYCLES 

Fig. 3 - Thermal-cycling Tatings for all types. 
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File No. 584 ________________________ RCA30 RCA30B 

RCA30A RCA30C 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

t PULSE OURATION· 
20p.1; REP. RAT~; 

I kHz) 

VSB-+4.5V Vcc·-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

92CS-24196 

Fig. 4 - Circuit used to measure saturated switching times for all types. 

1 COLLECTOR-tO-EMITTER 
VOLTAGE (VCE) =-4V 

!2 
CASJ TEMJERlrJR! (r. i 400 

'" ~/ZS·C 
'" r-...::.. ~ 200 z 

~ ~ r--. "-... 100 
i5 80 

-40·C "-'" '" 60 

" a ... 40 

'" ; 
~ 20 
u 
0 

10 
4 6 8 4 6 e 

-0.01 -0.1 -I 
COLLECTOR CURRENT (Ic)-A 

\.\ 

~~ 
1\ 
4 •• 

-10 

92CS-18009 

92CS-IS619 

Fig. 5 - Oscilloscope display for measurement of switching times. 

_~.. e COLlECTOR-TO-EMITTER VOLTAGE (YCEJ;4 v 
- • I 'I II I I I 

4t--CASE TEMPERATURE f>--TI-J1--l-l--+-+-+-1---j 
o -t-:.£,J .. , i 2 2soc ~c +-If---f--+-+-H 
eilOO r- 't-o..... 
~ 8 -40 D C 

~ :'~~~4---+-+-~--~--~~~~"-~~-+-+-H ... ,"-~ ... 

I 
2 

10 • • '" ; 4 

" ~ 2 

~ I 

-0.01 
2 4 •• 

-0·\ -I 
COLLECTOR CURRENT {IC1-A 

~ 

4 •• 
-10 

92CS-22539 

Fig. 6 - Typical de beta characteristics for RCA30. RCA30A, and RCA30B. Fig. 7 - Typical de beta characteristics for RCA30C. 

TERMINAL CONNECTIONS 
Lead No.1 - Base 

Lead No.2 - Collector 

Lead No.3 - Emitter 

Mounting Flange, Lead No.4 - Collector 
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_______________________________ -File No. 585 

oocraLJD 
Solid State 
Division 

JEDEC TO-220 AB 

Power Transistors 

RCA31 
RCA31A 

RCA318 
RCA31C 

Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 

• 40 W at 2SDC case temperature 
• S A rated collector current 
• Min.fTof3MHzatl0V,SOOmA 
• Designed for complementary use with RCA32, 

RCA32A, RCA32B, and RCA32C p-n-p types* 

RCA3l, RtA31A, RCA31B, and RCA31C are epitaxial-base, 
silicon p-n-p transistors. They are intended for a wide variety 
of switching and amplifier applications. such as series and 
shunt regulators and driver and output stages of high-fidelity 
amplifiers. 

These new plastic power transistors are designed for com­
plementary use with devices in the RCA32 series. They differ 
from each other in voltage ratings. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ..........•...... 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base open ..............•..... _ ...•....... 
EMITTER-TO-BASE VOLTAGE ....... _ ............ 
CONTINUOUS COLLECtOR CURRENT .........•... 
CONTINUOUS BASE CURRENT ................... 
TRANSISTOR DISSIPATION: 

At caSe temperatures up to 25DC .................. 
At ambient temperatures up to 25DC •.............. 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ..........•....... 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from case for 10smax ... 

552 

* Technical data for the ACA32-series devices are given in RCA data 
bulletin File 586. 

RCA3l RCA31A RCA31B RCA31C 

VCBO 40 60 80 100 V 

VCEO 40 60 80 100 V 

VEBO S S S S V 

IC S S S 5 A 

IB 1 A 

PT 
40 40 40 40 W 

2 2 2 2 W 

.. -65 to 150 • DC 

.. 235 • DC 
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File No. 585 _______________________ RCA31, 31A, 31 B, 31C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tei = 2!f'C 

TEST CONDITIONS LIMITS 

CUR-
CHARACTERISTIC SYMBOL VOLTAGE RENT RCA31 RCA31A RCA31B RCA31C UNITS 

V dc Adc 

VCE VBE IC MIN. MAX. MIN_ MAX_ MIN_ MAX_ MIN_ MAX_ 

Collector-Cutoff Current: 
ICEO 

30 - 0.3 - 0.3 - - - -
With base open 60 - - - - - 0.3 - 0.3 

40 0 - 0.2 - - - - - - rnA 
With base-emitter june- 60 0 - - - 0.2 - - - -

tion short-circuited ICES 80 0 - - - - - 0.2 - -

100 0 - - - - - - - 0.2 

Emitter-Cutoff Current lEBO -5 0 - 1 - 1 - 1 - 1 rnA 

Collector-to- Emitter 
Sustaining Voltage: 

With base open VCEO(sus) 0.03- 40 - 60 - 80 - 100 - V 

DC Forward-Current 
hFE 

4 1- 25 - 25 - 25 - 25 -
Transfer Ratio 4 3- 10 50 10 50 10 50 10 50 

Base-to-Emitter Voltage VBE 4 3- - 1.8 - 1.8 - 1.8 - 1.8 V 

Co II ector-to-Em i tter 
Saturation Voltage: 

IB = 375 rnA 3- - 1.2 - 1.2 - 1.2 - 1.2 V 

Common-Emitter Small-
Signal, Short-Circuit, 
Forward Current 

Transfer Ratio: 
f = 1 kHz hfe 10 0.5 20 - 20 - 20 - 20 -

Magnitude of Common-
Emitter, Small-Signal. 
Short-Circuit. For-
ward Current Transfer 
Ratio: 

f = 1 MHz I hfe I 10 0.5 3 - 3 - 3 - 3 -

Saturated Switching 
Time (VCC = 30 V, 
RL = 30 n. 
IBl = IB2=0.lA): 

Turn-an-time 

td + tr tON 1 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 
f.I.S 

Turn-off time 

ts + tf tOFF 1 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 

Thermal Resistance: 
Junction-ta-Case ReJC - 3.125 - 3.125 - 3.125 - 3.125 

°c/w 
Junction-ta-Ambient ReJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed: Pulse duration = 300115, duty factor = 2 %. 
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RCA31, 31A, 31B, 31C ______________________ File No. 585 

o 
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II 8 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

* DIFFERS FROM TIP SERIES 

Fig. 1 - Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

~ 

1 
~ 2 

z 
o 

2 4 41 I 
1000 

92CS-20145 

i 10 f---+I--\-I----'M""-j'<:-'\: ~+==t:=+=1:=j 

25 50 15 100 125 ISO 175 200 
CASE TEMPERATURE (TC}-OC 

92CS-19663 

Fig. 2 - Derating curves for all types. 

15 

'" ~ 4f--++-t-~~~~~\-~ 
~ 
~ 

'" ~ 

NUMBER OF THERMAL CYCLES 

Fig. 3 - Therma/-cycling ratings for all types. 
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File No. 585 RCA31, 31A, 318, 31C 

INPUT: 
HEWLETT-PACKARD 
MODEL No. 214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20I'S;REP. RATE: 

I kHz) 

VBB~-4.5V Vee·BOV 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.S43A OR 
EaUIVALENT 

DEVICE 
UNDER 
TEST 

9ZCS~249B5 

Fig. 4 - Circuit used to measure saturated switching times for al/ types. 

~400 
COLLECTOR-lO-EMITTER VOLTAGE {VCE}: 

~ 
il! 200 

CAS1E TEMlpER~TUE ITe}! 125·C 

IS 
i:; 
~ IDa -:= 80 

~ 
OOV 

a 40 

, 
Q 

I 
20 

u 10 
Q 8 

0 

0.01 
4 6. 

0.1 

I;:cr-. --40·C 

t---

4 6 • 

4V 

r-.. 

'" " 
COLLECTOR CURRENT 11C )-A 

~ 

0 ~ 
"\ '\ 

1\ 

2 4 6 • 
10 

92CS-2014B 

Fig. 6 - Typical de beta characteristics for RCA31 ~ RCA31 A, and RCA31& 

92CS-24797 

Fig. 5 - Oscilloscope display for measurement of switching times. 

~ 
B COLLECTOR-TO- EMITTER VOLTAGE {VCE1=4 v 
: I 

0 

-=:J-TEI1RlT~~E (Tet /25.l S 2 

or ~~ 25·C r-.. 
~ 10 8 
Z 6 -40·C 

" ." Ir 4 ... 
... I-'" ,......~ 

~ 2 

~ 
~I . 
or 6 

! 4 

~ 2 

g 
2 4 6 • 2 4 •• 2 4 6 • 

0,01 0.1 I 
COLLECTOR CURRENT IIC1-A 

92CS-22538 

Fig. 7 - Typical de beta characteristics for RCA31C. 

TERMINAL CONNECTIONS 
Lead No.1 - Base 

Lead No.2 - Collector 

Lead No.3 - Emitter 

Mounting Flange, Lead No.4 - Collector 

10 
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_______________________________ File No. 793 

llCIBLJD 
Solid State 
Division 

Power Transistors 

RCA31/SDH 
RCA31A/SDH 

RCA31B/SDH 
RCA31C/SDH 

Hometaxial-Base, Silicon N-P-N 
VERSAWA TT Transistors 
For Medium-Power Switching and 
Amplifier Applications 

Features: 

.50 W at 25°C case temperature 

• Low saturation voltage 

• Maximum safe-area-of-operation curves 

TERMINAL CONNECTIONS 

Terminal No.1 - Base 

Terminal No.2 - Collector 
Terminal No.3 - Emitter 

JEOEC TO-220 AB H-1635 • Thermal-cycle ratings curves Mounting Flange Terminal No.4 - Collector 

RCA31/S0H, RCA31A/SOH, RCA31B/SOH, and RCA31CI 
SOH are single-diffused hometaxial-base, silicon n-p-n tran­
sistors_ These types are essentially hometaxial-base versions of 
the RCA31, RCA31A, RCA31B, and RCA31C epitaxial-base 
types,. respectively.- They are intended for a wide variety of 
switching and amplifier applications, such as series and shunt 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE .....•.•..•.•.. VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base open ............................. V CEQ 

EMITTER-TO-BASE VOLTAGE ...•••••..•..•.... V EBO 
• CONTINUOUS COLLECTOR CURRENT ...•.••••.. IC 

CONTINUOUS BASE CURRENT •..............•.. IB 
TRANSISTOR OISSIPATION: ° PT 

At case temperatures up to 25 C .............. . 
At ambient temperatures up too 2SoC ............ . 

At case temperatures above 25 C .............. . 
At ambient temperatures above 2SoC .. . Derate linearly 

TEMPERATURE RANGE: 
Storage and Operating (Junction~ .•..•.......••• 

TERMINAL TEMPERATURE lOuring Soldering): 
At distance 1/8 in. (3.17 mm) from case for 10 s max. 

·Oiffers from ACA31 Series. 
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regulators and driver and output stages of high-fidelity ampli­
fiers. These new plastic power-transistors differ from each 
other in voltage ratings and in the currents at which the para­
meters are controlled. 

• RCA31-series types are described in RCA data bulletin File No. 585. 

RCA31lSDH RCA31A1SDH RCA31 BISDH 

40 60 BO 

40 60 BO 

5 5 

4 4 4 

1 

36 36 36 

1.8 1.8 1.8 
See Fig. 2 

0.0144 

-65 to 150 

235 

RCA31ClSDH 

100 

100 
5 
2.5 

1 

50 
1.8 

V 

V 

V 

A 

A 

w 
w 

wt"C 

°c 

°c 

6-74 



File No. 793 _________________________ RCA31/SDH Series 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TCl = 25"C 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
DC VOLTAGE 

(V) 

VCE VEB 

Collector-Cutoff Current: 
With base open ICEO 30 

With base-emitter junc-
ICES 

40 
tion short-circuited 60 

Emitter-Cutoff Current lEBO 5 

Collector-to-Emitter 
Breakdown Voltage: VBR(CEO) 
With base open 

• DC Forward-Current 
hFE 

4 
Transfer Ratio 4 

Base-to-Emitter Voltage VBE 4 

Collector-to-Emitter 
VCE(sat} 

Saturation Voltage 

Common-Emitter, 
Small-Signal, Short, 
Circuit, Forward- hfe 10 
Current Transfer 
Ratio (f = 1 kHz) 

• Magnitude of Common-
Emitter, Small-Signal, 
Short-Circuit, For-
ward-Current Transfer 

Ihfel 10 

Ratio (f = 1 MHz) 

Unclamped Inductive 

Load Energyb (VCC) 
(L=20mH) 10 
See Fig. 8 

* Saturated Switching Time: 
(RL = 30n) 
See Figs. 10 and 11 
Turn-on-time (VCC) 
ltd +tr} ton 30 

Turn-off time (VCC) 
(ts + tf) toff 30 

• 

• Thermal Resistance 
Junction-to-Case ROJC 

Junction-to-Ambient ROJA 

·Oiffers from RCA31 Series. 

8Pulsed: Pulse duration = 300 1J.s. duty factor = 2%. 

bSased upon ability of device to perform in circuit shown in Fig. B. 

elSl = 182 = value shown. 

VBE 

0 
0 

OCCURRENT 
(A) 

IC IB 

0 

0 

0.03a 0 

1· 
3a 

3a 

3a 0.375 

0.5 

0.5 

1 O.l c 

1 O.l c 

LIMITS 

RCA31/S0H RCA31 A/SOH UNITS 

MIN. MAX. MIN. MAX. 

- 0_3 - 0.3 
mA 

- 0.2 - -
- - - 0.2 

- 1 - 1 mA 

40 - 60 - V 

25 - 25 -
10 - 10 -
- 1.8 - 1.8 V 

- 1.2 - 1.2 V 

20 - 20 -

O.B - 0.8 -

- 32 - 32 mJ 

2.3 
5 

2.3 
5 

(typ.) (typ.) 
J1S 

6 
15 

6 
15 

(typ.) (typ. 

- i5 - 3.5 
°CIW 

- 70 - 70 
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RCA31/SDH Series File No. 793 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C (cont'd) 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
DC VOLTAGE 

(V) 

VCE VEB 

Coliector·Cutoff Current: 
With base open 'CEO 60 

With base·emitter iunc-
'CES 

80 
tion short-circuited 100 

Emitter·Cutoff Current 'EBO 5 

Collector·to-Emitter 
Breakdown Voltage: VBR(CEO) 
With base open 

DC Forward-Current 
hFE 

4 
Transfer Ratio 4 

• 

B.se-to-Emitter Voltage VBE 4 

Collector·to·Emitter 
VCE(sat) 

Saturation Voltage 

Common·Emitter, 
Small-Signal, Short, 
Circuit, Forward- hfe 10 
Current Transfer 
Ratio (f = 1 kHz) 

• Magnitude of Common-
Emitter, Small-Signal, 
Short·Circuit, For· Ihfel 10 
ward·Current Transfer 
Ratio (f =.1 MHz) 

Unclamped .Inductive 
Load Energyb (VCC) 
(L=20mH) 10 
See Fig. 8 

* Saturated Switching Time: 
(RL = 30!!) 
See Figs. 10 and 11 
Turn-an-time (VCC) 
(td + t r) ton 30 

Turn-off time (VCC) 
(ts + tf) toff 30 

* 

* Thermal Resistance 
Junction-to-Case ROJC 

Junction-ta-Ambient ROJA 

*Differs from ReA31 Series. 

'Pulsed: Pulse duratiop = 300 J.Is. duty factor'" 2%. 

bBased upon ability of device to perform in circuit shown in Fig. S. 

CiS, "" 182 = value shown. 

558 

VBE 

0 
0 

DC CURRENT 
(A) 

IC 'B 

0 

0 

0.0a" 0 

1· 
3· 

as 

3a 0.375 

0.5 

0.5 

1 O.lc 

1 O.le 

LIMITS 

RCA31B/SDH RCA31C1SDH 

MIN. . MAX. MIN. MAX. 

- 0.3 - 0.3 

- 0.2 - -
- - - 0.2 

- 1 - 1 

80 - 100 -

25 - 25 -
10 - 10 -
- 1.8 - 1.8 

- 1.2 - 1.2-

20 - 20 -

0.8 - 0.8 -

- 32 - 32 

2.3 
5 

2.3 
5 (typ.) (typ.) 

6 
15 

6 
15 

(typ_) (typ. 

- 3_5 - 2.5 

- 70 - 70 

~ -.-

UNITS 

rnA 

rnA 

V 

V 

V 

mJ 

p.s 

·CIW 



File No. 793 __________________________ RCA31/SDH Series 

CASE TEMPERATURE (TC)=25°C 

(CURVES MUST BE DERATED LINEARLY ~~#gf+±+rq.+PfSlrld 
WITH INCREASE IN TEMPERATURE) :' 

co: 
I 
u 
!:! 
I-
Z 
W 
a: 
a: 
::> 
0 

a: 
0 
1--
0 6 
W 
..J 
..J 
0 
0 4 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

40 60 80 100 

92CS-24200 

Fig. 1 - Mounting operating areas for RCA31ISDH, RCA31AISDH, and RCA318ISDH. 

NOTE: CURRENT DERATING o!\T CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES DO 
NOT DERATE THE SPECIF:ED VALUE FOR Ie MAX. " 1 
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~ 

100 a 

6 

4 

.~~~ 
2 i'::< ~ 
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:----t~~\~ 
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I 
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~ "'<" 

.\V~ .. 
~ 

\~~o 
~\ ~ 
~~~~~~\ 

-

10' 
2 4 • • 4 2 4 6 

25 50 75 100 125 150 175 200 10 

CASE TEMPERATURE ITel-"C NUMBER OF THERMAL CYCLES 

. 
92C5-19663 92CS-20108RI 

Fig. 2 - Dissipation and 'Sib derating curves for al/ types. 
Fig. 3 - Thermal-cycling rating chart for RCA31/SDH, RCA31AISDH, 

and RCA378/SDH. 
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CASE TEMPERATURE (Tcl' 25"C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 

6 IN. TEMPERATURE I 

10 8 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-24198 

Fig. 4 - Maximum operatingareBs for RCA31C/SDH. 
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Fig. 5 - Thermal-cycling rating chart for RCA31CISDH. 
Fig. 6 - Typical de beta characteristics for RCA31/SDH, 

RCA31AISDH.Bnd RCA31BISDH. 
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File No. 793 _________________________ RCA31/SDH Series 

3911 
IW 
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COLLECTOR CURRENT (lei - A 

92CS-22444 

Fig. 7 - Tvpical de beta characteristics for RCA31C/SDH. 

i· i 100 m.-------I I 
I I I I 

L .. IOmH 
(SEE NOTE) 

L=IOmH 
(SEE NOTEI 

+VCC"O-20 v 
INCREASE Vee SUPPLY 

UNTIL Ie" 1.8 A 

~------<n Ie MONITOR 

+-------<0 GNO 

DEVICE 
UNDER 
TEST 

~-----o VeE MONITOR 

COLLEcl~~:-~l---------j-- 1---

CURRE"6 I: I I 
I I I I I 

V(BRlCER- J __ , [ _______ 1 ___ 1 , 

I I 
I I 

COLLECTOR I ! 
VOLTAGE I I 

: I 
_J__ I I 
a TO 20V 
-1- 0--

92CS·20!39 

NOTE: TWO IOmH,O.1I n CHICAGO STANDARD TRANSFORMER CORP. 

Fig. 9 - Inductive-load voltage and current waveforms 
(test circuit shown in Fig. 8 J. 

NO. C-2688, OR EaUIVALENT. 
92CS-Z0156RI 

Fig. B - Circuit for measuring inductive-load switching for all types. 

INPUT: 
PULSE GENERATOR 
HEWLETT PACKAGE 
MODEL NO. 214A 
OR EQUIVALENT 

PULSE~ 
DURATION' 20 1'5 -==­
REP. RATE = I kHz 

• ADJUST FOR IS2 

VCC' ... 30Vdc 

VSS=-SVdC 

1 250n 
IOfioF 
Z7fi 

.. [SI AND IS2 MEASURED WITH TEKTRONIX CURRENT PROSE P6019 AND 

TYPE 134 AMPLIFIER, OR EQUIVALENT 

Fig. 10 - Circuit used to measure switching times for all types. 

r 81 

:--r 
I 
I 
I 
I 
I 
I 
I 
I 
I' I I 

~ ! 1 It: t OUTPUT WAVE FORM 
r:t:: • I I a ::.:h,Ir::I-------t:c:j r-;;O% TIME 

TURN-ON ~tr TURN-OFF 
TIME TIME 

92CS-20137 

Fig. 11 - Phase relationship between input current and output 
voltage showing reference points for specification of 
switching times (test circuit shown in Fig. 10). 
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_______________________________ File No. 586 

D\1CTI3LJD 
Solid State 
Division 

JEDEC TO·220 AB 

Power Transistors 

RCA32 RCA32B 
RCA32A RCA32C 

Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistors 

For Power-Amplifier and 
High-Speed·Switching Applications 

Features: 

• 40 W at 25°C case temperature 
• 5 A rated collector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with RCA31 , 

RCA31A, RCA31B, and RCA31C n·p·n types* 

RCA30, RCA30A, RCA30B, and RCA30C are epitaxial·base, 
silicon p·n·p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and. driver and output stages of high·fidelity 
amplifiers. 

These new plastic power transistors are designed for com· 
plementary use with devices in the RCA31 series. They differ 
from each other in voltage ratings. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ................ . 
COLLECTOR·TO·EMITTER VOLTAGE: 

With base open ............................... . 
EMITTER·TO·BASE VOLTAGE ................... . 
CONTINUOUS COLLECTOR CURRENT ............ . 
CONTINUOUS BASE CURRENT .................. . 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C ................. . 
At ambient temperatures up to 25°C .............. . 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ................. . 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from case for 10smax ... 

* Technical data for the RCA32 series devices are given in RCA data 
bulletin File 583, 

VCBO 

RCA32 

-40 

-40 
-5 
-5 
-1 

40 
2 

RCA32A 

-60 

-60 
-5 
-5 
-1 

40 
2 

RCA32B RCA32C 

-80 

-80 
-5 
-5 
-1 

40 
2 

-100 

-100 
-5 
-5 
-1 

40 
2 

-1 .. 1------65 to 150 ----..... 

~~~------235-----~ .. ~ 

TERMINAL CONNECTIONS 

Lead No. i-Base 
Lead No.2 - Collector 
Lead No.3 - Emitter 

Mounting Flange, Lead No.4 - Collector 

V 

V 
V 
A 
A 

W 
W 

°c 

·C 
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File No. 586 _____________________ RCA32, 32A, 328, 32C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TCi = 25"C 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC SYMBOL VOLTAGE RENT RCA32 RCA32A RCA32B RCA32C UNITS 

Vdc Adc 

VCE VBE IC MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Coliector·Cutoff Current: 
ICED 

-30 - -0.3 - -0.3 - - - -
With base open -60 - - - - - -0.3 - -0.3 

-40 0 - -0.2 - - - - - - mA 

With base-emitter june· -60 0 - - - -0.2 - - - -
tion short-circuited ICES -80 0 - - - - - -0.2 - -

100 0 - - - - - - - -0.2 

Emitter·Cutoff Current lEBO 5 0 - -1 - -1 - -1 - -1 mA 

Collector·to·Emitter 
Sustaining Voltage: 

With base open VCEO(sus) -0.03a -40 - -60 - -80 - -100 - V 

DC Forward·Current 
hFE 

-4 -l a 25 - 25 - 25 - 25 -
Transfer Ratio -4 -3a 10 50 10 50 10 50 10 50 

Base·ta-Emitter Voltage VBE -4 _3a - -1.8 - -1.8 - -1.8 - -1.8 V 

Collector·to·Emitter 
Saturation Voltage: 

IB= -375mA _3a - -1.2 - -1.2 - -1.2 - -1.2 V 

Common· Emitter Small· 
Signal, Short·Circuit, 
Forward Current 
Transfer Ratio: 
f = 1 kHz hfe -10 -0.5 20 - 20 - 20 - 20 -

Magnitude of Common· 
Emitter, Small·Signal, 
Short·Circuit, For· 
ward Current Transfer 
Ratio: 
f = 1 MHz Ihfel -10 -0.5 3 - 3 - 3 - 3 -

Saturated Switching 
Time (VCC =-30 V, 
RL =30n, 
IBI =IB2=-0.1 A): 

Turn-an-time 
td + tr tON -1 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 

IJS 
Turn·off time 
ts + tf tOFF -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

Thermal Resistance: 
Junction·to·Case ROJC - 3.125 - 3.125 - 3.125 - 3.125 

°C/W 
Junction·to·Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed: Pulse duratIon = 300 IJS, duty factor = 2 %. 
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RCA32, 32A, 328, 32C ____________________ _ 

u 
!::I 

i 
! 
8-0.1 

-0.01 
_I "-10 I 4' '-100 2 4 

• !.IOOO 
COLLECTOR-to-EMITTER VOLTAGE (\lcEI-V 

.. DIFFERS FROM TIP SERIES 92CS-2OI58 

Fig. 1 - Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION·LlM1TED PORTION 
Of MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 SO 75 100 125 ISO 17S 200 
CASE TEMPERATI..fiE (TCI-"<: 

92CS-19663 

., 
1 
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File No. 586 

92CS-IIOOIRI 

Fig. 2 - Derating curves for all types. Fig. 3 - Thermal-cycling ratings for all types. 
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File No. 586 ______________________ RCA32, 32A, 32B, 32C 

INPUT: 
HEWLETT-PACKARD 
MODEL No. Zl4A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20l'-s;REP. RATE: 

I kHz) 

VBB· ... 4.5V VCC--30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

92CS-24796 

Fig. 4 - Circuit used to measure saturated switching times for all types. 

~ 
COLLECTDR-TO-EMITTER 
VOLTAGE (VeEI --4V 
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-0.01 -0.1 -I 
COLLECTOR CURRENT (IC)-A 
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1\ 
• •• 

-10 

92CS-18009 

FIg. 6 - Typical de beta characteristics for RCA31. RCA31A. and RCA318. 

Fig. 5 - Oscilloscope display for measurement of switching times. 

~ 
8 COLLECTOR-TO- EMITTER VOLTAGE (VCE) .. 4 V 

• I "I I I 1"1 
4 ~CASE TEMPERATURE· 

0 ~J.)J !i , 2s.c ~c a: 

~IO ~ 

• -40·C 
!:l ...... "-:\l 
I-

4 

","-~ ... 
~ 

, 
r--.~ 

~ Ie> • • a: 
I 4 

a: 
~ • 
g , , 4 •• , 4 •• , 4 . . 

-0.01 -0-1 -I -10 
COLLECTOR CURRENT (Ic1-A 

92CS-22'39 

Fig. 7 - Typ~cal de beta characteristics for RCA31C 
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File No. 587 

OO(]5LJlJ 
Solid State 
Division 

JEDEC TO·220 AB 

Power Transistors 

RCA41 
RCA41A 

RCA41~ 
RCA41C 

Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 

For Power-Amplifier and 
H igh-Speed-Switching Applications 

Features: 

• 65 W at 25°C case temperatur .. 
• 7 A rated collector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with RCA42, RCA42A, 

RCA42B, and RCA42C p·n·p types 

RCA41 , RCA41A, RCA41B,and RCA41Careepitaxial·base, 
silicon n-p-n transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fidelity 

amplifiers. These new plastic power transistors are designed 
for complementary use with devices in the RCA42 series.­
They differ from each other in voltage ratings. 

• RCA42-series transistors are described in RCA data bulletin 
File No. 588. 

MAXIMUM RATINGS, Absolute·Maximum Values: 
RCA41 RCA41A RCA41B RCA41C 

COLLECTOR-TO-BASE VOLTAGE ......•............ VCBO 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open ............................. VCEO 40 60 80 100 

EMITTER·TO·BASE VOLTAGE ........•........•... VEBO 5 5 5 5 

CONTINUOUS COLLECTOR CURRENT ..•............. IC 7 7 7 7 

PEAK COLLECTOR CURRENT .................... 10 10 10 10 

CONTINUOUS BASE CURRENT .................... IB 3 3 3 3 

TRANSISTOR DISSIPATION: I'T 
At case temperatures up to 25°C ••...••..•.•....... 65 65 65 65 
At ambient temperatures up to 25°C .........•.....•. 2 2 2 2 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ................... . .. -65 to 150_ 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from case for IDs maX. ...... .. 235 .. 

V 

V 

V 

A 

A 

A 

W 
W 

°c 

°c 

566 2-74 



File No. 587 ________ ---------- RCA41, RCA41A, RCA41B, RCA41C 

ELECTRICAL CHARACTERISTICS, At Case Temperature {TCi = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
DC I DC 

VOLTAGE CURRENT 
(VI (AI 

RCA41 RCA41A RCA41B RCA41C UNITS 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 
ICEO 

30 0 - 0.7 - 0.7 - - - -
With base open 60 0 - - - - - 0.7 - 0.7 

40 0 0.4 - - - -
With base-emitter junction 

ICES 
60 0 - - - 0.4 - - - -

short~.ircuited 80 0 - - 0.4 
rnA - - - - -

100 0 - - - - - - - 0.4 

Emitter-Cutoff Current lEBO 5 0 - 1 - 1 - 1 - 1 rnA 

Collector-ta-Emitter Sustaining 
Voltage: 

With base open 
VCEO(susl 0.03a 0 40 - SO - 80 - 100 - V 

DC Forward-Current 
hFE 

4 0.3a 30 - 30 - 30 - 30 -
Transfer Ratio 4 3a 15 150 15 150 15 150 15 150 

Base4o-Emitter Voltage VBE 4 sa - 2.2 - 2.2 - 2.2 - 22 V 

Collector-ta-Emitter VCE(sati 6a O.S 2 2 2 2 V Saturation Voltage 
- - - -

Common-Emitter, Small-
Signal, Forward-Current 

hie 10 0.5 20 - 20 - 20 - 20 -Transfer Ratio (f = 1 kHz) 

Magnitude of Common-
Emitter, Small-5ignal, 
Forward-Current Transfer I hie I 10 0.5 3 - 3 - 3 - 3 -
Ratio (I = 1 MHzl 

Saturated Switching Time: (VCCI 
(RL = 5 .Ill See Figs. 5 and 6 tON 30 

6 0.6b 0.6 (typ.l 0.6 (typ.1 0.6 (typ.1 0.6 (typ.1 
Turn-on time td + tr ~s 

Turn-off Time (Vcci 
6 O.Sb 1.4 (typ.1 1.4 (typ.1 1.4 (typ.l 1.4 (typ.1 

ts+tf tOFF 30 

Thermal Resistance: 
ROJC - 1.92 - 1.92 - 1.92 - 1.9 

Junction-to-Case 
'CIW 

Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8Pulsed: Pulse duration = 300 1-'5, duty factor ~ 2% 
b . 

IS1 = IS2 = value shown 
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RCA41, RCA41A, RCA41B, RCA41C __________________ File No. 587 
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92CS-20135 

Fig. I-Maximum safe operating areas for all types 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 00 
NOT DERATE THE SPECIFIED VAWE FOR"e MAX. 

25 50 75 100 125 I~ 175 200 
CASE TEMPERATURE (Tel'''C 

92CS-19663 

Fig. 2-Derating curves for all types. 

5' 

10' 
NUMBER OF THERMAL CYCLES 

Fig. 3-Thermal-cycling ratings for all types. 

92C$-19822 



File No. 587 _________________ RCA41, RCA41A, RCA41B, RCA41C 
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Fig. 4-Typical de beta characteristics for all types • 

Ie, 

TIME 
INPUT WAVEFORM 

92CS-22378 

Fig. 6-Phase relationship between input and output currents 
showing reference points for specification of switching 
times (Test circuit shown in Fig. 5). 

2 

0-+25 V 

RL (NON-INDUCTIVE) ~ 5 n 

-4 TO 
-6V 

::::+30 V 

- + 
500 
.F 

92CS-23337 
Fig. 5-Circu;t used to measure switching times for all types. 

TERMINAL CONNECTIONS 

Lead No.1-Base 
Lead No.2-Collector 
Lead No.3-Emitter 

Mounting Flange, Lead No.4-Collector 
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_______________________________ File No. 794 

OO(l5LJD 
Solid State 
Division 

JEDEC TO·220 AB H-1535 

Power Transistors 

RCA41/SDH 
RCA41A/SDH 
RCA41B/SDH 

Hometaxial-Base, Silicon N-P-N 
VERSAWA n Transistors 
For Medium-Power Switching and 
Amplifier Applications 

Features: 

• 75 W at 25°C case temperature 

• Low saturation voltage 

• Maximum safe·area·of-operation curves 

• Thermal·cycle rating curves 

TERMINAL CONNECTIONS 

Terminal No.1 - Base 
Terminal No, 2 - Collector 

Terminal No.3 - Emitter 
Mounting Flange Terminal No.4 - Collector 

RCA41/S0H, RCA41A/SOH, and RCMI8/S0H are single­
diffused hometaxial-base, silicon n-p-n transistors_ These 
types are essentially hometaxial-base versions of the RCA41, 
RCA41A, and RCA418 epitaxial-base types, respectively_­
They are intended for a wide variety of switching and amplifier 

applications, such as seroes and shunt regulators and driver and 
output stages of high-fidelity amplifiers_ These new plastic 
power transistors differ from each other in voltage ratings_ 

e RCA-41 series types are described in RCA data bulletin File No. 587. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE - - __ - __ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ VCBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open ..................................... . 

EMITTER-TO-BASE VOLTAGE 

* CONTINUOUS COLLECTOR CURRENT ___________________ _ 

* CONTI NUOUS BASE CURRENT __________________________ _ 

• TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC ....................... . 

At ambient temperatures up to 25°C •...............•...• 

At case temperatures above 25°C ....................... . 

At ambient temperatures above 25°C ....... Derate linearly . . 

TEMPERATURE RANGE: 

Storage & Operating (Junction) .......................... . 

TERMINAL TEMPERATURE lOuring Soldering): 

At distance 1/8 in. (3.17 mm) from case for 10 s max. 

* Differs from RCA41 Series. 
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RCA41/SDH 

40 

40 

5 
16 

4 

75 

1.8 

RCA41A/SDH RCA41B/SDH 

60 80 V 

60 80 V 

5 5 V 

10 10 A 

4 4 A 

75 75 W 

1.8 1.8 W 

See Fig. 2 

0_0144 W/oC 

-65 to 150 °c 

235 °c 
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* 

* 

* 

File No. 794 _________________________ RCA41/SDH Series 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tel = 25"C 

TEST CONDITIONS 

DC 
CHARACTERISTIC SYMBOL DC VOLTAGE CURRENT 

(V) (A) 

VCE VEB VBE Ic IB 

Collector-Cutoff Current: 
ICEO 

30 0 
With base open 60 0 

With base-emitter 40 0 

junction short- ICES 60 0 

circuited 80 0 

Emitter-Cutoff Current lEBO 5 0 

Collector-to-Emitter 
Sustaining Voltage: 

With base open VCEO(sus) 0_03"0 

DC Forward-Current 
hFE 

4 0.3" 
Transfer Ratio 4 3a 

Base-to-Emitter Voltage VBE 4 6a 

Collector-to-Emitter 
VCE(sat) 6" 0.6 

Saturation Voltage 

Common-Emitter,Small-
Signal, Forward-Current hfe 10 0_5 
Transfer Ratio (f = 1 kHz) 

Magnitude of Common-
Emitter, Small-Signal, I hfel 10 0.5 
Forward-Current Transfer 
Ratio (f = 1 MHz) 

Unclamped Inductive 
(VCC) Load Energyb 

(L = 20 mH)(See Fig.5) 
10 

Saturated Switching 
Time: 

(RL =5n) See 
Figs. 7 and 8 (VCC) 

6 0.6c 
Turn-on time ton 30 
(td + t r) 

Turn-off Time (VCC) 6 0.6c 

(ts + tt) toff 30 

Thermal Resistance: 
ROJC Junction-to-Case 

Junction-to-Ambient ROJA 

*Differs from RCA41 Series. 

sPulsed: Pulse duration = 300 /-IS, duty factor';;; 2%. 

bBased upon ability of device to perform in circuit shown in Fig. S_ 

cI Bl = I B2 = value shown. 

RCA41/SDH 

MIN. MAX. 

- 0.7 
- -
- 0.4 
- -
- -
- 1 

40 -
30 -
15 -
- 2_2 

- 2 

20 -

0.8 -

- 62.5 

3.2 
10 

(typ.) 

3.7 
20 (typ.) 

- 1.67 

- 70 

LIMITS 

RCA41A/SDH RCA41B/SDH UNITS 

MIN. MAX. MIN. MAX. 

- 0_7 - -
- - - 0.7 

mA - - - -
- 0.4 - -
- - - 0.4 

- 1 - 1 mA 

60 - 80 - V 

30 - 30 -
15 - 15 -
- 2_2 - 2.2 V 

- 2 - 2 V 

20 - 20 -

0.8 - 0.8 -

- 62.5 - 62.5 mJ 

3.2 
10 

3.2 
10 

(typ.) (typ.) J1S 

3.7 
20 

3.7 
20 

(tyP.) (typ-) 

- 1.67 - 1_67 

°e/W' 
- 70 - 70 
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RCA41/SDH Series ________________________ File No. 794 

572 

o 

« 
I 
'0 
!:! 
I­
Z 
W 
Q: 
Q: 
::> 
o 
Q: 
o 
I­o 
W 
..J 
..J 
o o 

4 6 8 
10 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION·UMITED PORTION 
OF MAXIMUM·QPERATlNG·.:,RFA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 ~o 7~ 100 125 150 175 200 

92CS-24199 

CASE TEMPERATURE ITcl·"C NUMBER Of THERMAL CYCLES 
92CS-19663 

Fig. 2 - I3jss/~tion and I SIb aerating curves for a/l types. 

92CS-17955RI 

Fig. 3 - Therma/-cycling rating chart for all types. 



File No. 794 _________________________ RCA41/SDH Series 

COLLECTat-TO-EMITTER VOLTAGE (VCEI -4 V 
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~ \1.'5-C 
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10-' I 

COLLECTOR CURRENT (I:C}-A 
10 

92CS-15985RI 

Fig. 4 - Typical dc-beta characteristics for all types. 

3911 
IW 

L=IOmH 
(SEE NOTE) 

L='OmH 
(SEE NOTEl 

+Vcc ~ 0-20 V 
INCREASE Vee SUPPLY 
UNTIL IC"2.5A 

+-----~O Ie MONITOR 

+-----~O GND 

DEVICE 
UNDER 
TEST 

+------0 VCE MONITOR 

L----~----------~-~c 
NOTE: TWO IOmH,D.II.Q CHICAGO STANDARD TRANSFORMER CORP. 

NO. C-2688, OR EQUIVALENT. 

92CS-2013B 

Fig. 5 - Circuit for measuring inductive-load switching for all types. 

,,'" ...... 00 --tv! J:I~;:~~T_ ';,~' 
HEWLETT-PACKARD r 

~~. ~~~~VALENT 2N3878 ~ 
Il !5~F 

P¥~SNE ~D2ut~; U 
REP. RATE S sin 

1 kHz 

= 

RL (NON-INOUCTIVE); 5 n 

-4 TO 
-6V 

- + 
500 
.F 

92CS-23331 

Fig, 7 - Circuit used to measure switching times for all types. 

j. i 100m'~ 
I " I' 

COLLEct~~:~' -1-- --------:-- 1---

CURRENri 1 ~ I 1 

I I I I I 
V(BRICER- J __ I 1 _______ 1 ___ 1 r 

I I 
, I 

COLLECTOR r 1 
VOLTAGE 1 1 

: I 
_J__ I I 

a TO 20V 
-1- 0--

92CS-20139 

Fig. 6 - Inductive-load switching voltage and curve waveforms 
(test circuit shown in Fig. 5J. 

92CS-2.2378 

Fig. 8 - Phase relationship between input and output cu"entl 
showing reference pointl for specification of switching 
times (test circuit shown in Fig. 7 J. 
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__ -'-____________________________ File No. 588 

OO([5LlD 
Solid State 
Division 

JEDEC TO·220 AB 

Power Transistors 

RCA42 
RCA42A 

RCA42B 
RCA42C 

Epitaxial-Base, SiliconP-N-iP 
. VERSAWATT Transistors 

For Power·Amplifier and 
High-Speed-Switching Applications 

Features: 

• 65 W at 25°C case temperature 
- 7 A rated collector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with RCA41, 

RCA41A, RCA41B, and RCA41C n-p·n types. 

RCA42, RCA42A, RCA42B, and RCA42C are epitaxial·base, 
silicon p·n·p transistors. They are intended for a wide variety 
of switching and amplifier applications, such as series and 
shunt regulators and d'river and output stages of high·fidelity 
amplifiers. 

These new plastic power transistors are designed for com­
plementary use with devices in the RCA41 series.- They 
differ from each other in voltage ratings. 

MAXIMUM RATINGS,Absolute·Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ......•.......... 

COLLECTOR·TO·EMITTER VOLTAGE: 
With base open ............................ 

EMITTER·TO·BASE VOLTAGE •.................. 

CONTINUOUS COLLECTOR CURRENT .............. 
PEAK COLLECTOR CURRENT ................... 
CONTINUOUS BASE CURRENT .................. 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C ........... '" ...... 
At ambient temperatures up to 25°C ............... 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ................... 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from case for 10 s max. ..... 

574 

• ACA41-series transistors are described in RCA data bulletin 
File No. 587. 

RCA42 RCA42A RCA42B RCA42C 

VCBO -40 -60 -80 -100 

VCEO -40 -60 -80 -100 

VEBO -5 -5 -5 -5 

IC -7 -7 -7 -7 
-10 -10 -10 -10 

IB -3 -3 -3 -3 

PT 
65 65 65 65 

2 2 2 2 

.. -65 to 150_ 

.. 235 .. 

V 

V 

V 

A 
A 
A 

W 
W 

°c 

°c 
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File No. 588 ' RCA42 
------~-------------------------------------RCA42A 

RCA42B 
RCA42C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 2f)C 

TEST CONDITIONS 

DC 
CHARACTERISTIC SYMBOL VOLTAGE 

IVI 

VCE VBE 

Collector..cutoff Current: 
ICEO 

-30 
With base open -60 

-40 0 
With base-emitter june-

ICES 
-60 0 

tion short-circuited -80 0 
-100 0 

Emitter-Cutoff Current lEBO 5 

Collector-ta-Emitter 
Sustaining Voltage: VCEOlsusl 
With base open 

DC Forward-Current 
hFE 

-4 
Transfer Ratio 

-
-4 

Base-ta-Emitter Voltage VBE -4 

Collector-ta-Emitter 
VCElsatl Saturation Voltage 

Common-Emitter-
Small·Signal, 
forward-Cu!"rent hIe -10 
Transfer Ratio 
II~ 1 kHzl 

Magnitude of Common-
Emitter. Small-Signal, 
Forward-Current Ihle l -10 
Transfer Ratio 
1t~1 MHzl 

Saturated Switching Time: 
IRL~5nl 

See Figs. 5 and 6 

Turn-on time 
tON 

IVccl 
td+ tT -30 

Turn-off time IVCCI 
t5 +tf tOFF -30 

Thermal Resistance: 
Junction-ta-Case ROJC 

Junction-ta-Ambient ROJA 

8Pulsed: Pul~e duration = 300 j.lS. duty factor .:s;;;;:2% 

b lB1 ~ 18 2 ~ value shown 

OCCURRENT 
IAI 

IC IB 

0 
0 

0 

-O.03a 0 

.{l.3" 
_3a 

-8a 

-6a -0.6 

.{l.5 

.{l.5 

-6 -0.6b 

-6 -0.6b 

RCA42 

MIN. MAX. 

- -0.7 

-0.4 
- -
- -
- -

- -1 

-40 -

30 -
15 150 

- -2.2 

- -2 

20 -

3 -

0.3Ityp.) 

0.7Ityp.I' 

- 1.92 

- 62.5 

LIMITS 

RCA42A RCA42B RCA42C UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

- -0.7 - - - -
-0.7 -0.7 
- - - rnA 

- -0.4 - - - -
- - - -0.4 - -
- - - - - .{l.4 

- -1 - -1 - -1 rnA 

-60 - -80 - -100 - V 

30 - 30 - 30 -
15 150 15 150 15 150 

- -2.2 - -2.2 - -2.2 V 

- -2 - -2 - -2 V 

20 - 20 - 20 -

3 - 3 - 3 -

0.3Ityp.1 0.3 (typ.1 0.3 (typ.1 

~s 

0.7Ityp.1 0.7Ityp.1 0.7Ityp.1 

- 1.92 - 1.92 - 1.92 

- 62.5 - 62.5 - 62.5 
'C/W 
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RCA42 
RCA42A 

RCA42B ________________________ For N 
RCA42C I e oo! 

o 

-I 2 4 6 8_10 2 4 6 8_100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum safe operating areas for al/ types. 

NOTE: CURRENT DERATING 4T CONSTANT VOLTAGE 
APPLIES ONL.Y TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 200 

~ 
I 

~ 2 

Z 
o 

~ 10 

~ 8 

" 
~ 
ill 
<i! ... 

4 

92CS-20140 

CASE TEMPERATURE (Tel-DC 

92CS-19663 

10' 
NUMBER OF THERMAL CYCLES 

6 • 

10' 

92C5-19822 

Fig. 2-Derating curves for all types. Fig. 3-Thermal-cycling ratings for all types. 
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:ile No. 588 RCA42 
.:.~',:.( ------------------------ RCA42A 

RCA42B 
RCA42C 

2 

10 · · · 
2 

I 
2 2 4 68 ... 

-100 
4 68 4 6 B 

-0.01 -0.1 -I -10 
COLLECTOR CURRENT IIC )-A 

-0.01 -0.1 -I -10 -100 
COLLECTOR CURRENT I Ie)- A 

92CS~2.1S41 
92CS·19!)76RI 

Fig. 4-Typical de beta characteristics far RCA42; RCA42A. and RCA42B. Fig. 5~ Typical de beta characteristics for RCA42C. 

INPUT. 
PULSE GENERATOR 
TEKTRONIX TYPE 114, 
OR EQUIVALENT 
PULSE DURATION 

-20p.s 
REPETITION 

"VEE 
-5 TO -20V 

RATE=lkHZ>--.-____ -+ 

.I Vea= 2 TO to 

* RC IS CHOSEN FOR ~C 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No.543A OR 
EQUJVALENT 

Fig. 7-Phase relationship between input current 
and output voltage showing reference 
points for specification of switching 
times (test circuit shown in Fig. 6). 

.. VEE AN) vee ARE MEASURED FOR IS, AND .I.S2 
Is, AND IBZ ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER,OR EQUIVALENT 512CS-23338RI 

Fig. 6-Circu;t used to measure switching times for all types. 

TERMINAL CONNECTIONS 

Lead No.1 - Base 
Lead No.2 - Collector 
Lead No.3 - Emitter 

Mounting Flange, Lead No.4 - Collector 
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OO(]3LJD 
Solid State 
Division 

~colI.ctor Emit~~~m 

Collector 
Base 

TO·220 AB H-' 535R' 

Power Transistors 
RCA120 
RCA121 
RCA122 

a-Ampere N-P-N Darlington 
Power Transistors 

60-80-100 Volts, 60 Watts 
Gain of 500 at 0.5 A 
Gain of 1000 at 3 A 

Features: Applications: ~~:~." 
TO·220 AA. BasoH_1534Rl 

- Operates from I C without predriver 
• Low leakage at high temperature 

- Power switching - Audio amplifiers 

- High reve ... second-breakdown capability 

The RCA120, RCA121, and RCA122 are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium­
frequency power applications. The double epitaxial con­
struction of these devices provides good forward and reverse 
second-breakdown capability; their high gain makes it pos­
sible for them to be driven directly from integrated circuits. 

These devices are supplied in theJEDEC TO-220AB straight­
lead version of the VERSAWATT package. Optional lead 
configurations are available upon request. For information, 
contact your nearest RCA Sales Office. 

The RCA120 and RCA121 are n-p-n complements of the 
RCA125 and RCA126 described in File 841. 

• Hammer drivers 
• Series and shunt regulators 

92CS-20691 

Fig. 1-Schematic diagram for all types. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ...••••.........•.• VCBO 

COLLECTOR-TO·EMITTER VOLTAGE: 

With external base-to-emitter resistance 
IRBE) = 100 12, .ustaining _..................... VCERlsu.) 

With base open, sustaining. . .. . . . . . . . . . . . . . . . . . . . .. VCEO(SUS) 
With base reverse-biased VBE '" -1.5 V .......... ..... VCEX 

EMITTER-TO-BASE VOLTAGE. . . . . . . . . . . . . . . . . . . . . .. VEBO 

CONTINUOUS COLLECTOR CURRENT.... ........... IC 

PEAK COLLECTOR CURRENT ...................... ICM 

CONTINUOUS BASE CURRENT - - - - - - .... _ . ______ . •. IB 

TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC ................... . 

At case temperatures above 25°C ................... . 
TEMPERATURE RANGE: 

Storage and Operating (Junction) ................... . 

LEAD TEMPERATURE (During Soldering): 

At distances ~1/8 in (3.17 mm) from case for lOs max. 
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RCA120 

60 

60 

60 
60 

5 

8 

10 

0.25 

60 

RCA121 RCA122 

80 100 

80 100 

80 100 
80 100 

8 8 

10 10 

0.25 0.25 

60 60 

See Fig. 3 

-65 to +150 

235 

V 

V 

V 
V 

V 

A 

A 

A 

W 

°c 

°c 
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File No. 840~ ________________________ RCA120-RCA122 

ELECTRICAL CHARACTERISTICS. At Case Temperatura (Tc) = 2~C 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
CHARACTERISTICS SYMBOL Vdc Adc RCA120 RCA121 

VCE VBE IC IB MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: ICBO 
60 - 0.2 - -

With emitter open 
80 - - - 0.2 
100 - - - -
30 0 - 0.5 - -

With base open ICEO 40 0 - - - 0.5 
50 0 - - - -

Emitter·Cutoff Current lEBO -5 0 - 3 - 3 

Collector·to-Emitter 
Sustaining Voltage: 
With base open VCEO(SUS) 0.2a 0 60 - 80 -

DC Forward Current 
hFE 

3 3a 1000 - 1000 -
Transfer Ratio 3 0.5a 500 - 500 -

Base·to·Emitter Voltage VBE 3 3a - 2.5 - 2.5 

Collector-to·Emitter 
VCE(sat) 

3a 0.012 - 2 - 2 
Saturation Voltage 5a 0.02 - 3 - 3 

Common-Emitter, Small· 
Signal, Short-Circuit 
Forward Current hfe 5 1 1000 - 1000 -
Transfer Ratio: 
f = 1 kHz 

Magnitude of Common-
Emitter, Small·Signal, 
Short-Circuit, Forward Ihfel 5 1 20 - 20 -
Current Transfer Ratio: 
f= 1.0MHz 

Common Base 0 utput 
Capacitance : Cob - 200 - 200 
VCB=10V,f= 1 MHz 

Second Breakdown. 
Energy: 
With base reverse-biased ESlbb -1.5 4.5 120 - 120 -
and L= 12 mH, 
RBE = lOOn 

Forward·Bias Second 
Breakdown Collector 
Current: ISlb 26.5 2.25 - 2.25 -
t = 0.5·s nonrepetitive 

Thermal Resistance: 
Junction-to·Case ROJC - 2.1 - 2.1 

a Pulsed: Pulse duration = 300 Ils. dutY factor = 1.8%. 

b ES/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. 
ES/b 1/2L12 where L is a series load or leakage inductance, and I is the peak collector current. 

TERMINAL CONNECTIONS 

Lead No. 1 - Base 
Lead No.2 - Collector 

Lead No.3 - Emitter 
Mounting Flange, Lead No.4 - Collector 

RCA122 UNITS 

MIN. MAX. 

- -
- -
- 0.2 

mA 
- -
- -
- 0.5 

- 3 mA 

100 - V 

1000 -
500 -
- 2.5 V 

- 2 
- 3 V 

1000 -

20 -

- 200 pF 

120 - mJ 

2.25 - A 

- 2.1 °CIW 
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100 

75 
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II: 
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6 

4 

2 

CASE TEMPERATURE (TC)=25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

B 2 4 
10 60 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-24901 

Fig. 2-Maximum operating aress for all types. 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPUES ONLY 10 THE DfSSIPATtON­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE, DO NOT DERATE THE 
SPECIFIED VAWE FOR I.e MAX. 

25 50 75 JOO 125 150 17S 200 

CASE TEMPERATURE ITCI_oC 
92CS- 20696RI 

Icr" COLLECTOR-TO-EMITTER VOLTAGE (VCE'" " 

0.1 
468,2468'0 

COLLECTOR'CURRENT (Ie)-A 
. ". 100 

92C$-24902 

Fig. 3-Dissipation derating CUtVtI for all types. Fig. 4-TypicB/ de belli characteristic. (01' a" types. 
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<t 

I 
<) 

!:! 6 

f-
z 4 w 
a:: 
a:: 
::> 
<) 

a:: 2 
0 *FOR SINGLE f-
<) NONREPETITIVE w PULSE -' 
-' 
0 
<) 

8 

4 

VCEO (MAX') = 100 V (RCAI22 

2 4 6 8 4 6 
10 60 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-24903 

Fig. 5-Maximum operating areas for all types at TC = 100°C. 

104 ~ COLLECTOR CURRENT tIc) • I A 

2r-~---+~~~~--~-4-++---+---r-~~ 

z "" ~I~a$=~===t~=ti=~~~==~~==i===t=i=~ i :r-~---+~~t--i--"~-i-t+---t---r-~~ 
~ 2r-~---+-+~t--1--~~~-++---t---r-~~ 

~I02:n===~~==~~==~==~t\~t=~===1=1~ 
! 4r-~---+-+~t--i--~-4-t~1~\-t--~-+~ 

2~+-~44+-~-4~~-*\--+4~ 

:::~:: ~<hFE ·1000, Te· IOO~C '-?f-fh',.,E,"n'O"oT°i-' TnCr-,'-,-2T",Crtt+l 

10 \ 
4 6' 

0.01 0.1 
FREQUENCY CO-MHZ 

92CS-24609 

4 6 B 10 12 
COLLECTOR CURRENT (IC1-A 

14 10 

92CS-24904 

Fig. 6-Typical small-signal current gain for all types. Fig. 7-Typical saturation characteristics for all types. 
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.. 
17.5 COLLECTOR-TO-EMITTER VOLTAGE (VCE) .5 V 

15 

f 12.5 _.0 _ ._. 
o - - -

~ 10 ·f 

i i3 7.5 

w 

~ 

i 

2.5 

o 4 
BASE-TO-EMITTER VOLTAGE (YaEl-V 

92CS-24905 

Fig. 8-Typical ;nputcharacteristics for all types. 

17.5 COLLECTOR-lO-EMITTER VOLTAGE (VCE) • 5 V 

15 

~ 12.5 

I-

! 10 

.. 7.5 

~ 
8 

2.5 

1 2 4 
BASE-lO-EMITTER VOLTAGE (VBE)-V 

9ZCS-24907 

Rg. to-Typical trandercharacteristics for all types. 

PULSE DURATION RB*200 RC 
20,... POSITIVE VOLTAGE 
20,... NEGATIVE VOLTAGE 

REP. RATE =200 H, 

* Ie I AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS-;!0699RI 

Fig. t2-Cin:ult used to mf1iBUffI saturated switching time$. 
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.. 
I 

5 

4 .. 
I 

W 3 

" ;: 

2 

1 

0 

1 
COLLECTOR-TO-EMITTER VOl..TAGE (VeE)-A 

92CS-24906 

Fig. 9-Typical output characteristics for all types. 

COLLECTOR SUPPLY VOLTAGE (Vee)" 20 V 
I01c-1B2;. Ie/SOO 

I--- --~ ./ 
17 I 

./ - ~ 
I< I -- I--- No 

.. ~ 
7 8 9 10 

COLLECTOR CURRENT (IC) - A 
92CS-2490e 

Fig. ,,-Typ;calssturated switr:hing·time characteristics for al/ types. 

J)% TIME 

1--.....j.--...:TUI!Itr" 
OUTPUT WAlE' FORM 

szes·I""RI 

Fig. f3-Phase relationship between input current and output cur­
rent showing reference poinD (01' specifiCiltion of switching 
time. (IXIrtcln:ult.hown In Fig. 12J. 



File No. 841 _______________________________ _ 

[ID(]5LJ1J 
Solid State 
Division 

Collector RCA 125 

, 
E:::.:26 

::.:,.:. /. _ I Collector 

~Ba" 
TO·220 AB H-1535Rl 

Collector Also Available 

Power Transistors 

RCA125 IRCA126 

a-Ampere P-N-P Dall'lington 
Power Transistors 

60 and 80 Volts, 60 Watts 

Gain of 1000 at 3 A 

Gain of 500 at 0.5 A 

Features: Applications: ~'v'm-
\\..--Base 

H-1534R1 

" Operates from IC without predriver 
" Low leakage at high temperature 

a Power switching a Audio amplifiers 
r.:II Hammer drivers 

TO-220AA 
a High reverse second·breakdown capability 1:1 Series and shunt regulators 

The RCA125 and RCA126 are monolithic p-n-p silicon 
Darlington transistors designed for low· and medium·fre­
quency power applications. The high gain of these devices 
makes it possible for them to be driven directly from inte­
grated circuits. 

These devices are supplied in the JEDEC TO-220 AB straight­
lead version of the VERSAWATT package. Optional lead 
configurations are available upon request. For information, 
contact your nearest RCA Sales Office. 

RCA 125 and RCA 126 are p-n-p complements of the RCA 
120 and RCA 121 described in File No. 840. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

r------------, 
I I 
I t 

I t 

I I 
I I 
I "I kn "2oon t L _________ ~ 

Fig. 1-Schematicdiagram fora/l types. 

RCA125 RCA126 

COLLECTOR-TO-BASE VOLTAGE .... _ ............ __ ........... , ___ . ___ ... . . . . VCBO -60 ~O 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open ........................................................... VCEO -60 ~O 

EMITTER-TO-BASE VOLTAGE .. _ ............................... ___ .. __ ....... VEBO -5 -5 

CONTINUOUS COLLECTOR CURRENT ............. _ .... - - _. _ .. _ ......... _ .•. _. IC -8 -8 

PEAK COLLECTOR CURRENT .................... - - .. - . - - .... - ......... - - - . . . ICM -15 -15 

CONTINUOUS BASE CURRENT . _ ................... _ ... _ ............... - _. _.. IB -0.25 -0.25 

TRANSISTOR DISSIPATION: ° PT 

~~ ~::: ~::~:~::~:: ~~o:: ~~o~ .:::::: :::::::: ::::::: :"::: ::::::::: ::: : ::::::: 60 60 
See Fig. 5 

TEMPERATURE RANGE: 
Storage & Operating (Junction) .............................................. . _- -65 to 150--

LEAD TEMPERATURE (During Solderingl: 
At distance 118 in. (3.17 mm) from case for 10 s max. . .......................... . ---235---

9·74 

V 

V 

V 

A 

A 

A 

W 

°c 

°c 
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RCA125, RCA126 _______________________ File No. 841 

ELECTRICAL CHARACTERISTICS, At Case Temperature ITCi = 2~C 

CHARACTER ISTIC SYMBOL 

Collector-Cutoff Current: 
With base open ICEO 

Emitter·Cutoff Current lEBO 

Collector·to·Emitter 
Voltage: 
With base open VCEO 

DC Forward·Current 
Transfer Ratio hFE 

Base·to·Emitter Voltage VSE 

Collector·to·Emitter 
Saturation Voltage VCE(sat) 

Common·Emitter·Small· 
Signal, Forward·Current 

hfe Transfer Ratio: 
f = 1 kHz 

Magnitude of Common· 
Emitter, Small·Signal, 
Forward-Current Ihfel 
Transfer Ratio: 
f = 1 MHz 

Forward·Bias Second· 
Breakdown Collector 
Current: IS/G 

l·s nonrepetitive pulse 

Saturated Switching Timeb 
(VCC = -20 V; RL = 
20 n;l Bl = lB2): 
Turn·on time, td + tr tON 

Turn·off time, ts + tf tOFF 

Thermal Resistance: 
Junction·to·Case RcjJJC 

-.Pulsed: Pulse duration - 300115, duty factor .s;;2% 

·15 

~ g; -7.5 
u 

'" ~ -5 

COLLECTOR·TO-EMITTER VOLTA:GE (VCE)--5 V 

-I -2 

I .. .. 
<J 

-3 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc 

VCE VEB IC IB 

-30 0 
-40 0 

-5 0 

-0.038 0 

-3 -0.5a 
-3 -3a 

-3 -3a 

-3a -0.012 
-5a -0.02 

-5 -1 

-5 -1 

-20 

-3 -0.012 

-3 0.012 

bsee Flgs.9,10,and 11 

-4 

LIMITS 

RCA125 RCA126 

MIN. MAX. MIN. MAX. 

- -0.5 - -
- - - -0.5 

- -10 - -10 

-60 - -SO -
500 - 500 -
1000 - 1000 -
- -2.5 - -2.5 

- -2 - -2 

- -4 - -4 

1000 - 1000 -

20 - 20 -

-3 - -3 -

1 (typ.) 1 (typ.) 

3 (typ.) 3 (typ.) 

- 2.1 - 2.1 

BASE-lO-EMITTER VOLTAGE IVSE)-V 92CS-20871 
COLLECTOR-lO-EMITTER VOLTAGE IVCE1-V 

UNITS 

rnA 

V 

V 

V 

A 

/JS 

°CIW 

Fig. 2-Typical input characteristics for both types. 
Fig. 3-Typical output characteristics for both types, 
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iffi~ .. ,., 
t7>~~ 
"' z 
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z .,,' 
",NU 
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~~ 

100 

75 

50 

25 

-1008 CASE TEMPERATURE (TC) = 25°C 
(CURVES MUST BE DERATED LINEARLY 

6 WITH INCREASE IN TEMPERATURE) 

-15 

< -10 
I 
t) 

H 

I­
z 
UJ 
a: 
a: 
=> 
t) 

a: 
o 
l­
t) 

UJ 

-8 

::l -I 
o 
<> 

6 

4 

-0.1 

-I 
2 4 6 8 2 

-10 
4 2 4 

6 -7000 -60 -100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-24909 

Fig. 4-Maxlmum operating areas for both types. 

NOTE: CLRRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSJPATIDN­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 

CASE TEMPERATURE (Tel-DC 

,. 
I 
~ 
z 
0 
;:: 
1< 
Bj 
c 
~ 

'" 
~ 

175 200 

B 

6 . 
2r--

u 
10 r:' 

ef--~ 

Gf-; . -' 
;! 

2 

I 

t-.. 
~~,~ 

I\. ".o~ 

~~~~~ 1'\ 1'-- . "<:J, 1\ ~/. ~o. 

1\% ~T~r 't ~ ~ 
2 . 6 • 

10' 
2 . 

NUMBER OF THERMAL CYCLES 

6 B 

92CS-Z0696RI 92CS-209J3 

Fig. 5-Dissipation derating curve for both types. Fig. 6-Thermal-cycling Tating chart for both type$, 
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RCA125, RCA126 

• COLLECTOR-lO-EMITTER VOLTAGE (VCE)=-5 V 

~ 
, 

w 4 

Z 
~ 

l" 
, -

!z 104 
w • 
~ 'iil 6 , 

~~ :::~ B ~4 
0- ."/ ~O 

! ~2 ~ -.~ ~ " 
fr 103 _~{/,.f:J. ·1~\'4".('-:/ . ~~V'f. 

6 f-- ~ .. ~ 
4 ~~ , 
r;/i la' , 4 6 • , 4 6 • , 4 6 . 

-0.1 -I -10 -100 
COLLECTOR CURRENT (IC1-A 

Fig. 7-Typical de beta characteristics for both types. 

I." -

1.2 
~ i'!!.. 

I I"" ---- ........ K ~ 
;. O,B 

'~ ~ I .. 
" 0.6!":: k ;:: 

0.4 ~ 
~ l-I--

0.2 

0.1 

-I 6 7 B 9 -10 

COLLECTOR CURRENT lIe I-A 
92CS-Z0868 

Fig. 9-Typical saturated switching-time characteristics for both types. 

~~PR~1ET1CS PULSE lat 
GENERATOR MODEL 
No. PG-31, OR 
EQUIVALENT 

PULSE DURATION 
20 Jl.s POSITIVE VOLTAGE 
20,.,5 NEGATIVE VOLTAGE 

REP. RATE "'200 Hz 

Vee =-20V 

Re=200 Re 

'* 181 AND 182 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 1~4 AMPLIFIER, OR EQUIVALENT 

92CS- 20944RI 

Fig. to-Circuit used to measure saturated switching times. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE'--5V 

-I -2 -3 -4 
BASE-TO-EMITTER VOLTAGE (VBEI-V 

92CS-20872 

Fig. 8-Typical transfer characteristics for both types. 

TERMINAL CONNECTIONS 
JEDEC TO-220 AB 

Lead No.1 - Base 
Lead No.2 - Collector 
Lead No.3 - Emitter 

Mounting Flange - Collector 

92CS_t3996Rt 

Fig. tt-Phase relationship between input current and output cur­
rent showing reference points for specification of switching 
times (test circuit shown in Fig. tOJ. 
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OOm5LJD 
Solid State 
Division 

Power Transistors 

RCA41 0 

High-Voltage, 
Silicon N-P-N 

High-Power 
Power Transistor ,-

il--~I' 

For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 

Features: 

til. ~~ .• '~"-".1 
' .• " ...... ~.<C"" •. 

'I - .. 
• Maximum safe-area-of-operation curves 

JEDEC 
TD·3 

II Low saturation voltage: VCE(satl = 0.8 V (max.) 

II High voltage rating: V CEO (sus) = 200 V 

• High dissipation rating: PT = 125 W 

RCA-410 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JED EC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation-

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO·BASE 

VOLTAGE, VCBO .............................................................. 200 V 

COLLECTOR-TO·EMITTE R 
SUSTAINING VOLTAGE 

With base open, VCEO(susl ................................................. 200 V 

EMITTER-TO-BASE VOLTAGE, VEBO ............................... 5 V 

COLLECTOR CURRENT: 

Continuous, Ie .................................................................... A 
Peak ..................................................................................... 10 A 

BASE CURRENT (Continuous), lB........................................ 2 A 

TRANSISTOR DISSIPATION, ~T: 
At case temperatures up to 25 C 

and VeE up to 75 V ........... 0 ............................................ 125 W 
At case temperatures up to 25 C 

and VeE above 75 V ........... ~ ...................... See Fig. 2. 
At case temperatures above 25 e 

and VeE above 75 V ................................ See Figs. 1 & 2. 

TEMPERATURE RANGE: 
Storage & Operating IJunction) ................................ -65 to +200 oe 

11-73 

voltage values, the RCA-410 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high­
voltage bridge amplifiers, ignition circuits. and other high­
voltage switching applications. 

PIN TEMPERATURE (During Soldering): 

At distances> 1/32 in. 10.8 mm) 
from case f-;;; las max. .................................................. 230 oe 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION­
LIMITED PORTION AND THE lS/b'LIMITED 

Q c ~~~J~OSN(F?cf2~~~I~gTMD~:A~~ATT~~G AREA 

~ ~ ~ ISIPEICI'FIIEIOIVAILIUIEIFIOIRI'ICIMIAIXI·1111111 

",0: ... ",,,--, 
"00 0 

... > 
:::E (!) C 100 
i ~ ~ 
~ fi G I 
~ ~ ~ 75 8/b "'1..'41 

~~~ (),~e()1 
~ o!z: 50 ' 'A4 ,..,O 
; P ~ I\t'J 
~ ~ § 25 "++'H-+1+!-I~/.."l': 

~ ... ,," r'L t:T!JnJIl!J:m{~o 
-- 25 50 75 100 125 150 175 200 

CASE TEMPERATURE ITCI--C 

9ZC$-19296 

Fig.l-Dissipation and current derating curves. 
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RCA410 ______________________ --, ______ File No. 509 

ELECTRICAL CHARACTERISTICS, Case Temperature IT C) = 25°C Unless Otherwise Specified 

Test Conditions 

DC DC 
Characteristic Symbol Voltage Current 

(V) (A) 

VCE VBE IC 

Collector-Cutoff Current: 
With base open ICEO 200 

With base-emitter junction 
reversp.-hiased & T C = 12SoC ICEV 200 -1.5 

Emitter-Cutoff Current lEBO -5 

DC Forward-Current 5 Loa 
Transfer R~tio hFE 5 2.5a 

Collector-to-Emitter Sustaining 

Voltage: 
VCEollsus)b 0.1 

With base open 
ISee Figs. 3 & 4.1 

Base-to-Emjtter Saturation Voltaqe VIlElsatl 1.0" 

COllector-to-Emitter Saturation 
Voltage VCElsatl 1.0a 

Second-Breakdown Collector Current: 
IWith base forward-biased) ISlbc 150 
Pulsp duration (non-repetitive) = 1 s 

Gain-Bandwidth Product fT 10 0.2 

SWitchinQ Time: 
IIBl = 0.1 A, 182 = -0.5 A) 

Rise 
(See Figs. 10, 12, & 13.1 tr 1.0 

Storage 1.0 
(See Figs. 11, 12, & 13.) to 

Fall 
1.0 

ISee Figs. 9. 12, & 13.1' tf 

Thermal Resistance (Junction-ta-Casel ROJC 10 5 

a Pulsed; pulse duration :5.350 ~s, duty factor = 2% 

bCAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c IS/b is defined as the current at which second breakdown occurs at a specified collector voltage 
with the "emitter-base junction forward-biased for transistor operation in the active region. 
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IB 

0.1 

0.1 

Min. 

-

-

-
30 
10 

200b 

-

-

'0.3 

-

-

-

-

-

Limits Units 

Typ. Max. 

- 0.25 
rnA 

- 0.5 

- 5.0 rnA 

- 90 
- -

- - V 

0.9 1.5 V 

0.2 O.S V 

- - A 

4.0 - MHz 

0.35 -

1.4 - JJS 

0.15 -

- 1.4 °C/W 
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Fig.3-Circuit used to measure sustaining voltage, VCEO(sus). 
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voltage (test circuit shown in Fig. 3). 
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Fig.5- Typical dc beta characteristics. Fig.6- Typical output characteristics. 
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Fig. 10- Typical rise time VS. collector current. Fig. 11-Typical storage time VS. collector current. 
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[ID(]5LJD 
Solid State 
Division 

Power Transistors 

RCA411 

'. Jiigh-Yoltage, High-Power 
"Silicon N-P-N Power Transistor 
For Switching and Linear Applications in 
Military. Industrial. and Commercial Equipment 

Features: 

• Maximum safe-area-of..operation curves 

• Low saturation voltage: VCE(sat) = 0.8 V (max.) 
JEDEC 

TO·3 
• High voltage rating: V CEO(sUS) = 300 V 

• High dissipation rating: PT = 125 W 

RCA-411 is an epitaxial silicon n·p·n power transistor 
utilizing a multiple-emitter'site structure. This device 
employs the popular JEDEC TO·3 package. 

Featuring high breakdown~voltage ratings and low saturation· 

MAXIMUM RATINGS. Absolute·Maximum Values: 

COLLECTOR·TO·BASE 

VOLTAGE, VCBO ................... :........................................... 300 V 

COLLECTOR·TO·EMITTER 
SUSTAINING VOLTAGE: 
With ~se open, VCEO(SUS) ................................................. 300 V 

EMITTER·TO·BASE 

VOLTAGE, VEBO ............................................................... V 

COLLECTOR CURRENT: 

Continuous, Ie .................................................................... A 
P.ak..................................................................................... 10 A 

BASE CUR~ENT (Conti~uous). 18 ....................................... 2 A 

TRANSISTOR DISSIPATION, ~T: 
At case temperatures up to 25 C 

and VeE up to 75 V ........... 0 ............................................ 125 W 
At case temperatures up to 25 e 

and VeE above 75 V ........... ~ ....... " ............. See Fig. 2. 

At case temperatures above 25 e 
and VCE above 75 V ................................ See Figs. 1 & 2. 

TEMPERATURE RANGE: 

Storage & Operating (Junction) ............................ -65 to +200 oC 

592 

voltage values, the RCA·411 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high· 
voltage bridge amplifiers, ignition circuits, and other high· 
voltage switching applications. 

PIN TEMPERATURE lOuring Soldering): 

At distances> 1/32 in. 10.8 mm) 
from case for 10 s max. ............................................... 230 0e 

75 

50 

25 

NOTE: CURRENT DERATING AT CONSTANT I 
VOLTAGE APPLIES ONLY TO THE DISSIPATlON~ 
LIMITED PORTION AND THE IS/b-UMITED 

~8~J~SN(F?1.2~~~I~~TMD~:A~~Al~~G AREA . 
SPECIFIED VALUE FOR IC MAX. 

25 50 75 100 125 150 175 
CASE TEMPERATURE ITC)-·C 

9ZCS-19296 

Fig.1-Dissipation and current derating curves. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tcl = 250 C Unless Otherwise Specified 

Test Conditions 

DC DC 

Characteristic Symbol Voltage Current 

(V) (A) 

VCE VB~ IC IB 

Collector-Cutoff Current: 

With hase open ICED 300 

With base-emitter junction 
reverse-biased ICEV 300 ·1.5 

With base-emitter junction 

reverse-biased & T C ~ 125°C ICEV 300 -1.5 

Emitter-Cutoff Current lEBO 5 

DC Forward-Current 5 1.08 
Transfer RatiO hFE 5 2.5a 

Collector-la-Emitter Sustaining 
Voltage: 

VCEO(sus)b 0.1 With base open 
ISee F;gs. 3 & 4.1 

Ra!\p.-to-Emltter Saturation Voltage VBErsati 1.0' 0.1 

Collector-ta-Emltter Saturation 
Voltage VCE(sa,) 1.0a 0.1 

Second-Breakdown Collector Current: 
JWith base forward-biased) IS/be 150 
Pulse duration (non-repetitive) = 1 5 

Gain-Bandwidth Prodllrt fT 10 0.2 

Switching Time: 

(lBI =0.1 A,IB2 = -0.5 A) 

Rise 

(See F;gs. 10. 12, & 13.1 " 
1.0 

Storage 
1.0 

(See F;gs. 11, 12, & 13.) 's 

Fall 
1.0 

(See FIgs. 9, 12. & 13.) 'f 

Thermal Resistance (JunctiorHo-Case) ROJC 10 5 

a Pulsed; pulse duration $.350 JlS, duty factor:::: 2%. 

bCAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c ISlb is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 

Min. 

-

-

-

-

30 
10 

300b 

-

-

0.3 

-

-

-

-

-

Limits Units 

Typ. Max. 

- 0.25 

- 025 rnA 

- 0.5 

- 5.0 rnA 

- ~O 

- -

-- - V 

0.9 1.5 V 

0.2 0.8 V 

- - A 

2.5 - MHz 

0.35 -

1.4 - ~s 

0.15 -

- 1.4 °C/W 
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Fig.3-Circuit used to measu,e sustaining voltage, VCEO(SUS). 
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Fig. 5-Typical dc beta characteristics. Fig.6- Typical output characteristics. 
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Fig. 13-Phase relationship between input and output 
currents showing reference points for speci­
fication of switching times. Test circuit 
shown in Fig. 12). 
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JEDEC 
TO·3 

oornLlD 
Solid State 
Division 

. Power Transistors 

RCA413 

High-Voltage, High-Power 
Silicon N-P-N Power Transistor 
For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 

Features: 

a Maximum safe-area-ofooOperation curves 

a Low saturation voltage: VCE(sat) = 0.8 V (max.) 

" High voltage rating: VCEO(sus) = 325.v 

a High dissipation rating: PT = 125 W 

RCA-413 is an epitaxial silicon n·p·n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO·3 package. 

Featuring high breakdown·voltage ratings and low saturation· 

voltage values, the RCA·413 is especially suitable for use in 
inverters, deflection circuits. switching regulators, high· 
voltage bridge amplifiers, ignition circuits, and other high· 
voltage switching applications. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR·TO·BASE 

VOLTAGE. VCBO .............................................................. 400 V 

COLLECTOR·TO·EMITTER 
SUSTAINING VOLTAGE 

W.ith base open, VCEOlsus) ................................................. 325 V 

COLLECTOR·TO·EMITTER 

BREAKDOWN VOLTAGE: 

With base open, V(BA)CEO ................................................ 400 V 

EMITTER·TO·BASE 

VOLTAGE. VEBO .............................................................. V 

COLLECTOR CURRENT: 

Continuous, Ie .................................................................... A 
Peak..................................................................................... 10 A 

SASE CURRENT {Continuousl.IS ....................................... 2 A 

TRANSISTOR DISSIPATION. ~T' 
A t case temperatures up to 25 C 

and VeE up to 75 V ........... 0 ............................................ 125 W 
At case temperatures up to 25 C 

and. VCE above 75 V .................................. See Fig. 2. 

At case temperatures above 25°C 

and VCE above 75 V ................................ See Figs. 1 & 2. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) .............................. -65 to +200 oe 

11·73 

PIN TEMPERATURE (During Soldering): 

At distances ~ 1/32 in. {O.S mm} 
from c~se for 10 s max .................................................... 230 oe 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE tTC)-OC 

92CS-19296 

Fig.1-Dissipation and current derating curves. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (T C) = 25°C Unless Otherwise SPllcified 

Test Conditions 

DC DC 

Characteristic Symbol Voltage Current 
(V) (A) 

VCE VSE IC IS Min. 

Collector-Cutoff Current: 
With base open ICEO 400 -

With base-emitter junction 
reverse-biased ICEV 400 -1.5 -
With base-emitter junction 
reverse-biased & T C = 12SoC ICEV 400 -1.5 -

Emitter-Cutoff Current lEBO -5 -
DC Forward-Current 

hFE 
5 O.Sa 20 

Transfer Ratio 5 1.0" 15 

Collector-ta-Emitter Sustaining 

Voltage: 
VCEO(sus)b 0.1 325b With base open 

(See Figs. 3 & 4.1 

Base-ta-Emitter Saturation Voltage VBE (sat) O.Sa 0.05 -
Collector-ta-Emitter Saturation 

Voltage VCE(satl O.Sa 0.05 -

Se~ond-Breakdown Collector Current: 
(With base forward-biased) IS/be 150 0.3 
Pulse duration (non-repetitive) = 1 s 

Gain-Bandwidth Product fT 10 0.2 -

Switching Time: 
(lBl = 0.1 A, IB2 = ,-0.5 AI 

Rise 
(See Figs. 10. 12. & 13.1 t, 1.0 -

Storage 
1.0 -

ISee Figs. 11, 12, & 13.) ts 

Fall 
1.0 -

(See Figs. 9, 12, & 13.1 tf 

Thermal Resistance (Junction-to-Case) ROJC 10 5 -

a Pulsed; pulse duration :£'350 "'s, duty factor::: 2% 

bCAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c ISlb is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 
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Limits 

Typ. 

-

-

-

-
-
-

-

0.8 

0.15 

-

4.0 

0.35 

, 1.4 

0.15 

-

Units 

Max. 

0.25 

0.25 mA 

0.5 

5.0 rnA 

80 
-

- V 

1.5 V 

0.8 V 

- A 

- MHz 

-

IlS -

-

1.4 °C/W 
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Fig.3-Circuit used to measure sustaining voltage, VCEO(SUS). 

Fig.4-0scilloscope display for measurement of sustaining 
voltage (test circuit shown in Fig. 3). 
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Fig.5- Typical dc beta characteristics. Fig.6- Typical output characteristics. 
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Fig.7 - Typical transfer characteristics. Fig.8- Typical Saturation voltage characteristic. 

600 

;. 0.5 

I 
~O.4 
'" " ... 
-l0.3 
-' 
~ 

0.2 

0.1 

o 

PULSE DURATION :s 20 JLS 
REPETITION RATE" 100 Hz 
COLLECTOR -SUPPLY VOLTAGE (Vee' "200V 
DC BETA "'Ic/I8,""0; 181" 182/5 
CASE TEMPERATURE 1Tcl=25°C 

1 2 3 
COLLECTOR CURRENT lIe) -A 

4 

92CSwlt241 

Fig.9- Typical fall time vs. collector current. 



File No. 511 ____________________________ RCA413 

PULSE DURATION s: 20 ps 
REPETITION RATE = 100 Hz 
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Fig. 10-Typical rise time vs. collector current. Fig. 11-Typical storage time vs. collector current. 
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Fig. 13-Phase relationship between input and output 
currents showing reference points for speci­
fication of switching times. (Test circuit 
shown in Fig. 12J. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 

Mounting Flange, Case - Collector 

601 



_______________________________ FileNo.512 

OOm3LlD 
Solid State 
Division 

Power Transistors 

RCA423 

High-Voltage, High-Power 
Silicon N-P-N Power Transistor 
For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 

Features: 

• Maximum safe-area-of-operation curves 

• Low saturation voltage: VCE(sat) = 0.8 V (max.1 
JEDEC 

TO·3 • High voltage rating: VCEo(susl = 325 V 

• High dissipation rating: PT = 125 W 

RCA·423 is an epitaxial silicon n·p·n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO·3 package. 

Featuring high breakdown·voltage ratings and low saturation· 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·BASE 

VOLTAGE.VCBO ............................................................... 400 V 

COLLECTOR·TO·EMITTE R 

SUSTAINING VOLTAGE: 
With base open, VCEO(sUS) ................................................. 325 V 

COLLECTOR·TO·EMITTER 

BREAKDOWN VOLTAGE: 

With b.se open. V(BRICEO ................................................ 400 V 

EMITTER·TO·BASE 

VOLTAGE. VEBO ............................................................... 5 V 

COLLECTOR CURRENT: 

Continuous, Ie .................................................................... A 
Pe.k ..................................................................................... 10 A 

BASE CURRENT (Continuous), IS ....................................... A 

TRANSISTOR DISSIPATION. ~T: 
At case temperatures up to 25 C 

and VeE up to 75 V · .......... 0 ............................................ 125 W 
At case temperatures up to 25 e 

and VeE above 75 V ......•...• ~ ...................... See Fig. 2. 

At case temperatures above 25 e 

and VeE above 75 V •••••..•••..••.••••••.•.•••••••. See Figs. 1 & 2. 

TEMPERATURE RANGE: 

Storage & Operating (Junction) •••••.•••...•.•••.••••.•.• -65 to +200 OC 
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voltage values. the 'RCA·423 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high· 
voltage bridge amplifiers. ignition circuits. and other high· 
voltage switching applications. 

PIN TEMPERATURE lOuring Soldering): 

At distances ~ 1/32 in. (0.8 mm) 

from case for 10 s max. ................................. ..••••..•.••• 230 OC 

~ 
z 
!20 

~ ~ ~ 
~"' ... 
~~~ 

0 00 
",> 

"',,0 100 
::>"", 

"'''' ~ ; ~ ~ 75 ",0. 
~ '" ~ 
00. ... 

'" 0:" 
" 0'" 50 
" z 
ffi ~ ~ 
~ ~ a 25 
~ ~u 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATlON­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING'AREA 
CURvE:S (FIG. 2). DO NOT DERATE THE 
SPECIFIED VALUE FOR IC MAX. 

25 50 15 100 125 150 115 200 
CASE TEMPERATURE (Tcl-·C 

92CS-19296 

Fig. I-Dissipation and current derating curves. 
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ELECTRICAL CHARACTERISTICS. Case Temperature IT cl = 2SoC Unless Otherwise Specified 

Test Conditions 

DC DC 
Characteristic Symbol Voltage Current 

(V) (A) 

VeE Voe IC 10 Min. 

Collector-Cutoff Current: 

With base open ICEO 40b -
With base-emitter junction 
reverse-biased ICEV 400 -1.5 -
With base-emItter junction 

reverse-biased & T C == 125°C ICEV -1.5 -

Emitter-Cutoff Current lEBO -5 -
DC Forward-Current 

hFE 
5 1.0" 30 

Transfer Ratio 5 2.5a 10 

Collector-ta-Emitter Sustaining 
Voltage: 

VCEOlsus) 0.1 325b 
With base open 
ISee Figs. 3 & 4.) 

Base-ta-Emitter Saturation Voltage VBE Isat) 1.0a 0.1 -

Collector-ta-Emitter Saturation 
Voltage VCE lsat ) I.Oa 0.1 -

Second-Breakdown Collector Current: 
IWith base forward-biased) IS/bc 150 0.3 
Pulse duration (non-repetitive) :::: 1 5 

Gain-Bandwidth Product fT 10 0.2 -
Switching Time: 

IIBI = 0.1 A.IB2 = -0.5 AI 

Rise 
(See Figs. 10. 12. & 13.) tr 1.0 -

Storage 
1.0 -

ISee Figs_ II, 12, & 13.) ts 

Fall 
1.0 -

ISee Figs. 9, 12, & 13.1 tf 

Thermal Resistance (Junction·to-Case) ROJC 10 5 -

a Pulsed; pulse duration ::;'350 IlS, duty factor ~ 2%. 

bCAUTION: The sustaining voltage VCEOlsus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c ISlb is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 

Limits 

Typ. Max. 

- 0.25 

- 0.25 

- 0.5 

- 5.0 

- 90 
- -

-- --

0.9 1.5 

0.2 0.8 

- -

4.0 -

0.35 -

1.4 -

0.15 -

- 1.4 

Units 

rnA 

rnA 

V 

V 

V 

A 

MHz 

IlS 

°C/W 

603 



RCA423 ________________________________________________ __ File No. 512 

HORIZONTAL 
INPUT 

'0 
H 

f­
Z 
W 
0: 
0: 
::> 
u 

TEKTRONIX OSCILLOSCOPE 
MODEL RM-~03,OR EQUIV 

VERTICAL 
INPUT 

PULSE OPERATION* 
I 

10 
COLLECTOR - TO - EMITTER VOLTAGE (VCE) - v 

92CS-19241 

Fig.2-Maximum operating areas. 

~ ________ ~....L~Vcc 

CLARE 
MODEL No HGP- 2034, 
OR EQUIVALENT 

lIoj IW 

- + 
8.5v 

PUSH 
TO 

TEST 

92CS-19289 

« 
E 
I 

" H 

\< 
~ 100 

a 
~ 
::l 
:l 
8 325 

COLLECTOR -TO - EMIT TE R 
VOL TAGE {VeE)-V 

THE SUSTAINING VOLTAGE VCEO (susl IS 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT "A': 

92C5-19278 

Fig.3-Circuit used to measure sustaining Voltage, VCEO(SUS). 
FigA-Oscil/oscope display for measurement of sustaining 

voltage (test circuit shown in Fig.3). 
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3.5 COLLECTOR -TO-EMITTER VOLTAGE {VCE 1& 5 V 

3 I II I [ 1 
!z II~' 

90 ~ 

II! i I I 
75 ~~ ~w2.!5 

CAr. TEMP~TU~} u~ Y=. ,~ ,,- (Te 1~25" " ~~ 2 ...... 60;S 
15'" "'''' 0 

~'" ~'" 

CASE TEMPERATURE« Tc I- 25· C 

0·' 

0.' 

g* 1.5 1\ 
45 o~ 

-:='''C "~ '" § 
BASE CURRENT (lal-O,IA 

~: ~ .. 
I 30~~ 

~I-

" ~ 
~ 

i 
~ 

O.S IS 

~ 
0 0 

2 4 •• 2 4 •• 2 4 •• 0.01 0.1 "I 10 
COLLECTOR CURRENT lIe I-A 

92C5-19025 

Fig.5- Typical de beta characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE IVcE!~5 V 

0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE IVSE1-V 

::l • 8 

o 1234567 
COLLECTOR-TO-EMITTER VOLTAGE (Vctl-V 

Fig.6- Typical output characteristics. 

• 
COLLECTOR CURRENT (reI -A . 

92CS-190Z6 

,2SS-4078RI 
'2eS-1924! 

Fig.7- Typical transfer characteristics. Fig.8-Typical saturation voltage characteristic. 

PULSE DURATION :5 20 ps 
REPETITION RATE 0: 100 Hz 
COLLECTOR-SUPPLY VOLTAGE (Yec)-ZODV 
DC BETA· :IC/l:S,-IO; IS,"' 182/5 

:.. 0.5 CASE TEMPERATURE' Tel- 25·C 

I 
~O.4 ... 
'" I-
..J 0.3 
oJ 
li! 

0.' 

0.1 

o I • 3 4 
COLLECTOR CURRENT(Icl-A 

92C5·19246 

Fig.9- Typical fall time vs. collector current. 
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;. 
I 

PULSE DURATION:S: 20 p. 
REPETITION RATE -100 Hz 

1.5 COLLECTOR-SUPPLY VOLTAGE (Yee) ~ 200V 
DC BETA· Ie/lB,-IO, IB,- -182/5 
CASE TEMPERATURE(Tc)-25-C 

:! 1.0 .. .. 
;:: 
III 

0.5 

o I 2 3 4 
COLLECTOR CURRENTCIC'-A 

HCI-I'147 

1.4 

1.2 

a 1.0 
1 

:! 0.8 

!l! 
l-

I::: PULSE DURATION :s: 20 ",. 
REPETITION RATE· tOO Hz 

0.2 COLLECTOR SUPPLY VOLTAGE (Yee) -200V 
DC BETA· Ie 110, -10. 19, • -182/5 
CASE TEMPERATURE CTc'· 250C 

o 
. COU:ECTOR CURRENT CIe) - A 

92CS-19248 

Fig. 10-Typical rise time vs. collector current. Fig. 11-Typical storage time vs. collector current. 

SYNC OUT • Vee 

Ie 
MONITOR 

RCA-423 

&IB1 AND 182 MEASURED WITH TEKTROp.llX CURRENT PROBt:: P6019 OR EOOIVALENT 

Fig. 12-Circuit used to measure switching times. 

~!z 
U" 

~ !'----+--1-

INPUT WAVE FORM 
-.+---4 

ir;::-:..'O_"," __ T'ME 

1--_-of-.....:.T"'rIMf"F 
OUTPtJ7 WAVE FORM 

Fig. 13-Phase relationship between input and output 
currents showing reference points for speci­
fication of switching times. (Test circuit 
shown in Fig. 12J. 

TERMINAL CONNECTIONS 
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Pin 1 - Base 
Pin 2 - Emitter 

Mounting Flange, Case - Collector 
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OO(]500 
Solid State 
Division 

Power Transistors 

RCA431 

High-Voltage, High-Power 
Silicon N .. P .. NPower Transistor 
For Switching and Linear Applications in 
Military, Industrial, and Commercial Equipment 

Features: 

CI Maximum safe-area-of operation curves 

JEDEC 
TO·3 

" Low saturation voltage: VCE(sat) = 0.7 V (max.) 

" High voltage rating: V CEO (sus) = 325 V 

" High dissipation rating: PT = 125 W 

RCA-431 is an epitaxial silicon n-p-n power transistor 
utilizing a multiple-emitter-site structure. This device 
employs the popular JEDEC TO-3 package. 

Featuring high breakdown-voltage ratings and low saturation-

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE 
VOLTAGE. VCBO ............................................................... 400 V 

COLLECTOR-TO-EMITTER 
SUSTAINING VOLTAGE 

With base open, VCEO(SUS) ................................................. 325 V 

COLLECTO R-TO-EMITTER 

BREAKDOWN VOLTAGE: 

With base open. VIBR)CEO ................................................ 400 V 

EMITTER-TO-BASE VOLTAGE. VEBO ............................. 5 V 

COLLECTOR CURRENT: 

Conti nuous, I C •••.••.•.•••.•••••••••.•.•••..•.•••.•••.•.•.•••.•..••.•. ..••... .•..• A 

Peak •••.•••.••..••........•......•.........•.............................•...•.•.•.••..•• 10 A 

BASE CURRENT (Continuous).IB ....................................... 2 A 

TRANSISTOR DISSIPATION. ~T: 
At case temperatures up to 25 C 

and VeE up to 75 V ........... 0 ............................................ 125 W 
At case temperatures up to 25 C 

and VCE above 75 V .................................. See Fig. 2. 

At case temperatures above 25°C 

and VCE above 75 V ................................ See Figs. 1 & 2. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ................................ -65 to +200 oC 

11-73 

voltage values, the RCA-431 is especially suitable for use in 
inverters, deflection circuits, switching regulators, high­
voltage bridge amplifiers, ignition circuits, and other high­
voltage switching applications. 

PIN TEMPERATURE (During Soldering): 

At distances~1/32 in. (0.8 mm) 

from case for 10 s max .................................................. 230 oC 

!;; 
z 
!? 0 

~ "'", !;;e> 
in ~~ 
~ 00 

~ 
",> 
e>o "", 

'" t;!g x 
" 

",u 

'" u'" ,," 
~ ",<n 
0 .. .., 
'" ,," 
~ o~ 1-'~ 

~ ~g; 
~ ~u 

100 

75 

50 

25 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE OISSIPATION­
LIMITED PORTION AND THE IS/b·LIMlTED 

PORTION OF MAXIMUM OPERATING AREA 
CURVES (FIG.21. DO NOT DERATE THE 
SPECIFIED VALUE FOR IC MAX. 

25 50 75 100 125 150 175 200 

CASE TEMPERATURE ITCI_oC 

92CS-19296 

Fig. I-Dissipation and current derating curves. 
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ELECTRICAL CHARACTERISTICS. Case Temperature (TCI = 25°C Unless Otherwise Specified 

Test Conditions 

DC DC 

Characteristic Symbol Voltage Current 
'IV) IA) 

vCE VSE IC IS Min. 

Collector-Cutoff Current; 

With base open ICEO 400. -

With base-emitter junction 
reverse-biased ICEV ,400 -1.5 -

With base-emitter junction 

. reverse·biased & T C = 1250 C ICEV 400 -1.5 -

Emitter-Cutoff Current lEBO -5 -

DC Forward-Current 5 a 15 
hFE 2.5 

Transfer Ratio 5 3.5a 10 

Collector-ta-Emitter Sustaining 
Voltage: 

VCEOlsus)b 0.1 325b 
With base open 
ISee Figs. 3 & 4.1 

Base-to-Emitter Saturation Voltage VBE(sal) 2.5 a 0.5 -
Collector-fa-Emitter Saturation 

Voltage VCE(sal) 2.5a 0.5 -
Second-Breakdown Collector Current: 

(With base forward·biased) IS/be 150 0.3 
Pulse duration (non-repetitive) = 1 s 

Gain-Bandwidth Product fT 10 0.2 

Swilching Time (lSI = IS2): 
Rise 

ISee Figs. 10, 12, & 13.) Ir 2.5 0.5 

Storage 
Is 2.5 0.5 ISee Figs. II, 12, & 13.1 

Fall 
ISee Figs. 9, 12, & 13.1 If 2.5 0.5 

Thermal Resistance (Junction-ta-Casel ROJC 10 5 

• Pulsed; pulse duralion :::;'350 /-IS, duty faclor = 2% 

bCAUTlON: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. The 
sustaining voltage should be measured by means of the test circuit shown in Fig. 3. 

c IS/b is defined as the current at which second breakdown occurs at a specified collector voltage 
with the emitter-base junction forward-biased for transistor operation in the active region. 
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-

-

-

-

-

Limits 

Typ. 

-

-

-
-
-
-

-

-

0.25 

-

4.0 

0.35 

1.B 

0.4 

-

Units 

Max. 

2.5 

2.5 mA 

5.0 

2.0 mA 

35 
-

- V 

1.5 V 

0.7 V 

- A 

- MHz 

-

/-IS -

-

1.4 °C/W 
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!z 
w 
II: 
II: 
::l 
U 

PULSE OPERATION * 

II: 21I1lillllll~1I111i1l1i~lIlli 
~ 
fd 
~O.I 
u 8 

HORIZONTAL 
INPUT 

6 

4 

TEKTRONIX OSCILLOSCOPE 
MODEL RM- ~Ol.OR EQu/v. 

VERTICAL 
INPUT 

92C5-19290 

2 2 
10 100 

COLLECTOR - TO - EMITTER VOLTAGE (VCE) - V 
92CS-19241 

Fig.2-Maximum operating areas . 

.---------.o..J....o--Ovcc 

CLARE 
MODEL No HGP-2034, 
OR EaUIVALENT 

PUSH 
TO 

TEST 

II?wj I>--{) 

115v 
- ... 60 Hz 
8.5v 

.. 
E 
I 
u 

!:! 
.... 

1 
1 

~ 100 

! : . 
----------~-"'I 1 

.. 
tl .. 
~ 
:.l 
:l 
8 

1 
1 
1 
I 

: 
I 

'2S 
COLLECTOR-TO-EMITTER 

VOL TAGE (VCE)-V 

THE SUSTAINING VOL rAGE VeEO (sus) 15 
ACCEPTABLE WHEN THE TRACE FALLS 
TO THE RIGHT AND ABOVE POINT MA~ 

92C5-19278 

Fig.3-Circuit used to measure sustaining voltage, VCEO(SUS). 
Fig.4-0scilloscope display for measurement of sustaining 

voltage (test circuit shown in Fig. 3). 
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3~5 eOLLEeTOj .Toi~MITTr VOrAGE 'VeE'· 5V 

90 m 
CASE TEMPERATURE I TC J. 25- C 

l; 
ll! 
~~2.5 
u'" 
b= 
i~ 2 

."" 0 

"'''' u~ 1.5 
o~ 

~~ 
~ ... I 

i 0.5 

0 
2 

0.01 

75 

CASE TEMPi1TU~} 
ITc 1~25· 

i' 
o-f--- 60 

J..-' 
4' 

r\ ~ 30 

"" ~ 15 

~ 
0 

4 •• 2, 4 •• 2 4 • • 0.1 I 
COLLECTOR CURRENT tI C }-A 

Ie 

92CS~1902!S 

~ ... 
0 

~ 
'" ~ ... 
~ 

~ 

'" 1 

g 
[;l 
j 2 
8 

0·5 

0·' 

BASE CURRENT' tla1- 0 .IA 

1234567 
COlLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CS-1902& 

Fig.5- Typical dc beta characteristics. Fig.6- Typical output characteristics. 

COLLECTOR~TO·EMITTER VOLTAGE tVC£l-5 v 

'" I 
~ 5 

! 
'" ~ 3 

" ~ 8 2 

0.5 I 1.5 
8ASE·TO·EMITT~R VOLTAGE IVSEI-V 

92.SS·4018RI 
COLLECTOR CURRENT I lei - A 

Fig.7- Typical transfer characteristics. Fig.8-Saturation voltage vs. collector current. 
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PULSE DURATION:520p.' 
REPETITION 'RATE -100Hz 
COLLECTOR-SUPPLY VOLTAGE I Vee I- 200 V 
~SE TEMPERATURE (Tel ·2~·C 
Is1--IS2 
DC BETAlhFEJ-S 

2 3 4 5 
COLLECTOR CURRENT (Ie 1-A 

92CS-19245 

Fig. 9-Typical fall· time characteristic. 

92.CS-19251 
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PULSE DURATION:S.20p.. 
REPETITION RATE -100 Hz 

.5 COLLECTOR-SUPPLY VOLTAGEIVCC'-200 V 
I CASE TEMPERATURE(TCI.2~.C 

18,,"-792 

~ 
I 
~I .. 
'" ;: 

'" .. 
ii: OIS 

o 

DC BETA IhFE'-S 

2 3 4 5 
COLLECTOR CURRENTIICI-A 

Fig. 10-Typical rise·time characteristic. 

92CS-19244 

PULSE DURATION S 20 ""S 
REPETITION RATE -100 Hz 
COLLECTOR-SUPPLY VOLTAGE I Yee) -200 v 
CASE TEMPERATUREITC'-2S·C 

• Is,--IOz i 5 DC BETAlhFEI-5 

:: 4 

III 
;: 

13 

Iii 2 

o 2 3 4 5 6 
COLLECTOR CURRENT« 1CI- A 

92CS-19245· 

Fig. 11-Typical storage·time characteristic (with constant 
forced gain) . 

.. :i;I-___ +-..-____ ..J....+-__ r-_ ... T1ME 

"'a 

",,_:..'O_"' __ TlME 

.181 AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE P6D19 OR EOUIVALENT 

1--_...j----'TU''l-~iirF 
OUTPUT WAVE FORM 

Fig. 12-Circuit used to measure switching times. 

Fig. 13-Phase relationship between input and output 
currents showing reference points for speci­
fication of switching times. (Test circuit 
shown in Fig. 12). 

TERMINAL CONNECTIONS 
Pin 1 - Base 
Pin 2 - Emiller 

Mounting Flange. Case - Collector 
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DDLn3LJD Power Transistors 
Solid State 
Division 

RCA1000 
RCA1001 

a-Ampere Silicon N-P-N 
Darlington Power Transistors 

For Use as Output Devices in General-Purpose 
Switching and Amplifier Applications 

JEOEC TO·3 

Features: 
• High de current gain: 

hFE = 1000 min_ at IC = 3 A 

• Monolithic construction with built-in 
bas8e smitter shunt resistors 

RCA-l000 and 1001 are monolithic silicon n-p-n Darlington 
transistors intended for medium-power applications as 
output devices. The double epitaxial construction of these 
units provides good forward and reverse second-breakdown 
capability_ Their high gain makes it possible for them to be 
driven directly from integrated circuits. 

,-----------, 
I I 
I I 
I I 
: I 
I I 
I _3 ka 111300.n I L _________ -1 

92:CS-19945RI 

Fig.1-Schematic diagram of RCA-toDD and 
RCA ·1001 Darlington power transistors. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE: 
With emitter open •.•......................................................... 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open •.••••.•..•...••.....•••.••.•.•....•.......•..••....•.....••... 

EMITTER-TO-BASE VOLTAGE: 
With collector open ......•.....•••••.•...••...............••...•.•...•....•... 

COLLECTOR CURRENT: 
Continuous •..•.•..•...........•••.•......•..••........•.••.....•.•.....•.•• 
Pulsed 0 .................................................................. .. 

BASE CUR RENT (Continuousl 

TRANSISTOR OISSIPATION: ° 
At case temperatures up to 25 C ....••••••...••..•.•.••..•••.••••••.•.•..•..•... 
At case temperatures above 25°C. derate linearly at •..••.•.••..••.••...........•..... 

TEMPERATURE RANGE: 
Storage & Operating (Junction) •.•••..••••••.....•..•.......••.......•.....•.... 

LEAO TEMPERATURE (During Soldering): 
At distance.2:: 1/8 in. (3.17 mm) from case to 10s max ..•....••.........••...••....•. 

·612 

VCBO 

VCEO 

VEBO 

IC 

IS 

I'T 

RCA 1000 RCA-IDOl 

60 80 

60 80 

5 

8 8 
15 15 

0.1 0.1 

.90 90 
0.515 

-5510+200 

235 

V 

V 

V 

A 
A 

A 

W 
w/oc 

°c 

°c 
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ELECTRICAL CHARACTERISTICS. At Case Temperature fTc) ~ 25°(: unless otherwise specified 

CHARACTERISTIC SYMBOL 

Collector Cutoff Current: 
With base open ICEO 

With external base-to-emltter 
resistance (RBEI = 1 kn 

ICER 
At TC = 150°C 

Emitter Cutoff Current lEBO 

Coil ecto r-to-E m itter 
Breakdown Voltage 

V(BRICEO 

DC Forward Current 
Transfer Ratio hFE 

Base-ta-Emitter Voltage VBE 

Collector-ta-Emitter 
VCE(satl Saturation Voltage 

Thermal Resistance 
R9JC (Junction·to·Casel 

COLLECTOR-TO-EMITTER VOLTAGE {VCE1=5V 

~ 
6 

• 
Z 

~ 2 

!z 10' 

~'lli~ 
B.:- 4 yf ~. 

~~ "c,? ~ 

! ~ 2 :.J,~.~ .. ~ ~ e ,r:r 
u • -,,~ o 6 

~":/ \\ 

~ 
. 

1\\ 
2 

10' 
\ 

0.1 2 . 6 • 2 4 6 ·,0 2 

COLLECTOR CURRENT IIc)-A 

Fig.2-TypicaJ de beta characteristics for 
both types. 

TEST CONDITIONS 

OC 

VOLTAGE 
(VI 

VCB VCE VBE 

30 
40 

60 
80 

60 
80 

5 

3 
3 

3 

-: 
" 
~ ... 
~ 
a 
~ 
~ 
~ 

4 6 e 10 

92CS-L9919RI 

DC LIMITS UNITS 
CURRENT 

(AI RCA-1000 RCA-1001 

IC 'B MIN. MAX. MIN. MAX. 

0 - 500 - -
llA 0 - - - 500 

- 1 - -
- - - 1 

rnA 
- 5 - -
- - - 5 

0 - 2 - 2 rnA 

0.1" a 60 - - - V 
O.l a a - - 80 -

3 1000 - 1000 -
4 750 - 750 -
3" - 2.5 - 2.5 V 

3a 0.012 - 2 - 2 
V 

8a 0.04 - 4 - 4 

- 1.94 - 1.94 °C/W 

• COLLECTOR CURRENT (leI" IA 6 

4 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)=5 v 
CASE TEMPERATURE 'TC)~25·C 

2 

10' ""'-· 6 

• 
2 "\ 

\ 
10 , 

6 

\. • 
2 \ 

10 \ 
0.01 2 4 , . 

0.1 2 . , . 2 . 6 • 10 

FREQUENCY (f)-MHz 

Fig.3- Typical small-signal gain for both 
types. 

92CS-!99J9 
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100 
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;0 • 1 
~ 
z 4 
0 

~ 
::l 
i5 

'" 2 

'" ;0 
0 .. 

10 

614 

COLLECTOR CURRENT (IC)-A 
92CS-19926 

Fig.4-Typical saturation characteristics for 
. borb types. 

\ '- CASE-TEMPERATURE CHANGE 
(6TC) =SO·C 

~ \\ K - 0 r--!" 
'" \ " , 

\ .. 
\ 1,\ " 

r~ ri~r '\{I ........ , 
2 4 .. 2 4 •• 104 ' 105 

2 4 •• 

NUMBER OF THERMAL CYCLES 
9:?CS-19950 

Fig.6-Thermal-cycling rating chart for both 
types. . 
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2 

r 
• 
• 
4 

2 

0.1 

CASE-TEMPERATURE (Tc)a2S-C 

IS/b-LIMITED ! , 

I 
I 1\\ 

DISSIPATION· LIMITED AND 'S/b- LIMITED_~ I \' 
PORTIONS OF THIS CURVE MUST BE DERATED I 

~~R!~~~:~~~R A::E~~ (~;CAT I I 
O.57%'jC.00 NOr OERjTE IICI MAX. :g:::pgpfl ~ 

6 8 10 3 4 6 8 100 

COLLECTQR-TO-EMITTER VOLTAGE (VCE)-V 

92C5-19944 

Fig.5-DC safe-area-of-operation for both 
types . 

TERMINAL CONNECTIONS 

Pin 1- Base 
Pin 2 :.- Emitter 
Case - Collector 

Mounting Flange - Collector 
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OOCTI5LJD 
Solid State 
Division 

Power Transistors 

RCA3054 RCA3055 

Hometaxial-Base Silicon N-P-N 
VERSAWATT Transistors 
Designed for Medium-Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 

Features: Applications: 
RCA3054 
RCA3055 

a Maximum safe-area-of-operation curves 

D Low saturation voltages 

" Series and shunt regulators 

" High-fidelity amplifiers 

" High dissipation ratings a Power-switching circuits 
JEDEC TO·220AB H·1535R1 a Thermal-cycle rating curves iii Solenoid drivers 

RCA3054 and RCA3055 are silicon n-p-n transistors intended 
for a wide variety of high-current applications_ The home­

taxial-base construction of these devices renders them highly 
resistant to second breakdown over a wide range of oper­
ating conditions. 

The VERSAWATT case has a proven thermal-cycle capability_ 
This capability is assured by real-time quality controls in our 
manufacturing locations_ The RCA3054 and RCA3055 are 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE _ . . . . . . 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (RSEI ;; 100 n . 
With base open . . . . . . . 

With base reverse-biased VeE"" -1.5 V 

EMITTER-TO-BASE VOLTAGE. . . 
CONTINUOUS COLLECTOR CURRENT 
CONTINUOUS BASE CURRENT. 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 
At case temperatures above 2SoC 

TEMPERATURE RANGE: 
St.orage and Operating (Junction) 

PIN TEMPERATURE (During Soldering): 

At distances? 1/32 in. (0.8 mm) from seating plane for 10 s max. 

11-73. 

supplied in the JEDEC TO-220AB straight-lead version of the 
package. They are also available on special order in a variety 

of lead-form configurations. Two popular v~riations have leads 

formed to fit TO-66 sockets (specify formed lead No. 6201) 
or printed-circuit boards (specify formed lead No_ 6207). 
Detailed information on these and other VERSAWATT 
outlines is contained in "RCA's Lineup of Power Transistors" 
(PSP-704). 

VCBO 

VCER(susl 
VCEO(sus) 
VCEv(susl 

VEBO 
IC 
IB 
PT 

RCA3054 RCA3055 

90 100 

60 70 
55 60 
90 99 

4 15 
4 

36 75 
See Fig.3 

-65 to +150 

235 

V 

V 
V 
V 

V 

A 

A 

w 

615. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 2ffJC unless otherwise specified 

CHARACTERISTIC SYMBOL 

Collector-Cutoff Current: 
ICEO With base open 

With base-emitter 
ICEX junction reverse-biased 

At TC - 150°C ICEX 

Emitter-Cutoff Current lEBO 

Collector-ta-Emitter 
Sustaining Voltage: VCEO(sus) 

With base open 

With external base-ta-
emitter resistance VCER(susl 
(RBEI - 100 n 

With base-emitter junction 
VCEvlsusl reverse-b iased 

DC Forward-Current 
hFE Transfer Ratio 

Collector-ta-Emitter 
VCElsatl Saturation Voltage 

Base-ta-Emitter Voltage VBE 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward 

fhle Current Transfer Ratio 
Cutoff Frequency 

Magnitude of Common-
Emitter. Small-Signal 
Short-Circuit Forward Ihlel 
Current Transfer Ratio 
If -0.4 MHzl 

Common-Emitter, 
Small-Signal, Short-
Circuit Forward hfe 
Current Transfer Ratio 
If -1 kHzl 

Forward-Bias Second 
Breakdown Collector IS/b 
Currentb (t > 1 s) 

Thermal Resistance: 

Junction-to-Case ROJC 
Junction-to-Ambient ROJA 

a Pulsed: Pulse duration = 300 IlS, duty factor = 1.8%. 
b Pulsed: 1-second non-repetitive pulse. 

616 

TEST CONDITIONS 

VOLTAGE CURRENT 
V de A de -

VCE VBE IC IB 

30 a 

90 -1.5 
100 -1.5 

90 -1.5 
100 -1.5 

-7 0 

O.1 a a 
0.28 a 

0.1" 
0.2a 

-1.5 O.la 

4 3a 
4 10" 
4 0.5a 
4 4a 

0.5a 0.05a 
4a 0.4a 

4 0.5a 
4 4a 

4 0.1 
4 1 

4 0.1 
4 1 

4 0.1 
4 1 

55 
60 

LIMITS 

RCA3054 RCA3055 

MIN. MAX. MIN. MAX. 

- 0.5 - 0.7 

- 1 - -
- - - 5 

- 6 - -
- - - 30 

- 1.0 - 5 

55 - - -
- - 60 -

60 - - -
- - 70 -

90 - 90 -

5 - - -
- - 5 -
25 100 - -
- - 20 70 

- 1.0 - -
- - - 1.1 

- 1.7 - -
- - - 1.8 

30 - - -
- - 10 -

2 - - -
- - 2 -

25 - - -
- - 15 120 

0.65 - - -
- - 1.2 -

- 3.5 - 1.67 

- 70 - 70 

UNITS 

rnA 

rnA 

V 

V 

V 

kHz 

A 

°C/W 
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6 e I~ 
COLLECTOR-lO-EMITTER VOLTAGE (VeEI-V 

nCS-2146.5 

Fig.1-Maximum operating areas for RCA3054. 

6 e 10 :2 

COLL[CTOJit -TO-UtlTTiR VOLTAGIi: (Veil-V tZC5.2i4M 

Fig.2-Maximum operating areas for RCA3055. 

100 
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618 

25 50 75 100 125 150 175 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tcl_oC 
92SS,3S00 

Fig.3 - Derating curve for both types. 

2 4 6 8 2 4 6 S 
loao 10,000 100,000 

NUMBER OF THERMAL CYCLES 
~2CS-17955 

Fig.5 - Thermal-cycling rating chart for RCA3055. 

92C5-14992 

Fig. 7 - Typical saturated switching characteristics 
for RCA3054. 
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~ 
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~ 
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I 
}t. \% \ '1'. l~ ~~'i:"~\ 

2 • • 8 2 . . 8 
1000 10,000 loo,oao 

NUMBER Of THERMAL CYCLES 
92CS-2010B 

Fig.4 - Thermal-cycling rating chart for RCA3054. 

'" 
CASE TEMPERTURE ITC1a2SoC 

'" III I ~ 75 0 

UU55 

> 

!i1 
~z 70 
;:i \ ~-

~~ 65 

R1A3054 
"' .. 
~~ VeER 
t:::: 160 
~'" ",u 

t--. ,> 
VeEO 

2 55 

I 0 

~ 50 
~ 

8 45 
I 2 4 .8 2 4.8 2 4 ., 2 4 68 

16 100 IK 10K 
2 4681 

'" z 

EXTERNAL BASE-lD-EMITTER RESISTANCE IRBE,-n 

92CS- 21467 

Fig.6 - Sustaining voltage vs. base-to-emitter resistance 
for bo th types. 

~ 2 

~ 

o 2 3 4 5 
COLLECTOR CURRENT IIc I-A 

92CS-15994 

Fig.S - Typical saturated switching characteristics 
far RCA3055. 
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~ , 

~ , 

, 

;2 

o 

TEKTRONIX 543A OR EQUIV. 

Fig.9 - Circuit used to measure switching times. 

VOLTAGE (VeE" 4 V 

:::: ::::,,:::,.' ... ,::' 

0.5 1.0 

BASE.IO·EMITTER VOLTAGE (VeE) _ v 

Fig. 11 - Typical input characteristics for RCA3054. 

BASE·TQ·EMITIER VOL.TACE (VaE) - v 
9ZSS-lIlS 

Fig. 13 - Typical transfer characteristics for RCA3054. 

_10% TIME 
"----

f-_-+---,TURT~M~FF 

OUTPUT WAVE FORM 

Fig. to - Phase relationship between inpurcurrent and output 
current showing reference points for specification of 
switching times. (Test circuit shown in Fig.9). 

~ , 

o 

" t I 

'" . ::;~li 
: ~'IA'E :U"ENT 'B" )0, 

)0 20 30 50 60 

COlLEC!0R-TO.EMITTER VOLTAGE (Vee) _ v 

Fig. 12 - Typical output characteristics for RCA3054. 

COLLECTOR·IO·EMITTER VOLTAGE (VeE)" 4 V 
CASE TEMPERATURE (Tc) * 250 C 

>.4 

~ 1.2~~---+~_+~~"~----~~-P~~--_+--~~~ 
:f ,/ 
~1.0 ./ 

~ / 
~ 0.8 ~/~-I--.!-+H-+-++++-_+-+-'J',.!-J 
~o.61----1---+-4-++---~~I--~4---+---I--~~ 
~ 
z 
~ 0.4 ~~~-+~_++--+-~~H+-.J--I--H-l 

0.2 
I 5 ~ 10 ( 5 ~ 100 

COLLECTOR CURRENT (Icl - mA 

Fig. 14 - Typical gain-bandwidth product for RCA3054. 
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COLLECTOR·lO-EMITTER VOLTAGE {VeE} = 4 V 

~ 
'" 0 

~ 
~ 

ll; 
~ 
i!' ... 
i5 g; 
~ 
0 

!1 

~ 
II 

620 

'00 

-8D 

.~ V 

11' 1--.\ 
6D .~ 

I~/r r\ 
/ ~4'<,7 

4Dt-l~f<-4~ 
~ ~~~ 

~.;y ,~ 
20V r\. 
0 
o.om 2 468 0.01 2 468 0.1 46 B1•0 2 46810 

COLLECTOR CURRENT (Ie) _ A. 

Fig. 15 - Typical de beta characteristics for RCA3054. 

BASE-TO-EMITTER VOLTAGE IVBE)-V 
92C5-15989 

Fig. 17 - Typical input characteristics for RCA3055. 

1.5 

BASE-TO-EMITTER VOLTAGE (VBE1-Y 
92eS-15987 

Fig. 19 - Typical transfer characteristics for RCA3055. 

BASE-TO-EMITTER VOLTAGE (VSE)-V 
92es- 21471 

Fig. 16 - Reverse-bias second breakdown characteristics 
for RCA3054. 

92CS-15992 

Fig. 18 - Typical output characterisOcs for RCA3055. 

COLLECTOR-TO-EMITTER VOLTAGE t VeE)· 4V 
CASE TEMPERATURE 1TC}a2S0C 
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~ .~_+--_+_+~~--~~~-++---+_--~r1~ 
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"-~ 
:l 0 .• 
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~ 0.' 

0 

0.01 
4 6 8 0 . 1 

4 · · , 4 . 
·'0 

COLLECTOR CURRENT (IC1-A 

Fig.20 - Typical gain-bandwidth product for RCA3055. 
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COLLECTCIt-TO-EMITTER VOLTAGE IVCE)-4 V 

~ 
o 

~ IOO~-1~~_H1+~--+-~~HH~--+_+_t++H~ 

0,01 
.. 6 8 4 6 8 

0.1 I 
4 •• 

10 
COLLECTOR CURRENT (Iel-A 

92CS-L5985 
BASE-TO~EMITTER VOLTAGE (VBE)-V 

9ZCS- 21470 

Fig.21 - Typical de beta characteristics for RCA3055. Fig.22 - Reverse·bias second-breakdown characteristics 
for RCA3055. 

TERMINAL CONNECTIONS 
'JEOEC TO·220AB 

Terminal NO.1 - Base 
Terminal No.2 - Collector 

Terminal No.3 - Emitter 

Terminal No.4 - Collector 
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IIDcraLJD Power Transistors 
Solid State 
Division RCA3441 RCA6263 

Hometaxial-Base Silicon N-P-N 
VERSAWATT Transistors 

Designed for Medium-Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 

Features: Applications: 
RCA6263 • Maximum safe-area-of-operation curves • Series and shunt regulators 

• Low saturation voltages 

JEOEC TO-220AB H-1535A1 • High dissipation ratings 

• Thermal-cycling rating curves 

RCA3441 and RCA6263 are silicon n-p-n transistors intended 
for a wide variety of high-current applications_ The hometaxial­
base construction of these devices renders them highly resistant 
to second breakdown over a wide range of operating conditions. 
The VERSAWATT cas,,-has a proven thermal-cycling capability_ 
This capability is assured by real-time quality contr~ls in our 
manufacturing locations_ The RCA3441 and RCA6263 are 
supplied in the JEDEC TO-220AB straight-lead version of the 
package. They are also available on special order in a variety of 
lead·form configurations. Two popular variations have leads 
formed to fit TO·66 sockets (specify formed lead No. 6201) 
or printed-circuit boards (specify formed lead No_ 6207). 
Detailed information on these and other VERSAWATT outlines 
iscontained in "RCA's.Lineupof Power Transistors" (PSP·704). 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO·BASE VOLTAGE. _ ...... _ .................... . 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (RBE) ~ 100 n ............ . 
With base open ........................................... . 

With base reverse-biased VBE ~ -1.5 V ........................ . 

EMITTER-TO·BASE VOLTAGE ................................ . 

CONTINUOUS COLLECTOR CURRENT ......................... : 

PEAK COLLECTOR CURRENT ................................ . 
CONTINUOUS BASE CURRENT ............................... . 

TRANSISTOR DISSIPATION: 

At case temperatures up to 250 C ............................. . 
At case temperatures above 250 C ................. _ ........... . 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ............................. . 

PIN TEMPERATURE (During Soldering): 
At distances ~ 1/32 in. (0.8 mm) from seating plane for 10 s max. 

622 

• High·fidelity amplifiers 

• Power-switching circuits 

• Solenoid drivers 

TERMINAL CONNECTIONS 
JEDEC TO·220AB 

Terminal No.1 - Base 
Terminal No.2 - Collector 
Terminal No.3 - Emitter 
Terminal No.4 - Collector 

RCA6263 RCA3441 

VCBO 140 160 

VCER(sus) 130 150 

VCEO(sus) 120 140 

VCEV(sus) 140 160 

VEBO 7 7 

IC 3 3 

4 4 

IB 2 2 

PT 

36 36 
See Fig. 4 

-65 to +150 

235 

V 

V 

V 

V 

V 

A 
A 

A 

W 

°c 

°c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2SOC unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE 

Vdc 

VCE V EB 

Collector-Cutoff Current: ICEO 100 
With base open 120 

With base-em itter ICEX 120 
junction reverse-biased 140 

At TC = 150°C ICEX 120 
140 

Emitter-Cutoff Current lEBO 

Collector-ta-Emitter 
Sustaining Voltage: VCEO{sus) 

With base open 

With external base-to-
emitter resistance VCER{su,) 
(R BE ) = 100 n 

With base-emitter junction VCEV{sus) 
reverse-biased 

DC Forward-Current hFE 
Transfer Ratio 

Collector-ta-Emitter VCE{s.t) 
Saturation Voltage 

Base-ta-Emitter Voltage V BE 

Gain-Bandwidth Product IT 

Common-Emitter, 
Small-Signal, Short-
Circuit Forward- hI. 
Current Transfer Ratio 
(I = 1 kHz) 

Forward-Bias Second 
Breakdown Collector ISlb 120 
Currentb It > 1 s) 

Thermal Resistance: 
Junction-to-Case R9JC 

Junction-to-Ambient R9JA 

apulsed: Pulse duration:::: 300 J.l.s, duty factor = 1.8%. 

bPulsed: 1-sec~nd non-repetitive pulse. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) ~ 4 v 

w 140 ~--:!:: 
~ 

120V t, 
° ; 

5 "" --
f-- -- - --

'" 
100 

w 
~4S~" ~ 

!!1 ., 80 

~~~ := ... 1- -.---~ ._-- .-
~ 

60 z 
/ 

, 

~ 40./ 
..;:~ 

r~ 

~~ ~ - ~6'o 

~ 
20 ·f<'s. C' I-

g 
° I fl , 

4 " 
4 ., , 4 ., , 4 ., 

10-2 2 10-1 I 10 

COLLECTOR CURRENT Uc)-A 
92CS-I264G 

Fig. 1- Typical dc beta characteristics for RCA3441. 

VBE 

,1.5 
-1.5 

-1.5 
-1.5 

-1.5 

CURRENT 
RCA6263 

Adc RCA3441 UNITS 

IC IB MIN. MAX. MIN. MAX. 

0 

rnA 

10 
10 

0 rnA 

O.,a 0 120 140 

O.la 130 150 V 

0.' a 140 160 

0.5a 20 150 20 150 

O.Sa 0.05a 1.2 1.2 V 

0.5a V 

0.2 200 200 kHz 

0.1 25 25 

0.3 0.3 A 

3.5 3.5 

°C/W 

70 70 

- 140 COLLECTOR-TO~EMITTER VOLTAGE (VCE):4V 

J -
0 120 

~ , 
~ 100 

~ \ 
:= 60- - --
~ V ~ASE TEMPERATURE z 
w 60i- 1-].,- ~r'25'C ~ 
~ 

~ 
u 
c 

V 
40V ,),. 
20 

0 
'tS " ~ 

10-3 2 4 6 ~O-2 2 4 6 ~o-I 2 4 68 1 

COLLECTOR CURRENT (IC) - A 

2 4 68 
10 

92CS-19516 

Fig. 2- Typical de beta characteristics for RCA6263_ 
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!C 
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624 
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001 
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COLLECTOR -TO-EMITTER VOLTAGE C VCE)-V 

92CS- 22280 

Fig. 3- Maximum operaringareas for both types. 
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1% \8 \~ 1\0 ~ ~~~~ 1 
100 125 150 175 2 • • • 2 4 • /oao 
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92CS-20108 

Fig. 4- Current derating curve for both types. Fig. 5- Thermal-cycling rating chart for both types. 
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'" z 
~ .-150 
t!3:; 

"''' iil> 

~1'4o 
!::: ; 

"''' "' I 

* ~130 ~ill 
~I! p 120 

110 

CASE TEMPERATURE (Tc )-2S-C I 

I 1111 I I 
VCER(susl RCA3441 ,.... 

....... r-., :-'C OlluII 

VeER (lUI) RCA6263 
....... 

....... r--. .VCEO(susl 

I 
124681024681002 46BIK 2 46810K2 4GIOCK 

EXTERNAL BASE-lO-EMITTER RESISTANCE IRBEI-a 

92CS-22279 

Fig. 6- Sustaining voltage vs. base-to-emitter 
resistance for both types. 

-2 -I 
BASE-la-EMITTER VOLTAGE (YSE)-V 

92CS-20715 

Fig. 8- Minimum reverse-bias second­
breakdown characteristics for 
both types. 

I t-------)~-
8 0 V 

COl.l.EC'1"CR-TO-EMITTER VOLTAGE (VCE)-V 
92SS-3214RI 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)" 4V 
CASE TEMPERATURE (T CI"25° C 

1.2 
~ -" 1'-. 
~ 

1.0-I?'-

'" ,/" 
S 0.8--" 

"'" 
0 

if 0.&-r-
~ r-... 

~ 0.4-I-., 
" I 0.2 z 
~ 

a 
2 4 . , 2 4 . , 2 

10 10 
2 4 . , 

COLLECTOR CURRENT Uel-mA· 
92CS-12~47 

2711. 

~/ 

loon 

-
VCEo's.til 

0 

Fig. 7- Typical gain-bandwidth product 
for both types. 

~ 2~.,"'H 
5A 

VERT. 
0.51\ 

OSCILLOSCOPE 

* GND. I INPUT 

t;:. 
(HEWLETT·PACKARD 

DEVICE 130 B. OR +vc 
UNDER EQUIVALENT) (0.3 

~ TEST 

10011. 
~IZ. 

USV 

VCEV(sus) 

c 
OV) 

~ ... 92LS·1748RI 

Fig. 9- Circuit used to measure sustaining voltages, 
VCEO(SUS), VCER(ws). and VCEV(ws) 
for both types. 

NOTE: 
TIlE SUSTAINING VOL lAGE VCEO(SUS) OR VCEv(SUS) IS ACCEPTABLE 

WHEN THE TRACE FALLS TO THE RIGHT AND ABOVE POINT "A" FOR 
TYPES2N4347 AND 2N34C2. 
(FOR VA.LUES OF I & V, SEE El~CTRICAL CHARACTERISTICS) 

Fig. 10- Oscilloscope display for measurement of 
sustaining voltages (test circuit shown in Fig. 9). 
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.5 1.0 " 2.0 2 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

Fig. 11- Typical input characteristics 
for RCA3441. 

92C5-12645 

CASE .TEMPERATURE (TC'=2S"C 

1.5 

I 
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;: 1.0 

i 
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:: 
~O.5 
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RR T 

50 100 150 200 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

Fig. 13- Typical output characteristics 
for RCA3441. 

BASE -TO- EMITTER VOLTAGE (VBE)-V 

Fig. 15- Typical transfer characteristics 
for RCA6263. 

92C5-19512 

., 
H 

... 

BASE-TO-EMITTER VOLTAGE (VBE)-V 

92C5-12643 

Fig. 12- Typical transfer characteristics 
for RCA3441. 

i5 150 

o 
BASE -TO - EMITTER VOLTAGE (VeE)-V 

92C5-19511 

1.5 

Fig. 14- Typical input characteristics 
for RCA6263. 
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COl.LECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 16- Typical outPut characteristics 
for RCA6263. 
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OO(]3LJl] 
Solid State 
Division 

RCA8203 
RCA8203A 
RCA8203B 

TO·220AB H·1535R1 

Collec:tor Also Available 

va~Emi"er 

Power Transistors 
RCA8203 

RCA8203ARCA8203B 

10-Ampere P-N-P Darlington 
Power Transistors 

40-60·80 Volts, 60 Watts 
Gain of 1000 at 5 A (RCA8203A, RCA8203B) 
Gain of 1000 at 3 A (RCA8203) 

Features: Applications: ~V--Ba~ • Operates from IC without predriver - Power switching - Audio amplifiers 

TO·220AA H·1534A1 
- Low leakage at high temperature - Hammer drivers 
- High reverse second·breakdown capability - Series and shunt regulators 

The RCA8203, RCA8203A and RCA82038- are mono· 
lithic p·n·p silicon Darlington transistors designed for low· 
and medium·frequency power applications. The high gain 
of these devices makes it possible for them to be driven 
directly from integrated circuits. They are complementary 
to the 2N6386, 2N6387, and 2N638f3&. 

These devices are supplied in the JEDEC TO·220AB straight· 
lead version of the VERSAWATT package. Optional lead 
configurations are available upon request. For information, 
contact your nearest RCA Sales Office. 

eFormerly RCA Dev. Nos. TA8204, TA84S7. and TA8203. reo 
spectively . 

.... Technical data for 2N6386-2N6388 are given in RCA bulletin 
File No. 610. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE.................... VCBO 
COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Ree) '" 100 n .. VCER(sus} 

With bas. open. . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . .. VCEOlsus) 

With base reverse-biased Vee"" + 1.5 V ............... VCEV(SUS) 
EMITTER·TO·BASE VOLTAGE. .. . . . . . . . . . . . . . . . . . . .. VEBO 

CONTINUOUS COLLECTOR CURRENT ..............• IC 

PEAK COLLECTOR CURRENT. . . . . . . . . • . . • . . . . • • . • . . ICM 

CONTINUOUS BASE CURRENT ..................... IB 

TRANSISTOR OISSIPATlON: Py 

At case temperatures up to 25°C . .................. . 

At case temperatures above 25°C .................. . 

TEMPERATURE RANGE: 

Storage and Operating (Junction) ................. . 

PIN TEMPERATURE lOuring Soldering): 

At distances:> 1/8 in. (3.17 mm) from case for 10 s max .. 

9·71 

,---------, 
I I 
I I 
I I 
I I 
I "lkn ">oon I 
L ____ ,.- ____ --.J 

92CS-20863 

Fig. '-SChematic diagram for all types. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C Unless OtherwilJe Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT RCA8203B RCA8203A Vdc Adc 

VCE VBE IC IB MIN. MAX. MIN. MAX. 

Coliector·Cutoff Current: 
-80 0 - -1 - -
-60 0 - - - -1 With base open -40 0 - - - -

With base open and ICEO -80 0 - -10 - -
TC = 150°C -60 0 - - - -10 

-40 0 - - - -
-80 +1.5 - -0.3 - -

With base reverse·biased -60 +1.5 - - - -0.3 
-40 +1.5 - - - -

With base reverse·biased ICEV -80 +1.5 - -3 - -
and TC = 150°C 

-60 +1.5 - - - -3 
-40 +1.5 - - - -

Emitter-Cutoff Current lEBO +5 0 - -10 - -10 
Collector·to·Emitter 
Sustaining Voltage: 
With base open VCEO(sus) -0.28 0 -80 - -60 -
With external base·to· 
emitter resistance VCER(SUS) -0.2a .,..80 - -60 -
(RBE) = lIID n 

With baseo8mitter junco 
VCEV(sus) +1.5 -0.2a -80 - -60 -tion reverse·biased 

-3 -3a - - - -
DC Forward Current 

hFE 
-3 -58 1000 20.000 1000 20,000 

Transfer Ratio -3 -8a - - - -
-3 -loa 100 - 100 -

-3 -3a - - - -
Base·to·Emitter Voltage VBE 

-3 -5a - -2.8 - -2.S 
-3 -sa - - ~ -
-3 -loa - -4.5 - -4.5 

-3a -0.006a - - - -
Coliector·to·Emitter VCE(sat) 

-5a -0.01 a - -2 - -2 
Saturation Voltage -sa -o.osa - - - -

-loa -O.la - -3 - -3 
Parallel Diode 

VF. 
-8 - - - -

Forward Voltage Drop -10 - -4 - -4 
Common·Emitter. Small· 
Signal, Short-Circuit 
Forward Current hfe 5 -1 1000 - 1000 -
Transfer Ratio: 
f = 1 kHz 

Magnitude of Common· 
Emitter. Small·Signal, 
Short-Circuit. Forward Ihfel 5 -1 20 - 20 -
Current Transfer Ratio: 
f= 1.0MHz 

Second Breakdown 
Energy: 
With base reverse-biased ES/bb +1.5 -4.5 30 - 30 -
and L = mH, RBE = 
lOOn 

Forward·Bias Second 
Breakdown Collector 

ISlb -20 -3 - -3 -Current: 
1 .. non·repetitive pulse 

Thermal Resistance: 
ROJC - 2.1 - 2.1 Junction·to-Case 

a Pulsed: Pulse duration = 300 /lS. duty factor = 1.8%. 

b ES/b is defined as the energy at which second breakdown occurs under specified revene bias conditions 
ES/b'" 1/2U2 where L is 8 series load or leakage inductance, and I is the peak collector current. 
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RCA8203. UNITS 

MIN. MAX. 

- -
- -
- -1 

- -
- -
- -10 

- - mA 
- -
- -0.3 

- -
- -
- -3 

- -10 mA 

-40 -

-40 - V 

-40 -
1000 20,000 
- -
100 -
- -
- -2.8 
- - V - -4.5 
- -
- -2 
- - V - -3 
- -
- -4 V - -

1000 -

20 -

30 - mJ 

-3 - A 

- 2.1 °CIW 
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Fig. 2-Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES CWLY 10 THE DISSIPATION­
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SPECIFIED VALUE FOR :Ie MAx, 
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Fig. 6-Typical de beta characteristiC$ for a/l types. Fig. 7-Typical small~61gnal gain for./ type$. 
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BASE-TO-EMITTER VOLTAGE IVBE)-V 
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Fig. 8-Typical input characteristics for all types. 

.. 
I 

J7.~ COLLECTOR-TO-E~ITTER VOLTAGE (VCE) " 5 V 

15 

~ 12.5 

! 10 

" 
7.5 

0 

~ 
8 

2.5 

BASE-TO-EMITTER VOLTAGE {VBEI-V 

4' 

9ZCS - 24907 

Fig. 10-Typical transfer characteristics for all types. 

~~~~~ETICS PULSE I81* 
GENERATOR MODEL 
No.PG-3I, OR 
EQUIVALENT 

PULSE DURATION 
20 ~s POSITIVE VOLTAGE 
20 ~s NEGATIVE VOLTAGE 

REP. RATE;200 Hz 

RB"'200 RC 

.. IBI AND I82 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6QI9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

Fig. 12-Circuit used to measure saturated switching times. 
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Fig. 9-Typical output characteristics for all types. 
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Fig. II-Typical saturated switching-time characteristics for all types. 
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Fig. 13-Phase relationship between input current and output cur­
rent showing reference points for specification of switching 
times (test circuit shown in Fig_ 12)_ 
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Fig. 14-Minimum values of reverse-bias second breakdown char­
acteristic (ES/lJ for all types. 

Fig. 15-Typical saturation characteristics for all types. 
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TERMINAL CONNECTIONS 
JEDEC TO·220AB 

Terminal No.1 - Base 
Terminal No.2 - Collector 
Terminal No.3 - Emitter 
Terminal No.4 - Collector 
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oornLJD 
Solid State 
Division 

Power Transistors 
RCA8350 

RCA8350A IRCA8350B 

10-Ampere P-N-P Darlington 
Power Transistors 

40-60-80 Volts, 70 Watts 
Gain of 1000 at 5 A 

Features: Applications: 
JEDEC TO-3 

" Operated from IC without predriver " Power switching " Audio amplifiers 

" High reverse second-breakdown capability "Hammer drivers 
H·1570 

The RCA8350, RCA8350A and RCA8350BO are mono­
lithic p-n-p silicon Darlington transistors designed for low­
and medium-frequency power applications_ The high gain 
of these devices makes it possible for them to be driven 
directly from integrated circuits. They are complementary 
to the 2N6383, 2N6384, and 2N6385A_ 

OFormerlv RCA Dev_ No,_ TA8351. TA8488. and TA8350. re: 
spectively. 

ATechnical data for 2N6383, 2N6384. and 2N6385 are given in RCA 
bulletin File No. 609. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO-8ASE VOLTAGE _. ______ . ___________ VCBO 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (Ree) :::z 100 n ... VCER(sus) 

With base open . .................................. VCEO(sus) 

With base reverse-biased Vse = +1.5 V ................ VCEV(sus) 
EMITTER-TO-BASE VOLTAGE ________________________ VEBO 

CONTINUOUS COLLECTOR CURRENT - - - - . - - - - - - - . - - - IC 

PEAK COLLECTOR CURRENT - - - _ •• - - - - - - - . - - - - - - - - - ICM 
CONTINUOUS BASE CURRENT _________________ - ____ IB 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .. .................. . 

At case temperatures above 25°C ............•.•....• 

TEMPERATURE RANGE: 

Storage and Operating (Junction) ................... . 

PIN TEMPERATURE (During Soldering): 

At distances ~1/32 in. (0.8 mm) from seating 
plane for 10 s max. . .......................... . 

9-74 

D Series and shunt regulators 

1-----------, 
I I 
I I 
I I 
I I 
I I 
I "I kn "2con I L _________ ..J 

92CS-20B63 

Fig. , -Schematic diagram for all types. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature ITC) = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vdc Adc RCA8350B RCA8350A RCA8350 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: -80 0 - -1 - - - -
-60 0 - - - -1 - -With base open -40 0 - - - - - -1 

With base open and 
ICEO -80 0 - -10 - - - -

TC = 150°C -60 0 - - - -10 - - mA 
-40 0 - - - - - -10 

With base reverse-biased -80 +1.5 - -0_3 - - - -
-60 +1_5 - - - -0.3 - -

ICEV 
-40 +1.5 - - - - - -0.3 

With base reverse- -80 +1.5 - -3 - - - -
biased and TC = 150°C -60 +1.5 - - - -3 - -

-40 +1.5 - - - - - -3 

Emitter·Cutoff Current lEBO 5 0 - -10 - -10 - -10 mA 

Collector-to-Emitter 
Sustaining Voltage: 
With b8se open VCEO(SUS) -0.28 0 -80 - -60 - -40 -
With external base-to-
emitter resistance VCER(SUS) -0.28 -80 - -60 - -40 - V 
(R8E) = loon 

With base-emitter junc-
VCEV(sus) +1.5 -0.2a -80 - -60 - -40 -tion reverse-biased 

DC Forward Current 
hFE 

-3 -5a 1000 20,000 1000 20,000 1000 20,000 
Transfer Ratio -3 -loa 100 - 100 - 100 -

Base-to-Emitter Voltage VBE 
-3 -5a - -2.8 - -2.8 - -2.8 V -3 -loa - -4.5 - -4.5 - -4.5 

Collector·to-Emitter VCE(sat) 
-5a -0.01 a - -2 - -2 - -2 V Saturation Voltage -loa -O.la - -3 - -3 - -3 

Parallel Diode 
VF -10 - -4 - -4 - -4 V Forward Voltage 

Common-Emitter, Small-
Signal, Short-Circuit 
Forward Current hfe -5 -1 1000 - 1000 - 1000 -
Transfer Ratio: 
f = 1 kHz 

Magnitude of Common-
Emitter, Small-Signal 
Short-Circuit, Forward Ihfel -5 -1 20 - 20 - 20 -
Current Transfer Ratio: 
f = 1.0 MHz 

Second-Breakdown 
Energy: 

ESlbb With base reverse- +1.5 -4.5 30 - 30 - 30 - mJ 
biased and L = 3 mH, 
RBE=100n 

Forward-Bias Second 
Breakdown Coliector 

ISlb 
-35 -1 - -1 - -1 - A Current: -20 -5 - -5 - -5 -

l-s nonrepetitive pulse 
Thermal Resistance: 

ROJC - 1.75 - 1.75 - 1.75 °CIW Junction-to-Case 

a Pulsed: Pulse duration c 300 ps, duty factor"" 1.8%. 

b ES/b is defined as the energy at which second breakdown occurs under specified reverse bias conditions. 
ES/b'" 1/2 LI2 where L is a series load or leakage inductance, and I is the peak collector current. 
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Fig. 6- Typical de beta characteristics for all types. Fig. 7-Typical small-signal gain for all types, 
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Fig. 8-Typical input characteristics for all types. 
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Fig. IO-Typical transfercharBCteristics foralt types. 

PULSE DURATION 
20 14 5 POSITIVE VOLTAGE 
20 Jl.s NEGATIVE VOL rAGE 

REP. RATE :200 Hz 

Ra=200 Re 

it Ial AND 182 ARE MEASURED WITH TEKTRONIX CURRENT 

PR08E P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig .. t2-Circuit used to measure saturated switching times. 
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Fig. 9-Typical output characteristics for all types. 
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Fig. 11-Typical saturated switching-time characteristics for all types. 
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Fig. 13-Phase relationship· between input current and output cur­
rent showing reference points for specification of switching 
times (test circuit shown in Fig. 12J. 
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Fig. 14-Typical saturation characteristics for all types. Fig. t5-Minimum values of reverse-bias second breakdown char­
..te,lstic (Eslbi fo, all types_ 
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TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 
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OO(]5LlD 
Solid State 
Division 

Power Transistors 
RCIP1 'II 'II , RCP113, 

RCP115, IRCIP1I17 Series 

IHUgh-Voltage, Medium-Power 
Silicon N-P-N Power Transistors 
For TV Video Output and Linear-Amplifier Applications 

At VCE = 10 V. IC =_25 rnA 

~ VCEO (V) 50-300 30-150 50 min. 20 min. 

350 RCPll10 RCP113D - -
300 RCPlllC RCP113C - -
250 RCPll1B RCP113B RCPl15B RCP117B 
200 RCplllA RCP113A - -

H·1824 100 - - RCP115 RCP117 

Note: Characteristics charts for individual device types show hFE 
measured at additional current levels. 

Features: 

CI Low Miller feedback capacitance: 
Cb'c = 2.25 pF max. 

CI Thermal-cycling ratings 

e Maximum safe-area-of-operation 
curves 

The RCP111·. RCPI13-. RCPI15·. and RCPl17-series power transistors 
are double-diffused, epitaxial-collector silic;on n-p-n transistors with planar 
junctions and field-shield construction. These transistors are designed 
especially for TV applications such as RGB output. chroma output. and 
video output. They are also suitable for use in regulators, audio output and 
amplifier circuits, and electrostatic deflection in display circuits. The 
devices are supplied in a new molded plastic package. 

" High gain-bandwidth product: 
fT = 80 MHz typo 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO-EMITTER SUSTAINING VOLTAGE: 
With base open ...................... VCEO(sus) 

EMITTER·TO·BASE VOLTAGE ........... VEBO 

CONTINUOUS COLLECTOR CURRENT .... IC 

CONTINUOUS BASE CURRENT .•........ IB 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C ........ 
At ambient temperatures up to 250 C ....• 
For pulse operation ................... 

TEMPERATURE RANGE: 
Storage and Operating (Junction) •....... 

LEAD TEMPERATURE (During Soldering): 
At distance;:' 1/16 in. (1.39 mm) from case for 10 s max. 

8-74 

RCP111D RCP111C 
RCP113D RCP113C 

350 300 

7 7 

150· 150 

50 50 

6.25 6.25 
1.56 1.56 

RCPlllB RCPlllA RCP115B 
RCP113B RCP113A RCP117B 

250 200 250 

7 7 5 

150 150 150 

50 50 50 

6.25 6.25 6.25 
1.56 1.56 1.56 

See Fig. 1 

-65 to 150 

230 

RCP115 
RCP117 

100 V 

5 V 

150 rnA 

50 rnA 

6.25 W 
1.56 W 

°C 

°C 
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RCP111, RCP113, RCP115, RCP11,7 Series _________________ File No. 822 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2!PC 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

Vdc mAde 

VCS VCE VSE IC 

Collector Cutoff Current: 

With emitter open ICBO 
350 
300 

With base open ICEO 
250 
200 

Emitter Cutoff Current lEBO 6 0 

DC Forward·Current Transfer 
hFE 

10 25a 

Ratio 10 l a 

Coliector·to·Emitter Sustaining 
Voltage: 
With base openb VCEO(sus) 20a 

Base·to·Emitter Voltage VBE 10 25a 

Emitter·to·Base 
Breakdown Voltage: V(BR)EBO 0 

IE= 1 mA 

Coliector·to·Emitter Saturation 
Voltage VCE(sat) 25a 

Magnitude of Common·Emitter, 
Small·Signal, Short·Circuit, 
Forward·Current Transfer Ratio: Ihfe I 20 15 

f = 20 MHz 

Gain·Bandwidth Product fT 20 15 

Second·Breakdown 
Collector Current: ISIb 

With base forward·biased and 100 
t = 0.05 s 

Three·Terminal Feedback 
Capacitance (Miller Cb'c 20 25 
Capacitance) 

Thermal Resistance: 
Junction~toacase ROJC 

Junction·to·ambient ROJA 

a Pulsed, pulse duration = 300 IJs, duty factor lSi; 2%. 

bCAUTION: Sustaining voltage. VCEO(sus), MUST NOT be measured on a curve tracer. 
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TERMINAL CONNECTIONS 

Terminal No, 1 - Emitter 

Terminal No.2 - Base 
Terminal No.3 - Collector 
Terminal No.4 - Collector 

IB 

0 
0 

0 

2.5 

LIMITS 

RCP111D RCPlllC UNITS 

Min. Max. Min. Max. 

- 1 - -
p.A - - - 1 

- 5 - -
p.A - - - 5 

- 10 - 10 p.A 

50 300 50 300 
25 - 25 -

350 - 300 - V 

- 1 - 1 V 

7 - 7 - V 

- 1 - 1 V 

4 (typ.) 4 (typ.) 

I I 
80 (typ.) 80 (typ.) MHz 

100 - 100 - mA 

- 2.25 - 2.25 pF 

- 20 - 20 
°CNJ - 80 - 80 



File No. 822 ________________ RCP111, RCP113, RCP115, RCP117 Series 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T CJ = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

RCPlllB RCPlllA UNITS V de mAde 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 

With emitter open ICBO 
250 - 1 - -
200 - - - 1 fJ.A 

With base open ICED 
17~ 0 - 5 - -

fJ.A 150 0 - - - 5 

Emitter Cutoff Current lEBO 6 0 - 10 - 10 fJ.A 

DC Forward·Current Transfer 
hFE 

10 25a 50 300 50 300 
Ratio 10 l a 25 - 25 -

Coliector·to·Emitter Sustaining 
Voltage: 
With base openb VCEO(sus) 20a 0 250 - 200 - V 

Base-to-Emitter Voltage VBE 10 25a - 1 - 1 V 

Emitter-to-Base 
Breakdown Voltage: V(BR)EBO 0 7 - 7 - V 

IE= 1 rnA 

Collector-to-Emitter Saturation 
Voltage VCE(sat) 25a 2.5 - 1 - 1 V 

Magnitude of Common-Emitter. 
Small-Signal, Short·Circuit, 
Forward-Current Transfer Ratio: Ihfel 20 15 4 (typ.) 4 (typ.) 

f = 20 MHz I I 
Gain-Bandwidth Product fT 20 15 BO (typ.) 80 (typ.) MHz 

Second-Breakdown 
Collector Current: ISlb 
With base forward·biased and 100 100 - 100 - rnA 

t = 0.05 s 

Three-Terminal Feedback 
Capacitance (Miller Cb'c 20 25 - 2.25 - 2.25 pF 
Capacitance) 

Thermal Resistance: 
Junction-to-case ROJC - 20 - 20 

°e/W 
Junction-to-ambient ROJA - 80 - 80 

a Pulsed, pulse duration'" 300 J.l.S. duty factor ~ 2%. 

bCAUTION: Sustaining voltage. VCEO(sus), MUST NOT be measured on a curve tracer. 
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RCPlll, RCPl13, RCPl15, RCPl17 Series ________________ File No. 822 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

RCPl13D RCP113C UNITS 
V de mAde 

VCB ,VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 

With emitter open ICBO 
350 - 1 - -

p.A 
300 - - - 1 

With base open ICEO 
250 0 - 5 - -

p.A 
200 0 - - - 5 

Emitter Cutoff Current lEBO 6 0 - 10 - 10 p.A 

DC Forward-Current Transfer 
hFE 

10 25a 30 150 30 150 
Ratio 10 i a 15 - 15 -

Collector-to-Emitter Sustaining 
Voltage: 
With base openb VCEO(sus} 20a 0 350 - 300 - V 

Base-to-Emitter Voltage VBE 10 25a - 1 - 1 V 

Emitter-to-Base 
Breakdown Voltage: V(BR}EBO 0 7 - 7 - V 

IE= 1 rnA 

Collector-to-Emitter Saturation 
Voltage VCE(sat} 25a 2_5 - 1 - 1 V 

Magnitude of Common-Emitter. 
Small-Signal. Short-Circuit, 
Forward-Current Transfer Ratio: Ihfe I 20 15 4 (typ.) 4 (typ_) 

f = 20 MHz I I 
Gain-Bandwidth Product fT 20 15 80 (typ_) BO (typ.) MHz 

Second-Breakdown 
Collector Current: ISlb 
With base forward-biased and 100 100 - 100 - rnA 

t = 0.05 s 

Three-Terminal Feedback 
Capacitance (Miller Cb'c 20 25 - 2.25 - 2_25 pF 
Capacitance) 

Thermal Resistance: 
Junction~to-case ROJC - 20 - 20 

oCIW 
Junction-to-ambient ROJA - 80 - 80 

a Pulsed, pulse duration"" 300 ,",S, duty factor ~ 2%. 

bCAUTION: Sustaining voltage. VCEO(SUS). MUST NOT be measured on a curve tracer. 
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File No. 822 ________________ RCP111, RCP113, RCP115, RCP117 Series 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tci = 25"(; 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE 

Vde 
CURRENT 

mAde RCPl13B . RCPl13A UNITS 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 

With emitter open ICBO 
250 ..., 1 - -

JlA 
200 - - - 1 

With base open ICEO 
175 0 - 5 - -

JlA 150 0 - - - 5 

Emitter Cutoff Current lEBO 6 0 - 10 - 10 JlA 

DC Forward-Current Transfer 
hFE 

10 25a 30 150 30 150 
Ratio 10 l a 15 - 15 -

Collector-to-Emitter Sustaining 
Voltage: 
With base openb VCEO(sus) 20a 0 250 - 200 - V 

Base-to-Emitter Voltage VBE 10 25a - 1 - 1 V 

Emitter-ta-Base 
Breakdown Voltage: V(BR)EBO 0 7 - 7 - V 

IE= 1 mA 

Collector-to-Emitter Saturation 
Voltage VCE(sat) 25a 2_5 - 1 -= 1 V 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratio: Ihfe I 20 15 4 (typ.) 4 (typ.) 

f = 20 MHz i I 
Gain-Bandwidth Product fT 20 15 80 (typ.) 80 (typ.) MHz 

Second-Breakdown 
Collector Current: ISlb 
With base forward-biased and' 100 100 - 100 - mA 

t=0_05s 

Three-Terminal Feedback 
Capacitance (Miller Cb'c 20 25 - 2.25 - 2.25 pF 
Capacitance) 

Thermal Resistance: 
Junction-ta-case ROJC - 20 - 20 

°C/W 
. Junction-to-ambient ROJA - 80 - 80 

a Pulsed, pulse duration == 300 P.S, duty factor ~ 2%. 

bCAUTION: Sustaining voltage, VCEO(sus). MUST NOT be measured on a curve tracer. 
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RCP111, RCP113, RCP115, RCP117Series ________________ FileNo. 822. 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T CJ = 2!PC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

RCP115B RCP115 UNITS Vdc mAde 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 

With emitter open ICBO 
250 - 50 - -
100 - - - 50 JlA 

With base open ICEO 
175 0 - 100 - - JlA 70 0 - - - 100 

DC Forward·Current Transfer 
hFE 

10 25a 50 - 50 -
Ratio 10 , a 10 - 10 -

Coliector·to·Emitter Sustaining 
Voltage: 
With base openb VCEO(sus) 20a 0 250 - 100 - V 

Base·to·Emitter Voltage VBE 10 25a - 1.5 - 1.5 V 

Em itter·to· Base 
Breakdown Voltage: V(BR)EBO 0 5 - 5 - V 

IE= 1 rnA 

Coliector·to·Emitter Saturation 
Voltage VCE(sat) 25a 5 - 2 - 2 V 

Magnitude of Common·Emitter, 
Small,Signal, Short·Circuit, 
Forward·Current Transfer Ratio: Ihfe I 20 15 4 (typ.) 4 (typ.) 

f = 20 MHz I I 
Gain·Bandwidth Product fT 20 15 BO (typ.) BO (typ.) MHz 

Second·Breakdown 
Collector Current: ISlb 
With base forward·biased and 75 130 - 130 - rnA 

t = 0.05 s 

Three·Terminal Feedback 
Capacitance (Miller Cb'c 20 25 - 2.25 - 2.25 pF 
Capacitance ) 

Thermal Resistance: 
Junction-ta-case ROJC - 20 - 20 

oCIW 
Junction·to·ambient ROJA - 80 - BO 

a Pulsed, pulse duration"" 300 IlS, duty factor <;; 2%. 

beAUTION: Sustaining voltage. VCEO(sus), MUST NOT be measured on a curve tracer. 
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File No. 822 ___________ ~ _____ RCP111, RCP113, RCP115, RCP117 Series 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2fiOc 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

UNITS Vde mAde RCP117B RCPl17 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 

With emitter open ICBO 
250 - 50 - -
100 - - - 50 IlA 

With base open ICED 
175 0 - 100 - -

)J.A 
70 0 - - - 100 

DC Forward·Current Transfer 
hFE 

10 25a 20 - 20 -
Ratio 10 l a 10 - 10 -

Coliector·to·Emitter Sustaining 
Voltage: 
With base openb VCEO(sus) 20a 0 250 - 100 - V 

Base·to·Emitter Voltage VBE 10 25a - 1.5 - 1.5 V 

Emitter·to·Base 
Breakdown Voltage: V(BR)EBO 0 5 - 5 - V 

IE= 1 mA 

Collector·to·Emitter Saturation 
Voltage VCE(sat) 25a 5 - 2 - 2 V 

Magnitude of Common· Emitter, 
Small·Signal, Short·Circuit, 
Forward·Current Transfer Ratio: Ihfe I 20 15 4 (typ.) 4 (typ.) 

f = 20 MHz I I 
Gain·Bandwidth Product fT 20 15 BO (typ.) sb (typ.) MHz 

Second·Breakdown 
Collector Current: ISlb 
With base forward·biased and 75 130 - 130 - rnA 

t = 0.05 s 

Three·Terminal Feedback 
Capacitance (Miller Cb'c 20 25 - 1.25 - 2.25 pF 
Capacitance) 

Thermal Resistance: 
Junction-ta-case ROJC - 20 - 20 

°C/W 
Junction-ta-ambient ROJA - 80 - 80 

a Pulsed, pulse duration = 300 ISS, duty factor E; 2%. 

bCAUTION: Sustaining voltage, VCEO(susJ. MUST NOT be measured on a curve tracer. 
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Fig. 6-Typical input characteristics for all types. 
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Fig. 8-Typical transfer characteristics for all types. 
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Fig. 5-Typical de beta characteristics for all types. 
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Fig. 7-Typical output characteristics for all types. 
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92CS-24111 

Fig. 10-Typical junction capacitance vs. reverse-bias base-to-emitter voltage. 

CALIBRATION AND USE OF Cb'c TEST SET 

1. Nulling socket and stray capacitance: 

With the socket empty, adjust R3 and R4 for a null 
output on the readout oscilloscope with the signal gen· 
erator at approximately half output. 

2. Calibration: 

With a known capacitor (smaller than C4) across the 
collector and base terminals of the device·test socket, 
a null will appear on the oscilloscope at some setting of R5. 
Calibrate a readout dial (in pF) on R5 by measuring a 
range of capacitor values. 

An alternate method is to connect an accurate capacitor 
across the collector and base terminals and adjust the 
signal-generator output' for a calibrated scope readout, 
e.g., 1 pF = 100 microvolts (peak). 

3. Set·up of operating point VCE, Ie: 
With the set·up transistor in the socket and V CC supply at 
10·20 V, set the VEE supply to the desired operating 
current. Attach the voltmeter (VCE) as shown in the 
circuit diagram, and adjust VCC to the desired conditions. 
Remove the voltmeter, and test the units by the method 
chosen from (2) above. 
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+ 
Vee -.£. 0-100 Vdc 

r---t--t-----r.M~A~X~-,m~~~~~~ 

92CS-24112 

H20-200 CD, OR 

&-ZE_~~_R~_,~ro(:AL::T~ 
r kHz 

LO 

Cl: 1000 pF 

IIa: 
REMOVE AFTER 
SETTING VCE 
AND Ie 

...... 

C2. C4: 5 pF 
C3: 2000pF 
C5: 5IJF,150V,electrolytic 
C6: 5 IJF. 25 V. electrolytic 

L 1, L2: 40 turns No. 30 bifilar 
L3: 40 turns No. 34 bifHer 

L 1. L2. and L3 are wound 
On one 1/2 in. (12.7 mml 
diameter ferrite rod 2 in. 
(50.8 mmllong. 

Rl: 10 Megll 
R2: 470!l 

R3. R4: 500 n pot .• linear taper 
R5: 5000 n pot., I inear taper 
R6: 1000!l 

01: lN3195 

All resistors are carbon. 1/2 W 

Fig. 11-Test set used for Miller capacitance (Cb'J. 
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[R1(]5LJD 

Features 

Solid State 
Division 

H-1824 

II Maximum safe·area-of-operation 
curves specified for de operation 

.. Planar construction for low 
noise and low leakage 

• High gain at high current 

• Fast switching time 

• Thermal·cycling ratings 

" P-N-P complements of n-p-n 
types in RCP701, RCP703, 
RCP705, and RCP707 series 

Power Transistors 

RCP700, RCP702, 
RCP704, RCP706 Series 

General-Purpose, Medium-Power 
Silicon P-N-P Planar Transistors 
For Large-Signal Applications 

~ 
At VCE = 4 V, IC = 500 rnA 

VCEO(sus) 
(V) 50-250 30-150 50 min. 20 min. 

100 RCP700D RCP702D - -
80 RCP700C RCP702C - -
60 RCP700B RCP702B RCP704B RCP706B 

40 RCP700A RCP702A - -
30 - - RCP704 RCP706 

The RCP700-, RCP702-, RCP704-, and RCP706-series power tran­
sistors are double·diffused, epitaxial-planar silicon p-n-p transistors. They 
are intended for a wide variety of large-signal, general-purpose applications 
such as complementary vertical deflection, TV sound output, regulators, 
and driver and output stages of audio amplifiers. They are the p-n-p com­
plements of the n·p·n devices in the RCP701, RCP703, RCP705, and 
RCP707 series*' These devices are supplied in a molded plastic package. 

* See bulletin File No. 820 for data for the RCP701-. RCP703-. RCP705-. and 
RCP707-series devices. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO·BASE VOLTAGE ..... VCBO 
COLLEGTOR-TO,EMITTER 

SUSTAINING VOLTAGE: 

With base open ..•.•..•.....••.•• 

EMITTER·TO-BASE VOLTAGE .... , .. 
CONTINUOUS COLLECTOR CURRENT. 

CONTINUOUS BASE CURRENT ..... . 

TRANSISTOR DISSIPATION: 
° At case temperatures up to 25 C .... 

At ambient temperatures up to 0250 C .. 

At case temperatures above 25 C .... 
At ambient temperatures above 2SoC 

TEMPERATURE RANGE: 
Storage & Operating (Junction) .... 

PIN TEMPERATURE (During Soldering) 
At distances~lJ8 in. (3.17 mm) from 

seating plane for 10 5 max ........ . 

8·74 

vCEoisus) 
V EBO 
IC 

IB 
PT 

RCP100D RCP700C RCP700B RCP700A RCP104B RCP704 

RCP702D RCP102C RCP702B RCP702A RCP706B RCP706 

-125 -105 

-100 -80 
-7 -7 

-2 -2 

-1 -1 

10 10 

1.75 1.75 

-85 -55 

-60 -40 

-7 -7 

-2 -2 
-1 -1 

10 10 
1.75 1.75 

Derate linearly 0.08 wtc 
Derate linearly 0.014 W/oC 

-85 -45 

-60 -30 
-5.5 -5.5 
-2 -2 
-1 -1 

10 10 

1.75 1.75 

65 to +150 -----------

-'---------- 230 

V 

V 
V 

A 

A 

W 
W 

°c 

°c 
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RCP700, RCP702, RCP704, RCP706Series _________________ File No. 821 

ELECTRICAL CHARACTERISTICS At Case Temperature (TcJ = 2~C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vdc mAdc RCP700D RCP700C 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -105 - -0.5 - - p.A 

-B5 - - - -0.5 

With base open ICEO 
-75 - -100 - -
-60 - - - -100 

p.A 

With base·emitter 
ICEV 

-125 1.5 - -100 - -
junction reverse-biased -105 1.5 - - - -100 

p.A 

Emitter Cutoff Current lEBO 7 0 - -100 - -100 p.A 

DC Forward·Current 
hFE 

-4 -500" 50 250 50 250 
Transfer Ratio -4 -1000" 10 - 10 -

Collector-to-Emitter 
Sustaining Vo)tage: 
With base openb VCEO(sus) -100a 0 -100 - -BO - V 

Base-ta-Emitter Saturation 
VBE(sat) 

Voltage -500a -50 - -1.2 - -1.2 V 

Base-to-Emitter Voltage VBE -4 -500" - -1.1 - -1.1 V 

Collector-to-Emitter 
VCE(sat) _ -500a 

Saturation Voltage 
-50 - -O.B - -O.B V 

Magnitude of Common-
Emitter, Small-Signal, 

Ihfel Short-Circuit, Forward- -4 -50 5 - 5 -
Current Transfer Ratio: 
f= 10MHz 

Gain-Bandwidth Product fT -4 -50 50 - 50 - MHz 

Second-Breakdown 
Collector Current: 
With base forward-

-50 -150 -150 
biased and t = 50 ms IS/b - - rnA 

Output Capacitance: 
Cabo -10 20 40 20 40 pF 

f = 1 MHz 

Saturated Switching Time 
(VCC = 30V, 
IBI = IB2): 
Turn-on (td + t r) tON -500 ~50 - 100 - 100 

Turn-off (ts + tf) tOFF -500 -50 - 1000 1000 
ns -

Thermal Resistance: 
Junction-to-case ROJC - 12.5 - 12.5 

°C/W 
Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 1J5. duty factor ~ 2%. 

b CAUTION: Sustaining voltage, V CEO(sus), MUST NOT be measured on a curve tracer. 
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File No. 821 ________________ RCP700, RCP702, RCP704, RCP706 Series 

ELECTRICAL CHARACTERISTICS At Case Temperature (TCI = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP700B RCP700A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -70 - -0.5 - - IlA 

-50 - - - -0.5 

With base open ICED 
-45 0 - -100 - -
-30 0 - - - -100 IlA 

With base·emitter 
ICEV 

-B5 1.5 - -100 - -
IlA junction reverse-biased -55 1.5 - - - -100 

Emitter Cutoff Current lEBO 7 0 - -100 - -100 IlA 

DC Forward·Current 
hFE 

-4 -500a 50 250 50 250 
Transfer Ratio -4 -1000" 10 - 10 -

Collector·to·Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) -100" 0 -60 - -40 - V 

Base-ta-Emitter Saturation 
VBE(sat) 

Voltage -500a -50 - -1.2 - -1.2 V 

Base·to·Emitter Voltage VBE -4 -500a - -1.1 - -1.1 V 

Collector·to·Emitter 
VCE(sat) -500a -50 -O.B -O.B V 

Saturation Voltage 
- -

Magnitude of C!Jmmon· 
Emitter, Small,Signal, 
Short·Circuit, Forward· I hfe I -4 -50 5 - 5 -
Current Transfer Ratio: 
f= 10MHz 

Gain·Bandwidth Product fT -4 -50 50 - 50 - MHz 

Second·Breakdown 
Collector Current: 
With base forward· 

ISlb 
-50 -150 - - - rnA 

biased and t = 50 ms -35 - - -285 -
Output Capacitance: 

Cobo -10 20 40 20 40 pF 
f = 1 MHz 

Saturated Switching Time 
(VCC= 30V, -IBI =IB2): 
Turn·on (td + trl tON -500 -50 - 100 - 100 

Turn·off (ts + tfl -500 -50 1000 - 1000 
ns 

tOFF -
Thermal Resistance: 

Junction-to-case ROJC - 12.5 - 12.5 
°C/W 

Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration::: 300 Jls, duty factor ~ 2%. 

b CAUTION: Sustaining voltage, V CEO(sus), MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At Case Temperature (TC' = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP702D RCP702C 

Vce VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -105 _. -0.5 - - p.A 

-85 - - - -0.5 

With base open ICED 
-75 0 - -100 - -
-60 0 - - - -100 

p.A 

With base-emitter -125 1.5 - -100 - - -
junction reverse-biased ICEV -105 1.5 - - - -100 

p.A 

Emitter'Cutoff Current lEBO 7 0 - -100 - -tOO p.A 

DC Forward·Current 
hFE 

-4 -500" 30 150 30 150 
Transfer Ratio -4 -1000" 10 - 10 -

Collector·to·Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) -100" 0 -100 - -80 - V 

Base-ta-Emitter Saturation 
VBE(sat) 

Voltage -500· -50 - -1.2 - -1.2 V 

Base-to·Emitter Voltage VBE -4 -500" - - - - V 

Collector-to·Emitter 
VCE(sat) -SODa -50 -0.8 -0.8 V 

Saturation Voltage 
- -

Magnitude of Cpmmon-
Emitter, Small·Signal, 
Short-Circuit, Forward· 
Current Transfer Ratio: 

I hfe I -4 -50 5 - 5 -

f = 10 MHz 

Gain·Bandwidth Product fT -4 -50 50 - 50 - MHz 

Second· Breakdown 
Collector Current: 
With base forward-

ISlb -50 -150 -150 mA 
biased and t = 50 ms 

- -

Output Capacitance: 
Cabo -10 20 40 20 40 pF 

f= 1 MHz 

Saturated Switching Time 
(VCC= 30V. -
IBl = IB2): 
Turn-on (td + t r) tON -500 -50 - 100 - 100 

Turn-off (t;+ tf) tOFF -500 -50 1000 1000 
ns - -

Thermal Resistance: 
Junction-to-case ROJC - 12.5 - 12.5 

°C/W 
Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 1'5, duty factor ~ 2%. 

b CAUTION: Sustaining voltage, V CEO (sus) • MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At Case Temperature (T ci = 25°C 

TEST CONDITIONS LIMITS :-

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP102B RCP702A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -70 - -0.5 - - IlA 

-50 - - - -0.5 

With base open ICEO 
-45 0 - -100 - -
-30 0 - - - -100 IlA 

With base·emitter 
ICEV 

-85 1.5 - -100 - -
IlA junction reverse-biased -55 1.5 - - - -lQO 

Emitter Cutoff Current lEBO 7 0 - -100 - -100 IlA 

DC Forward·Current 
hFE 

-4 -500" 30 150 30 150 
Transfer Ratio -4 -1000" 10 - 10 -

Collector·to-Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) -100" 0 -60 - -40 - V 

Base-to-Emitter Saturation 
VBE(sat) 

Voltage -500" -50 - -1.2 - -1.2 V 

Base-to-Emitter Voltage VBE -4 -500" - -1.1 - -1.1 V 

Collector-to-Emitter 
VCE(sat) -500a -50 -O.B -0.8 V 

Saturation Voltage - -

Magnitude of Common-
Emitter, Small-Signal, 
Short-Circuit, Forward-
Current Transfer Ratio: 

I hfe I -4 -50 5 - 5 -

f = 10 MHz 

Gain-Bandwidth Product fT -4 -50 50 - 50 - MHz 

Second-Breakdown 
Collector Current: 
With base forward-

ISlb 
-50 - -'-50 - - - mA 

biased and t = 50 ms -35 - - - 285 -
Output Capacitance: 

Cabo -10 20 40 20 40 pF 
f = 1 MHz 

Saturated Switching Time 
(VCC= 30 V, 
IBl =IB2): 
Turn-on (td + t r) tON -500 -50 - 100 - 100 

Turn-off (ts + tf) -500"-" -50 1000 1000 
ns 

tOFF - -
Thermal Resistance: 

Junction-ta-case ROJC - 12.5 - 12.5 
°C/W 

Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration"" 300 ps. duty factor ~ 2%. 

b CAUTION: Sustaining voltage, VCEO(sus), MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP704B RCP704 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -70 - -5 - - JlA 

-40 - - - -5 

With base open ICED 
-45 - -1000 - -
-22 - - - -1000 JlA 

With base-emitter 
ICEV 

-B5 1.5 - -100 - -
junction reverse·biased -45 1.5 - - - -100 JlA 

Emitter Cutoff Current lEBO 5.5 0 - -100 - -100 IlA 

DC Forward·Current 
hFE -5000 50 

Transfer Ratio -4 - 50 -

Collector·to·Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) -1000 a -60 - -30 - V 

-
Base·to·Emitter Saturation 

VBE(sat) " Voltage -500" -50 - -1.6 - -1.6 V 

Base·to-Emitter Voltage VBE -4 -5000 - -1.5 - -1.5 V 

Collector-to-Emitter 
VCE(sat) -500" -50 -1.2 V 

Saturation Voltage - - -1.2 

Magnitude of Common-
Emitter; Small,Signal, 
Short·Circuit, Forward- I hfe I -4 -50 5 - 5 -
Current Transfer Ratio: 
f=10MHz 

Gain-Bandwidth Product fT -4 -50 50 - 50 - MHz 

Second·Breakdown 
Collector Current: 
With base forward· 

I SIb 
-50 -100 - - - mA 

biased and t = 50 ms -20 - - -000 -
Output Capacitance: 

Cabo -10 20 40 20 40 pF 
f = 1 MHz 

"Saturated Switching Time 
(VCC=30V, 
IBI =IB2): 
Turn·on (td + tr) tON -500 -50 - 100 - 100 

Turn-off (ts + It) tOFF -500 -50 1000 1000 
ns - -

Thermal Resistance: 
Junction·to-case ROJC - 12.5 - 12_5 

°CIW 
Junction-to-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 ,,5, duty factor :Et; 2%. 

b CAUTION: Sustaining voltage, VCEO{sus}, MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 2fJC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP706B RCP706 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO -70 - -5 - - IlA 

-40 - - - -5 

With base open ICEO 
-4S 0 - -1000 - -

IlA -22 0 - - - -1000 

With base·emitter 
ICEV 

-8S 1.S - -100 - -
junction reverse-biased -4S 1.S - - - -100 IlA 

Emitter Cutoff Current lEBO S.S 0 - -100 - "':100 IlA 

DC Forward·Current 
hFE -4 -sooa Transfer Ratio 20 - 20 -

Collector·to·Emitter 
Sustaining Volta!le: 
With base openb VCEO(sus) -10oa 0 -60 - -30 - V 

Base·to·Emitter Saturation 
VBE(sat) 

Voltage -50oa -50 - -1.6 - -1.6 V 

Base·to·Emitter Voltage VBE -4 -sooa - -1.5 - -loS V 

Collector·to·Emitter 
VCE(sat) -SOOa -SO -1.2 -1.2 V 

Saturation Voltage - -

Magnitude of Common· 
Emitter. Small·Signal. 
Short·Circuit, Forward· 
Current Transfer Ratio: 

I hfel -4 -50 S - 5 -

f= 10MHz 

Gain·Bandwidth Product fT -4 -SO SO - 50 - MHz 

Second·Breakdown 
Collector Current: -
With base forward· 

iS/b 
-SO -100 - - - rnA 

biased and t = SO ms -20 - - ~OO -
Output Capacitance: 

Cobo -10 20 40 20 40 pF 
f = 1 MHz 

Saturated Switching Time 
(VCC=30V. 
IBl = IB2): 
Turn·on (td + tr) tON -SOO -SO - 100 - 100 

Turn·off (ts +tf) -SOO -SO 1000 1000 
ns 

tOFF - -
Thermal Resistance: 

Junction-to-case ROJC ~ 12.S - 12.S 
°CIW 

Junction-to-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 JlS, duty factor ~ 2%. 

b CAUTION: Sustaining voltage, VCEO(sus). MUST NOT be measured on a curve tracer. 
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Features 

oornm 
Solid State 
Division 

• Maximum safe-area-of-operation 
curves specified for de operation 

• Planar construction for low 
noise and low leakage 

• High gain at high current 

• Fast switching ti me 

• Thermal-cycling ratings 

• N-P-N complements of p-n-p 
types in RCP700. RCP702. 
RCP704. and RCP706 series 

Power Transistors 
RCP701, RCP703, 

RCP705, RCP707 Series 

General-Purpose, Medium-Power 
Silicon N-P-N Planar Transistors 
For Large-Signal Applications 

~ 
At V CE = 4 V. I C = SOO mA 

VCEO(sus) 
(V) SO-2S0 30-1S0 SO min. 20 min. 

100 RCP701D RCP703D - -
80 RCP701C RCP703C - -
60 RCP701B RCP703B RCP70SB RCP707B 

40 RCP701A RCP703A - -
30 - - RCP70S RCP707 

The RCP701-. RCP703-. RCP70S-, and RCP707-series power tran­
sistors are double·diffused,epitaxial-planar silicon p·n-p transistors. They 
are intended for a wide variety of large-signal, general-purpose applications 
such as complementary vertical deflection, TV sound output, regulators, 
and driver and output stages of audio amplifiers. They are the n-p-n comple­
ments of the p-n-p devices in the RCP700, RCP702, RCP704, and RCP706 
series*. These devices are supplied in a molded plastic package. 

* See bulletin File No. 821 for data for the RCP700-, RCP702-. RCP704-. and 
RCP706-series devices. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE. . . .. V CBO 
COLLECTOR·TO-EMITTER 

SUSTAINING VOLTAGE: 

With base open ......... . 

EMITTER·TO·BASE VOLTAGE ...... . 

CONTINUOUS COLLECTOR CURRENT. 

CONTINUOUS BASE CURRENT ..... . 

TRANSISTOR DISSIPATION: 

At case .temperatures up to 25°C 0 ...• 

At ambient temperatures up to 025 C .. 
At case temperatures above 25 C .... 

At ambient temperatures above 25° C 

TEMPERATURE RANGE: 

Storage & Operating (Junction) .... 

PIN TEMPERATURE (During Soldering) 
At distances ~1/8 in. (3.17 mm) from 
seating plane for 10 s max ".,., ... 

8-74 

VCEO(SUS) 
V EBO 

IC 

IS 
PT 

RCP701D RCP701C RCP701B RCP701A RCP705B RCP705 

RCP703D RCP703C RCP703B RCP703A RCP707B RCP707 

125 

100 

7 

10 

1.75 

105 

80 

2 

10 

1.75 

85 55 

60 40 

10 10 

1.75 1.75 
Derate linearly 0.08 wjOc 

Derate linearly 0,014 wtc 

85 

60 
5.5 

10 

1.75 

45 

30 

5.5 
2 

10 
1.75 

6510+150 -----------

----------- 230 

V 

V 
V 

A 
A 

w 
w 

°c 

°c 
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ELECTRICAL CHARACTERISTICS At Case Temperature (T ci = 25°C 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP701D RCP701C 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO 105 - 0.5 - - J1.A 

85 - - - 0.5 

With base open ICEO 
75 0 - 100 - -
60 0 - - - 100 J1.A 

With base·emitter 125 -1.5 - 100 - -
junction reverse·biased ICEV 105 -1.5 - - 100 J1.A -

Emitter Cutoff Current IE80 -7 0 - 100 - 100 J1.A 

DC Forward·Current 
hFE 

4 500" 50 250 50 250 
Transfer Ratio 4 10000 10 - 10 -

Collector·to·Emitter 
Sustaining Voltl!ge: 
With base openb VCEO(sus) 100" 0 100 - 80 - V 

Base-to·Emitter Saturation 
VBE(sat) 

Voltage 5000 50 - 1.2 - 1.2 V 

Base·to·Emitter Voltage VBE 4 5000 - 1.1 - 1.1 V 

Collector·to·Emitter 
VCE(sa!) 500a 50 0.8 0.8 V 

Saturation Voltage 
- -

Magnitude of C~mmon-
Emitter. Small·Signal, 
Short·Circuit, Forward· 
Current Transfer Ratio: 

I hfel 4 50 5 - 5 -

f = 10 MHz 

Gain·Bandwidth Product fT 4 50 50 - 50 _. MHz 

Second-Breakdown 
Collector Current: 
With base forward· 50 200 - 200 - rnA 
biased and t = 50 ms I SIb 

Output Capacitance: 
Cabo 10 8 20 8 20 pF 

f = 1 MHz 

Saturated Switching Time 
(VCC = 30 V, 
IBI =IB2): 
Turn·on (td + t r ) tON 500 50 - 80 - 80 

T urn·off (ts + tf) 500 50 800 800 
ns 

tOFF - -

Thermal Resistance: 
Junction-ta-case ROJC - 12.5 - 12.5 

°CIW 
Junction-ta-ambient ROJA - 71.4 - 71.4 

a PulSed, pulse duration = 300 /J.5, duty factor ~ 2%. 

beAUT/ON: Sustaining voltage, VCEO(sus), MUST NOT be measured on <I ("urve tracef, 
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ELECTRICAL CHARACTERISTICS At Case Temperature (TcJ = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP701B RCP701A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO 70 - 0.5 - - I'A 

50 - - - 0.5 

45 0 - 100 - -
With base open ICEO 30 0 100 I'A - - -

With base·emitter 85 -1.5 - 100 - -
junction reverse-biased ICEV 55 -1.5 - - - 100 I'A 

Emitter Cutoff Current lEBO -7 0 - 100 - 100 I'A 

DC Forward·Current 
hFE 

4 500a 50 250 50 250 
Transfer Ratio 4 10000 10 - 10 -

Collector·to·Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) 1000 0 60 - 40 - V 

Base·to·Emitter Saturation 
VBE(sat) 

Voltage 500a 50 - 1.2 _. 1.2 V 

Base·to·Emitter Voltage VBE 4 500a - 1.1 - 1.1 V 

Collector·to·Emitter 
VCElsat) 500a 50 0.8 0.8 V 

Saturation Voltage 
- -

Magnitude of Common· 
Emitter. Smail,Signal, 
Shon-Circuit, Forward- ihfei 4 50 5 - 5 -
Current Transfer Ratio: 
f = 10 MHz 

Gain·Bandwidth Product IT 4 50 50 - 50 - MHz 

Second· Breakdown 
Collector Current: 
With base forward· 50 200 - - -
biased and t = 50 ms ISlb 20 500 

mA - - -
Output Capacitance: 

Cabo 10 8 20 8 20 pF 
f = 1 MHz 

Saturated Switching Time 
(VCC = 30 V, 
IBI = IB2): 
Turn·on (td + t r) tON 500 50 - 80 - 80 

Turn·off Its + tf) tOFF 500 50 800 800 
ns 

- -

Thermal Resistance: 
Junction-ta-case ROJC - 12.5 - 12.5 

°CIW 
Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 j..IS, dUly factor ~ 2%. 

b CAUTION: Sustaining voltage, VCEOlsusl. MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vdc mAdc RCP703D RCP703C 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Currenl: 
With emitter open ICBO 105 - 0.5 - - p.A 

85 - - - 0.5 

75 0 - 100 - -
Wilh base open ICED 60 0 - - 100 p.A 

-
Wilh base-emitter 

ICEV 
125 -1.5 - 100 - -

p.A 
junction reverse~biased 105 -1.5 - - - 100 

Emitter Cutoff Current lEBO -7 0 - 100 - 100 p.A 

DC Forward-Current 
hFE 

4 500a 30 150 30 150 
Transfer Ratio 4 10003 10 - 10 -

Colleclor-Io-Emitter 
Sustaining Voltage: 
Wilh base openb VCEOlsus! 1003 0 100 - 80 - V 

Base-ta-Emitter Saturation 
VBElsal! 

Voltage 500a 50 - 1.2 - 1.2 V 

Base-la-Emitter Voltage VBE 4 5003 - 1.1 - 1.1 V 

Colleclor-Io-Emitter 
VCElsa11 500a 50 0.8 0.8 V 

Saturation Voltage - -
Magnilude 01 Common· 

Emitter, Small-Signal, 
Short-Circuit, Forward- hel 4 50 5 - 5 -
Current Transfer Ratio: 
f=10MHz 

Gain-Band';"idlh Producl IT 4 50 50 - 50 - MHz 

Second-Breakdown 
Colleclor Current: 
With base forward· 50 200 - 200 - rnA 
biased and I = 50 ms ISlb 

Outpul Capacilance: 
Cobo 10 8 20 8 20 pF 

f = 1 MHz 

Saturated Switching Time 

IVCC = 30 V, 
IB1 = 182!: 
Turn-on ltd + Ir! ION 500 50 - 80 - 80 

Turn-off lIs + If I 500 50 800 BOO ns 
IOFF - -

Thermal Resistance: 
Junction-to-case ROJC - 12.5 - 12.5 

°C/W 
Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 "'s. duty factor ~ 2%. 

b CAUTION: Sustaining voltage, V CEOlsusl. MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TCi ~ 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
V de mAde RCP703B RCP703A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO 70 - 0.5 - - /lA 

50 - - - 0.5 

With base open 45 0 - 100 - -
ICEO 30 0 - - - 100 /lA 

With base-emitter 85 -1.5 - 100 - -
junction reverse-biased ICEV 55 -1.5 - - - 100 /lA 

Emitter Cutoff Current IESO -7 0 - 100 - 100 /lA 

DC Forward-Current 
hFE 

4 500·' 30 150 30 150 
Transfer Ratio 4 10000 10 - 10 -

Collector-to- Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) 100· 0 60 - 40 - V 

Base-ta-Emitter Saturation 
VSE(sat) 

Vol tag. 500· 50 - 1.2 - 1.2 V 

Base-ta-Emitter Voltage VSE 4 500· - 1.1 - 1.1 V 

Collector-to- Emitter 
VCElsat) 500· 50 0.8 0.8 V 

Saturation Voltage 
- -

Magnitude of C9mmon-
Emitter. Small-Signal. 
Short-Circuit. Forward- I hIe I 4 50 5 - 5 -

Current Transfer Ratio: 
f~10MHz 

Gain-Bandwidth Product IT 4 50 50 - 50 - MHz 

Second-Breakdown 
Collector Current: 
With base forward- 50 200 - - - mA 
bi.sed and t = 50 ms ISlb 20 - - 500 -

Output Capacitance: 
Cabo 10 8 20 8 20 pF 

f ~ 1 MHz 

Saturated Switching Time 
(VCC ~ 30 V. 
IS1 ~ IS21: 
Turn·on (td + trl tON 500 50 - 80 - 80 

Turn·off Its + tfl 500 50 800 800 
ns 

'OFF - -

Thermal Resistance: 
Junction-to-case ROJC - 12.5 - 12.5 

°CIW 
Junction-to-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 IJS, duty factor ~ 2%_ 

beAUT/ON: Sustaining voltage, VCEO(sus), MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At Case Temperature (Tei ~ 25°e 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vde mAde RCP705B RCP705 

VCB VCE VBe IC IB Min. Max. Min. Max. 

Collector Cutoll Current: 
With emitter open ICBO 70 - 5 - - p.A 

40 - - - 5 

With base open Iceo 
45 a - 1000 - - p.A 
22 a - - - 1000 

With base-emitter 
ICEV 

B5 -1.5 - 100 - -
p.A 

junction reverse-biased 45 -1.5 - - - 100 

Emitter Cutoff Current lEBO -5.5 0 - 100 - 100 p.A 

DC Forward-Current 
hFE 4 500a 50 50 

Transfer Ratio - -

C~!lector-to· Emitter 
Sustaining Voltage: 
With base openb VCEO(sus) 100a a 60 - 30 - V 

Base-ta-Emitter Saturation 
VBE(sat) 

Voltage 500a 50 - 1.6 _. 1.6 V 

Base-ta-Emitter Voltage VBE 4 500a - 1.5 - 1.5 V 

Collector-ta-Emitter 
VCE(sa!) 500a 50 V 

Saturation Voltage 
- 1.2 - 1.2 

Magnitude of Common-
Emitter. Small·Signal. 
Short-Circuit, Forwarp- hel 4 50 5 - 5 -
Current Transfer Ratio: 
I~ 10MHz 

Gain·Bandwidth Product IT 4 50 50 - 50 - MHz 

Second-Breakdown 
Collector Current: 
With base forward- 50 120 - - -

rnA 
biased and t = 50 rns IS/b 20 - - 500 -

Output Capacitance: 
Cabo 10 8 20 8 20 pF 

I ~ 1 MHz 

Saturated Switching Time 
(VCC ~ 30 V. 
IBI = IB21: 
Turn·on (td + t r ) tON 500 50 - 80 - 80 

Turn·off (ts + tl) 500 50 800 800 
ns 

tOFF - -

Thermal Resistance: 
Junction-ta-case ROJC - 12.5 - 12.5 

°C/W 
Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration = 300 J,JS, duty factor ~ 2%. 

beAUT/ON: Sustaining voltage, VCEO(susl. MUST NOT be measured on a curve tracer. 
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ELECTRICAL CHARACTERISTICS At ease Temperature IT C) ~ 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
V de mAde RCP707B RCP707 

VCB VCE VBE IC IB Min. Max. Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO 70 - 5 - - /lA 

40 - - - 5 

With base open ICEO 
45 0 - 1000 - -
22 a - - - 1000 

/lA 

With base-emitter 85 -1.5 - 100 - -
junction reverse-biased ICEV 45 -1.5 -- - 100 

/lA 
-

Emitter Cutoff Current lEBO -5.5 a - 100 - 100 /lA 

DC Forward-Current 
hFE 4 500' 20 20 

Transfer Ratio - -

Collector-ta-Emitter 
Sustaining Voltage: 
With b.se openb VCEO(susl 100' a 60 - 30 - V 

Base-ta-Emitter Saturation 
VBE(sall 

Volt.ge 500' 50 - 1.6 - 1.6 V 

Base-ta-Emitter Voltage VBE 4 500' - 1.5 - 1.5 V 

Collector-ta-Emitter 
VCE(satJ 500' 50 

Saturation Voltage 
- 1.2 - 1.2 V 

Magnitude of Common-
Emitter. Small·Signal, 

Short-Circuit, Forward- hel 4 50 5 - 5 -
Current Transfer RatiO: 

f = 10 MHz 

Gain-Bandwidth Product IT 4 50 50 - 50 - MHz 

Second-Breakdown 
Collector Current: 
With base forward- 50 120 - - - rnA 
biased and t = 50 ms ISlb 20 - - 500 -

Output Capacitance: 
Cobo 10 8 20 8 20 pF 

f = 1 MHz 

Saturated Switching Time 

(VCC = 30 V. 
IBI = IB21: 
Turn·on ltd + Irl ION 500 50 - 80 - BO 

Turn·off (ts + tfl tOFF 500 50 - BOO 800 
ns -

Thermal Resistance: 
Junction-to-case ROJC - 12.5 - 12.5 

°C/W 

Junction-ta-ambient ROJA - 71.4 - 71.4 

a Pulsed, pulse duration'" 300 J.JS, duty factar ~ 2%. 

beAUT/ON: Sustaining voltage, VCEOfsusl. MUST NOT be measured on a curve tracer. 
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Fig. 2 - Dissipation derating curve for all types. Fig. 3 - Therma/-cycling rating chart for all types. 
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BASE-TO-EMITTER VOLTAGE (YaE) - v 

92CS-24214 

Fig. 7 - Typical input characteristics for all types. 

.. 
I 
~ O.S . 

>-

i 
~ 

~ 
0,. 

0,2 

o 
0.4 0.5 0.6 O. 0.1 0.9 I 

BASE-TO-EMITTER VOLTAGE (VSE) - V 92CS-24235 

Fig. 9 - Typical transfer characteristics for all types. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE )-V 

92CS-24216 

Fig. 8 - Typical output characteristics for all types . 

TERMINAL CONNECTIONS 

. Terminal No.1 - Emitter 
Terminal No.2 - Base 
Terminal No, 3 - Collector 
Terminal No.4 - Collector 
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OOG3LJD Power Transistors 
Solid State 
Division 

RCS242 

Hometaxial-Base, High-Power 
Silicon N-P-N Transistor 

.. Rugged, Broadly Applicable Device 
For Industrial and Commercial Use 

I F.eatures: 
• Maximum safe"CIrea-ofaoperation curves 

JEDEC TO·3 
• Low saturation voltages 

• High dissipation ratings 

• Thermal-cycle rating curves 

The RCA·RCS242 is a silicon n·p·n transistor intended for a 
wide variety of high·power applications. The hometaxial·base 
construction of the device renders it highly resistant to second 
breakdown over a wide range of operating conditions. The 
RCS242 is provided in a JEDEC TO·3 hermetic package .. 

o 25 

Applications: 
• Series and shunt regulators 

• High·fidelity amplifiers 

• Power·switching circuits 

• Solenoid drivers 

50 75 100 125 150 175 200 
CASE TEMPERATURE (T c) - ·c 

92LS-1469RI 

Fig. 1 - Current derating curve. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ••.•..•...•..•..•..•..•.........•...........•.. ,. VCBO 
COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

~th external base-to-emitter resistance (RBE) = 100 n .............................. . 
With base open . ............................................................. . 

EMITTER.TO·BASE VOLTAGE ................................................. . 
CONTI NUOUS COLLECTOR CURRENT ........................................... . 
CONTINUOUS BASE CURRENT ................................................. . 

TR~~~~:~:~~:~~e~:~Ot~ 2~:~' : : : :: : : : : : : : : : : : : : : : :: : ::: : : ::: : : : : :::: :: : : :: : ::: 
At case temperatures above 25 C ............................................... . 

TEMPERATURE RANGE: 
Storage and Operating (Junction) ............................................... . 

PIN TEMPERATURE (During Solderingl: 
At distances;;;' 1/32 in. (0.8 mm) from seating plane for 10 s max. . ................... . 

g.74 

VCER('u,) 
VCEO('u,) 
VEBO 
IC 
IB 
PT 

50 

50 
40 
4 

15 

115 
See Fig. 1 

-65 to +200 

235 

V 

V 
V 
V 
A 
A 

W 

·C 

·C 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25"C 

CHARACTERISTIC SYMBOL 

Coliector·Cutoff Current: 
With emitter open ICBO 

Emitter·Cutoff Current lEBO 

Coliector·to·Emitter Sustaining Voltage: 
With base open VCEO(sus) 

With external base·to-emitter resistance 
(RBE) = lOOn VCER(sUS) 

DC Forward Current Transfer Ratio hFE 

Base·to· Emitter Voltage VBE 

Coliector·to·Emitter Saturation Voltage VCE(sat) 

Common· Emitter, Small·Signal, Short·Circuit 
Forward Current Transfer Ratio: 
f = 1 kHz hte 

Magnitude of Common·Emitter, Small·Signal, 
Short·Circuit, Forward Current Transfer Ratio: 
f = 0.4 MHz Ihfel 

Common·Emitter, Short·Circuit, Small·Signal, 
Forward Current Transfer Ratio Cutoff 
Frequency fhfe 

Forward·Bias Second Breakdown Collector 
Current: 
t = 1 s, non repetitive ISIb 

Thermal Resistance: 
Junction·to·Case ROJC 

8 Pulsed: pulse duration = 300 /J.S, duty factor';; 2%. 

COLLECTORwTO-EMITTER VOLTAGE IVCEI"'4 V 
CASE TEMPERATURE (Tcl-25·C 

; I .• 
~ r--... 1 I.. 

~ V l\-
t; I 

/ il 1\ 
~ 1./ I\-
~ 0.. 

"-I 0. '\. 
! 0.. 

., 0. 

2 • • 8 2 • • 8 
0.01 0.1 I 

COLLECTOR CURRENT (ICl-A 

Fig. "2 - Typical gain-bandwidth product. 
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9255-3378 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
RCS242 UNITS 

Vdc Adc 

VCB VCE VBE IC IB Min. Max. 

40 0 - 5 mA 

-4 - 10 mA 

.0.2" 0 40 -

0.2" 50 - V 

4 3a 20 -
4 3a - l.Ii V 

3a 0.3 - 1.1 V 

4 1 10 -

4 1 2 -

4 1 10 - kHz 

40 2.5 - A 

- 1.5 °CIW 

'" CASE TEMPERTURE 1Tc)a25-C 

" 
55 III ~ 

" lUR z 
Z- 50 

:!i r'-.r-.,-:» 
U) I 45 "'. ....... 
~!140 VeEO 

~~ » e .. 0: 
0 
I-; 30 

8 2. 
2 4 •• 2 4 •• 2 4 •• 2 4 •• 2 4 681 'h 100 IK 10K lOOK 

EXTERNAL BASE-TO-£MITTER RESISTANCE (RBEJ-D 

Fig. 3 - Sustaining IIo/tage vs. base-to--emitter resistance. 
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o 
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0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE (VSE)-V COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-19441 92CS-19440 

Fig. 7 - Typical input characteristics. 

CASE TEMPERATURE (Te): 25"C 

INDUCTANCE (L I = 200 mH 

-I 

BASE-rO-EMI-r:TER WLTAGE IVSE)-V 

Fig. 8 - Typical output characteristics. 

9ZCS-2Q112 

Fig. 9 - Revene-bias second-breakdown characteristics. 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 
Case - Collector 

Mounting Flange - Collector 
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OOm3LJ1J 
Solid State 
Division 

Power Transistors 

RCS559 
RCS560 

High-Voltage Medium-Power 
Silicon. P-N-P Transistors 
For Switching and Amplifier Applications 
In Military, Industrial, and Commercial Equipment 

Features: 

• High voltage ratings: 
VCEO(sus) = -200 V max_(RCS560) 

JEDEC TO-56 = -225 V max_ (RCS559) 

• Large safe-operating area 

• Complements to 2N3583 transistor family* 

• Thermal-cycling rating 

ihe RCA-RCS559 and RCS560 are double-epitaxial silicon 
,-n-p transistors with high breakdown-voltage ratings and 
ast switching speeds_ They are supplied in the popular JEDEC 
ro-66 package; they differ in breakdown-voltage ratings and 
eakage-current values. 

Applications: 

• Power-Switching Circuits 

• Switching Regulators 

• Converters 

• Inverters 
Data for the 2N3583 transistor family are supplied in bulletin File No. 138. 

• High-Fidelity Amplifiers 

TERMINAL CONNECTIONS 

Pin 1 - Base 
Pin 2 - Emitter 

::ase. Mounting Flange - CollectOr 

MAXIMUM RATINGS, Absolute-Maximum Values: 

:;OLLECTOR-TO-BASE VOLTAGE - - _____ - - __ - - - - - - - - - - - - - - VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open __ ................................... . 

With external base·to·emitter resistance (RBE) = 50 n ......... . 
With base·emitter junction reverse·biased (VBE = 1.5 V) ....... . 

EMITTER·TO·BASE VOLTAGE .......................... . 
COLLECTOR CURRENT (Continuous) ..................... . 
BASE CU R RENT (Continuous) .......................... . 

TRANSISTOfl DISSIPATION: 
At case temperatures up to 100°C and VCE up to 50 V . '.' ..... . 
At case temperatures up to 25:C and VCE up to 40 V ........ . 
At case temperatures up to 25 C and VCE above 40 V ........ . 
At case temperatures above 25°C and VCE above 40 V ........ . 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ........................ . 

LEAD TEMPERATURE (During Soldering): 
At distance;;' 1/32 in. (0.8 mm) from case for lOs max. . ..... . 

9-74 

VCEO(sus) 
VCER(sus) 
VCEX(sus) 

VEBO 
IC 
IB 

RCS559 

-275 

-225 

-250 
-275 

-6 
-2 
-1 

20 
35 

RCS560 

-250 

-200 
-225 
-250 
-6 

-2 
-I 

20 
35 

See Fig. 1 
See Figs. 1 and 2 

-65 to 200 

230 

V 

V 
V 
V 

V 
A 
A 

W 
W 

°c 

°c 
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ELECTRICAL CHARACTERISTICS. at Case Temperature IT cJ = 2!fC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
Voltage Current 

RCS559 RCS560 UNITS 
Vdc Adc 

VCE VBE IC 'E 'B Min. Max. Min. Max. 

Ccllector·Cutoff Current: 
With base open ICEO -150 0 - -5 - -10 

With base-emitter june- -250 1.5 - -0.5 - -
tion reverse-biased 

ICEV 
-225 1.5 - - - -1 mA 

With base-emitter junc-
tion reverse biased and -250 1.5 - -5 - -
TC = l00"C -225 1.5 - - - -10 

Emitter-Cutoff Current lEBO 
6 0 - -1 - - mA 4 0 - - - -1 

DC forward-Current 
Transfer Ratio hFE -3 -0.75" 10 100 7.5 -

Collector-ta-Emitter 
Sustaining Voltage: 
With base open VCEO(susl -0.2" 0 -225c - -20ce 

With external base-to-
emitter resistance 
(RBE) = 5O!1 VCER(sus) -0.2" -250c - -225c -

V 
With base-emitter junc-
tion reverse-biased and 
external base-ta-emitter 
resistance (RBEI = 50!1 VCEX(sus) 1.5 -0.2a -275c - -250c -

Emitter-ta-Base Satura-
tion Voltage VBE(sat) -0.75a -0.075 - -1.4 - -1.4 V 

Collector-ta-Emitter 
Saturation Voltage VCE(sat) -0.75a -0.075 - -1.5 - -2 V 

Output Capacitance: 

VCB=-10V. 
f = 1 MHz Cobo 0 - 220 - 220 pF 

Forward-Bias. Second-
Breakdown Collector 
Current: 

t = 1 5, nonrepetitive I SIb -40 -0.875 - -0.875 - A 

Magnitude of Common-
Emitter. Small·Signal. 
Short-Circuit, Forward 
Current Transfer Ratio: 
f= 5 MHz Ihfel -10 -0.2 4 - 4 -

Saturated Switching Times 
(VCC=-200V): 
Rise time tr -1 -0.125b - 0.6 - 0.6 

Storage time ts -1 -0.1 is'> - 2.5 - 2.5 
'"'S 

Fall time tf -1 -0.125b - 0.6 - 0.6 

Thermal Resistance: 
Junction·to·case ROJC -10 -1 - 5 - 5 "C/W 

"Pulsed: Pulse duration = 300 ,",S; duty factor <: 2%. 

cSustaining voltages. VCEO(sus). VCER(sus). and VCEX(sus). MUST NOT be measured on a curve tracer. They should be 
tested by using the circuit in Fig. 4. 
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CLARE 
MERCURY RELAY 

MODEL No. HGP-I004, 
OR EQUIVALENT 

Hz 

VCEO(susl 

10 
mH 

CHANNEL A 

TO 
HEWLETT -f'j\CKARD 

OSCILLOSCOPE 
MODEL No 503 

OR EQUIVALENT 

CHANNEL B 

:;.,. OTO 50V 
• (500 mAl 

-IOe CASE TEMPERATURE 1Te'-100·c • · .. 2 
IcIMAXJ CONTINUOUS 

I "-U _I 
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FIg. 4 - Circuit used to measure sustaining voltages V CEO (sus), 

V CER"us) Bnd V CEX(rus) for both types. 
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SUSTAINING VOLTAGES VCEo(ausl,VCER'"u"I,AND VcEX'"ull ARE 
ACCEPTABLE WHEN TRACES FALL TO THE RIGHT AND ABOVE 
POINTS "A" FOR TYPE RCS560, AND. POINTS "8" FOR TYPE RCS559 
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Fig. 6 - Oscilloscope dlsplav for measurement of sustaining voltages 

(test circuit shown in Fig. 4J. 
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CASE TEMPERATURE (TC'- 25·C 

Vc~x (IUS) 
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EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEl-a. 
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FIg. 8 - CoIlsctor-to-emltter sustaining lIoltage 
characteristics for both types. 
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Fig. 6 - Maximum operatingal'8ll$at TC= 100°C for both types. 

Uo : COLroTTirETLTTIVCEI.-5V 
~ 
Q 
~ CASE TEMPERATURE (Tcl-150"C 

i5 100 
. II " lis • TC-25-C 

z 

~ • 
0- · z 

1\\ .. 
S 2 

I \ .. 10 12 • " 0 6 

-o.or . 4 68_0 .1 68_1 468_10 

COLLECTOR CURRENT (Icl-A 
92.C$-192.19 
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RCS559, RCS560 

COLLECTOR CURRENT tIC1-A 
92CS-IS23S 

Fig. 10 - Typical saturation-voltage characteristics for both types. 
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COLLECTOR SUPPLY VOLTAGE (VCC)--200V 
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CASE TEMPERATURE (Tel ·2~·C 

COLLECTOR CURRENT tIC}-A 

92CS-15980R2 

Fig. 12 - Typical turn-on time and fall-time characteristics for both types. 
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EQUIVALENT 
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200Hz) 

Vcc·· 200V 

OUTPUT TO 
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* ADJUST Rs FOR 182 AND Ae FOR Ie 
.. IBI AND IBZ MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPUFIEP.,OR EQUIVAL£NT 

92CS-I:i977R3 

Fig. 14 - Circuit used to measure saturated switching times for both types. 

BASE-TO- EMITTER VOLTAGE (VSEI-V 

92CS-15974 

Fig. 11 - Typical transfer characteristics for both typtJ$. 

.. 
I 

.. 
'" ;:: 

I I 

o 

PULSE DURATION l!:201" 
REPETITION RATE - 200 PULSES I, 
COLLECTOR SUPPLY VOLTAGE IVee)- -200 V 
ISI-Ia2-Ic/.aO.125 Ie 
CASE TEMPERATURE (Tel -25- C 

92CS-19251RI 

Fig. 13 - Typical storage-time characteristics fo, both types. 

92e5-15918 

Fig. 15 - Phase relationship between input current and output voltage 
showing rsference points for specification of switching 
times. (Test circuit shown in Fig. 14J. 
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oornLJO Power Transistors 
Solid State 
Division 

JEDECTO-3 

H-1570 

300-V, 30-A, 17S-W 
Silicon N-P-N 
Switching Transistor 
For Switching Applications in 
Industrial and Commercial Equipment 

Features: 
• High voltage ratings: 

VCBO= 300 V 

• Maximum safe-area-of-operation curves 

• High dissipation rating: PT = 175 W 

• Low saturation voltages 

RCSS64 

The RCA-RCS564 is a multiple epitaxial silicon n-p-n power 
transistor utilizing a multiple-emitter-site structure_ Multiple­
epitaxial construction maximizes the volt-ampere characteristic 
of the device and provides fast switching speeds_ Multiple­
emitter-site design assureS uniform current flow throughout 
the structure, which produces a high ISlb and a large safe­
operation area. 

The exceptional second-breakdown capabilities and high 
voltage-breakdown ratings of the RCS564 make this transistor 
especially suitable for off-line inverters, switching regulators, 
motor controls, and deflection circuit applications_ 

The device uses the popular JEDEC TO-3 package. 

The high gain and high ESIb energy-handling capability of the 
RCS564 make it an excellent choice for motor-control appli­
cations in which large winding inductances are encountered and 
high surge currents are required to start the motor. 

- MAXIMUM RATINGS,Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE. ...... _ .. _. ___ ....... _., _ ...... . VCBO 300 V 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open .... __ .. _. _ ........ _ .. _ .... __ . __ ..... _ .. ____ .. . VCEO(sus) 200 V 
With reverse bias (VBE) = 0 V (with base-emitter shorted) _ . __ . __ ..... _ . VCEX(sus) 225 V 
With external base-to-emitter resistance (RBE)'" 50 n .. _ . ______ . _ .. _ . VCER(sus) 225 V 

EMITTER-TO-BASE VOLTAGE ... _ ........ ____ .. _. __ .... __ ..... .. VEBO 6 V 
CONTINUOUS COLLECTOR CURRENT .. __ . _____ .... _ . __ .. __ .... _ .. IC 10 A 
PEAK COLLECTOR CURRENT .... _ .. _ ..... ____ ..... _ .. ____ ..... .. 
CONTINUOUS BASE CURRENT .... __ . __ .... _ . _ .. _ .. _ . '. __ . __ . _ .. _ . 

ICM 30 A 

IB 10 A 
TRANSISTOR DISSIPATION: 

At case temperatures upto 2SoC and VCE up to 30 V _______________ _ 
PT 

175 W 
At case temperatures up to 25°C and VCE above 30 V _ ....... __ . __ .. 
At case temperatures above 25°C and VCE above 30 V . __ . _ .. _ . _ .. __ ... 

See Figs. 1 and 2. 
See Figs_ 1, 2, and 4. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) _ ..... __ ... ___ . _ .... _ . _ .. _ . _ .... __ -65 to +200 °c 

PIN TEMPERATURE (During Soldering): 

At distances;;' 1/32 in. (0.8 mm) from case for 10 s max_ ....... _ . _ .. _ 230 
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RCS564 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2fJC unless otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE 
CHARACTERISTIC SYMBOL Vde 

VCE 

Coliector·Cutoff Current: 
With base open ICEO 150 

With base·emitter junction reverse· biased ICEV 225 

With base·emitter junction reverse-
biased, and T C = 1250 C ICEV 225 

Emitter·Cutoff Current lEBO 

Coliector·to·Emitter Sustaining 
Voltage (see Figs. 11 and 12): 

With base open VCEO(sus) 

With external base·to·emitter 
resistance (RBE) = 50 n VCER(sus) 

DC Forward·Current Transfer Ratio hFE 3 

Base·to·Emitter Saturation Voltage VBE(sat) 

Collector·to-Emitter Saturation Voltage VCE(sat) 

Magnitude of Common Emitter, Small-
Signal, Short-Circuit, Forward Current 

Transfer Ratio: 
f= 1 MHz Ihfel 10 

Second-Breakdown Collector Current: 
t = 1 s, nonrepetitive IS/be 30 

Reverse-Biase Second-Breakdown Energy: 
RB = 50 n, L = 50 J.lH ES/bd 

Switching Times (V CC = 200 V):e 
Rise Time tr 

Storage Time ts 

Fall Time tf 

Thermal Resistance: 
Junction-to-Case ROJC 10 

apulses; pulse duration';;; 350 J.IS, duty factor = 2%. 

bCAUTlON: The sustaining voltages VCEO(sus) and VCER(sus) 
MUST NOT be measured on a curve tracer. These sustaining 
voltages should be measured by mean. of the test circuit shown 
in Fig. 11. 

elS/b is defined as the current at which second breakdown occurs 

VBE 

-1.5 

-1.5 

-6 

-4 

8t a specified collector voltage with the emitter-base junction forward -
biased for transistor operation in the active region. 

CURRENT 
Ade RCS564 UNITS 

IC IB Min. Typ. Max. 

0 - - 10 

- - 10 rnA 

- - 25 

- - 5 rnA 

0.2 200b - - V 

0.2 225b - - V 

108 5 - -
108 2 - - 3.2 V , 
108 - - 2.5 V 

1 2.5 8 -

5.8 - - A 

10 2.5 - - mJ 

10 1 - 0.8 2 
J.ls 

10 1 - 1.8 3.5 

10 1 - 0.5 1· 

5 - - - 1 °C/W 

dES/b is defined as the energy at which second 
breakdown occurs under specified reverse-bias 
conditions. ES/b = 112 U 2 where L is a series 
load or leakage inductance, and I is the peak 
collector current. 

el Bl = I B2 = value shown: see Figs. 13 - 18. 
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f­
Z 
W 
0: 
0: 
:::> 
U 
0: 

~ 
..J 
..J 
o 
U 

4 6 8 I 4 6 2 4 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

Fig. 1 - Maximum operating areas. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION-LIMITED AND I S/b -
LIMITED PORTIONS OF THE MAXIMUM-OPERATING­
AREA CURVES DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

• 
• 

'" I 
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is 
I-~ ~ 100 

~ 8 1--;;/\ 
5 • 1-1" 
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92CS-24683 
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25 50 75 100 125 150 175 200 

4 6 e 10 • 6 810 

NUMBER OF THERMAL CYCLES CASE TEMPERATURE (TC J - ·C 
92CS-I94'" 

Fig. 2 - Dissipation derating and I Sib derating. Fig. 3 - Thermal-cyc/e rating chart. 
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10 

4 

I 
'0 
!:! 
I-
Z 
W 
Q: 
Q: 
=> 
0 

Q: 
0 
I-
0 
W 
..J 
..J 
0 
0 

0.1 

COLLECTOR-TO-EMITTER VOLTAGE {VCE)-V 
92CS-24684 

Fig. 4 - Maximum operating areas for de operation at T C = 25°C and 1Wo C. 

COLLECTOR -TO - EMITTER VOLTAGE 
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(VCE ) " 3V 

~ .2 I-
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Z 
W 
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1"-' 

'1250 C 

1500 a... 
0= I!: 
'" ",0 0O 

~S • 120~S 
0'" 

CASJ TEMPERATUR 

",'" 

g~ .' 0", 
6 90~~ (TC)"2S"C '\ oz or:1 

~: _r- ~ ~" ::;1- 4 

'" 
60c:3~ 

'" "- ii: ;: >-
11 2 301-

a I:::::::: 60 

W TRANSISTOR SHOULD BE OPERATED WITHIN THE 
u 

LIMITS OF THE DERATING CURVE z 

'" in 

~ • 

<I ~ " ~ /' I- a .• 
~ 

~ 
,/ 

u; 
~ 
I!: .",-fl 0.01 

V " ~ I 
zO.OOI 

2 4 •• 2 4 •• a .• • .0 
COLLECTOR CURRENT (IC)-A 

9ZCS-19478 

0.001 0.01 0.1 
TIME OR PULSE DURATION-ms 

10 100 

92CS-19485Rr 

Fig. 5 - Typical normalized de beta characteristics. Fig. 6 - Typical thermal response characteristic. 
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BASE-TO- EMITTER VOLTAGE tVSE I-V 
92CS-19477 

Fig. 7 - Typical transfer characteristics. 

Ic/Ia=IO 

10 15 20 
COLLECTOR CURRENT IIC1-A 

Fig. 9 - Typical base-ta-emitter saturation voltage characteristics. 
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CLARE MERCURY RELAY 
MODEL No. HGP-I004, 
OR EQUIVALENT 

~---""'--<"1CHANNEL 
A 

42 mH 

~---+-----OCHANNEL 
B 

.... --+---<"1 COMMON 

Fig. 11 - Circuit used to measure sustaining voltages 

V CEO'sus) and V CER'sus). 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS .... 9479RI 

Fig. 8 - Typical output characteristics. 

Ie/Ie clO 

o 10 15 20 
COLLECTOR CURRENT (Ie )-A 

92CS-24676 

Fig. 10 - Typical collector-ta-emitter saturation voltage characteristics. 

VCER(SUI) 

~l : I i 
t 004gvcEo (sus) 0.4 
~~ 0.2 -----y+ - 0.2 

~-- I L ___ .!::~_ 
SA 200 0 225 

COLLECTOR-Te-EMITTER VOLTAGEIYCE)-V 

92CS-24677 

The sustaining voltages VCEO(sus) and VCER(sus) 
are acceptable when the traces fall to the right of 
point "A". 

Fig. 12 - Oscilloscope display for measurement of sustaining voltages. 

(Test circuit shown in Fig. 11). 
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+1!)V 

PULSE GENERATOR 
HEWLETT PACKARD MODEL 
No. 214A, OR EQUIVALENT 

PULSE DURA.TION:t: 20,.s 
PULSE REPETITION RATE "500 Hz 

-6V 

92CS-194S9R, 

Fig. 13 - Circuit used to measure switching times. 

COLLECTOR CURRENT (reI-A 
92CS-24678 

Fig. 15 - Typical rise-time characteristic. 

I "' REPETITION RATE" 500 Hz 
COLLECTOR SUPPLY VOLTAGE (Vee) ~ 200 V 
CASE TEMPERATURE (Tc}=25"C 
Ie/Is =10 

'" ,. 
;:: 

'" " " 0: 

~ 

COLLECTOR CURRENT (Ie )-A 
92CS-24680 

Fig. 17 - Typical storage-time characteristics for all types 

(with constant forced gain). 

~~ 
ga L...----f---r r-:=-__ TIME 

92CS-13996.RI OUTPUT WAllE" FORM 

Fig. t 4 - Phase relationship between input and output cu"ents shOwing 
rtJference points for specification of switching times. 
(Test circuit shown in Fig. 13J. 

COLLECTOR CUt/RENT (Ie I-A 
92CS-24679 

Fig. 16 - Typical fall~time characteristic. 

"' REPETITION RATE .. SOO Hz 
COLLECTOR SUPPLY VOLTAGE IVccl=200 V 
CASE TEMPERATURE ITcl::25°C 

ISI =1 A 

COLLECTOR CURRENT {ICI-A 
92CS-2468J 

Fig. 18 - Typical storage-time characteristics for all types 

(with constant base drilleJ. 
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AIBI AND 182 MEASURED WITH lEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 

.' REPETITION RATE=500 Hz 
COLLECTOR SUPPLY VOLTAGE (VCClz200 V 
CASE TEMPERATURE tTc}:25°C 

COLLECTOR CURRENT lIe )-A 

File No. 779 

92CS-24682 

Fig. 19 - Circuit usBel to measure induct;~fHoad switching tlmel. Fig. 20 - Typical induct;II". and resistille-load fall-time characteristics. 
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TERMINAL CONNECTIONS 

Pin 1 - Base 

Pin 2 - Emitter 

Case - Collector 
Mounting Flange - Collector 
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OOCI8LJlJ 
Solid State 
Division 

High-Voltage 

Power Transistors 

RCS880 

Silicon P-N-P Transistor 

JEDEC TO·39 

For High-Speed Switching and Linear·Amplifier 
Applications in Industrial and Commercial Equipment 

Features: 

• Maximum safe-area-of-operation curves 

• High voltage rating: 

VCEO(sus} = -150 V min. 

The RCA·RCS880 is an epitaxial silicon p·n·p transistor with 
high breakdown voltages, high frequency response, and fast 
switching speeds. 

Typical applications include high·voltage differential and 
operational amplifiers, high·voltage inverters; and high·voltage, 
low·current switching and series regulators. 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (T c1- ·c 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·T()'EMITTER SUSTAINING VOLTAGE: 
With base open .......................................... . 

COLLECTOR CURRENT ..................................... . 
BASE CURRENT ........................................... . 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25:C ............................. . 
At case temperatures above 25 C ............................. . 
At ambient temperatures up to 50°C ......................... .. 
At ambient temperatures above 50D C ............. Derate linearly at. 

TEMPERATURE RANGE: 
Storage and Operating (Junction} ............................ . 

LEAD TEMPERATURE (During soldering}: 
At distance;;' 1/32 in. (0.8 mm} from seating plane for lOs max. . .... 

9·74 

Fig. 7 - Dissipation derating curve. 

-150 
-1 
-0.5 

7.5 
See Figs. 1 and 4 

0.75 
5 

-65 to +200 

255 

92L.S-1469RI 

V 
A 
A 

W 

W 
mWfC 

DC 

DC 
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ELECTICAL CHARACTERISTICS, At Case Temperature (T cJ = 2!JC 

CHARACTERISTIC SYMBOL 

Coliector·Cutoff Current: 
With base open ICEO 

With base·emitter junction reverse· biased ICEV 

Emitter·Cutoff Current lEBO 

DC Forward·Current Transfer Ratio hFE 

Coliector·to·Emitter Sustaining Voltage: 
With base open (See Figs.2 and 3) VCEO(sus) 

Base·to·Emitter Saturation Voltage VBE 

Coliector·to·Emitter Saturation Voltage VCE(sat) 

Forward·Bias, Second· Breakdown 
Collector Current: 

t = 0.20 s, nonrepetitive IS/bb 

Thermal Resistance: 
Junction·to·Case ROJC 

aCAUTION: The sustaining voltage VCEO(sus) MUST NOT 
be measured on a curve tracer. The sustaining voltage should 
be measured by means of the test circuit shown in Fig. 2. 

b ISlb is defined as the current at which second breakdown 
occurs at a specified collector voltage. 

MERCURY RELAY 
CLARE HGP-I004 
OR EQUIVALENT 

6V 

25mH 
_~~...r-. -Vee (0 To 50V, 

CHANN~l A 

DEVICE 
UNDER 
TEST 

III 
O.5W 

CHANNEL 8 

COMMON 

100m A) 

TO 
HEWLETT~ 
PACKARD 
CSC. 
MODEll30B 
OR EQUIV. 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
RCS880 UNITS 

Vdc mAdc 

VCE VBE IC IB Min. Max. 

-100 0 - -50 p.A 

-150 1.5 - -100 p.A 

4 0 - -30 p.A 

-10 -5OC 20 150 

-50 0 -150a - V 

-10 -5OC - -2.5 V 

-50c -5 - -3.5 V 

-75 -100 - mA 

- 23.3 °CIW 

cPulsed: Pulse duration =' 300 /1S; duty factor';;; 2%. 

I VCEO(sus} 

I 
I ---------r-
IA 
I 
I 
I 
I 
I 
I 

't'Vcc COLLECTOR-TO-EMITTER VOLTAGE 'VeEI 

686 

92CS- 24686 92CS-24687 

Fig. 2 - Circuit used to measure sustaining voltage 
VCEO'·u.J. 

Fig. 3 - Oscilloscope displav for measurement of sustaining 
voltages (test circuit shown in Fig. 2J. 
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-0.1 

I­
Z 
UJ 
II: 
II: 
:::> 
o 

!5 
I­
o 
UJ 
..J 
..J 
o 
o 

. " -1 

-I 
2 

. " _10 

4 6 8 4 6 8 2 
-10 -100 -150 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 4 - Maximum safe operating areas. 

l\' 
'1~\ 

4 6 ~lDD 2 "Jooo 

468 
-1000 

92C5-24685 

COLLECTOR CURRENT IICI-mA COLLECTOR CURRENT (leI-iliA 
92CS-24689 

Fig. 5 - Typical de beta characteristics. Fig. 6 - Typical switchinl1"time characteristiC$. 
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BASE-TO-EMITTER VOLTAGE (VBE)-V 

Fig. 7 - Typical input characteristics. 

688 

92C5-22546 COLLECTOR·lO-EMITTER VOLTAGE (Vee) _ v 

Filt 8 - Typical output chsTBCter;stic,s. 

BASE. TO·EMITTER VOLTAGE (YBE) _ v 

Fig. 9 - Typical transfer characteristics. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector, Case 

92SS-3721RI 
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OOcn5LJlJ 
Solid State 
Division 

High-Voltage 

Power Transistors 

RCS881 

Silicon P-N-P Transistor 
For High-Speed Switching and Linear-Amplifier 
Applications in Industrial and Commercial Equipment 

Features: 

• Maximum safe-area-of-operation curves 

• High voltage ratings: 

VCEO(sus) = -250 V min. 
JEDECT()'39 H-13B1 

high breakdown voltages. high freqiJency response. and fast 
switching speeds. It is provided in the JEDEC TO-39 hermetic 
package. ~ 

Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters; and high-voltage. 
low-current switching and series regulators. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (T c) - ·c 

92LS-1469RI 

Fig. 1 - Dissipation derating curve. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ..................................... VCBO -250 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• V CEO (sus) -250 

EMITTER-TO·BASE VOLTAGE ....................................... V EBO 
COLLECTOR CURRENT ............................................. IC 

BASE CURRENT .................................................... IB 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25DC ..•..••••..••.•....•....••........... 

At case temperatures above 25°C ....•....•.••..•.......•.....•...... 

At ambient temperatures up to 500 C .....•••...•.....•.•..•..........• 

At ambient temperatures above 50°C .•••••..•••••...•• Derate linearly at 

TEMPERATURE RANGE: 

Storage and Operating (Junction) .....•.•...•....•.••....•..•......... 

At distance ~ 1/32 in. (0.8 mm) from seating plane for 10 s max. 

9-74 

-4 
-1 

-0.5 

7.5 

See Figs. 1 and 4 

0.75 
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-65 '0+200 
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ELECTRICAL CHARACTERISTICS. Case Temperawre (T cJ = 25"C 

CHARACTERISTIC SYMBOL 

Coliector·Cutoff Current: 
With emitter open ICBO . 
With base open ICEO 

With base·emitter junction reverse·biased ICEV 

Emitter·Cutoff Current lEBO 

DC Forward·Current Transfer Ratio hFE 

Coliector·to·Emitter Sustaining Voltage: 
With base open VCEO(sus) 

Base·to·Emitter Saturation Voltage VBE 

Coliector·to·Emitter Saturation Voltage VCE(sat) 

Magnitude of Common·Emitter, Small·Signal. 
Short-Circuit Forward-Current Transfer Ratio: 

f = 5 MHz I hfel 

Real Part of Common·Emitter Small,Signal. 
Short·Circuit Impedance: 

f = 1 MHz Re(hie) 

Common·Base. Short·Circuit. Input 
Capacitance: 

f= 1 MHz Cib 

Output Capacitance: 
f= 1 MHz Cob 

Forward·Bias. Second·Breakdown 
Collector Current: 

O.4·s, non·repetitive pulse ISlb 

Thermal Resistance: 
Junction·to·Case ROJC 

8cAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured 
on a curve tracer. The sustaining voltage should be measured by means of 
the test circuit shown in Fig. 2. 

MERCURY RELAY 
CLARE HGP-I004 
OR EQUIVALENT 

92.CS-U686 

~J25~mnH"-n -Vee (0 TO !50V, 

CHANNEL A 

DEVICE 
UNDER 
TEST 

In 
O.5W 

CHANNEL B 

COMMON 

"'Vee 

IOOmA) 

TO 
HEWLETT­
PACKARD 
osc. 
MODELI30e 
OR EQUIY. 

Fig. 2 - Circuit used to measure sustaining voltage V CEO(sus), 
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TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
RCS881 UNITS 

Vde mAde 

VCB VCE VBE IC IB Min. Max. 

-175 - -50 IlA 

-150 0 - -50 IlA 

-200 1.5 - -50 IlA 

4 0 - -20 IlA 

-10 -35b 20 -

-50 0 -250a - V 

-10 -50b - -1.5 V 

-50b -5 - -3 V 

-10 -10 3 -

-10 -5 - 300 n 

5 0 - 75 pF 

-10 - 15 pF 

-75 -100 - rnA 

- 23.3 °C/W 

bPulsed: Pulse = 300 IlS; duty factor -<;; 2%. 

o 
COlLECTOR-TO-EMITTER VOLTAGE ''tE' 92CS-24687 

The sustaining voltage VCEO(sus) is acceptable when the trace 
falls to the right and above point" A" 

Fig. 3 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown In Fig. 2). 
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U 
!::! 

ffi 
0: 
0: 
::> 
<.> 

CASE TEMPERATURE (TC) = 25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

4 6 8_10 2 6 8_100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 4 - Maximum safe operating areas. 

4 6 8-1000 

92CS-24688 

COLLECTOR-TO.EMITTER VOL lAGE (VeE) ".10 v 

I ~30f's 

REPETITION RATE. 100 Hz 
COLLECTOR SUPPLY VOLTAGE (VCCI--1OO IIl1! 

~90 

'" 9 80 

~ 70 
~ 

~ 6D 

~ sol-' ... 
i " a lOr--d 
e; -0:. 20 
~ 
g 10 

_0.1 

--... 

,~ 

/ 

,.,.G -~"'1.~'9.'t\.1.o" 1 
.... ~/ ,I 

c>~f,.1. 5"?t 

,..;;.-r .;:--r -
.6 B _1 

I 
I 

• 6 B . 
-10 

COLLECTOR CURRENT (leI _ rnA 

~\' 
~~\ 

6 B 
-100 

Fig. 5 - Typical de beta characteristics. 

2.5 CASE TEMPERATURE (1C'-25°C 
le/Ie-'O 

1.5 fi'-''l''-''J!.fIrt1'!8"" ... 

o -20 -40 -60 -80 -100 -110 

COLLECTOR CURRENT IIc)-mA 
92Ss-31l9RI 92CS-24689 

FilJ. 6 - Typical saturated switching times. 
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BASE-TO-EMITTER VOLTAGE (VBE)-V 

92CS-22546 

Fig. 7 - Typical input characteristics. 

BA.SE·To-EMITTER VOLTAGE (VBe) _ v 
92SS-3122RI 

Fig. 9 - Typical transfer characteristics. 

COLLECTOR·lO·EMITTER VOLTA.GE (Vee) - v 

Fig. 8 - Typical output characteristics. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector. Case 

ms-J121RI 
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OO(]3LJD Power Transistors 
Solid State 
Division 

JEDEC TO-39 

High-Voltage 
Silicon, P-N-P Transistor 
For High·Speed Switching and Linear-Amplifier 
Applications in Industrial and Commercial Equipment 

Features: 

• Maximum safe-area-of-operation curves 

• High voltage ratings: 
VCEO(sus) = -300 V max. 

The RCA·RCS882 is an epitaxial silicon p-n·p transistor with 
high breakdown voltages, high frequency response, and fast 
switching speeds. This device is provided in the JEDEC TO·39 
hermetic package. 

Typical applications include high·voltage differential and oper· 
ational amplifiers; high·voltage inverters; and high·voltage, low· 
current switching and series regulators. 

RCS882 

o 25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (Tcl-. °C 9Zt..S-1469RI 

Fig. 1 - Dissipation derating curve. 
MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ............................................ ,., •... VCBO -350 V 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to--emitter resistance (ABe) "" 60 n ................................. . VCER(,u,1 -350 V 

With base open . ............................................................... . VCEO(,u,1 -300 V 

EMITTER-TO-BASE VOLTAGE ........................... , ........... : •...........•. V EBO -6 V 

COLLECTOR CURRENT ......................................................... .. IC -1 A 

BASE CURRENT ............................................................. , ... . IB -0.5 A 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 25°C . ................................................. . 7.5 W 

At case temperatures above 25°C ..•...•••...•••..••...•••..•••....•...•••.•.••..••. See Figs. 1 and 4 

At ambient temperatures up to 50°C .............................................. . 0.75 W 

At ambient temperatures above 50°C ................................ Derate linearly at 5 mW/DC 

TEMPERATURE RANGE; 

Storage and Operating IJunction) ................................................. . -6510+200 DC 

LEAD TEMPERATURE (During soldering): 

At distance;> 1/3?- in. (O.S mm) from seating plane for 10 s max. . . ..................... . 255 DC 
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ELECTRICAL CHARACTERISTICS. At Case Temperature IT cJ = 25"c 
TEST CONDITIONS LIMITS 

SYMBOL 
VOLTAGE CURRENT 

RCSB82 UNITS CHARACTERISTIC Vdc mAde 

VCB VCE VBE IC IB Min. Max. 

Coliector·Cutoff Current: 
With emitter open ICBO -2BO - -50 

With base open ICEO -250 0 - -50 IJA 

With base·emitter junction revers&-
biased ICEV -300 1.5 - -50 

Emitter·Cutoff Current lEBO 6 0 - -20 IJA 

DC Forward·Current Transfer Ratio hFE -10 -35b 20 -
Coliector·to·Emitter Sustaining Voltage: 

With base open VCEO(sus) -50 0 -300" - V 

With external base·to·emitter 
resistance (RBE) = 50 n VCER(sus) -50 -350· -

Base·to·Emitter Saturation Voltage VBE -10 -50b - -1.5 V 

Coliector·to·Emitter Saturation Voltage VCE(sat) -50b -5 - -3 V 

Magnitude of Common·Emitter. Small· 
Signal. Short·Circuit Foward·Current 

Transfer Ratio: 
Ihfel f = 5 MHz -10 -10 3 -

Real Part of Common·Emitter 
Small·Signal. Short·Circuit 

Impedance: 
f= 1 MHz Re(hie) -10 -5 - 300 n 

Common-Base, Short-Circuit, 
Input Capacitance: 

f= 1 MHz Cib 5 0 - 75 pF 

Output Capacitance: 
f = 1 MHz Cob -10 - 15 pF 

Forward·Bias. Second· Breakdown 
Collector Current: 

0.4-5, non-repetitive pulse ISlbe -75 -100 - rnA 

Thermal Resistance: 
Junction·to·Case ROJC - 23.3 °CIW 

"CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST 
NOT be measured on a curve tracer. The sustaining voltage should be 
measured bV means of the test circuit shown in Fig. 2. 

CIS/b is defined as the current at which second 
breakdown occurs at • specified collector 
voltage. 

bPulsed: Pulse duration = 300 /J.S; duty factor .. 2%. 

MERCURY RELAY 
CLARE HGP-I004 
OR EQUIVALENT 

6V 

25mH 
-Vee (0 TO 50V, 

lOOmA) 

CHANNEL B 

TO 
HEWLETT­
PACKARD 
osc. 
MQOELI30B 
OR EQUIV. 

In 
o.sw 

COMMON 

,vee 
92SS-371~RI 

Fig. 2 - Circuit used to meawre sustaining voltages, V CEO'sus) and 
VeERIsus}. 
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""I , 

I'e gveEOb"l Ie gveER1".1 
~ -50 -50 

U~ o -300 vee 0 -350 VeE 
COLLECTOR.lO·EMITTER YCL TAGE (Vee) - v 92CS.Z4695 

The sustaining voltages VCEOlsusl and VCERlsusl are acceptable 
when the trace falls to the riFt and above point "A". 

Fig. 3 - Oscilloscope display for measurement of sustBh,inQ voltages 
(test circuit shown in Fig. 2J. 
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Fig. 6 - Typical saturated switching times. 
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BASE-lO-EMITTER VOLTAGE (VSEI-Y 
92cS-22546 

Fig. 7 - Typical input characteristics. 

aASE-TO·EMITTER VOLTAGE (VSEI- V 
92Ss-ln2Rl 

Fig. 9 - Typical transfer characteristics. 
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COLLECTOR-TO-EM.ITTER VOLT A.GE (VeEI _ v 

Fig. 8 - Typical output characteristics. 

TERMINAL CONNECTIONS 
Lead"1 - Emitter 
Lead 2 - Base 
Lead 3 - Collector, Case 

9ZS5-3721Rl 
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OOCD5LJO 
Solid State 
Division 

Power Transistors 
CH2102 
CH2270 
CH2405 
CH3053 

CH3439 
CH3440 CH5262 CH5322 
CH4036 CH5320 CH5323 
CH4037 CH5321 CI-!6479 

Unmounted and Unencapsulated 
N-P-N and P-N-P Silicon Power 
Transistor Chips 

Features: 
• Prepared and tested for use in hybrid qircuits 
• hFE ratings from 30 to 50 (min.) 
• ICBO leakage ratings in the 10 IlA to 1 mA range 

H-1B01 

• VCEO ratings up to 90 V on planar transistor chips; 
up to 325 V on passivated mesa ty pes 

• IC up to 12 A (CH6479) 

The transistor chip families described in this bulletin are 
selected from the broad line of RCA discrete power transistors. 
Known also as pellets or dies. these chips represent the essen· 
tial electronic portion of the transistor. They are especially 
suited for direct mou~ting on a heat sink in hybrid circuits. 
The n·p·n and p·n·p types can be used either singly or in 
complementary·pair configurations for large·signal' medium· 
power applications. 

All of the chip families shown are double·diffused epitaxial 
types. Six of the families are of planar construction; the 
other is of a passivated, mesa construction, The oxide layer 
that results from conventional planar processing protects the 
planar types. The junctions and surfaces of the mesa 
transistor chips are protebted by deposited glass·passivated 
coverings. 

Aluminum has been deposited at the base and emitter 
electrodes of all the transistor chips for ease of bonding, The 
base and emitter bonding areas on each chip will accommodate 
up to a 0.003·inch (0.076·mm)·diameter bond wire except for 
the'CH6479 which will accommodate a O,OIO·inch (0.254·mm) 
wire. Either thermo·compression or ultrasonic bonding can be 
used to Attach gold wires to these electrodes; aluminum wires 
can also be bonded by conventional ultrasonic techniques. 

T~e collector contact, which is on the underside of the chip, 
has been metallized with gold for all of the chips except 
CH6479. For all of the chips, the collector can be attached 
directly to a heat sink by adhesive or by gold'silicon or 
gold·germanium eutectic bonding methods. 

The CH6479, because of its large size, must be mounted on a 
heat sink made of material with thermal expansion coefficient 
close to that of silicon; suitable materials are molybdenum or 
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beryllium oxide. A special cleaning step is required in mount· 
ing the CH6479, as noted on page 5, 

All of the chips must be mounted in an inert or reduced 
atmosphere, The chips must not be subjected to more than 
4000 C for a maximum of I minute. Because of the specially 
prepared surfaces of the chips (except as noted for the 
CH6479), etching of the pellets or the use of flux is not 
recommended. 
The chips are supplied in plastic containers. Each chip is 
securely held in a recessed partition of the container by a clear 
plastic cover that also protects the surface from dust and abra· 
sian. For additional protection, the container is sealed in a 
clear plastic bag. If the sealed shipping container is opened 
or broken, ruptured, punctured, or damaged in any way, the 
chips must be stored at a temperature of not more than 400 C 
and a relative humidity of not more than 50% in a clean, dust· 
free environment. If the sealed shipping container is damaged 
on receipt as described above, the product should be im· 
mediately returned to RCA. 

These unmounted and unencapsulated chips are tested elec· 
trically and visually inspected to meet the specifications 
shown on the following pages. Written notification of non·con· 
formance to such specifications must be made to RCA within 
90 days of the date of the shipment by RCA. RCA assumes no 
responsibility for chips which have been subjected to further 
processing, such as, but not limited to, lead·bonding or pellet· 
mounting operations. 

RCA has the right to change the chip design and processing 
without notification. 

Assistance in determining proper mounting and bonding pro· 
cedures is available from RCA. 
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2N2102 Family (n-p-n) CH2102 CH2405 
CH2270 CH3053 

RCA·CH2102, CH2270, CH2405, and CH3053 are double·diffused n·p·n epitaxial 
planar transistor chips similar to RCA·2N21 02, 2N2270, 2N2405, and 2N3053 
transistors, respectively. They can be used either singly or in complementary· 
pair configLJrations with RCA p·n·p chips CH4036 and CH4037 for large·signal 
medium.poWer applications. 

® 4 Base Bonding Areas 0.008 in. 
(0.20 mm) diameter 

® Emitter Bonding Area 0.008 in,' 
(0.20 mm) diameter 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 250 C 

Test Conditions Limits 

Characteristic Symbol 
Voltage Current 

CH2102 CH2270 CH2405 CH3053 Units Vdc mAde 

VCB VCE IC IE Min. Max. Min. Max. Min. Max. Min. Max. 

Collector Cutoff 
ICBO 60 10 

Current 10 10 10 p.A 

Emitter·to·Base 
Breakdown V(BR)EBO 0.01 5 5 5 5 V 
Voltage 

Collector·to· 
Emitter Sustaining 

VCEO(sus) 20 60 45 90 30 V Voltage: 
Baseopena 

DC Forward· 
Current Transfer hFE 10 150 50 50 50 50 
Ratiob 

aCAUTION: This voltage MUST NOT be measured on a curve tracer. bpu1se tested; 2% duty factor, less than or equal to 300 Ils du·ration. 

1 0.042 IN. .1 
~CI.06mm)~ 

2N3439 Family (n-p-n) CH3439 
CH3440 

RCA·CH3439 and CH3440 are passivated mesa n·p-n transistor chips similar tothose 
used in RCA·2N3439 and 2N3440 high·voltage transistors. Because of their high· 
breakdown voltages, good high· frequency response, and fast switching speeds, 
these transistor chips can be used in high·yoltage differential and operational 
amplifiers, high·yoltage inverters and high·yoltage, low·current switching regulators. 

® Base Bonding Area 0.005 in. 
{O.13 mml diameter 

® Emitter Bonding Area 0.005 in. 
(0.13 mml diameter 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 250 C 

Test Conditions Limits 

Characteristic Symbol 
Voltage Current 

CH3439 CH3440 Units 
Vdc mAde 

VCB VCE IC IE Min. Max. Min. Max. 

Collector Cutoff Current ICBO 200 20 50 IlA 

Emitter·to·Base Breakdown 
V(BR)EBO 0.02 Voltage 5 5 V 

Collector ·to· Emitter 
Sustaining Voltage: VCEO(sus) 20 325 250 V 

Base open" a 

DC Forward·Current 
hFE 10 20 30 30 

Transfer Ratio b 
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0.030 IN. 
(0.76mm) 

2N4036 Family (p-n-p) CH4036 
CH4037 

RCA·CH4036 and CH4037 are double·diffused p·n·p epitaxial planar transistor chips 
similar to RCA·2N4036 and 2N4037 transistors. Their high·voltage ratings and heat· 
dissipating ability make them ideal for amplifying large signals at a medium power level. 
They can be used singly or as complements of RCA n·p·n chips CH2102, CH2270, 
CH2405, and CH3053. 

® 4 Base Bonding Areas 0.008 in. 
, 10.13 mm) diameter 

® Emitter Bonding Area O.ooa in. 
(0.13 mm) diameter 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 250 C 

Characteristic 

Collector Cutoff Current 

Emitter·to·Base Breakdown 
Voltage 

Collector·to·Emitter 
Sustaining Voltage: 

Base open a 

DC Forward·Current 
Transfer Ratio b 

0.032 IN. 
(0.8Imm) 

Symbol 

ICBO 

V(BR)EBO 

VCEO(sus) 

hFE 

Test Conditions Limits 

Voltage Current CH4036 CH4037 Vde mAdc 

VCB VCE IC IE Min. Max. Min. Max. 

·60 -10 -10 

-0.01 -6.5 -6.6 

-20 -65 -40 

-10 ·150 35 35 

2N5262 Family (n-p-n) CH5262 

RCA-CH5262 is a double-diffused n-p-n epitaxial planar transistor 
chip similar to the RCA-/1N5262 transistor. Its high speed and 
high current capability make it ideal for use in driving magnetic 
systems and in other applications requiring the switching of high 
currents through inductive loads. 

® Base Bonding Areas 0.005 in. 
(0.13 mm) diameter 

® Emitter Bonding Area 0.005 in. 
(0.13 mm) diameter 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 250 C 

Test Conditions Limits 

Characteristic Symbol Voltage Current CH5320 Un'ts 
Vde mAde 

VCB VCE IC' IE Min. Max. 

Collector Cutoff Current ICBO 60 10 p.A 

Emitter·to·Base Breakdown 
V(BR)EBO 0.01 5 V Voltage 

Collector-to· Emitter 
Sustaining Voltage: VCEO(sus) 10 35 V 

Base open a 

DC Forward·Current 
hFE 6 100 30 

Transfer Ratio b 

Units 

IJ.A 

V 

V 

'CAUTION; This wltoge MUST NO,"'1iii inoasuiod on. CUM! tr.i;;i-. ""ul .. tested; 2% duty factor,I ... than or equal to 300 jJ.s duration. 
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1 2N5320 Family (n-p-n) CH5320 
CH5321 

~E 
(\Ie 
q-u> 

g~ 

1 
RCA·CH5320 and CH5321 are double·diffused n·p·n epitaxial planar transistor chips. 
similar to RCA-2N5320 and 2N5321 transistors. They can be used singly or as com· . 
plements of RCA p-n·p chips CH5322 and CH5323. 

® 4 Base Bonding Areas 0.008 in. 
(0.20 mm) diameter 

® Emitter Bonding Area 0.008 in. 
(0.20 mm) diameter I 0.042 IN. I 

t"-- (1.06mm)~ 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 250 C 

Characteristic 

Collector Cutoff Current~ 

Emitter·to·Base Breakdown 
Voltage 

Collector·to·Emitter 
Sustaining Voltage: 

Base open a 

DC Forward·Current 
Transfer Ratio b 

Test Conditions 

Symbol Voltage Current 
Vdc mAde 

VCB VCE IC IE 

ICBO 60 

V(BR)EBO 0.01 

VCEO(sus) 20 

hFE 10 250 

2N5323 Family (p-n-p) 

Limits 

CH5320 CH5321 

Min. Max. Min. Max. 

10 10 

5 5 

80 55 

30 30 

Units 

IlA 

V 

V 

CH5322 
CH5323 

RCA·CH5322 and CH5323 are double·diffused p·n·p epitaxial planar transistor chips 
similar to RCA-2N5322 and 2N5323 transistors. They can be used singly or as com· 
plements of RCA n·p-n chips CH5320 and CH5321 for amplifying large signals at a 
medium power level. 

® 4 Base Bonding Areas 0.008 in. 
(0.20 mm) diameter 

® Emitter Bonding Area O.OOS in. 
(0.20 mm) diameter 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 25°C 

Test Conditions Limits 

Characteristic Symbol Voltage Current CH5322 CH5323 Units 
Vdc mAde 

VCB VCE IC IE Min. Max. Min. Max. 

Collector Cutoff Current ICBO ·60 -10 -10 IlA 
Emitter·to·Base Breakdown 

V(BR)EBO -0.01 -5 -5 V 
Voltage 

Collector·to·Emitter 
Sustaining Voltage: VCEO(sus) -20 ·80 -55 V 

Base open a 

DC Forward·Current 
hFE -10 -250 30 30 Transfer Ratio b 

·CAUTION: This voltage MUST NOT be measured on a curve tracer. bpulse tested;·2% duty factor. less than or equal to 300 Ils duration. 
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CH6479 Family (n-p-n) CH6479 

RCA-CH6479 is a double-diffused n-p-n epitaxial planar transistor 
chip similar to the RCA-2N6479 transistor. Radiation hardening 
makes this type suitable for aerospace applications, and high­
switching speeds make it ideal for use in high-speed inverters, 
switching regulators, and military hybrid applications . 

® Base Bonding Area 0.013 in. 
10.33 mml x 0.091 in. 12.31 mm) 

® Emitter Bonding Area 0.013 in. 
10.33 mm) x 0.091 in. 12.31 mm) 

ELECTRICAL CHARACTERISTICS, at Chip Temperature = 250 C 

Test Conditions 

Characteristic Symbol Voltage 
Vdc 

VCB VCE 

Collector Cutoff Current ICBO 100 
Emitter-to·Base Breakdown 

V(BR)EBO Voltage 

Collector-to-Emitter 
Sustaining Voltage: VCEO(sus) 

Base open a 

DC Forward·Current 
hFE 2 

Transfer Ratio b 

'CAUTION: This voltage MUST NOT be measured on a curve tracer. 

bpu1se tested; 2% duty factor. less than or equal to 300 JJ.sdumion. 

CH6479 Chip Speci.1 Clean-Up Schedule: 

Current 
mAdc 

IC IE 

1 

25 

500 

Limits 

CH6479 Units 

Min. Max. 

1 mA 

5 V 

60 V 

40 

Before eutectic mounting, the CH6479 chip must be etched for 30 seconds in a 10% (by volume) 
electronic-grade hydrofluoric acid solution at 250 C ± 50 C with agitation. Normal precautions for 
using hydrofluoric acid should be observed. The chip must then be dried and mounted within B hours. 

CHIP INSPECTION INFORMATION 

Each lot is inspected to a 2.5% AQL (cumulative) according 
to Mil Std. 105 using 20 times magnification. The following 
defects determine the .iiisPection criteria: 

Foreign matter adber"'g.~" the base and emitter bond areas. 

Improperly cut pellets that include a portion of another 
pellet. 

Bridging by the metaUization which causes a short. 

Blistering, lifting or absence of the aluminum metallization. 
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Fractures or edges with in 0.0005 in. (0.013) mm of the base 
collector junction. 

Severed b.se-contact rings that isolate all the bonding pads 
and most of the base area. 

Oxide missing from the junction area. 
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OO(]5LJO 
Solid State 
Division 

Power Hybrid Circuits 

HC2000H 

Multi-Purpose 7-Ampere 
Operational Ampli'fier 
Linear Amplifiers for· Applications in Industrial 
and Commercial Equipment 
Features: 
• Bandwidth: 30 kHz a1 60 W 
• High po_ output: up to 100 Wlrms) 
• High output current: j A (peak) 
• Built-in load-lina-limiting circuit to 

protect amplifiers from accidentally 
short-circuited output terminals 

• Stability with resistive or reactive loads 
• Reactiva-load fault protection 

• Single or split power supply 
(30 to 75 v. totall 

• 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-HC2000H* is a complete solid-state hybrid operational 
amplifier in a metal hermetic package. The HC2000H is 
intended for military and critical industrial applications and 
can be supplied in accordance with applicable portions of 
M I L-STD.883. 

Type HC2000H is recommended for the following applications: 
servo amplifiers (ac. de. PWM); deflection amplifiers; power 
operational amplifiers; audio amplifiers; voltage regulators; 
and driven inverters. 

Additional information on hybrid power amplifiers is con­
tained in RCA Application Notes AN-4474, AN-4483, and 
AN-4782. Single copies of these publications are available 
upon request from RCA Solid State Division, Box 3200, 
Somerville, N.J. 08876. 

The amplifier employs a quasi-complementary-symmetry class B 
output circuit with built-in load-fault protection and home­
taxial output transistors. The circuit may be operated from a 
single or split power supply. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

SUPPLY VOLTAGE: 

* Formerly RCA DeY. No. TA7626A. 

Between leads 1 & 10 ................ ' .. ' ........................................................ 75 V 

OUTPUT CURRENT (Peak) ...................................................................... 7 A 

TOTAL DISSIPATION: 
Per Output Device ..................................................................... See Fig. 4 &,5 

TEMPERATURE RANGE: 
Storage ............................................................................ -55 to +1250 c 
Output-Transistor Junction ............................................................. -55 to +1500 C 

LEAD TEMPERATURE (During Soldering): 
Atdistance~ 1/8 in. (3.17 mm) 

from case for 10 s max ....................................................................... 235°C 

LEAD-BENDING RADIUS (Min.) 
At distance ~ 0.075 (1.91 mm) 

from case ...................................................................... 0.04 in. (1.02 mm) 

8-73 
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~* 
4PLATE 

RESISTANCE VALUES IN OHMS 
CAPACITANCE VALUES IN MICROFARADS 

* eA~~Lp~~~E~r,.:g:U~~:~~ ~;~~~D SEE DIMENSIONAL OUTLINE 

Fig. 1-Schematic diagram of type HC2000H power hybrid 
circuit operational amplifier. 

~~uA~grdE=vlL~~IN • U~~fH6~UP, 
LEAD 4 TO GROUND ESUL T IN CIRCUIT 
DAMAGE. HOWEVER BUILT·IN LOAD·LlNE 
LIMITING NETWORK PROTECT THE CIRCUIT 
IF A SHORT CIRCUIT OCCURS BETWEEN LEADS 4 & S. 

5 "F 
12 V 

_ 1001'1' 

• Millor 5220, or oquivalont +~O V 

Fig. 2-Type HC2000H power hybrid circuit with external 
connections lor operation with a single power sUpply. 

10 

De 

92CS-17574RI 

92CS-19981 
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ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) = 250C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL SUPPLY FREO. OUTPUT LOAD 
VOLTAGE {fl-kHz POWER RESIST. MIN. TYP. MAX. 

{VSI-V {POI-W {RLI-n 

Open.Loop Voltage Gain VOUT ±37.5 4 25 4 4000 5000 -\iiN 
CloSlllH.oop Volt· VOUT ±37.5 1 1 4 26 30 -age Gain (See Fig. 31 ViN 
Input Impedance 

Measured between 
ZIN - - - 0 16 18 -leads7&8(SeeFig.3 

Quiescent Current ,10 ±37.5 - - - 15 - 30 

Initial Offset Voltage 
Measu'red between 

Voffset ±37.5 - - 4 0 ±30 ±250 leads4&5(SeeFig.3 

Offset Voltage Drift 
.o.Voffset/.o.T ±37.5 - - 4 - 0.5 0.7 with Temperature 

-
Bandwidth 

fH ±37.5 - 1 4 43 - -
{See Figs. 3 &.81 

Total Harmonic Distortion 
THO ±37.5 1 60 4 - 0.4 0.5 

{See Figs. 3 & 91 

Short·Circuit Current 
IS ±37.5 1 - 0 2 - 3 

(See Fig. 111 

Signal·to·Noise Ratio 
Signal Source SIN ±37.5 - - - - +78 -

Impedance = 600 n 

Slew Rate {Unity gain 
with peak output SR ±37.5 1 100 4 fo 25 -
current of 4AI 

Thermal Resistance 
Per Output Device 

ROJ·C - - - - - - 2 (Junction·to·Casel 
(See Figs. 4 & 5) 

INPUT ...... _~'" 

• Miller 6220. or equivalent 92CS-19982 

Fig. 3-Type HC2000H power hybrid circuit with external connections (and split power supply) 
for measuring relative response and distortion; see Figs. 8 & 9. 
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AVERAGE PQWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CAN BE CALCULATED 

FROM PT(AV) "PO ~.'1'1 AND EFFICIENCY 

FROM 'I "; ~. WHERE Po IS THE OUTPUT 

POWER AHD VOM IS THE PEAK VALUE OF THE 
OUTPUT VOLTAGE. 

2S 

FOR EFFICIENCY DERATING AT HIGH 
FREQUENCIES. SEe FIG. 10 

50 7S 100 125 ISO 

CASE TEMPERATURE lTC1- OC 

Fig. 4-Dissipation (average) derating 
curve for each output transistor (for 
symmetrical waveforms with f > 40 
Hz). 

CASE TEMPERATURE (Tcl"'2Soc 

I 2 l 4 5 6 
MINIMUM LOAD RESISTANCE tAL )-0 

925S-4524R2 

Fig. 6-Maximum a((owable supply 
volrage vs. load resisrance. 

0.1 

NOTE: LOW·FREQUENCY RESPONSE DEPENDENT 
UPON INPUT NETWORK; SEe FIG 2. 

400 

10 100 IK 10K 
FREQUENCY If) - Ht 

Fig. 8-0utput power vs. frequency. 

IO<>K 

92SH5Ir.R1 

2S 

w 

~ 30 

> 20 

~ , 

10 

~ 4 

SEe FIG. 4 FOR DERATING FOR SYMMETRICAL 
WAVEFORMS WITH 1>40 Hr. 

25 50 7S 100 125 150 
CASE TEMPERATURE (Tcl- ac 

Fig. 5-Dissipation (de) derating curve 
for each output transistor. 

FREQUENCY (f 1= 1.0 kHz 
LOAD RESISTANCE I RL). loon 

w.4S1ZRl 

1000 2000 3000 4000 
EXTERNAL FEEDBACK RESISTANCE IRFS)-n. 

92CS~17577 

Fig. 7-Closed-loop volrage gain vs. 
e)fterna/ feedback resistance. 

POWER SUPPLY: SPLIT(VS" ±l7.S VI 
PEAK OUTPUT VOL lAGE (VOM) • 21 V 

~ 2~~--+-~+--+--+-~+--+ __ +-~ 
~ 

~ '~~===t=t=EE=~===t=t=E~~===t=t~ ~ O.B~ 
~ 0.6 

~ 0.4 f--I--+-+++-F-R-'Q..jU-EH-c-Y+m-'+20-,f-H.I--t--+f.4-.1i!~ 

;i 10--:6;;;iiiI! e 0.2 

0.1 
0.1 J .1 

0.2 0.4 1l.60.8 J 4 6 8 JD 
OUTPUT POWER (PO) _ W 

Fig. 9-Toral harmonic distortion with 
split power supply. 

4 68JOO 

92Ss.4S17 
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" I 
S 

~ 
" ~ 
'" ~ 
:1 

~ , 
~ 

POWER SUPPLY: SPLIT {VSl- ±37.S V 

0.7 CASE TEMPERATURE (Tel = 250C 

>.;---D •• 

1-')..~ "\ ~ 0.5 
1\ PEAK LOAD CURRENT :,:{ ~ 

D •• 

0.] FOR TEMPERATURE DERATING, THE 

1\ AVERAGE POWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CA" BE CAL· 

0.2 CULATED FROM PT(AV) " Po ~ 

0.1 II I <j I 
1. 6 8 10K 6 8 lOOK 

FREQUENCY If) _ Hz 

Fig. 10-Maximum efficiency I'S. fre­
quency for several values of peak load 
current 

LOAD PHASE ANGLE (~l _ DEGREES 

Fig. 12-Minimum load impedance ... 
load phase angle and safe area of 
oDeration. 

POWER SUPPLY: SPLIT (Vs = ±37.5 V) 
LOAD RESISTANCE (RLl = 40 
FEEDBACK RESISTANCE (RC) "4700 
AMPLITUDE {IL = 60 Hz} 4 
AMPLITUDE (lH a 7kHz) = I 

92SH52SRi 

i 1.211---1----.J1--l-1+-+-+++I---Ic--!-H-l 
r;; 
~ 11---1---1--l-1+-+-+++I---II---!-~-l 
Q 

~~81---1---1--+-l+-+-+-++1---1---I-~-l 
5 ) 
~O~ f" 
ffiu·f--.fc--J>oo..HI+-i+-+-++t--t-A-H-
\!i V 
0.21-----1--+-++P.-.dF::::j~jCt~ ..... "74--+++-

0.1 0.2 0.40.60.81 4 6810 4 68100 
OUTPUT POWER (POl _ W 

Fig. 14-lntermodulation distortion 
with split supply and 4-ohm load. 

92SH519R1 

10 20 30 

COLLECTOR·TO·EMITTER·YOLTAGE (VeE) - Y 

Fig. l1-Characteristics of built·in 
load·line-limiting circuit. 

OUTPUT VOLTAGE (Vo) _ V 

Fig. 13-Gain linearity charactedstic. 

0.040" R 
MIN. 

2::J \~ 
c=r=fLLEAD SHOULD 

0.075~ ~~E~N~~~JURBED 
MIN. LENGTH 

92CS~19963 

Fig. 15-Recommended lead.bending 
specification. 
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D\lCffiLJI] 
Solid State 
Division 

Power Hybrid Circuits 

HC2500 

Multi-Purpose, Low-Distortion 
7 -Ampere Operational Amplifier'"' 
Linear Amplifier for Applications in Industrial 
and Commercial Equipment 

Features: • Single or split power supply 
• Bandwidth: 30 kHz at 60 W (30 to 75 V, single, ±15to±37.5, split! 

• High power output: up to 100 W(rms) • Class AS output stage 
• High output current: 7 A (peak) • Direct coupling to load 

H-1697 
• Low IMD and THO • Socket available 

{Approx. 112 Actual Size) 
• Adjustable idling current • Rugged package with heavy leads 
• Stability with resistive or reactive loads • Light weight: 100 grams 

RCA type HC2500· is a complete solid-state hybrid amplifier 
in a compact hermetic package. It employs a quasi-comple­
mentary~symmetrv output circuit with hometaxial-base out­
put transistors. 

The HC2500 is a low-distortion, 100-watt linear amplifier. The 
output section can be externally biased class AS for low inter· 
modulation and total harmonic distortion. Terminals are 

@ 
*BASE 

PLATE 

available for external frequency compensation, external short­
circuit protection, and inverting and non-inverting inputs. 

The HC2500 is recommended for the following applica­
tions; servo amplifiers (ac, dc, PWM), deflection amplifiers, 
power operational amplifiers, voltage regulators, driven inver­
ters, hi·fi amplifiers, PA systems, and solenoid drivers. 

• Derived from RCA Dev. No. TA8651A. 

+Vs 

2 
*ELECTRICALlY ISOLATED FROM INTERNAL CIRCUITRY. 9'ZCS-2J071RJ 

Fig. l-Schematic diagram of type Hf;2500 operational amplifier. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

SUPPLY VOLTAGE: 
Between leads 1 and 10 .••..•••••.•.....•......•..••••..••••.••.•••••••.•.•.••.•••••••.•••.•.. 75 V 

OUTPUT CURRENT (Peak) ...••....•.••..•...•..•.••.••••••..•.••••...••.•.•.••..••...•.•.....• 7 A 
TOTAL DISSIPATION: 

Per output device ..•.•.•.••..•..•.••..•....•...•..••...•••••..•...••.•.••.•..•...•...•. See Figs. 4 & 5 
TEMPERATURE RANGE: 

Storage ...••...•...•...•••••....•.•.••..•....•...•..•...•..••..•••.••.••...•...•.••..• -55 to +1250C 
Output junction .....••...••......•••. , ••.•..••.......•..••............................. -55 to +1500C 

LEAD TEMPERATURE (During Soldering): 
At distance 2 l/B in. (3.17 mm) from 
case for lOs max ••.•....••..•••.••.••..••.•••••...•...•..••..•••.•••..•••..••...••..•.•..••.•.. 2350C 

ELECTRICAL CHARACTERISTICS, At Ca.e Temperature (T CJ = 2!t'C and Supply Voltage (VSJ = ±37.5 V 

REFER· TEST CONDITIONS LIMITS 
ENCE OUTPUT LOAD 

CHARACTERISTIC SYMBOL FIG. SPECIAL FREO. POWER 
MIN. TYP. MAX. UNITS 

RESIST. 
NO. NOTES (f)-kHz (POI-W (RLI-n 

Offset Voltage Vollset 3 
Measured 

4 ±250 mV 
Pin 3 to Gnd - - - -

Quiescent Current 10 3 
Idling Cur· 

- - Open - - ±30 mA 
rent < 1 mA 

Output Voltage Swing VOUT Peak dc voltage a 200 4 28 - - V 

Closed· loop Bandwidth IH 3 - 1 4 43 - - kHz 

Total Harmonic 
THO 15 1 60 4 0.3 0.5 

Distortion - % 

Closed· loop Voltage 
ACl 3 1 1 4 31 32 -Gain 

Thermal Resistance R9JC 5 - - - - - 2 °cm 

ELECTRICAL CHARACTERISTICS 
Typical Values (for Design Guidancel At Case Temperature IT ci = 2!t'C and Supply Voltage IVS) = ±37 5 

Open· Loop Voltage 
AOL 8,19 

Idling cur· 
1 25 4 70 dB Gain rent = 50 rnA - -

Input Offset Voltage Via 20 - a Open - ±10 - mV 

I nput Offset Current 110 20 - 0 Open - 7 - IlA 

Input Bias Current liB 20 - 0 Open - 20 - IlA 

Common·Mode Input 
RCM 22 0.005 0 Open - 1 - Mn 

Impedance 

Common·Mode Input· 
VICR 0.5 100 4 - 32 - V Voltage Range 

Common·Mode· 
CMRR 0.005 0 Open 50 dB Rejection Ratio - -

Supply·Voltage Ripple· 
VRR 0.06 0 4 - 30 - dB 

Rejection Ratio 

Intermodulation Idling cur· 
Distortion IMD 14 rent = 50mA - 0.05 4 - 0.06 - % 

ACL = 2 0.5 
Slew Rate SR 18 Cc = 100pF Square - 4 - 4.3 - V/lls 

Wave 

Idling·Current Drift lIli 17 25°C to 100°C - - 4 - 1 - mAtC 
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NON­
INVERTING 
INPUT 

BIAS ADJUST 
4 

BIAS ADJUST 

+Vs 

DRIVE I 

-Vs 

Fig. 2 - Block diagram of HC2500 l(J().watt class AS amplifier. 

.. 
~ .. 
a: 
a: a 
a: 
0 

~ 
0 
u 

'" 0 
a: 
0 .. 
0 

25 " 

AVERAGE POWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CAN BE CALCULATED 

FROM "TCAy). Po ~.'1" AND EFFICIENCY 

FROJI. II· i ~" WHER~ Po IS THE OUTPUT 

pOWER AND VOM IS THE PEAK VALUE OF THE 
OUTPUT VOLTAGE. 
FOR EFFICIENCY DERATING AT HIGH 
FREQUENCIES, SEE FIG. 10 

7S 100 125 ISO 
CASE TEMPERATURE (Te) - OC 

!2SS-452IRI 

Fig. 4 - Dissipation (average) derating curve for each output 
transistor (for symmetrical waveforms with f >40 Hz). 

10, 
7 • 

4 

2 

I 

• · 4 

2 

0.1 

""" , .. ~I 
~ "J'~~ 
~'~~ ~-9..,}'~ r-"v~ 

o"'~ 

CASE TEMPERATURE (Tc)a2~·C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

I 6 a 10 6108 100 

08 OR 09 COLLECTOR-lO-EMITTER YOlTAGE-V 
92C$-22!105 

Fig.. 6 - Maximum operati"g area for HC2500. 

,0,.F 
12 V 

INPUT 

Fig. 3 - Typical testcircu;t with split$Upply for measuring ACL, IiI 

" 

I". Voffs.t-'H- THO, and IMO. . 

25 

SEe FIG. "FOR DERATING FOR SYMMETRICAL 
WAVEFORMS WITH 1>"0 HI. 

50 75 100 125 ISO 
CASE TEMPERATURE (1cl- DC 

92CS~21079RI 

Fig. 5 - Dissipation derating curve for each output transistor. 

100 

;0 
I ? 80 

ffi 
;0 60 0 .. .. 
" .. 40 .. 
6 
~ 

20 a: 

o 

f·' kHz 
SPLIT POWER 
SUPPLY 

MAX. OUTPUT 
POWER 

92CS-210BO 

Fig. 1 - Output power as a function of supply voltage, with IIBrious 
values of load resistance, for symmBtr;callin~wav8 operation. 
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100 L.OAD RESISTANCE IRL) =4 n 
SUPPLY VOLTAGE 1VSllO±37.5V 

" 
MIO-BAND OUTPUT POWER-25 W 

r BO 
" " "- "b.. '" ~ 60 ..... ~I 
~ ,~OO-- ~ 0 
> ,.", 
:>; 40 

t~~f"~l ~ O~OO~G' 
~ . Ol~~& 

...... 
0 20 

0 1111 I" -';" 
. 103 104 10' 10' 

FREQUENCY (f I-Hz 

92CS-21081Rr 

Fig. 8 - Typical open-loop voltage gain vs. frequency. 

0.7 

POWER SUPPLY: SPLIT IVs): tl7,S V 
CASE TEMPERATURE.ITe) = 250(; 

~ 
:i u .~ 

g 
,.S ,'" '\ ~.e, !1 ., 

\ ~ PEAK LOAD CURRENT CI~(,. ~~ 

I 
, .. 

" 0,3 FOR TEMPERATURE DERATING. THE 

i\ AVERAGE POWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CAM BE CAL-

0.2 CULATED FROM PT(AV) • Po ~ \ 
0.1 II I -I I 

1. 6 8 10K 6 8 lOOK 
FREQUENCY If) _ Hz 

Fig. 10 - Maximum effjciency vs. frequency for swellll values of 
peak load current. 

dO dO :t90 
LOAD PHASE ANGLE C.j - DEGREES 

92CS-22542 

Fig. 12 - Minimum load impedance V" load phase angle and safe 
area of operation. 

712 

2. LOAD RESISTANCE (RL).4 A 

0 
SUPPLV VOLTAGE (VS) ·1:37.5 V 

,,~ 
OUTPUT POWER CPO) -25 W 

.. -2 • 

::l .. 
~ -!SO 
0 

r"-. I t -7!S 

~ --
~ -100 I" .. r-,. . s: -125 

-150 

-175 

10' 103 10· ro' 10' 
FREQUENCY (f)-Hz 

92CS-21082RI 

Fig. 9 - Typical open-loop phase shift VS'. frequency. 

OUTPUT IDLING CURRENT (III-mA 
92cS-21083RI 

Fig. 11 - Sias resistor (Rsin Fig. 3 J value VS'. output idling 
current III 

IOu. 

50· -4 

i' cc"!SOO pF 

;0 
2 --- Cc"IOO pF 

I 
(SEE FIG. 31 

~ 
10 • • .. ... • VS·:!:37.5V ;0 

0 RL .4 A .. 2 ... II"50mA , 
~ I 

" 8 
0 • 

• NOTE: LOW-FREQUENCY RESPONSE 

2 
DEPENDENT UPON INPUT NETWORK 
AND AC FEEDBACK COUPLING 

0.1 
CAPACITOR (CFJ 

10 10Z 103 10· 10' 

FREQUENCY (f) - Hz 
92CS-22!504 

Fig. 13 - Output power VI. frequency_ 

10' 
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10. POWER-SUPPLY VOLTAGE (VS1·:t37.5 v .. • BIAS CURRENT SET AT 50 rnA 

~ 4 INPUT SIGNAL: AMPLITUDE (fL"60Hz).~ 
AMPLITUDE UH"'? kHzl I 

~ 2 

10. SUPPLY VOLTAGE (Vs).:t37.5 v .. 6 LOAD RESISTANCE I R L 1 • 4 n 
I • IDLING CURRENT SET AT 50 mA 

Q AT Te -2S·C 
:I: z 
!:: 

z 
•• 1> 0 I 

~ • .. ~ 
0 · <L :;; · <5 ~" z 2 

...... 
0 ..... V / ;:: .. 0.1 

l.i",$01ftA -' .- -il • I,-IOOmA ~ ... t:.,...... 0 · ., 
a: ~~:';~ ... 
I- 2 _~~~~; :':\oo~ ! r' I"l" I 0.01 

z I 0 • ;:: 
a: 8 

~ • 
<5 

~ u z 20 kH 

Z i 0.18 .. • :I: 0.18\ kHz 
-' • I 1! 
0 2 l-

I 0,01 

•• 8 Z • • 8 . •• 8 
0.01 z 0.1 1 Ii 8'0 2 100 

z ••• 2 . •• 2 •• 8 2 • •• 0.01 0.1 I 10 100 
RMS OUTPUT POWER (Po)-W RMS OUTPUT POWER-W 

92CS-ZI08SRI 92CS-ZI086fU 

Fig. 14 - Typical ;ntermoduJat;on distortion vs. fm! output power. Fig. 15 - Typical total harmonic distortion vs. rm& output power. 

.. 
e 
I 

.. 
I 

VS·:t37.5 v 
RL·411 
Ce·SOD pF 
CIRCUIT SHOWN IN FIG. 3 

RMS OUTPUT VOLTAGE (Vo)-V 

Fig. 16 -Input sensitivity . 

~ 
> 
I ... 
~ 

o 

CASE TEMPERATURE (TCI-·C 
92CS-22!107 

92CS-22506 

100 200 300 400 500 600 TOO 800 

COMPENSATION CAPACITANCE (Cc)- pF 
92CS-22!108 

Fig. '8 - Typical slew rate VB. value of compensation CIIpscitor. 
Fig. '7 - Typical idling-current dirlt. Cc (test circuit shown in Fig. 2'). 
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Via - - ~ wi'" Rb1 end Rb2 .hor .... 

Vo 
IIO·-~ 

'Va 
Fig. 19 - Ts.rt circuit for open4oop gain lind phase response. IJb .. 100 Rb2 with Rb1 shorted 9ICS-2Z!lIO 

714 

Fig. 20 - Test circuit for Input offsflt voItstJIIllnd CUf'lYJllt ten. 

'-500Hz 2>n 

o:fl:fl-
"n 

INPUT 

ReM = 9 RS with series resistance (RSI increased 

92eS-l!.2et .. 
from zero until output-voltage (VOl is reduced by 10%. 

Fig. 21 - Circuit used to test slew rate. Fig. 22 - Ten circuit for measuring common-mode Input res/nance. 

TYPICAL APPLICATION CIRCUITS 

Rf 

IOk4 

IILI-lo;1 R~~S 
ct should be chosen to limit L(dIL/dt) during rapid transitions of 
the input waveform without limiting required output performance. 
RS should be chosen as high '81 possible without limiting required 
output performance. 

-See Om Bulletin File 531. 

Fig. 23 - CUrrent-feedback motol'-Control c;n:uir. 

Cf 
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Vo=~e· Rj I 

+15V 
7 

R, 

Total dc-load resistance should be as high as possible 
without limiting required output performance. 

·See Data Bulletin File 531. 

Fig. 24 - Voltagfrfeedback motor-control circuit. 

Peak output current'" 7 A 

Fig. 25 - AC motor control. 

fa::;: 1 

2RC Rn (1+2 ~; ) 
No-load output frequency ,. 8 kHz 
(Measured using values shown.) 

9kO 

R 
3.3kn 

RI IOkn 

Fig. 28 - High-power astable multivibrator. 

ZIN' 18 kn 

AYEFF '" 56 VN 9ZCM-Z2517 

PO(AV) = 200W atTe '" 250 C. RL:::: 4 flo Vs "'"! 34 V 

Fig. 27 - Bridge circuit for loads greater than 100 watts. 
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TYPE IMDIST. 
@50mW 

HC2500 0.06% 

HC2000H 5.8% 

716 

Vs 

Pout 

Idling Current 

(RS= 16an 

THD 

IMD@50mW 

Pin 3 
Voffset To Gnd. 

Efficiency 

RL 

Fig. 28 - Typical circuit connections lor operation of HC2500 with 
single-ended supply, and performance data. 

0.040" R 

EH,,~,"~ 
O.075~ 1--~~E~N~~~:uReED 
MIN. LENGTH 

92cS·21088 

Fig. 29 - Recommended lead-bending specification. 

COMPARISON CHART 

OUTPUT 
OPERATING FREQUENCY 

PROTECTION 
NETWORK 

MODE COMPENSATION 

CAPACITOR ON 

54V 

60W 

50mA 

0.15% 

0.06% 

+ l00mV 

64% 

4 ohms 

COMMUTATING 
DIODES 

NO NO CLASSAB 
SIGNAL TERMINALS 

YES CLASSS 
LC FILTER 

YES 
ON OUTPUT 



Dimensional Outlines and 
Suggested Mounting Hardware 
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HERMETIC PACKAGES 

JEDEC TO·3 

r- -

SEATING 
PLANE 

j't~J 
SYMBOL 

INCHES 

MIN. MAX. 

A 0.250 0.450 .b 0.038 0.043 .0 0.875 

0.420 0.440 ., 0.205 0.225 

F 0.135 

1 0.312 .p 
0.151 0.161 

1.177 1.197 

'1 0.525 

'2 0.188 

0.655 0.675 

NOTES: 

MIN. MAX. 
NOTES 

6.35 1'.43 
0.97 1.09 

22.23 

10.67 11.18 

5.21 5.72 
3.43 

7.92 

3." 4.09 

29,90 30.40 

13.34 

4.78 

16.64 17.15 

1. These dimensions should be measured at points 0.050 in. 
11.27 mm) to 0.055 in. (1.40 mm) below seating plane. 
When gage is not used, measurement will be made at 
seating plane. 

2. Twopins. 

MODI FI ED TO·3 (2N5575, 2N5578) 

718 

SEATING 
~PLANE 

92CS-15222 

'I 

'I 

MODIFIED TQ.3 (2N6032, 2N6033) 

.--H:i+---+i.---(~~ '2 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
NOTES 

A 0.416 0.450 10.57 11.43 
, 

¢b 0.059 0:62 1.499 1.575 

¢O 0.750 0.771 19.05 19.583 

• 0.420 0.440 10.67 11.18 ., 0.205 0.225 5.21 5.72 
F 0.100 0.114 2.54 2.89 

L 0.595 0.625 15.12 15.87. 1 
¢p 0.151 0.161 3.84 4.09 

~Pl 0.200 0.285 5.08 7.239 2 
q 1.177 1.197 29.90 30.40 
'1 - 0.525 - 13.34 
'2 - 0.188 - 4.78 
5 0.655 0.675 16.64 17.15 

NOTES: 

1. Two pins. 

2. Clearance holes for both pins should be 0.285 in. (7.24 mm) 
min.dia. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.300 0.350 7.62 8.89 

•• 0.059 0.061 1.50 1.55 2 

.0 0.800 20.32 , 0.420 0.440 10.67 11.18 

'1 0.205 0.225 ~21 5.72 
F 0.114 2.90 
I 0.440 0.470 11.18 11.94 2 

'P 0.151 0.161 '.84 4.09 

• 1.177 1.197 29.90 30.40 

'1 0.525 13.34 

'2 0.188 4.78 . 0.655 0.675 16.64 17.15 1 

I. THESE DIMENSIONS SHOULD BE MEASURED AT POINTS 0.050"' (1.27 mmJ TO O.05S" (1.40 mmJ 
BELOW SEATING PLANE. WHEN GAGE IS NOT USED, MEASUREMENT WILL BE MADE AT 

SEATING PLANE. 

2. TWO LEAOS. 9ZCS-17432 
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JEDEC T0-8 

92CS 20223 

INCHES MILLIMETERS 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

A 0.170 0.210 4.32 5.33 

"b 0.016 0.021 0.406 0.533 1 

"b2 0.016 0.019 0.406 0.483 1 

,,0 0.209 0.230 5.31 5.84 

,,01 0.178 0.195 4.52 4.95 

e O.lOOT.P. 2.54 T.P. 2,4 

·1 O.OSOT.P. 1.27T.P. 2,4 

F 0.030 0.762 

j 0.036 0.046 0.914 1.17 4 

k 0.028 0.048 0.711 1.22 3 

I 0.500 12.70 1 

11 0.050 1.27 1 

12 0.250 6.35 1 

a 450 T.P. 5 

NOTES: 

1. (Three leadsl ¢b2 applies between 11 and 12. 41b applies between 12 and 
0.5 in. (12.70 mml from seating plane. Oiamet~r is uncontrolled in 11 
and beyond 0.5 in. 112.70 mm) from seating plane. 

2. Leads having maximum diameter 0.019 in. (0.483 mml measured in 
gaging plane 0.054 in. (1.37 mm) + 0.001 in. (0.025 mm) - 0.00 in. 
(0.00 mml below the seating plane of the device shall be within 0.007 in. 
(0.178 mm) of their true positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual device. 

4. The device may be measured by direct methods or by the gage and gaging 
procedure described on gage drawing GS·2. 

5. Tab 'centerline. 

SYMBOL 
INCHES MILLIMETERS 

MIN. MIN. 
NOTES 

MAX. MAX. 

A 0.270 0.330 6.86 8.38 -
¢b 0.027 0.033 0.686 0.838 1 
¢O 0.550 0.650 13.97 16.51 -
,,01 0.444 0.524 11.28 13.31 -
e 0.136 0.146 3.45 3.71 -
F - 0.115 - 2.92 -
~ 0.360 0.440 9.14 11.18 1 
P goo NOMINAL 

NOTE: 

1. Three leads. 

JEDECT0-36 

92CS-24690 

INCHES MILLIMETERS 
NOTES SYMBOL 

MIN. MAX. MIN. MAX. 

A - 0.520 - 13.21 

</>0 - 1.250 - 31.75 

~ - 0.140 - 3.56 

k - 0.312 7.92 1 
L 0.610 0.710 15.49 18.03 

m - 0.190 - 4.83 
N 0.375 0.500 9.53 12.70 

r 0.345 NOMINAL 8.76 NOMINAL 

W 2 

NOTES: 

1. INSULATED LOCATOR PIN. 

2. 1().32 UNF·2A. MAXIMUM PITCH DIAMETER OF PLATEO 
THREAOS SHALL BE BASIC PITCH DIAMETER 0.1697in. 
(4.31 mm) REFERENCE (SCREW THREAD STANDAROS FOR 
FEDERAL SERVICES 1957) HANDBOOK H281957 Pl. 

3. CONTROLLING· DIMENSION: INCH. 
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JEDEC TO-39/T0-5 
SEATING 

r'~ 
TrnlJ~ •. 1J I I 

~[~'I). 
:t'" P h 

o TEMPERATURE 
MEASlmlNG POINT 92CS-22334 

SYMBOL 
INCHES MI LLiMETERS NOTES 

MIN. MAX. MN. MAX. 

</oa 0.190 0.210 4.83 5.33 
A 0.240 0.260 6.10 6.60 

</ob 0.016 0.021 0.406 0.533 

</ob2 0.016 0.019 0.406 0.483 

.0 0.350 0.370 8.89 9.40 

.01 0.305 0.335 8.00 8.51 
h 0.009 0.041 0.229 1.04 
j 0.028 0.034 0.711 0.864 
k 0.029 0.040 0.737 1.02 

lIon 
L leae.. 

1.500 38.10 

L IShort 0.500 12.70 
lead 

11 0.050 1.27 

12 0.250 6.35 
p 0.100 2.54 
Q 

a 450 NOMINAL 
{I 900 NOMINAL 

Note 1: This zone is controlled 10r-automatic handling. 
The variation in actual diameter within this 
zone shall not exceed 0.010 in. (0.254 mm). 

Note 2: (Three leads)q>b2 applies between I, and 12. 
¢b applies between 12 and I. Diameter is 
uncontrolled in I,. 

2 
2 

3 

2 

2 

2 
2 
1 
4 

Note 3: Measured from maximum diameter of the actual 
device. 

Note 4: Details of outline in this zone optional. 

TO-39/TO-5 WITH HEAT RADIATOR 

lcD~.=j1 
T~=L' 

E 000 
JJ 0 0 
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TO·S PACKAGE 
WELDED TO 
HEAT.RADIATOR 

[}

F1 LJ 
~ 

= 
AlOUNTING TAB 
(LEAD NO.2 BEHIND 
MOUNTING TAB) 

4 DIMPLED 
STANDOFFS 

</>P 

Ii. -!-'i1-{)-f<t+---k'f-oI1..+ 2 
MOUNTING 

TABS 
(NOTE2) 

MODI FI ED T0-39 

SEATING 

~.~ 
CI 

I I 
CI 

I I , = 
~=~~: ~I~b 

QT~b' 
TEMPERATURE 

MEASURING POINT 

YMBOL 
INCHES MILLIMETERS NOTES 

MIN. MAX. 

;a 0.190 0.210 4.83 5.33 
A 0.160 0.18~ 4.07 4.57 ,b 0.016 0.021 0.406 0.533 2 
+ b, 0.016 0.019 0.406 0.483 2 

to 0.350 0.370 B.89 9.40 

; 0 1 0.315 0.335 8.00 8.51 
h 0.009 0.125 0.229 3.18 
j 0.028 0.034 0.711 0.864 
k 0.029 0.040 0.737 1.02 3 
I 0.500 12.70 2 

'1 0.050 1.27 2 
12 0.250 6.35 2 
P 1 
a 4 
a 450 NOMINAL 

/3 900 NOMINAL 

Note 1: This zone is controlled for automatic handling. The variation in actual diameter 
within this zone shall not exceed 0.010 in. (0.254 mm) • 

. Note 2: (Three leads) /f)b2 applies between 11 and 12. 'b applies b8tlNlen 12 and 0.6 in. 
(12.70 mm) from seating plane. Diameter is'controlled in 11 and beyond 0.6 
In. (12.70 mm) from seating plane. 

Note 3: M8I$IJred from maximum diameter of the actUal device. 
Note 4: Details ofoutllneln this zone optional. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX.' 

A - 0.630 - 16.00 
0 1.205 1.235 30.61 31.37 

0 1 0.775 0.785 19.69 19.93 
E 0.875 0.905 22.22 22.99 
F 0.040 0.055 1.02 1.40 

Fl 0.160 0.195 4.06 4.95 

L {lOng 1.410 35.81 
lead - -

l ,Short 
lead 

0.410 - 10.41 -

.P 0.295 0.305 7.493 7.747 

.Pl 0.093 0.095 2.362 2.413 
N 0.048 0.062 1.21 1.57 

Nl 0.998 1.002 25.349 25.460 3 
w 0.048 0.052 1.219 1.320 

NOTES: 

1. 0.035 C.R.S., flnllb-electroless nickel plate. 

2. Recammended hole size for printeckircuit board 110.070 in. (1.78 mm) dia. 

3. Measured at bottom of heat-radiator_ 92CS-2233!5 



______________________ -'-__________ DimensionaIOutlines 

TO·39/T0-5 WITH FLANGE 

'NDEX TAB 

r:~ 
I. -rl-
~ i I I I 
000 

3 LEADS / 0 0 ------~­
;. 

LEAD 
INSULATING 

EYELETS 

SYMBOL 

A 

8 
8, -. D 

0, 
E 

" F 

G 

L I:: 
L I==t 

° 
0, 
°2 

" ", 

INCHES 
MIN. MAX. 

0.328 
0.240 0.260 
0.009 0.'25 
0.018 0.019 
0.335 0.370 
0.305 0.335 
M95 0.5D5 

O.2ODT.P. 
o.tOOT.P. 

0.062 0.068 
0.995 1.005 
0.028 0.034 
0.029 0.045 

1.430 

0.430 

0.885 0.691 

0.559 0.565 

0.'28 0.132 
D.l58T.P. 

•. 084 I 0. .. 6 
45o T.P. 

NOTES: 
1. True position. 
2. Tab centerline. 

92C5-22:333 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

~ ... '.535 12.19 '159 A, 0.300 7.82 ,. 0.716 0.875 19.69 22.23 ,0, 0.745 ~775 ,all2 , .... 
E as55 0.875 21.72 2~23 ..... 0.616 12.32 13.08 ., ~240 .. ,.., ~1O 6.60 
F M90 ~107 2.2. 4.24 

~937 1.030 219. 2&1. ,. 0.278 0.31Z 7." 7.92 

~480 0.495 11.68 lU7 ., 0.1OS ~" .. ~ ... 0.106 1.52 2.67 

'" ~06' ~'05 '.52 ~" ,W '.2606 0.2854 7.121 7.248 

NOTES: 
1. DIMENSION DOES NOT INCLUDE SEALING FLANGES. 

2. PACKAGE CONTOUR OPTIONAL WITHIN DIMENSIONS 
SPECIFIED. 

3. PITCH DIAMETER - THREAD 5116-24 UNF-2A (COATED). 
REFERENCE (SCREW THREAD STANDARDS FOR FED­
ERAL SERVICES - HANDBOOK H·28). 

4_ THIS TERMINAL CAN BE FLATTENED AND PIERCED 
OR HOOK TYPE. 

5. POSITION OF LEADS IN RELATION TO THE HEXAGON 
IS NOT CONTROLLED. 

92eS-20225 

MILLIMETERS 
NOTES 

MIN. MAX. 

8.33 

6.'D 8." 
0.229 3.18 

0.'" 0.483 
B.61 9.40 
7.75 8.5' 

12.57 12.83 
5.08 T.P. 
2.54 T.P. 
1.57 1.74 

25.21 25.53 
0.711 0.864 
0.731 1.14 

36.32 

10.92 

17.40 17.55 
14.20 14.35 
3.25 3.35 

3.96T.P. 

1.63 "i 1.67 
'.2 
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Dimensional Outlines ------------------------------­
JEDECTO·&& 

TO·66 WITH HEAT RADIATOR 

MEASUREO 
AT BOTTOM 

TO-16 PACKAGE 

~~i1..~~~TOR ~ 

r£'~~ rl F, 

PINS 
+b 

92SS-3738RI 

'1-++1--_ TEMPERATURE ! ~I~~UREMENT 

W 
LL_-I-....J.p- 2 MOUNTING 

TABS 
(NOTE 3) 

92CS-I)'583R4 

, 
BOTTOM -

VIEW I 

, . 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. NOTES 

A D.'" ..... 8.3& .... .. 0.028 0 .... 0.711 0.883 
~D - 0.620 - '5." 

, 
~D, 0.470 0 .... 11.901 '2.70 · "'00 0.210 4.83 5.33 2 ., 0.0113 0.107 2.38 2.72 2 
F, ..... 0.01& 1.27 1.8, 
F2 - 0 .... - 1.27 , 
L 0 .... - "'4 -
L, - 0 .... - '.27 • .. 0.142 0.'52 3.81 '.88 

• ..... 0 .... :IA.33 ... .. 
R - 0.360 - 8.89 
R, - 0.146 - 3.88 · 0.570 0.690 , .... , .... 

NOTES: 
1. Body contour is optional within zone defined by 410 and F2. 

2. TIIese dimension' should be m".lIed lit points 0,060 in. 
11.27 mm) to 0.055 In. 11.40 mml below seating pi .... WIlen 
gage il not used, measurement will be INd. at lUting plant. 

3.;11 applies between L, and L. Diameter h uncontroUed in L,. 

4. ThI seating plane of hMder shlll_ flat within 0,001 In. (0.025 mm' 
concIIV8to 0.004 In. (0.10 mml convex imide_ 0.520 in. {13.21 mmt 
diameter circle on thI center of the t.der MId flat within 
0.001 in 10.025 mml concave to 0,008 in. (0.15 mml conwex ~r. 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. 

A - ...... - 1&.16 

". 0.028 0 .... 0.711 0.lM!4 
D 0.760 0.760 '9.05 '9.30 
D, 0.370 0.386 9.40 9.18 

D2 0 ..... ..920 20.83 23.37 
E '.297 '.327 32.94 33.70 
E, 0.648 0.666 13.87 14.37 . 0.190 0.2'0 4.83 5.33 
F 0.30 D.56 7.62 13.97 

·F, 0.175 0.210 4.44 5.33 
L 0.270 - 8. .. -
N 0.052 0.066 '.32 '.65 
N, '.D98 '.'02 27.89 27.99 
NZ 0_ 0.452 11.38 11A7 
N3 0.1J99 0.113 0.25 0.29 ,.. OA98 0.502 12.66 12.75 
W 0_ 0.060 '.22 ,.52 

NOTES: 
1. MaRJred at bonom of hut: r..:tillar. 
2. 0.035 In. (0.&891 C,RS" tin plated. 
3. Recommended hall siZI for printed-cltc\llt board iii 

0.070 in. Il.nal di •. 

NOTES 

, 

INCHES MILLIMETERS 

SYMBOL 
MIN. MAX. MIN. MAX. 

A 0.t70 0.210 432 533 

"" O.ot6 0.02' 0.406 0.533 

"'" 
0.016 0.019 0.406 0.483 

NOTES 

, 
.2 ~ a ' ..... _-" INSULATION 9D 0.209 0230 5.31 5B4 

00, 0.178 0.195 4.52 4.95 

J~~k . 0.100 T.P . 2.54 T.P. 4 . , 0.050 T.P . 1.27 T.P. 4 

9ZCS-17444RI h 

1 O~ 
0.762 

09'41 
1.17 

Note 1: (Four leads). Maximum number lea\JS omitted in this out­
line, "none" (01. The number and position of leads actually present 
are indicated in the product registration. Outline desiGnation deter­
mined by the location and minimum angular or linear spacing of 
any two adjacent leads. 

Note 2: (All leads I ~2 applies between J 1 and ' 2. ofjb applies be· 
tween 12 and 0.50 in. (12.70 mm) from seating plane. Diameter is 
uncontrolled in 1, and beyond. 0.50 in. (12.70 mm) from seating 
plane. 

Note 3: Measured from rnaKimum diameter of the product. 

722 

i 0.036 0.046 
k 0.028 0.048 0.711 1.22 3 

1 0.500 12.70 , 
" 

0.050 1.27 , 
I, 0.250 6.35 , . 45~ T.P . 45g T.P. 4 .. 

Note 4: Leads having maximum diameter 0.019 in. (0.484 mm) 
measured in IJIging plane 0.054 in. (1.37 mm) +0.001 in. (0.025 
mm~ - 0.000 (O.OOO mm) below the seating plane of the product 
shall be within 0.001 in. (0.118 mm) of their true position relative 
to a maximum width tab. 

Note 6: The product nay be measured by direct methods or by 
gogo. 

Note 6: Tab centerline. 



_________________________________ DimensionaIOutlines 

RADIAL PACKAGE 

hl L L0-
c~ll '_ j~ tt/?'-t 1, ! 

INSULATOR 

SYMBOL 
INCHES MILLIMETERS 

MAX. 
NOTES I 

MIN. MAX. 

0.200 6." 

" 0.125 3.17 

C 0.015 0.019 0.38 0." 
C, 0.015 0.38 ,0 0.710 18.03 ,0, 0.615 0.690 15.62 17.52 

0.042 0.'" 1.06 1.16 

L 
L, 12.95 ...... 90°:t2° 

NOTE: 
1. CONTROLLED AREA OF THE DIAMETER oaES NOT 

INCLUDE THE BRAZED AREA AROUND THE CERAMIC 
AND TERMINAL 2. 

PLASTIC PACKAGES 

92CS- 20224 

PLASTIC TO·S AND PLASTIC TO·S WITH HEAT CLIP 

</>, 

REeT ANGULAR 
METAL SLUG 
(PART OF PLASTIC 
PACKAGE, SEE 
NOTE 1) 

C B E 

, ' , ., j' I+[tjl j IE 
"~ 

HYBRID·CIRCUIT PACKAGE 

rr~fll 
.--------1

1
- _1I~j I 

I 
I 
I 
I 

2.5 
(63.5) 

!-~ 
1-' , 
I ,-
J. 

, 
t-t---:--1 

L-.-t===1~f.-J 
o.275J I 
(699) I­
(TYP.) 

DIMENSIONS IN INCHES AND 
MILLIMETERS (VALUES IN PARENTHESES) 92CS-18037R2 

*TERMINALS 6 AND II ARE CONNECTED INTERNALLY 

SYMBOL INCHES MILLIMETERS NOTES MIN. MAX. MIN. MAX. 

92CS-192BD 

A 0.385 0.395 9.78 10.03 
AI 0.251 0.261 6.37 6.63 

~b 0.Q16 0.019 0.41 0.48 
C 0.858 21.79 
Cl 0.750 = 19.05 
0 a.305 0.315 7.75 8.00' 
01 0.300 7.62 
02 0.070 1.77 
03 0.0329 0.813 
04 0.021 0.041 0.533 1.04 

~d 0.073 0.077 1.85 1.95 
E 0.145 0.155 3.68 3.94 
0 0.195 0.205 4.95 5.21 
01 0.095 0.105 2.41 2.67 
02 0.070 0.080 1.78 2.03 

Ji, 0.725 0.745 18.41 18.91 
)(1 0.125 0.250 3.17 6.35 
~p 0.112 0.118 2.84 2.99 

NOTE 1: To attach to heat-sink, use a 4-40 binding:­
head screw and a No.4 flat washer. The recom· 
mended screw torque (for even distribution of 
mounting pressure and optimum thermal contact) 
is6 in..lb. 

NOTE 2: Three leads. Leads are pretinned to the 
I., dimension. 

NOTE 3: Lead numbering from right to Ie:ft with 
rectangular metal slug facing observer. 

NOTE 4: Tab to be sheared through and set inward 
as shown. 

2 
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DimensionaIOutlines ________________________________ _ 

JEDEC TO·219AA 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
NOTES 

A 0.160 0.200 4.07 5.08 
b 0.045 0.060 1,15 1.52 
c 0.025 0.045 0.64 1.14 
0 0.890 0.910 22,61 23.11 
0 1 0.480 0.515 12.20 13.08 
E 0.480 0.520 12.20 13.20 

·1 0.460 0.505 11.69 12.82 1 
F 0.055 0.070 1.40 1.77 
L 0.370 0.450 9.40 11.43 2 

w-+ 
SECTION::T 

p 0.128 0.150 3.26 3.81 
q 0.740 0.760 1B.80 19.30 
, 0.500 0.520 12.70 13.20 

NOTES: 
.1. e1 is measured at seating plane. 

2. Terminal end configurations are optional. 

92SS-3598R3 

JEDEC TO·219AB 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.160 0.200 4.07 5.08 
b 0.045 0.060 1,15 1.52 
c 0.025 0.045 0.64 1.14 

0 0.890 0.910 22.61 23,1' 

01 0.480 0.515 12.20 13.03 

E OASO 0.520 12.20 13.20 

F 0.055 0.070 1.40 1.n 
'1 0.100 0.120 2.54 3.04 

L2 0.415 0.560 10.54 14.22 
p 0.128 0.150 3.26 3.81 
q 0.740 0.760 18.80 19.30 . 0.500 0.520 12.70 13.20 

1_ NOTE: Terminal end configurations are optional. 

9255- 3599R2 

724 



JEDEC T0-220AA F '-I-.-l 

~ f,- i -ll A SEATING PLANE 

-, r- bl r T f! 
x X L2 lJ F 

, l LL 
-I e2 TERMINAL PffS ~: TE~~.I~AL 
[b1 ""', • .I--.! :-on 
~ / i+ i 
',-/ I TE~~.'~AL L n---L 
SECTION x-x Q 

o BOTTOM VIEW 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.140 0.190 3.56 4_82 -
¢b 0.02 0.045 0.51 1.14 -

bl 0.045 0.070 1.15 1.77 -
c 0,015 0.030 0.38 0.762 -
D 0.560 0.625 14.23 15.87 -
E 0.380 0.420 9.66 10.66 1 

"2 0.190 0.210 4.83 5.33 2 

F 0.045 0.055 1.15 1.39 -
HI 0.230 0.270 5.85 6.85 1 

Jl 0.080 0.115 2.04 2.92 -
L2 - 0.050 - 1.27 -
L3 0.360 0.422 9.15 10.71 -

.p 0.139 0.147 3.531 3.733 -
Q 0.100 0.120 2.54 3.04 -
S 0.580 0.610 14.74 15.49 

92CS-17990R 1 

NOTES: 

1. Tab contour optional within Hl and E. 
2. Position of lead to be measured 0.050 - 0.055 in. (1.27 - 1.40 mm) 

below seating plane. 

RCP PLASTIC PACKAGE 

92CS-24062 

Dimensional Outlines 

JEDEC TO-220AB 

Lr-HI "1 
SEATING PLANE II .L~ 

It 
F 

r:::Li 
~--: \ /1 

TERMINAL No. 4 SE?riON x-x 

L ~/ TERMINAL No. I 

L1 I /1 TERMINA.LNo.2 

4---r 
E : I =r-.t .1 

tt':'J L'MINALN'" !, 
BOTTOM VIEW 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.140 0.190 3.56 4.82 

,b 0.020 0.045 0.51 1.14 

b, 0.045 0.070 1.15 1.77 

0.015 0.030 . 0.38 0.162 

0 0.560 0.625 14.23 15.87 

0.380 0.420 9.66 10.66 
0.090 0.110 2.29 2.79 ., 0.190 0.210 4.83 5.33 

F 0.045 0.055 1.15 1.39 

H, 0.230 0.270 5.85 6.85 

J, 0.080 0.115 2.04 2.92 

L 0.500 0.562 12.70 14.27 

L, 0.250 6.35 .p 
0.139 0.147 3.531 3.733 

Q 0.100 0.120 2.54 3.04 

92CS-17991RI 

NOTES: -
1. Tab contour optional within H, and E. 
2. Position of lead to be measured 0.250 - 0.255 in. 16.35 - 6.48 mm) 

from case. 

INCHES MILLIMETERS 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

A - 0.05 - 1.270 , 
b 0.cl23 0.029 0.584 0.736 

b, 0.045 0.055 1.143 1.397 , 
, 0.018 0.026 0.457 0.660 
0 0.3OS 0.325 7.747 8.255 
E 0.130 0.150 3.302 3.810 , 0.095 0.105 2.413 2.667 

" 0.190 0.210 4.826 5.334 
F - 0.08 - 2.032 , 
G 0.230 0.250 5.842 6.350 
H 0.330 0.370 8.382 9.398 
L 0.400 0.450 10.16 11.43 
L, - 0.100 - 2.54 '.2 
L2 0.540 0.580 13.71 14.73 ,p 0.123 0.127 3.124 3.225 
0 0.120 0.130 3.048 3.302 

0, 0.039 0.050 0.990 1.270 

" - 35" - 35' , 
", - 50" - 50' , 

NOTES: 

1. Package contour optional within dimensions specified. 

2. Lead dimensions uncontrolled in this zone. 

3. Chamfer OIT tab optional. 

4. Controlling dimensions: inch. 
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Mounting Hardware ________________________ --------

·HERMETIC PACKAGES 

TO·3 

726 

~ 2 SCREWS, 6-32 ffY-"'~ ::::~~ABLEFROMRCA C....-h MICA INSULATOR 

: _ _ e SUPPLIED WITH O'VIC' 

HEATSINK O ICHASSIS) 

o 495334-7 
o 2 NYLON INSULATING 

e BUSHINGS 

~ I. O. =0.156 in. (4.00 mm) 
SHOULDER DIA. = 0,250 in. 
16.40 mm) MAX., 

2 METAL WASHERS@) ~~~~~~n~7,:~I;~~~!X. 
2 lOCK WASHERS@ } SUPPLIED WITH DEVICE 

2 HEX. NUTS@ NOT AVAILABLE FROM RCA 

2S0LDER LUG~ 
2HEX.NUTS@ 

92C5-22558 

TO·S 

Modified T0-3 

g i---- 2 SCREWS 6·32 I&!!r NOT AVAILABL"ROMRCA 

. DF·238A 
e MICA INSULATOR 

o AVAILABLE AT PUBLISHED 

o HAROWARE PRICES 

o 
o HEAT SINK Q ICHASSIS) 

o 495334.7 
o 2 NYLON INSIII.ATING 

e BUSHINGS 
1.0. = 0.156 in. (4.00 mm) 

_______ SHOULDER DIA. '" 0.250 in. 
U'" 16.40 mm) MAX., 

SHOULDER THICKNESS 

2 METAL WASHERS ~ 1 ;U~~:-D~;;:~~~~' 
2 LOCK WASHERS ~ 

2 HEX. NUTS @ NOT AVAILABLE FROM RCA 

1 SOLDER LUG ~ 
2HEX.NUTS @ 

92CS-ms6 

Q 2 SCREWS, 6-32 
~ NOT AVAILABLE FROM RCA 

~ DF13C @jJ-~ CLAMP 
e '-.~ SUPPLrEDWITHDEVICE 

8 /,']f~ DF14A o ~';~~~!'~~;V?C~ 

O HEATSINK 
e (CHASSIS) 

s 
G e 496334.7 

e 2 N":,LON INSULATING BUSHINGS 
1.0. - 0.156 In. (4.00mm) 

e--~~~~~Df6~3~':;';; MAX. 
SHOULDER THICKNESS' 
0.050 in. (1.27 mml MAX. 

2 METAL WASHERS @)} SUPPLIED WITH DEVICE 

2 LOCK WASHERS @ NOT AVAILABLE FROM RCA 

2 HEX. NUTS @ 92CS.22562 



_______________________________ Mounting Hardware 

T0-39 or T()'5 
With Flange 

Q 2 SCREWS. 4-40 
~NOT AVAILABLE FR~M RCA 

$'~ DF63A 

MICA INSULATOR 
G;> ~ AVAILABLE AT PUBLISHED 

Q HARDWARE PRICES 

T()'66 

Q 2 SCREWS. 6·32 g--- NOT AVAILABLE FROM RCA 

~ ~~g!~NSULATOR 
~ ~ .... PLIEDWITHDEVIC. 

-.. 496334-7 W:::e:~~:~)K 

e 0 ~ 0 Q 495334-8 

Oe e rcEH~:~)K 

e 2 NYlON IN.SULATING BUSHINGS 
1.0 ... 0.156 m. (4.00 mm) 

::;. __ SHOULDER DIA •• 
2 NYLON IN~ULATING BUSHINGS 
I. D. =0.130 In. (3.30mm) 

.. 0.250 in. (6.40 mm) 
SHOULDER THICKNESS = 

e--~~g~~g~= ~~~c~~·:~ ~n. 15.54 mm) 2 METAL WASHERS@) 

2 LOCK WASHERS@ 

2HEX.NUTS@ 

2S0LDER LUGS ~ 

0.050 in. (1.27 mm) MAX. 
AVAIL.ABl.E AT PUBLISHED 

2METALWASHERS®} HARDWARE PRICES 

2 LOCK WASHERS @ ::~:~~~ABLE 

2HEX.NUTS@ 
92CS-22557 

2HEX.NUTS@ 

TO-36 

~,~~,~ 
I 0 00 0 \,----~~~~ INSULATOR 
.. • SUPPLIED WITH DEVICE 

8-::::-:.::' 
NR66B ~ ______ 49!i3J4.6 

~ I.D."O.204in.15.18mm) 

} 
.

. 0.050 in. (1.27 mm) MAX. 
SUPf'LlED WITH DEVICE 

NOT AVAILABLE 

FROM RCA 

92CS·22560 

MNRET48AAL WASHER ____ • ~ • ] ~~~:~~ INSULATING 

LOCK WASHER~ Sl.WPLIED 0.0. =0.5 in. (12.1 mm) 
CONNECTOR WITH SHOULDER DIA. .. 0.250 in. 

NA38C ~ SHOULDER THICKNESS= ~ DEVICE (5.40mm) MAX. 

HEX. NUT 0.052 in. (1.32 mm) MAX. 
SUPPUEDWITH DEVICE 

* REO. TRADEMARK 

E.I. DUPONT DE NEMOURS. CO. 
92CS-24791 
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Mounting Hardware ________________________________ _ 

PLASTIC PACKAGES 

TO-219AB 

2 SCREWS, 4-40 

NOT AVAILABLE FROM RCA 

2 METAL WASHERS 

NOT AVAILABLE FROM RCA 

'-__ - DF1148 

2 METAL WASHERS @) 
2 LOCK WASHERS @ 

2HEX.NUTS @ 

1 SOLDER LUG ~ 
2HEX.NUTS @ 

TO-219AA 

2 METAL WASHERS @) 
2 LOCK WASHERS @ 

2HEX.NUTS @ 

728 

1 SOLDER LUG ~ 
2 HEX. NUTS @ 

MICA INSULATOR 

SUPPLIED WITH DEVICE 

HEAT SINK 

495334-8 
2 INSULATING BUSHINGS 

1.0. ="0,130 in. (3.30 mm) 

SHOULDER OIA ... 0.218 in. (5.54 mm) 

SHOULDER THICKNESS-

} 

0.050 in. 11.27 mm) MAX. 

SUPPLI ED WITH DEVICE 

NOT AVAILABLE FROM RCA 

92CS 2419SR1 

2 SCREWS, 4-40 

NOT AVAILABLE FROM RCA 

2 METAL WASHERS 

NOT AVAILABLE FROM RCA 

DF1148 

MICA INSULATOR 

SUPPLIED WITH DEVICE 

HEAT SINK 

THICKNESS '" 0.130 in. (3.30 mmJ MAX. 

4953J4.B 
2 INSULATING BUSHINGS 

1.0. = 0.130 in. (3.30 mm) 

SHOULDER CIA." 0.218 in. (5.54 mm) 

SHOULDER THICKNESS-

} 

0.050 in. (1.27 mm) MAX. 

SUPPLIED WITH DEVICE 

NOT AVAILABLE FROM RCA 

9ZCS-24789R1 

T0-220AB 

Q SCREW.6.J2 u--- NOT AVAILABLE FROM RCA 

~NR231A 
e RECTANGULAR METAL 

WASHER 

~ 
AVAILABLE AT PUBLISHED 
HARDWARE PAICES 

. • DF103B . 
• MICA INSULATOR 

~
. HOLE DIA.-0.145-0.141 in. e (3.6B-3.5B mm) 

SUPPLIED WITH DEVICE . .. z::::76 HEATSINK. e (=HASSISI 

495334·7 
INSULATING BUSHING 

. e---- ~'~o~~'6~~ l~l~:~O mm) 

METAL WASHER tg\ 1 0.250 In. (1.27 mml MAX. 
~ SUPPLIED WITH DEVICE 

LOCK WASHER @ 
HEX NUT @ NOT AVAILABLE FADM RCA 

SOLDER LUG ~ 
HEXNUT @ 

92CS-22563 

T0-220AA 
SCREW. 6-32 

Q . .______ NOT AV~.ILABLE FROM RCA 

Ii NR231A 
~ RECTANGULAR METAL 
~- WASHER 

~ 
AVAIL.ABLEATPUBLISHED 

HARDWARE PRICes 

I I ~r~~~~SULATOR 

~ 
HOLEDIA.-O.145·0.141 ,no 
(3.68 • 3.58 mm) 

6 SUPPLIED WITH DeVICE 

G G HEATSINK O (CHASSISI 

e 495334-7 
Ell INSULATING BUSHING 

e I. D. '" 0.156 in. (4.00 mm) 

e- ~~~~~D~6~~I~;"j MAX. 

METAL WASHER SHOULDER THICKNESS' 
e 1 0.050 in. (1.27 nlJ!l) MAX. 

LOCK WASHER <3 SUPPLIED WITH DEVice 

HEX NUT ~ NOT AVAILAaLE FROM RCA 

SOLDER LUG ~ 
HEX NUT 92CS-22564 
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Operating Considerations for 
RCA Solid State Devices 

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

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

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

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

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

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

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

GENERAL CONSIDERATIONS 
The design flexibility provided by these devices makes 

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

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

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

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

TESTING PRECAUTIONS 

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

9·74 
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TRANSISTORS ANO THYRISTORS 
WITH FLEXIBLE LEADS 

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

TRANSISTORS AND THYRISTORS 
WITH MOUNTING FLANGES 

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

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

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

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

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

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

Lead-Forming Techniques 
The leads of the RCA VERSAWATT in-line plastic 

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

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

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

1. Restrain the le,d between the bending point and the 
plastic case to prevent relative movement between the 
lead and the case. 

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

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

4. Do not use a lead-bend radius ofIess than 1/16 inch. 
S. Avoid repeated bending of leads. 

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

Wire wrapping of the leads is permissible, proVided that 
the lead is restrained between the plastic case and the point 
of the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
27SoC and must be applied for not more than 5 seconds at a 
distance not less than 1/8 inch from the plastic case. When 
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wires are used for connections, care should, be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

The leads of RCA molded-plastic high-power packages 
are not designed to be reshaped. However, simple bending of 
the leads is permitted to change them from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
9O-degree bends; repeated bendings should be avoided. 

Mounting 
Recommended. mounting arrangements and suggested 

hardward for the VERSA WATT package are given in the data 
bulletins for specific devices and in RCA Application Note 
AN4142. When the package is fastened to a heat sink, a 
rectangular washer (RCA Part No. NR23IA) is recommended 
to minimize distortion of the mounting flange. Excessive 
distortion of the flange could cause damage to the package. 
The washer is particularly important when the size of the 
mounting hole exceeds 0.140 inch (6-32 clearance). Larger 
holes are needed to accommodate insulating bushings; 
however, the holes should not be larger than necessary to 
provide hardware clearance and, in any case, should not 
exceed a diameter of 0.250 inch. 

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

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

The TO-220AA plastic package can be mounted in 
commercially available TO-66 sockets, such as UID 
Electronics Corp. Socket No. PTS-4 or equivalent. For 
testing purposes, the TO-220AB in·line package can be 
mounted in a letron Socket No. DC74-104 or equivalent. 
Regardless of the mounting method, the following 
precautions should be taken: 

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

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

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

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

Such buShings Should be made of diallphthalate, fiber­
glass-filled nylon, or fiberglass-filled polycarbonate. 

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

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

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

1. Mounting torque Should be between 4 and 8 inch­
pounds. 

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

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

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

5. Thermal grease (Dow Corning 340 or equiValent) Should 
always be used on both sides of the insulating washer if 
one is employed. 

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

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

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

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

Care must also be used in the selection of fluxes for lead 
soldering. Rosin or activated rosin fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 
fluxes are: 
I. Alpha Reliaros No. 320-33 
2. Alpha Reliaros No. 346 
3. Alpha Reliaros No. 711 
4. Alpha Reliafoam No. B07 
5. Alpha Reliafoam No. B09 
6. Alpha Reliafoam No. B11-13 
7. Alpha Reliafoam No. B15-35 
B. Kester No. 44 

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

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

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

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

The use of a "self-jigging" arrangement and a solder 
preform is recommended. If each unit is soldered individ­
ually, the heat source should be held on the heat sink and the 
solder on the unit. Heat should be applied only long enough 
to permit solder to flow freely. For more detailed thyristor 
mounting considerations, refer to Application Note AN3B22, 
"Thermal Considerations in Mounting of RCA Thyristors". 

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

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

"Trade Mark: Emerson and Cumming, Inc. 

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

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

I. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as "ECCOSORB* 
LD26" or eqUivalent. 
(NOTE: Polystyrene insulating "SNOW" is not suffi­
ciently conductive and should not be used.) 

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

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

circuits with power on. 

RF POWER TRANSISTORS 
Mounting and Handling 

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

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

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

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

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

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

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

All COS/MaS gate inputs have a resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect COS/MaS deviccs from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low~tempcrature, low-humidity environments, 
improper handling may result in device damage. See 
ICAN-6000, "Handling and Operating Considerations for 
MaS Integrated Circuits", for proper handling procedures. 

Mounting 
Integrated circuits are normally supplied with lead-tin 

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

. against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

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

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and I6-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

Operating 

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

or VOO, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
C04049 or C04050, not only can result in. faulty logic 
operation, but can cause the maximum power dissipation of 
200 milliwatts to be exceeded and may result in damage to 
the device. Inputs to these types, which are mounted on 
printed-circuit boards that may temporarily become 
unterminated, should have a pull-up resistor to VSS or VOO. 
A useful range of values for such resistors is from 10 kilohms 
to I megohm. 
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I nput Signals 
Signals shall not be applied to the inputs while the device 

power supply is off unless the input current is limited to a 
steady state value of less than \0 milliamperes. Input 
currents of less than \0 milliamperes prevent device damage; 
however, proper operation may be impaired as a result of 
current flow through structural diode junctions. 

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

the higher-output-current COS/MaS types, such as the 
C04007, CD4041, C04049, and C04050. In general, these 
types can all be safely shorted for supplies up to 5 volts, but 
will be damaged (depending on type) at higher power-supply 
voltages. For cases in which a short-circuit load, such as the 
base of a p-n-p or an n-p-n bipolar transistor, is directly 
driven, the device output characteristics given in the 
published data should be consulted to determine the 
requirements for a safe operation below 200 milliwatts. 

For detailed COS/MaS IC operating and handling 
considerations, refer to Application Note ICAN-6000 
"Handling and Operating Considerations for MOS Integrated 
Circuits", 

SOLID STATE CHIPS 

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

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

A. Storage temperatme, 400 C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 

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

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

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

*MiI-M-38510A. paragraph 3.5.6.1 (a),lead material. 
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Silicon Transistors for High-Voltage Application 
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This note discusses several new applications for 
RCA high-voltage silicon transistors (2N3583, 2N3584; 
2N3585, 2N3439 and 2N3440); These devices are 
triple-diffused n-p-n types featuring high frequency 
response, fast switching speeds, and low cost. Elec­
trical characteristics are listed in Table I. 

The advent of these types has made possible many 
new applications for transistors. Among these applica­
tions are circuits in which, until now, the use of tran­
siators was restricted because of high operating voltages 
(horizontal-deflection circuits, for example). Other 
applications include those in which the use of a higher 
supply voltage can enhance circuit design, performance, 
and economy. High supply voltages reduce the cost 
of line-operated amplifiers, and improve the efficiency 
of inverters; Several other important applications are 
illustrated. 

Series Voltage Regulator 

A voltage regulator provides a constant output 
voltage when· the input voltage and/or output cwrent 
is varied over a limited range. As shown in Fig. 1, 

Maximum Ratings, Absolute-Maximum VCzlues: 

the pass transistor, acting on a signal from the control 
circuit, prevents tbe output voltage Vout from varying. 
The control circuit receives a sample of the output 
voltage, compares it with a reference voltage, and 

PASS 
TRANSISTOR 

.r\---~<>~! 
10 

Fig. 1 • Basic form of a transistorized series 
voltage regulator. 

amplifies the difference. The resulting error signal 
corrects the collector current Ie of the pass transistor 
so that the collect<r-to-emitter voltage V CE is always 

2N3583 2N3584 2N3585 2N3439 2N3440 

COLLECTOR-TO-BASE VOLTAGE. VCBO •• 250 375 500 450 300 Volts 
COLLECTOR-TO-EMlTTER 

VOLTAGE, VCEO(susl ......•....... 175 250 300 350 250 Volt. 
EMITTER-TO-BASE VOLTAGE, VEBO •••• 6 6 6 7 Volt. 
CONTINUOUS COLLECTOR CURRENT ,IC • 2 2 2 Amp 
PEAK COLLECTOR CURRENT ••••••••. 5 5 5 Amp 
BASE CURRENT, lB' ••••••••••••••• 1 1 0.5 0.5 Amp 
TRANSISTOR DISSIPATION, PT •••••••. 35 35 35 5 5 Watt. 

Table I • Electrical characteristics of RCA high.vo/tage silicon transistors. 
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the difference between the input voltage Vin and the 
desired output voltage. 

The simplest circuit 8lTangernent for a transistor 
voltage regulator is shown in Fig.2. The circuit consists 
of a transistor, a resistor, and a zener diode. Because 
the zener diod.e maintains the base of the transistor ·at 
a constant voltage, changes in output can result only 
from variations in the base-t<remitter voltage VBE with 
current and temperature. A zener diode having a high 
current rating is required if large currents are drawn 
from the transistor .. 

,rl __ -<:lVOUT 

Fig.2 • Simplest circuit ·arrangement for a transistor 
voltage regulator. 

The maximum v slue of resistance R which can be 
used in the circuit is determined as follows: 

Vin - leN - Vout 
R = --,-,.---:--­

IB(max) 

Because the maximum base current IB(max) is equal to 
Io(max)/hFE(min), where 10 is the output current and 
hFE is the dc forward-current transfer ratio, the resis­
tance equation can he rewritten as follows: 

Vin - lW - Vout . 
R = x hFE (mm) 

10 (max) 

The zener diode must be capable of handling a 
peak current Iz given by 

Vin +!:N - Vout [Vin +!:N - VoutJ [Io(max)] 

Iz = R -[Vin - LW - Vout] [hFE(min~ 
In· the series regulator, the pass transistor must 

remain always in the active region. For this reason, 
the pass transistor must be chosen carefully to avoid 
dc forward-bias second breakdown. As shown in Fig.3, 
under the worst-case condition !o(max), Vin(min), the 
bias point of the transistor must be within the dc 
forward-bias second-breakdown rating P sib, or the dc 
power-dissipation rating Pdc, whichever is the limiting 
factor. From the equations given above, it is obvious 
that near the operating point hFE should be as high as 
possible. In general, leakage current and saturation 
voltage are not important. 
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Fig.3 • ·Transistor load line • 
. Design Example 

The foHowing conditions are specified for a series 
voltage regulator: 

Vout = 100 V 
!o(max) = 400 mA 

Vin = 135 ± 15 V 
hFE(min) = 20 

Circuit values are then determined as follows: 

<135 - 15- 100) 20 400 
R = 0.4 = 0:4 = 1 kft at 2.5 W 

0.4 
IB(max) =20 = 20 mA 

135 + 15 - 100 50 
IZ = 1000 = 1000 = 50 mA 

Therefore, the zener-diode requirements are V Z = 100 V, 
IZ = 50 mA, Pz = 5 W. Under worst-case conditions, 
the transistor must be capable of handling 400 milli­
amperes at 50 volts, or a dissipation of 20 watts. In 
addition, the point 50 V and 400 rnA must be within the 
dc second-breakdown rating of the transistor. Fig. 4 
shows the circuit values for this regulator. 

The power-dissipation rating of the resistor and 
zener diode can be reduced by addition of another tran­
sistor (usually much smaller in dissipation) in a con­
figuration such as that shown in Fig.5. This arrange­
ment effectively increases the over-all minimum gain. 
The two transistors Can be regarded liS one in which 
the effective hFE (approximately the product of the 
gain of the two transistors) can be substituted for hFE 
in the previous equations. Because the 2N3440 has a 
minimum gain of 40 at 20 rnA, the minimum effective 
gain is (40)(20) = 800. From this value, the new resistor 
and zener diode requirements can be calculated as 
follows: 

(135-15- 100) 800 
R=------

0.4 
40 kf1 at 0.062 W 

135 + 15 - 100 50 
IZ = 40000 = 40000 = 1.25 mA 

Pz = 125 mW 

The maximum power dissipated by the 2N3440 
transistor in this circuit is (20 mA)(50 V) = 1 W. 
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135: 15V 

IKll 
5W 

IOO~ 

TYPE 
2N3583 

IOOV 
5W 

IOOV 

400mA 

~ 99·C J 
O~------------------~4~O~O­

lOUf-mA 

Fig.4 - Schematic diagram of a simple transistor 
voltage regulator. 

The disadvantage of the circuit of Fig.5 as com­
pared with that of FigA is that voltage regulation is 
less sensitive because there are two junctions to 
create VBE variations with current and voltage changes. 

Fig.6 shows a feedback arrangement designed to 
improve regulation. In this circuit, the output is 
sampled and compared with a very stable reference 
voltage. The reSUlting error signal is used to adjust 
the bias on the pass transistor. The requirements for 
Q3 are determined in the same manner as those for 
the zener diode in the preceding circuits. The zener­
diode current Iz(max) is equal to the collector current 
Ic(max) of Q3 divided by the minimum gain of Q3 at 
Ic(max). 

In general, the full load voltage need not be fed 
back. Instead, a voltage divider can be used to reduce 
the voltage requirement on the zener diode. Although 
the voltage divider also degrades the performance, this 
method must be used if a variable output voltage is 
required. Fig.7 shows a typical high-voltage regulatCl' 
that provides an output variable from 175 to 225 volts 
and delivers up to 150 rnA. Performance curves for 
this circuit are shown in Fig.S. 

Switching Regulator 

The advantage of a transistorized switching regu­
lator, such as that shown in Fig.9, is its extremely 
high efficiency. It does not, however, provide the 

135!15V 

40Kn 
1/4W 

TYPE 
2N3583 

100V 

400mA 

Fig.5 - Schematic diagram of a series voltage 
regulator using darlington driver. 

YoUT 

Fig.6 - Schematic diagram of a series voltage 
regulator employing feedback amplifier. 

excellent regulation obtainable from a series-type 
regulator. For this reason, a switching regulator is 
normally used as a coarse or pre-regulator preceding a 
series regulator. The switching regulator is highly 
efficient because the transistor switch is either satu­
rated or cut off. Because both of these conditions 
are states of low dissipation, very little power is lost 
in the transistor. 
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TYPE 
2N3'S3 17'-225 V 

O-150mA 
)r----,--O 300:!:25vo--~--n 

92Kn 1/2W 

2.5 KQ 1/2W 

12 K,Q 112W 

Fig.7 - Schematic Jiagram of a typical series 
high-voltage regulator. 

200 ---- - --- ---

~ 199 - - - - - - - - - - -- -

t:EfJ.N~OO~ __ ---
j 

50 100 150 
loUT-mA 

201 -- -'---- ----- ----- -t _'n~ 

r= ~.~-~~~f:=r:l 

738 

275 300 325 
VIN-V 

Fig.8 - Regulation characteristics for circuit 
shown in Fig.7. 

SWITCH 
LOW- PASS FILTER You. 

Fig.9 - Simplest form of a transistor 
switching regulator. 

The function of the feedback circuit is to sample 
the output voltage and compare it with a reference 
voltage. The difference between these two voltages 
is used to modulate the pulse width of a pulse gener­
ator. This modulated pulse signal is then applied to 
the base of the switch. Thus, if the output voltage 
tends to decrease, the pulse width is increased so that 
the switch remains ON longer' to allow the output to 
increase. Conversely, if the output tends to increase 
above the desired value, the duty cycle decreases. 

When the transistor switch is ON, current flows 
into the load and into the output capacitor through the 
inductor. Energy is stored in the inductor and capacitor 
so that when the switch is OFF, this energy is avail­
able to supply the load. During the ON time, the cur­
rent through the inductor, is a linear ramp. The rate 
of increase of current (1II/1It) is determined by the 
value of the inductance L and the .voltage across it 
(Vin- Vout) as follows: 

1I1 1 
lit ="L(Vin-Vout) 

The peak current is therefore given by 

Yin - Vout· 
Ip = L (ton) 

The transistor chosen for this application must 
provide sufficiently fast switching times, i.e., rise time 
tr and fall· time tf. For good regnlation over a wide 
range of input voltage and output current, the duty cycle 
must be variable from 10 to 90 per cent. Consequently, 
the minimllID pulse width should be one-tenth of the 
period (II10f). For low switching los'ses, the rise and 
fall times should be about one-fifth of the minimum 
pulse width, or one-fiftieth of the frequency of the 
pul se generator (II50 f). 

A switching regnlator can also be used as a dc 
step-down transformer. In this application, the regnlator 
provides a very efficient method of obtaining low dc 
voltage directly from a high-voltage ac line. Fig. 10 
shows a typical step-down switching regnlator which 
utilizes the dc voltage obtained by rectification of a 
117-volt ac line source to provide a regulated 60-volt 
supply. Performance characteristics for the circuit 
are shown in Fig.ll. 

Inverters 

An inverter is used to transform dc power to ac 
power. If the ae output is rectified and filtered to pro­
vide dc again, the over-all circuit is referred to as a 
converter. A converter is normally employed to change 
the magnitude of an available dc supply . 

.A transistorized inverter can be made very light 
in weight and' small in size. It is a highly efficient 
circuit and, unlike its mechanic al counterpart, has no 
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6$ 

> 
!... 60 

; 

rOUl 

60V 
~--~~~--~----

O-fA 

820n 

L = 6()...turns # 18 wire, 

core: ;o~~~~~{e:ee~_ elt~l~lli~.O;,~:~~~: laminations 
All resistors l/2-watt unless specified otherwise. 

Fig.IO - Schematic t/iagram 01 a typical step-clown switching regulator. 
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100 12$ 150 

moving components. The output from the inverter csn 
be used to drive any equipment which requires sn ac 
supply (motors, ac radios, television receivers, fluo­
rescent lights, snd the like). Another very important 
application of an inverter is in driving the electro-mech­
snical trsnsducers used in ultrasonic equipment (such 
as ultrasonic c1esners snd sonar detection devices). 

The operating frequency of an inverter is usually 
fixed between 60 Hz snd 100 kHz, depending upon the 
application. For applications in which the operating 
frequency can be chosen by the designer, the highest 
possible frequency should be selected. 

Fig.11 - Performance curves for circuit 
.hown in Fig.IO. 

In general, the size snd weight of the inverter csn 
be decreased as the supply voltage and frequency are 
increased. This relation results mainly from the de­
creasing size of the trsnsformer needed. The upper 
frequency and supply voltage are limited by the tran­
sistors used. The collector-to-emitter Ireakdown volt­
age, for example, must be greater than twice the supply 
voltage, and the gain-bsndwidth product fT of the device 
should be greater than ten times the operating frequency. 
The latter requirement is necessary because switching 
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losses become significant when the rise and fall times 
of the transistor nre greater than about one-fifth of the 
pulse width. 

The important parameters to be considered in the 
selection of a transistor for an inverter circuit are 
summarized below: 

VeER(sus) ~ 2Vee + leaka~e reactance spikes 

High gain (to reduce feed hack power and increase 
efficiency) 

IT ~ 10 f (to reduce switching losses) 

Ig/b ~ highest starting bias current at Vee 

ESib ~ max. energy stored ill the output-transformer 
leakage inductance. 

Fig.12 shows the circuit diagram for a l00-watt 
inverter which operates directly from a rectified ae-line 
voltage. The frequency is varied from 25 kHz to 40 kHz 
by adjustment of the feedback resistor. At 100 watts 
output, the efficiency is about 90 to 95 per cent, de­
pending upon the frequency. The supply voltage is 
nominally 140 volts, but can rise to 155 volts during 
high ac-line-voltage conditions. 

Magnetic Deflection Circuit 

The electron beam of a magnetically driven display 
tube is swept across the face of the tube by a linearly 
changing magnetic field. This deflecting field is pro­
duced by a linear ramp of current through the deflection 
yoke which surrounds the neck of the tube. Fig. 13 
shows a transistorized magnetic deflection circuit and 
the corresponding current and voltage waveforms. 

LOAD LINE 

50KG 2W 

T1 = :'1;'~~I::'1~il'!tu~nO:3~E~i;~~H 142 A) 01 equiv. 
secondary: each 3-turns #32 wire. 

T2 = Indiana General C2 matelial (CF216) 01 equiv. 
primary and secondary: SO-turns #28 wire. 

Fig.12 - Schemafic eliagram 01 a line-operafeel 
100-waff inverfer. 

The transistor acts as a switch to apply a constant 
voltage to the inductor. Then, according to the follow­
ing equation, the current increases linearly to Ip during 
one-half the sweep time ts: 

61 

6t 

-Ip 

V 6I=vee6t,Ip=vee~ 
L L L 2 

I 

I-- SWEEP'--I 
I TIME t, I 

I 
I 

I I 
1-1 

RETRACE TIME t, 

zpvtJ . I I 
rc~ /\ 

Fig. 13 - Basic configuration for a transistor magnetic deflection circuit 
showing corresponding curlent and voltage waveforms. 
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When the transistor is turned off, LC forms a tuned 
circuit in which the yoke current decreases very rapidly 
(retrace time tr) through zero to -Ip. At this point 
capacitor C has a negative voltage across it, the diode 
is forward-biased, and the yoke current begins to in­
crease toward zero. At this point the cycle begins 
again. 

During the retrace time, when the yoke current is 
decreasing from Ip to -Ip, the voltage across the tran­
sistor becomes quite high. The collector-to-emitter 
voltage is given by 

VCE(max) = VCC +Ip wL 

The term w can be expressed as follows: 

1 17 
w=Vi£=t; 

Therefore, the equation for VCE(max) may be rewritten 
as follows: 

VCE(max) = VCC +Th Ip. 

The energy E supplied to the yoke is given by 

E = liz L Ip2 

In the design of a deflection circuit, this required 
energy is fixed by the picture tube being used. The 
sweep time and retrace time are both fixed by the appli­
cation. There are, tlierefore, only three parameters 
which can be varied by the designer: Ip, VCC, and L. 
From the energy equation, it is evident that the value 
chosen for L determines Ip, and vice versa. However, 
the value of Ip is given by 

VCC ts 
Ip=L2 

Therefore, for a given value of Ip it is apparent that 
VCC also becomes fixed. At this point, the peak volt­
age swing across the transistor can be calculated from 
the following equation: 

17 
VCE(max) = Vee +Ip-L 

tr 

When these values have been determined, the designer 
must choose a transistor to meet the requirements 
imposed by the circuit. 

The breakdown voltage (BVCEO, BVCER, BVCES, 
BV CEX, depending upon the drive-circuit impedance 
between the. base to emitter of the output transistor>, 
should be greater than 1.3 VEE(max), as determined 
above. This safety factor allows for stray inductance 
and transients. . 

A sustaining voltage rating is not required because 
the collector current drops to zero before the voltage 
swings out (as shown by the waveform in Fig.13) if 
the transistor turn-off time is less than half the retrace 
time. However, if the turn-off is greater than one-half 
the retrace time, a sustaining voltage rating should be 

used. In addition, the transistor not only must be able 
to handle the peak collector current, but should also 
have usable current gain at this level (Ic = Ip). At the 
same time, the VCE(sat) of the transistor at Ip should 
be as low as possible to minimize the power dissipa­
tion. In practice, both of these requirements are guaran­
teed by a specification such as:· 

I 
VCE(sat) (at IC = Ip, IB = &) = 1.5 V max. 

Another important parameter of the output transistzr 
is switching speed. For good linearity, the turn-on time 
of the transistor should be less than· one-tenth of the 
total on-time of the device (approximately half the 
sweep time). The turn-off time, meanwhile, should be 
at least one-quarter of the retrace time to reduce the 
high-energy dissipation, which could cause reverse­
biased second-breakdown problems. 

Design Example 

The object of this example is to illustrate the 
design of a magnetic deflection circuit for a specific 
yoke. The yoke, Celco HD 428-8560 or equivalent, is 
used to drive a cathode-ray tube for an alpha-numeric 
display with a 3S-degree full-deflection angle and a 
12-kilovolt acceleration potential. The yoke induct­
ance is 2.50 microhenries and the energy required is 
225 microjoules. The sweep time is 50 microseconds 
and the retrace time 10 microseconds. 

From this information, the peak collector current Ip 
of the deflection-circuit transistor is calculated as 
follows: 

2 (225) 10-6 
Ip = 250'10-6 = 1.35 A 

The supply voltage V CC required is given by 

2 L Ip 2 (250.10-6) (1.35) 
VCC = t;- 50.10-6 = 13.5V 

The tuning-capacitor value C is given by 

1.tr)2 /1\ 100.10-12 
C = \-:; \1:( (17)2250.10-6 = .040 flF 

Finally, the maximum collector voltage VCE is given by 

V CE = 13.5 + (1.35) ~-6 2.50.10-6 = 118 V 
(10)'10 

The breakdown voltage, therefore, must be greater 
than (118) (1.3) = 155 V. 

The 2N3584 meets all of the requirements for this 
application. The transistor switching times are short, 
its gain is 25 minimum at 1 ampere, and its voltage. 
ratings are well above the required minimum. The cir­
cuit diagram and waveforms are shown in Figs.14 and 
15, respectively. 
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I3V 

1 
T,-C.P. ELECTRONICS X-9370 OR EOUIY. 

Fig_14 - Schematic diagram of a typical transistor 
magnetic clellection circuit. 

Line-Operated Audio Amplifier 

Fig.16 illustrates how high-voltsge silicon tran­
sistors can be used to produce a compact, low-cost, 
high-quality audio-power amplifier. This particular 
circuit shows a class A, 5-watt, line-operated unit. 
The line voltsge is rectified and filtered directly to 
provide the required dc. supply voltsg\l. This method 
reduces considerably the size, weight, and cost of the 
circuit by eliminating the need for a power-supply trans­
former. Negative feedback from the output transformer 
produces a linear output and good frequency response. 
Operation is relatively unaffected by normal line. varia­
tions between 105 and 135 volts, and by temperatures 

V e .. • 15 v/Olv. 

t - 10 !'s/OIV. 

up to 2570 F. Amplifier performance curves are shown 
in Figs. 17 , 18, and .19. A summary of the amplifier 
characteristics is listed below:* 

Frequency Response: -3 dB from 35 Hz to 35 kHz 

Total Harmonic Distortion: 
0.6% at 400 Hz and 4 W output 
1.5% at 400 Hz and 5 W output 

Hum and Noise: 65 dB below 4 W 

Input Impedance: 300 ohms 

Input Voltsge: 0.6V for power output of 4 W 

The 2N3584 transistor used in the output stage 
satisfies three very imp octant requirements for the 
successful operation of this amplifier: (1) a high 
value of voltsge breakdown VCER; (2)· good gain line­
arity; (3) a high gain-bandwidth product. 

Because the dc supply voltage conceivably can 
reach 140volts, the sustaining-voltage rating VCER for 
the output transistor, at RBE = 500 ohms, must be 
greater than 280 volts. Circuits designed to permit 
the use of a transistor having a lower VCER generally 
compromise performance and should be avoided. For 
example, one method. of reducing this rating involves 
decreasing the supply voltsge by increasing the size 
of the current~limiting resistors in the power supply. 
This procedure, however, not only requires the use of 
expensive power resistors, but also creates high dissi­
pation losses and reduces the power output of the 
amplifier. 

:> o 
< .... .; 

t - 10 !'s/OIV. 

t - 10 !'s/OIV. 

Fig.IS - Current and voltage waveforms produced by circuit shown in Fig.14. 

* Additional information concerning this amplifief'circuit is given in RCA publication ATC-402. 
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B.2KQ 

AF 

'r~ 
5.IKA 

65V IOK.D. 

•• OHMS 
IW 

22 
OHMS 

IW 

+ -lo0l'F+ 12V 

= 

lAMP 

3.9K.D. 

Tl· C.P.Electronics Part No.X·9600, or equiv. 
All resistors are 1/2-watt unless specified otherwise • 

IOOp.F 
6V 

Fig. 16 • Schematic diagram of a line.operated, class A, S.watt audio amplifier. 
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Fig.17· Response curve for circuit shown in Fig.16. 
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Fig. 18 • Total harmonic distortion as a function 
of frequency for circuit shown in Fig.16. 
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Fig.19. Harmonic distortion as a function of power 
output far circuit shown in Fig.16. 

Changing the design of the circuit may change the 
conditions on the required breakdown voltage. For 
example. if the circuit is altered so that the impedance 
presented to the base-emitter junction is increased to 
1000 ohms and the maximum supply voltage is limited 
to 130 volts. the designer must choose a transistor 
that has a VCER(sus) rating (RBE = 1000 ohms) of 
greater than 260 volts. -

The excellent gain linearity of the 2N3584 (±10%) 

from 10 to 300 milliamperes keeps distortion at a very 
low level. Moreover. the high gain-bandwidth product 
(1 MHz) lI"ovides wide frequency response. and also 
permits the use of a large negative feedback without 
affecting circuit stability. 

One final consideration is the safe operating area. 
Under high line voltages and worst-case temperature 
conditions. the dc bias point for the output transistor 
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must be within the maximum power rating and second­
breakdown rating of the device. Fig.20 illustrates this 
safe-operating region for the 2N3584. 

T TTH T I 
Ie "AX (CONTINUOUS) 

DISSIPATION UMITED , 
1,\ ~ 

§2' (SLOPE .-1l 

..-). 
25-C (35W) 

• .0 
.0 

7! 2. ~ -,' 6 100 ~g::..- ::: p 

"" 10: IS/b LIMITED 
4 125 ISLOPE-2.5) 

150 10 ~~~ "'\r":t\ V VCEO 
MAX.·m~v , "' .... 

"'~ " ~ VIZN35831 

"", VCEO 
I "'r~ MAX.-250V · ~" .:s 7 1"" .... ) 
6 '-" ". VCEO · ~I~ ~t'fX"OOV """, (2Nnea 

, 2N'~'~) 

IT 1 
• 6. 

to 100 • '1000 

COL.LECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig.20 - Safe operating area for the 2N3584 transistor. 

Operational Amplifier 

Operational amplifiers are used to perform mathe­
matical operations on voltage waveforms. Among other 
things, an operational amplifier can be used to multiply, 
add, and integrate electrical signals. It is generally 
used in one of these capacities in an analog computer. 
Wave-shaping circuits are another important applica­
tion; for example, a pulse can be integrated to form a 
linear voltage ramp. 

To function properly, an operational amplifier must 
have very high open-loop gain. It must also be capable 
of amplification over a wide passband extending from 
dc to perhaps 50 kHz. Its phase-shift characteristics 
must be such that a large negative feedback can be 
applied without causing oscillations. De drift must be 
very low. In addition, the amplifier should have very 
high input impedance and low output impedance, or 
vice versa. Generally, the high-input-impedance type 
is used. 

To meet all of these requirements, an operational 
amplifier normally utilize s a chopper amplifier and 
other stabilizing circuits. This portion of the amplifier 
can be designed to operate at low supply voltages. The 
final stage, however, requires a high supply voltage 
because it must provide a large voltage swing to drive 
the high input impedance of the next operational ampli­
fier. A typical final stage that meets this requirement 
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and also provides the necessary low output impedance 
is shown in Figure 21. Fig.22 shows the performance 
curves for this circuit. 

r-------~--~+200V 

51Kn 

360Kn 

Eout 

0.0043 
5JKn .gn 

pF r 
470n 

All resi stors are 1/2-watt. 

Fig.21 - Schematic c!iagram of a typical final stage 
of an operational amplifier. 
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Fig.22 - Performance curves for circuit 
shown in Fig.21. 

In general the transistor requirements for an opera­
tional amplifier output are the same as for a class A 
audio amplifier. These requirements were discussed 
in detail in the section "Line-Operated Audio Ampli­
fier," and are summarized below: 

VCER(sus) > 2 Vee 

hFE: must be linear over the operating-currentrange. 

PS/b/PD: the dc bias point must be within the 
safe operating region. 

fT: the gain-bandwidth product should be as high 
as possible; arule-of-thumbminimumis 10 MHz. 
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RCA-2N5202 Silicon Power Transistors 

by 

D.T. DeFino 

This Note describes a two-transistor, two-trans­
former inverter that demonstrates the excellent switching 
capshilities of the new RCA-2N5202 power transistor. 
This silicon epitaxial n-p-n device is supplied in the 
popular To.&; package. Its fast switching speed makes 
it especially suitable for use in switching regulators, 
switching control amplifiers, converters, and inverters. 
Pertinent characteristics of the 2N5202 are shown 
in Table I. 

Fig.! shows a schematic diagram of the two-tran­
sistor, two-transformer circuit. A saturable base-drive 
transformer T2 controls the inverter switching operation. 
A linearly operating output transformer T! transfers the 
output power to the load. The· output transformer T! is 
not allowed to saturate; therefore, the peak collector 
current through the transistor is determined principally 
by the value of the load impedance. 

Because no two transistors are perfectly matched, 
one of the transistors in the inverter circuit conducts 
more rapidly than the other when the power is turned 
on. This transistor, Q2 for example, tends toward sat­
uration and causes positive voltages to appear at the 
dotted ends of the transformers. Thus, there is an 
effective positive feedback that causes Ql to switch 
off and Q2 to switch on. The voltage from the collector 
of Ql to the collector of Q2 is then positive and equal 
to twice the collector supply voltage Vce. The voltage 
VRfb across the feedback resistor Rfb is essentially 
the product of the resistance Rfb and the base current 
referred to the primary of T2. The voltage across T2 is 
equal to 2 Vec - VRfb. 

10-67 

R'b . 
TZ 

R. 

fts 

Fig.l - Schematic diagram of two-transistor/two-trans­
lormer inverter. 

At the beginning of the next half-cycle, the voltage 
across Rfb increases very slowly with the slowly in­
creasing maguetizing current through T2. When T2 
reaches its saturation flux density, the magnetizing 
current increases very rapidly and causes a rapid in­
crease in VRfb. As a result, the voltage across T2 
decreases rapidly and Q2 comes out of saturation. The 
collector voltage of Q2 then rises, and regenerative 
action causes Ql and Q2 to reverse states. As these 
processes are repeated during succeeding half-cycles, 
oscillations are sustained. 

Characteristics of the drive transformer and the 
output transformer used in the circuit of Fig.! are de-
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TABLE I - TYPICAL CHARACTERISTICS OF RCA-2N5202 SILICON POWER TRANSISTOR 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX UNITS 

Colleclor-Culoff Currenl ICEV 
VCE = 100 V, VBE = -1.5 V - 10 mA 
VCE = 100 V, VBE = -1.5 V, TC = 1500 C - 10 mA 

Emiller-Cutoff Currenl lEBO VEB = 6 V, IC = 0 - 10 mA 

DC Forward-Currenl Transfer Rallo hFE VCE = 1.2 V, IC = 4 A 10 100 

Collector-Io-Emiller Suslainlng Voltage VCER(SUS) RBE = 50n,IC = 0.2 A 75 V 

Base-to-Emitter Voltage VBE VCE = 1.2 V, IC = 4 A - 1.9 V 

Colleclor-Io-Emiller Saluration Voltage VCE(sa!) IC = 4 A, IB = 0.4 A - 1.2 V 

Small-Signal Forward-Currenl 
VCE = 10 V, IC = 0.5 A, f = 10 MHz 6 -Transfer Ratio hfe 

Oulput Capac Ilance Cob VCB = 10 V, IE = 0, f = 1 MHz - 175 pF 

Second-Breakdown Collector Current ISlb VCE = 40 V (base forward-biased) 400 - mA 

Second-Breakdown Energy Eg/b VBB = -4 V, RBE = 50 n, L = 50 MH 0.4 - mJ 

Saturating Switching Times: 
Delay Time Id VCC = 30 V, IC = 4 A, IB1 = 0.4 A 40 ns 
Rise Time Ir VCC = 30 V, IC = 4 A, IB1 = 0.4 A - 400 ns 
Slorage Time Is VCC = 30 V, IC = 4 A, IB1 = 0.4 A, IB2 = -0.4 A - 800 ns 
Fall Time If VCC = 30 V, IC = 4 A, IB1 = 0.4 A, IB2 = -0.4 A 400 ns 

Thermal Resistance, Junction to Case eJ_C 5 °C/W 

termined by means of the following equation: 

_ V 8 
Np - 4fAB x 10 

where Np is the number of turns in the primary winding, 
V is the peak voltage across the primary winding, f is 
the operating frequency in hertz, A is the cross-sectional 
area of the core in square centimeters, and B is the flux 
density in gauss. In the design of the drive transformer 
T2, the value of flux density B is selected to cause the 
core to saturate. For the output transformer T1, the 
value of B is selected to assure that T1 will not satu­
rate .. The base resistor RB is determined by the voltage 
at the secondary of T2 and the base drive required for 
the transistor. The resistor RS is selected so that a 
voltage of 0.7 volt appears across RB when the power is 
turned on initially. * 

Fig.2 shows the circuit diagram for a practical 
100-watt, 1S-kHz inverter using RCA-2N5202 transis­
tors. Performance characteristics for this inverter are 
shown in Fig.3, and waveforms of output voltage, colo. 
lector voltage, and collector current as functions of 
time are shown in FigA. 

III A complete discussion of inverter design consideratio~8 and 
design infonnation is given in RCA Application Note SMA-37: 
-High-Speed Inverters Using Silicon Power Transistors" by 
H.T. Breece. 
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Handling and Mounting of 
RCA Molded· Plastic 
Transistors and Thyristors 
by W.J. Hepp, J.S. Vara, and J. Gaylord 

RCA power transistors and thyristors (SCR's and triacs) in 
molded ... ilicone·plastic packages are available in a wide range 
of power-dissipation ratings and a variety of package con· 
figurations. This Note provides detailed guidelines for 
handling and mounting of these plastic.package devices, and 
shows different types of packages and suggested mounting 
hardware to accommodate various mounting arrangements. 
Recommendations are made for handling of the packages 
during the forming of le.ds to meet· specific mounting 
requirements. Various mounting arrangements, thermal con· 
siderations, and cleaning methods are described. This infor· 
mation is intended to augment the data on electrical 
characteristics, safe operating area, 'and performance 
capabilities in the technical bulletin for each type of 
plastic·package transistor, or thyristor. (Data on mechanical 
and environmental capabilities of RCA plastic-package 
transistors are' also available in a periodically updated 
Reliability Report, RCA Publication No. HBT -600.) 

TYPES OF PACKAGES 

Two basic types of molded-plastic packages are used for RCA 
solid ... tate power devices. These types include the RCA 
Versa watt packages for medium-power applications and the 
RCA high-power . plastic packages, both of which are 
specifically designed for ease of use in many applications. 
Each basic type offers several different package options, and 
the user can select the configuration best suited to his 
particular application. 

Figs. I through 3 show the options currently available for 
devices in RCA Versawatt packages. The JEDEC Type 
TO-220AB in-line-lead version, shown in Fig. I, represents 
the basic style. This configuration features leads that can be 
formed to meet a variety of specific mounting requirements. 
Fig. 2 shows a package configuration that allows a Versawatt 
package to be mounted on a printed-circuit board with a 
O.IOO-inch grid and a minimum lead spacing of 0.200 inch. 
Fig. 3 shows a JEDEC Type TO-220AA version of the 
Versawatt package. The dimensions of this type of transistor 
package are such that it can replace the JEDEC' TO-66 
transistor package in a commercial socket or printed-circuit 
board without retooling. The pin-connection arrangement 
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of thyristors supplied in TO-220AA packages, however, 
differs from that of thyristors supplied in conventional 
T0-66 packages so that some hardware changes are required 
to effect a replacement. The TO-220AA Versawatt package' is 
also supplied with an integral heat sink. Fig. 4 shows the 
dimensional outline for this heat sink. The use of the integral 
heat sink reduces the junction-to-air thermal resistance of the 
package from 700 C per watt to 3SoC per watt. . 

The RCA molded-plastic high-power packages are also 
supplied in several configurations for flexibility of applica­
tion. The JEDEC Type TO-219AB, shown in Fig. 5, is the 
basic high-power plastic package. Fig. 6 shows a JEDEC Type 
TO-219AA version of the high-power plastic package. 

SYMBOL NOTES 
MIN. MAX. MIN. MAX. 

A 0.140 0.190 3,56 4.82 
,b 0.020 0.045 0.51 1.14 

b, 0.045 0.070 1.15 1.77 

0.015 0.030 0.38 D.762 

D 0.560 0.625 14.23 15.87 
0.380 0.420 9.66 10.66 

0.090 0.110 2.29 2.79 ., 0.190 0.210 4.83 5.33 
F 0.045 0,055 1.15 1.39 
H, 0.230 0.270 5.85 6.85 
J, 0.080 0.115 2.04 2.92 

0.500 0.562 12.70 14.27 

L, 0.250 6.35 
,p 0.139 0.147 3.531 3.733 

NOTES: a 0.100 0.120 2.54 3,04 

1. Tab contour optional within H1 and E. 92CS-17991RI 
2. Positio.n of lead to be measured 0.250 - 0.255 in. (6.35 - 6.48 mm) 

from case. 

Fig. 1 Dimensional outline of the JEDEC TO-220AB 
in-line-lead Versa watt transistor package. 
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, 
INCHES MILLIMETERS 

SYMBOL 
MIN. MAX. MIN. UCS·"'.5 

A 0.140 0.190 3.56 

SYMBOL 
INCHES MILLIMETERS B 0.850 -

MIN. MAX. MIN. MAX. • 0.045 0.070 1.15 .. 0.203 0.243 5.16 6.17 ., 0.015 0.030 0.382 

F 0.045 0.055 1.15 1.39 bz 0.020 0.038 0.508 

H 0.230 0.270 5.85 6.85 C 0.230 0.270 5.85 

K 0.080 0.085 2.032 2.159 , 0.180 0.220 4.58 

L 0.993 1.033 25.22 26.23 " 0.130 0.170 3.31 

L, 0.895 0.935 22.73 23.74 0 0.560 0.625 14.23 

L2 0.070 0.090 1.78 2.28 E 0.380' 0.420 9.66 .p 
0.139 0.147 3.531 3.734 E, 0.365 0.385 9.28 

Q 0.040 0.060 1.02 '.52 E2 0.300 0.320 7.62 

S 0.655 0.685 16.64 17.39 . 0.190 0.210 4.83 

Z 0.100 0.120 2.54 3.04 ., 0.090 0,1'0 2.29 

Fig. 2 - Dimensional outline of Ve~watt transistor package 
designed for mounting on printed-circuit boards. 

INCHES MILLIMETERS 
~YMBOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.140 0.190 3.56 4.82 

•• 0.02 0.045 0.51 1.14 ., 0.045 0.070 1.15 1.77 

0.015 0.030 0.38 0.762 

0 0.560 '0.625 14.23 15.87 

E 0.380 0.420 9.66 10.66 

'2 0.190 0.210 4.83 5.33 

F 0.045 0.055 1.15 1.39 

H, 0.230 0.270 5.85 6.85 

J, 0.080 0.115 2.04 2.92 

L2 0.050 1.27 

L3 0.360 0.422 9.15 10.71 

q>P 0.139 0.147 3.531 3.733 
Q 0.100 0.120 2.54 3.04 

0.580 0.610 14.74 15.49 
92CS·17990R 1 

'.TabcontDu<optiona! within H, and E. 
2. Position of '-d to be m8IIIUred 0.050-0.055 ill. 11.27 -l.40mml 

belowseatlngp!ane. 

Fig. 3 JEDEC TO-220AA Versawatt transistor package 
designed for direct replacement of the JEDEC T0-66 
package. 

MAX. 

4.82 

21.59 
1.17 

0.762· 

0.965 
6.85 
5.58 
4.31 

15.87 

10.41 

9.n 
8.12 
5.33 
2.79 

All OIMENSIONS ARE IN INCHES UNLESS OTHERWISE SHOWN. TOLERANCES ARt; 

~?M~~:~:. 2ND PLACE; :!:.O.DO!:l FOR )RO PLACt AND :!:.112· FOR ANGULAR 

Fig. 4 - Integral heat sink used with the TD-220AA 
Versawatt package shown in Fig. 3. 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.160 0.200 4.07 5.08 

• 0.'" 0.060 1.15 ,." · nD2S no., 0.64 1.14 

0 0.890 0.910 22B' 23.11 

0, 0.480 0.515 12.20 13.03 

I 
E 0.480 0.520 12.20 13.20 

F 0.055 0.070 'AD ,.n 

" 0.100 0.120 2.54 3.04 

L2 0.415 0.560 10.54 14.22 

I 
p 0.128 0.150 3.2<1 3.81 

• 0.740 0.760 18.80 '9.30 , 0.500 0.520 12.70 13.20 

NOTE: Terminal end configurations are optional. 

Fig. 5 - JEDEC TO-219AB high-power molded-plastic tran­
sistor package_ 
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LEAD No·2 

w--+ 
;iEcnON~ 

SYMBOL 
INCHES 

MIN. MAX. 
MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.160 0.200 4.07 5.08 
b 0.045 0 .... 1.15 1.52 , 0.025 0,045 0.64 1.14 
0 0.890 0.910 22.61 23.11 
0, 0.480 0.515 12.20 13.08 
E 0.480 O.52D 12.20 13.20 

" 0 .... 0.505 11.69 12.82 , 
F 0.055 0,070 1.40 1.77 
L 0.370 0.450 9.40 1'.43 2 
P 0.128 0.150 3.26 3.81 
q 0.740 0.760 18.BO 19.30 . 0.500 0.520 12.70 13.20 

NOTES: 
1. 8, is measured at seating plane. 
2. Terminal end configurations are optional. 

Fig. 6 - JEDEC T0-219AA plastic package designed for use 
as a direct replacement for the hermetically sealed JEDEC 
TO-3 transistor package. 

The RCA high-power plastic package is also available with an 
attached header-case lead, as shown in Fig. 7. This three-lead 
package is designed for mounting on a printed-circuit board. 

LEAD-FORMING TECHNIQUES 
RCA Versawatt plastic packages are both rugged and versatile 
within the confines of commonly accepted standards for 
such devices. Although these versatile packages lend them­
selves to numerous arrangements, provision of a wide variety 
of lead configurations to conform to the specific require­
men"ts of many different mounting arrangements is highly 
impractical. However, the leads of the Versawatt in-line 
package can be formed to a custom shape, provided that they 
are not indiscriminlltely twisted or bent. Although these 
leads can be formed, they are not flexible in the general 
sense, nor are they sufficiently rigid for unrestrained wire 
wrapping. 

Before an ahempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 
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Ccx..LECTOR 

BASE 

ALL DIMENSIONS IN INCHES 

Fig. 7 - TO-219AA plastic transistor package designed for 
mounting on printed-circuit boards. 

use of a properly designed fixture for this operation 
eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. Fig. 8 illustrates the use of 
long-nosed pliers for lead bending. Fig. 8(a) shows techniques 
that should be avoided; Fig. 8(b) shows the correct method. 

INCORRECT 

lal 
-'9 

LEAD IS NOT RESTRAINED BETWEEN 
BENDING POINT AND PLASTIC CASE. 

CORRECT 

Ibl 

Fig. 8 - Use of long-nosed pliers for lead bending: (a) 
incorrect method; (b) correct method. 

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

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

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

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

4. Do not use a lead-bend radius of less than 1/16 
inch. 

5. Avoid repeated bending ofleads. 
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The leads of the TO-220AB Versawatt in-line package are not 
designed to withstand. excessive axial pull. Force in this 
direction greater than 4 pounds may result in permanent 
damage to the device. If the mounting arrangement tends to 
impose axial stress on the leads, some method of strain relief 
should be devised. Fig. 2 illustrates an acceptable lead­
forming method that provides this relief. 

Wire wrapping of the leads is permissible, provided that the 
lead is restrained between the plastic case and the point of 
the wrapping. Soldering to the leads is also allowed; the 
maximum soldering temperature, however, must n<?t exceed 
27SoC and must be applied for not more than S seconds at a 

~ ~~~;~;L:;:tfAOMACA 

~
NR231A 

e RECTANGULAR METAL 
WASHER 
AVAILABLEATPUBUS"ED 

distance greater than 1/8 inch from the plastic case. When 
wires are used for connections, care should be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

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

i---'CREW. ,~o 
~

NOT SUPPLIED WITH DEVICE 

• . DF137A 
• INTEGRAL q-INSULATINGWASHER 

e DF103C 
9 MICA INSULATOR 

G (HOLE FOR 4-40 SCREW) 

0-HEATSlHK 

LOCK WASHER ~ 

"ETAL W"HER ~ } 

HEX. NUT @ NOT SUPPLIED WITH DEVICE 

SOLDER LUG ~ 
HEX. NUT @ (bJ 

NOT AVAILABLE FROM RCA 

NR231;. 
RECTANGULAR METAL 
WASHER 

AVAI LABLE AT PUBLISHED 
HARDWARE PRICES 

HEAT 
SINK ~I ~f~~~~SULATOA 

~
HOLEO"_O"5 ""'" 
(368 35Bmm) e SUPPLIEO'lTltOEVCE 

::,~':.:~."" '"O~ 

6 HEATSINK G !CHASSISJ 

G 495334·7 

0__ __ ~ :~6.U~l~.i~~<1~~~~~:) 
0-- ~~~~i~~~6~4~1~~~ MAX. 

SHOULDER THICKNESS_ 

METAL WASHER ".;:::., I 0.050 in. 11.27 mm) MAX. o SUPPL'EDWITHDEVICr 

LOCK WASHER e 
HEX NUT @ NOTIlVArLABLEfRO~ACA (C) 

SOLDER LUG ~ 
HEX NUT @ 

NOT AVAILABLE FROM RCA 

Fig. 9 - Mounting arrangements for Ve~watt transistors: (a) 
and (b) methods of mounting in·line-Iead types; (c) chassis 
mounting; (d) mounting on printed-circuit boards. 
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MOUNTING 

Fig. 9 shows recommended mounting arrangements and 
suggested hardware for the Versawatt transistors. The rec· 
tangular washer (NR23IA) shown in Fig. 9(a) is designed to 
minimize distortion of the mounting flange when the 
transistor is fastened to a heat sink. Excessive distortion of 
the flange could cause damage to the transistor. The washer is 
particularly important when the size of the mounting hole 
exceeds 0.140 inch (6·32 clearance). Larger holes are needed 
to accommodate insulating bushings; however, the· holes . 
should not be larger than necessary to provide hardware 
clearance and, in any case, should not exceed a diameter of 
0.250 inch. Flange distortion is also possible if excessive 
torque is used during mounting. A maximum torque of 8 
inch-pounds is specified. Care should be exercised to assure 
that the tool used to drive the mounting screw never comes 
in contact with the plastic body during the driving operation. 
Such contact can result in damage to the plastic body and 
internal device connections. An excellent method of avoiding 
this problem is to use a spacer or combination spacer· 
isolating bushing which raises the screw head or nut above 
Ihe top surface of the plastic body, as shown in Fig. 10. The 
material used for such a spacer or spacer·isolating bushing 
should, of course, be carefully selected to avoid "cold· flow" 
and consequent reduction in mounting force. Suggested 
materials for these bushings are diallphthalate, fiberglass. 
filled nylon, or fiberglass·filled polycarbonate. Unfilled nylon 
should be avoided. 

Modification of the flange can also result in flange distortion 
and should not be attempted. The transistor should not be 
soldered to the heat sink by use oflead·tin solder because the 
heat reqUired with this type of solder will cause the junction 
temperature of the transistor to become excessive. 

The TO-220AA plastic transistor can be mounted in 
commercially available T0-66 sockets, such as UID Elec­
tronics Corp. Socket No. ·PTS4 or equivalent. For testing 
purposes, the TO-220AB in-line package can be mounted in a 
Jetron Socket No. CD74-104 or equivalent. Regardless of the 
mounting method, the following precautions should be 
taken: 
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I. Use appropriate hardware. 

2. Always rasten Ihe transistor to the heat sink before 
the leads are soldered to fixed terminals. 

3. Never allow the mounting tool to come in contact 
with the plastic case. 

4. Never exceed a torque of 8 inch-pounds. 

5. Avoid oversize mounting holes. 

6. Provide strain relier if there is any probability that 
axial stress will be applied to Ihe leads. 

7. Use insulating bushings to prevent hot-creep 
problems. Such bushings should be made of 
diallphthalate, fiberglass-filled nylon, or fiberglass­
filled polycarbonate. 

Fig. II shows the recommended hardware and mounting 
arrangements for RCA high-power molded-plastic transistors. 
These types can be mounted directly in a socket similar to 
that shown in Fig. II (b). The precautions. listed for the 
Versawatt packages should also be followed in the mounting 
of the high-power molded-plastic packages. 

V 'CREW''''' 

__ SHOULDER BUSHING 

HEAT SINK 

Fig. 10 - Mounting arrangements in which an isolating 
bushing is used to raise the head of the mounting screw 
above the plastic body of the V_watt transistor. 

THERMAL-RESISTANCE CONSIDERATIONS 

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

When a solid-state device is operated in free air, without a 
heat sink, the steady .. tate thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data on the device. Thermal considerations require that 
Ihere be a free flow of air around the device and that the 
power dissipation be maintained below that which would 
cause the junction temperature to rise above the maximum 
rating. When the device is mounted on a heat sink, however, 
care must be taken to assure that all portions of the thermal 
circuit are considered. 
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i--, SCREWS. 4-40 ~---- 2 SELF-TAPPING SCREWS. No.4 

2 METAL WASHERS @) 
2 LOCK WASHERS @ 

2HEX. NUTS @ 
1 SOLDER LUG ~ 

2HEX.NUTS @ 

2 MET AL WASHERS 

DF114B 
MICA INSULATOR 

HEAT SINK 
THICKNESS'" 0.130 (3.30) MAX. 

bSockel No. LST-17Q2-1 (lndu$triol 
Hardware Corp., 

2 SCREWS, 4-40 

2 METAL WASHERS 
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MICA INSULATOR 

HEAT SINK 
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109 PrinCe St., N.Y., N.Y. 
or .qui .... r.nt) 

Fig_ 11 - Mounting arrangements for high-power plastic-package 
transistors: (a) chassis mounting; (b) socket mounting; (c) printed­
circuit-board mounting_ 
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Fig. 12 shows the thermal circuit for a heat-sink·mounted 
tranSistor. This figure shows that the junction.to-ambient 
thermal circuit includes three series thermal·resistance com­
ponents, i.e., junction-to-case, 8 J-C; case.to-heat.sink,8c_s; 
and hcat·sink-to-ambient,8 S-A. The junction-to-case thermal 
resistance of the various transistor types is given in the 
individual technical bulletins on specific types. The heat­
sink-to-ambient thermal resistance can be determined from 
the technical data provided by the heat-sink manufacturer, or 
from published heat-sink nomographs. The case·to-heat-sink 
thermal resistance depends on several factors, which include 
the condition of the heat-sink surface, the type of material 
and thickness of the insulator, the type of thermal com­
pound, the mounting torque, and the diameter of the 
mounting hole in the heat-sink. 

TJ JUNCTION 

'JIC 

TC-

TS-

'SIA 

TA-

T J - junction temperature 
T C .. case temperature 
TS = heat-sink temperature 
T A = ambient temperature 
8 J/C = junction-tCH:ase thermal resistance 
8CIS = case-to-heat-sink thermal resistance 
8S/A= haat-sink-t~ambient thermal resistance 

Fig. 12 - Thermal equivalent circuit for a transistor mounted 
on a heat sink. 

Fig. 13 shows a set of curves of typical case-to-heat-sink 
thermal resistance of the Versawatt transistor as a function 
of mounting torque for several mounting arrangements. 
Curves A through D show typical case·to·heat-sink thermal 
resistance for the mounting arrangements shown in Figs. 9(a) 
through 9(d). Curves E and F are representative of a 
Versawatt transistor mounted over a heat-sink mounting hole 
that has a diameter of 0.140 inch (No.6 screw clearance). 
Curve E shows the wide variation in thermal resistance with 
torque when the transistor is mounted dry. Curve F shows 
the effect on contact thermal resistance of a thin layer of 
Dow Coming No. 340 silicone grease applied between 
transistor and heat sink. For torques within the recom­
mended range of 4 to 8 inch-pounds, contact thermal 
resistance is reduced to between 18 and 25 per cent of the 
dry values. 

The curves shown in Fig. 14 represent typical case-to-heat­
sink thermal resistance of the. high·power molded-plastic 
transistor package as a function of mounting torque. The 
thermal resistances shown by curves A and C are representa­
tive of the mounting arrangements shown in Fig. 11(a) 
through 11 (c). Curves B and D are typical for mounting 
without mica over heat-sink mounting holes that have a 
diameter of 0.113 inch (No.4 screw clearance). The effect of 
a thin layer of silicone grease on contact thermal resistance is 
illustrated by a comparison of curves B and D. 
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Operation of the transistor with heat-sink temperatures of 
1000 C or greater results in some shrinkage of the insulating 
bushing normally used to mount power transistors. The 
degradation of contact thermal resistance (refer to Figs. 13 
and 14) is usually less than 25 per cent if a good thermal 
compound is used. (A more detailed discussion of thermal 
resistance, including nomographs, can be found in the RCA 
Solid State Power Circuits, Technical Series SP.52.) 

During the mounting of RCA molded-pl¥tic solid·state 
power devices, the following special precautions should be 
taken to assure efficient heat transfer from case to heat sink: 

1. Mounting torque should be between 4 and 8 
inch-pounds. 

2. The mounting holes should be kept as small as 
possible. 

3. Holes should be drilled or punched clean with no 
burrs or ridges, and chamfered to a maximum 
radius of 0.010 inch. 

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

S. Thermal grease (Dow Coming 340 or equivalent) 
should always be used (on both sides of the 
insulating washer if one is employed). 

6. Thin insulating washers should be used (thickness 
of factory-supplied mica washers ranges from 2 to 4 
mils). 

7. A lock washer or torque washer should be used, 
together with materials that have sufficient creep 
strength to prevent degradation of heat-sink 
efficiency during life. 

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

It is, of course, impractical .to evaluate the effect on 
long-term transistor life of all cleaning solvents, which are 
marketed under a variety of brand names with numerous 
additives. These solvents can, however, be classified with 
respect to their component parts, as either acceptable or 
unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos­
phere unreliable. Gasoline and other hydrocarbons cause the 
inner encapsulant to swell and damage the transistor. Alcohol 
is an acceptable solvent. Examples of suitable alcohols are: 
isopropanol, methanol, and special denatured alcohols, such 
as SDAI, SDA30, SDA34, and SDA44. 
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Care must also be used in the selection of fluxes in the 
soldering of leads_ Rosin or activated rosin fluxes are 
recommended, while organic or acid fluxes are not. Ex­
runples of acceptable fluxes are: 

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

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Alpha Reliaros No. 320-33 

Alpha Reliaros No. 346 

Alpha Reliaros No. 711 

Alpha Reliafoam No. 807 

Alpha Reliafoam No. 809 

Alpha ReliafoamNo. 811-13 

Alpha Reliafoam No. 815-35 

Kester No. 44 

2. 0 
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o 
2 

MOUNTING TORQUE-IN-LBS 

MOUNTING HEAT SINK MICA 
ARRANGEMENT HOLE THICKNESS THERMAL 

FIGURE DIA.IIN.) (MILS) COMPOUND 

91.) .250 4 Dow Corning No.340 

91b) .113 4 Dow Corning No.340 

9(.) .250 2 Dow Corning No.340 

9(b) .113 2 Dow Corning No.340 

- .140 None None 

- .140 None Dow Corning No.340 

Fig. 13 - Typical case-to-heat-sink thermal resistance as a 
function of mounting torque for an RCA Versawatt tran­
sistor. 
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Fig. 14 - Typical case-to-heat thermal resistance as a function 
of mounting torque for an RCA high-power plastic-package 
transistor. 
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Compact 5-Volt Power Supplies 
Using High-Voltage Power 
Transistors 
By R.S. Myers 

This Note discusses the use of low-cost, industrial-type, 
high-voltage power transistors and fast-recovery rectifiers to 
achieve size and weight reductions and efficiency improve­
ments in 5-volt dc power supplies with output currents of 50 
amperes or more. The power supplies described, like those 
used in high-reliability aerospace applications, use switching 
rather than dissipating regulators to eliminate the need for a 
60-Hz power transformer and heat sinks for the transistors. 
As a result, these supplies achieve three important advantages 
over conventional power supplies: 

• Size - Volume is reduced by a factor of four. This size 
reduction does not cause any cooling problems, 
because these supplies dissipate very little power 
(approximately 0.33 W/in.3). 

• Efficiency - Power dissipation in the regulator is. 
virtually eliminated; only the power rectifiers 
require cooling. The reduction of heat 
dissipation in a 250-watt supply can be 200 to 
300 watts, which represents a substantial 
economic saving. 

• Weight - Weight is reduced by a factor of five. 
Portability is improved, mounting is simplified, 
and chassis cost is decreased. 

A complete switching-regulator power supply that uses 
high-voltage transistors is described in detail. This unit 
produces 250 watts at 5 volts with an efficiency of 70 per 
cent. The performance of this supply is compared with that 
of a conventional supply in Table I. The design can be 
modified for more or less power, multiple outputs, or higher 
output voltages. 

THE POWER-SUPPL Y CONCEPT 
In a switching-regulator type of power supply, the 

output voltage is regulated by a technique referred to as 
"pUlse-width modulation", in which pulses of variable duty 
cycle are averaged with an inductor-capacitor filter. Regula­
tion is accomplished by the variation of the duty cycle. The 
pulses constitute a two-state signal (power on and power off) 
that is supplied to the filter, as shown in Fig. I. However, to 
permit use of a smaller isolation transformer, the "power-on" 
state is operated in a push-pull mode that is then rectified by 
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full-wave power rectifiers. The time ratios of the push, pull, 
and off conditions ~re controlled by a modulator circuit. 

Table I - Comparison of Power Supplies 

CONVENTIONAL NEW 
SUPPLY SUPPLY 

Output Current 25 50 A 
at 5 volts 

Power Losses 300 100 W 
(Max) 

Size 1600 470 in.3 

Weight 50 10 lb. 

Recovery Time 50 500 IlS 

Regulation >0.25 0.5 % 
(Half load to 
full load) 

Line Regulation >0.25 0.5 % 

The on-state voltage is unregulated and is always greatet 
than the reqUired output voltage from the filter. It is 
supplied by a lOW-impedance source that consists of a 
transformer with closely coupled Windings, the main supply, 
and a saturated transistor. The on-state voltage is decreased 
to the specified output value by an inductor that forms part 
of the filter. Thus the filter, which converts the ac signals to 
a dc output, is a "choke-input" type. 

The SWitching-regulator supply operates at a frequency 
above the audio range to permit use of a small isola.tion 
transformer, and also to prevent sound generation. 

POWER·SUPPL Y ELEMENTS 
The design of a switching-regulator power supply 

involves the six major elements shown in Figs. I and 2: (I) 
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Fig. 1 - Block diagram of switching-regulator power supply, 
showing voltage waveforms at various points. 

the main power supply, (2) the power-switching transistors, 
(3) the isolation transformer, (4) the modulator circuits, (5) 
the poWer rectifiers, and (6) the fIlter. The important 
parameters of these elements are discussed below. 

Main Power Supply. The main supply provides the 
power that ultimately becomes the output power. It rectifies 
and fIlters 'the line voltage without use of a 60-Hz 
transformer. The design of such a supply is well covered in 
available literature 1-3. In the case .of a switching-regulator 
type of power supply, the main supply may be designed for 
high ripple without increaseq regulator losses (such as would 
occur in a conventional series regulator). Therefore, smaller 
capacitors and lower-cost rectifiers can be used. Some 
resistance must be added in series with the power line to 
prevent damage to the rectifiers during turn-on.1, 2 The 
voltage delivered by the main power supply varies with 
line-voltage and load variations. The peak output voltage of 
the main supply at the maximum line conditions (with 
transients) determines both the collector-voltage rating 
required for the power-switching transistors and the turns 
ratio of the isolation transformer. Table II shows the 
relationship between line voltage and transistor collector 
voltage rating. 

Power-Switching Transistors. The power-switching 
transistors are the most important cqmponents in the 
SWitching-regulator power supply. In the past, the high cost 
of these devices limited their use to aerospace applications; 
however, recent developments have made them economically 

competitive with other devices. The performance capabilities 
of the power supply are determined by the switching 
transistors, because they. are the parts least able to withstand 
overloads such as those caused by load faults or misuse. 
Therefore, the switching transistors must have the following 
characteristics (listed in order of importance): 

• High forward-bias second-breakdown capability. The 
transistors must carry high currents at high voltage,' as 
shown in the switching load line of Fig. 3. 2 

• Ability to withstand the collector voltages specified in 
Table II in the cut-off condition. A leakage current 
(ICEY) specification guarantees this capability. 

• Short rise and fall times (tr and tf), for low power 
dissipation in the transistors and thus high efficiency of 
the power supply. 

• Reasonably low YCE(sat), for low dissipation and 
economical transistor heat sinks. 

o Stable leakage current (ICEY). The magnitude of the 
leakage is not important. (even 20 milliamperes at 500 
volts contributes 'less than 5 walts to the average 
dissipation per transistor), but it should be stable. 

'fable III lists the recommended specifications for the 
switching transistors. 

Isolation. Transformer. The isolation transformer is a 
ferrite-core transformer that operates at 20 kHz. Its design 
formulas are the same as those for conventional 60-Hz 
transformers, but the results are significantly different. The 
number of turns is never greater than 200, and may be as low 
as one. These turns always fit in the large "windows" in the 
ferrite core. Leakage inductance is reduced in the primary 
turns by sectioning the primary winding.4 Leakage in the 
secondary is less important because the secondary is loaded 
by a filter choke. The copper losses can easily be made 
negligible, and the copper wire costs are small. The size of 
the transformer core is determined by the need to dissipate 
the heat generated in the core material; the Indiana General 
Co. recommends that dissipation be kept below 0.25 
W/in.2.5,6 The 20-kHz ferrite core is much smaller than a 
60-Hz core (3 in.3 vs. 140 in.3), and is much lighter (lib. vs. 
33 Ibs.). 

The design of a 20-kHz power transformer involves 
three basic problems: core material selection, windings to 
keep peak flux below saturation, and compensation for 
unbalanced direct currents. 

If a core has too much loss, it will overheat. If it has too 
many turns, the flux density will be below saturation, but 
the copper losses will be greater than necessary. The number 
of turns is kept low to avoid unnecessary copper loses, but 
must be great enough to keep the peak flux in the core below 
saturation. 

The core will saturate if its cross section is too small, if 
there are not enough turns in the primary Winding, or if the 
primary direct current is unbalanced. Core saturation causes 
the power-switching transistors to draw excessive currents 
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Fig. 2 - Circuit diagram of switching-regulator power supply, 
with major elements indicated. 

that can increase collector dissipation to destructive levels. 
To prevent these high currents, the power supply includes a 
monitor circuit that cuts off the base drive to the switching 
transistors when emitter current reaches the maximum safe 
value. 

Fig. 4 shows the emitter-current waveform of a 
power-switching transistor, monitored at point Y in Fig. 2, 
for different numbers of primary turns. If the emitter current 
is excessive, the circuit reduces the duty cycle to protect the 
pow~r-switching transistor: Fig. 5 shows the waveforms for 
unbalanced dc drive. These unbalanced currents result from 
unequal duty cycles, caused by oscillator unbalance or by 
unbalance or faults in the modulator. Because such 
unbalances occur in normal operation, the protective circuits 
must be included in the power supply design. 
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Modulator Circuit (Oscillator, drivers, modulators; and 
latches). These circuits, which are indicated in the circuit 
diagram of Fig. 6 and are described in Table IV, deliver the 
base drive to the power-switching transistors. The forward 
drive must be sufficient to keep the transistors saturated 
under all conditions,and must have a short rise time to 
provide fast transistor turn-on and low dissipation. The 
reverse drive must have short rise time and a magnitude equal 
to or greater than the forward base drive. The circuits also 
sense excessive emitter current in the power-switching 
transistors, and compensate by adjustment of the duty cycle, 
as noted above. 

These circuits eliminate common-mode conduction in 
the power-switching transistors. This conduction occurs in a 
driven inverter when the transistor that has been "off' is 
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Table II - Relationship Between Line Voltage and the 
Required Collector Voltage Rating for the Switching 
Transistors. 

RMS PEAK 

LINE LINE 

VOLTAGE VOLTAGE 

(VI (VI 

90 127.3 

95 134.3 

100 141.4 

105 148.5 

110 155.5 

115 162.6 

120 169.7 

125 176.7 

130 183.8 

135 190.0 

140 198.0 

145 205.0 

150 212.1 

NOMINAL 

COLLECTOR 

VOLTAGE 

(VI 

254.5 

268.7 

282.8 

296.9 

311.1 

325.2 

339.4 

353.5 

367.6 

381.8 

395.9 

410.1 

424.2 

SAFE (15% ADOEDI 

COLLECTOR 

VOLTAGE RATING 

(VI 

292 

309 

325 

341 f 357 

374 Operating 

390 Range 

406 

~ 422 

439 

455 

471 

4B7 

turned Hon"; the other transistor continues to conduct 
because of its storage time. For several microseconds both 
transistors conduct, and the current is not limited by the 
collector circuit. The transistor that has just been switched 
on has high current and voltage simultaneously, and 
therefore high dissipation (perhaps 50 per cent of the rated 
power-supply output). This power dissipation is wasteful and 
may even damage the transistor. 

The oscillator frequency should be stable to minimize 
rectifier losses, and should be greater than 20 kHz to 
eliminate sound. All of the circuits should be insensitive to 
component-value variations, component drift, and random or 
stray interference. 

.. 
I 

~ .. 
~ 
~ 2 

'" 0 

~ 
0 
u 

0 

0 100 200 300 
COLLECTOR-YO-EMITTER VOLTAGE (Vc~-v· 

Fig. 3 - Typical load line for a switching transistor in the 
switching-regulator power supply. 

Table III - Recommended Specifications for Switching 
Transistor 

MEASUREMENT CONDITIONS 

PARAMETER 

VCE (sat! 

t, 

t, 

GENERAL 

VeE from 
Table II 

Vse ';;Ve~11 
VeB = vee(11 

IC = IC (max.1 

Vce = Vcc 
(max.) 

t~50ps 

IC = IC (max.1 

18 as provided 
by driver circuit 

IC = IC (max.1 

lSI and IS2 as 
provided by 

driver circuits 

FOR TRANSISTORS VALUE 
USEO IN DESIGN 

EXAMPLE 

VCE =450 V 

V se =I.5V 

Ves = 6 V 

IC=4A 

VCE = 200 V 

t=I00lls 

IC=4A 

IS = O.BA 

conditions(3) 

5 rnA 

max. 

5 rnA 

max. 

(must pass 

test) 

<3V 

< 2 V(21 

< Ills 

< IllS 

(1) Vee is negative voltage source applied to the base. 

(2) Impon&nce depends upon drive-circuit design. For the design 
shown, V BE (sad is not critical. 

(3) Because of the great variations In parameters and waveforms. 
some standard test condition is used for control. The manu­
facturers standard conditions are usually adequate control. 

Power Recifiers. Most of the losses in the power supply 
occur in the power rectifiers. In as-volt, 5O-ampere supply, 
for example, each of the four I N3909 rectifier diodes carries 
a nominal peak current of 25 amperes at 5O-per..:ent duty 
cycle. The forward power loss in the rectifier can be 
calculated from the current and voltage values. The voltage 

CURRENT-LIMITING LEVEL CURRENT LIMITED BY 03 OR 04 __ 1 _____ -
TOO FEW TURNS 

IE WAVEFORM AT TOO sMf[ A 
TEST POINT Y CORE 
IN FIG.2 

NORMAL OPER.ATION 

TOO MANY TURNS OR 
TOO LARGE A CORE 

!I NOR:E~~O~~ TIME 

Fig. 4 - Waveform of emitter current in power-switching 
transistor showing effects of core-size and number of primary 
turns, with regulation defeated (see note on Fig. 6). 
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CURRENT LIMITED BY 03 OR 04 
CURRENT-LIMITING LEVEL TERMINATING THE ·ON" STATE ___ ~_________ L __ _ 

rEWAVEFORM AT 
TEST POINT Y 
IN FIG. 2 

. ~ 
~ UNEaUAL -' 

PERIODS 

Fig. 5 - Waveform of emitter current in power-switching 
transistor showing e.ffect of unbalanced direct current, with 
regulation defeated and load current of 25 amperes. 

c, 

-sv TO GROUND 

drop is not speCified for 25-ampere operation, but the 
rectifier has a maximum voltage drop of 1.4 volts at a current 
of 30 amperes. Because this 3O-ampere data· is close to 
25-ampere operation (and unbalance could cause the current 
to exceed 25 amperes), the maximum forward-drop rectifier 
losses can be estimated from the 3O-ampere specifications: 
1/2 x 1.4 V x 30 A x 4 = 84 watts at maximum rated output . 

Reverse recovery losses in the diodes add to the total 
dissipation; these losses, which are sigiIificant at 20 kHz, 
depend on the rectifiers used, the leakage inductances in the 
wiring and the isolation transformer, the transistor switching 
times, and the operating frequency. Because of the many 
variables (and unknowns) involved, the rectifier losses should 

INTERCHANGE LEADS IF NECESSARY 
TO GET PHASING SHOWN IN 
WAVEFORMS 

~~ _MEASURED TO - u- eOUT 

Fig. 6· Diagram of switching-regulator power supply, with 
modulator circuits emphasized. 
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Table IV _. FunCtional Description of Modulator Circuits 

MODULATOR MAIN 
CIRCUIT PARTS IN FUNCTION OF SECTION 

SECTIONS SECTION 

Oscillator °Il Proyides basic operating frequency. 
Holds off driver Og through 04 to 

keep Q, off for half the period. 
Provides reverse base drive for Q, at 

100% duty cycle through 04 and 

DS' 
Resets the latch circuits. 

°15 Insures oscillator starts, by removing 
base drive if Q 12 saturates tc?o 
long. 

Latch °5 Terminates power-on cycle by 
latching and causing reverse base 
toOl' 

Ds Is triggered on by either the current 
monitor 0 3 or the modulator 

0 13 through T 3, and is held on 
by regenerative action. I s turned 
off by the oscillator. 

Modulator °13 Compares the voltage developed by 
CA30S5 the CA3055 with a triangular 
A2S waveform developed by A25 C1S' 

CIS When the tri1lngular voltage 
exceeds the other. 0 13 conducts 
and triggers on the latch through 
T3· 

Driver Clg D12 Suppl ies the forward base drive to 
DS Dl °1, which is set by R 18' 
0 4 Prevents common-mode conduc-
RIB tion. Diode 0 , senses V CE of 

O:! and prevents base drive to Og 
and thus to 01' Zener 0 12 causes 
01 to be held off until V CE of 
02 exceeds the zener voltage 
15VI. 

Current °3 Limits the emitter current through 
Monitor Al 0,, That current produces a 

voltage across Rl which is 
filtered; if it'exceeds 2.0 V, 03 
conducts and triggers the latch 
to terminate the power-on cycle. 

Low- T2 A 3Q-volt unregulated supply is used 
Voltage C2 to supply the base drive for 01 
Supplies C3 and Q2' It is regulated to 15 volts 

°14 by 0 ,5 to supply the oscillator. 
D15 A ·12-volt unregulated supply is 

regulated to·6 V bV 014' It 
supplies reverse base drive to 01 
and 02' and operates the 
oscillator circuit. 

An isolated supply operating from T 2 
supplies bias to the modulator 
circuit. 

be determined by measurement of circuit efficiency or 
heat·sink temperature. A total rectifier loss of 4S per cent of 
the rated output power of the regulator is to be expected. 

Filter. The use of ac power to generate de outputs that 
are free of ac signals requires a good filter. Moreover, in a 
power supply that delivers high current, the filter 
components must be of high quality: the inductor must have 
high Q, and the capacitor must have both low resistance and 
low inductance. 

The inductor carries a current equal to the dc output. It 
can have small size and low resistance because it has a low 
indue lance (3 to 8 microhenries). The inductance value used 
is a compromise between the need for a high value to limit 
peak currents and thus permit good transistor utilization, and 
the need for a low value to permit fast response to sudden 
current demands. Fig. 7 shows how the inductor controls the 
ratio of peak collector current to average collector current in 
the power-switching transistors under steady·state operation. 
Smaller inductors cause higher peak currents, which require 
larger transistors and result in poor utilization of the 
transistor capabilities. The minimum value of inductance is 
determined by the peak collector current allowed, as follows: 

toff(max) E out 

l,nin = nT Ic (peak) - Iload 

where nT is the turns ratio of the isolation transformer. 
However, as shown in fig. 8, the inductor also establishes the 
maximum rate of rise of current to the capacitor, and thus 
determines the ability of the power supply to respond to 
sudden demands for load current. For quick response, a low 
value of inductance is desirable. 

The filter capacitors for this application must be 
selected for 20·kHz operation. Ceramic and paper lypes are 
best, but tantalum or high-qualitY'aluminum electrolytics can 
be used for large values of capacitance. The capacitance must 
be sufficient to prevent the output voltage from decreasing 
excessively when the load is suddenly increased and the 

,NPUT L VOLTAGE TO 
FILTER AND 
INDUCTOR B-R-fl-RE 

TIME 

\

LOPE IS PROPORTIONAL TO (VIN·VoIAND 
THEREFORE VARIES WITH LINE VOLTAGE. 

SLOPE IS PROPORTIONAL TO OUTPUT 
VOLTAGE Vo AND THEREFORE IS 
CONSTANT. 

CURRENT INDUCTOR CURRENT 

OUTPUT CURRENT 

Fig. 7· Waveforms for filter inductor under steady·state 
operation at 60'per-cent duty cycle. 
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INPUT 
VOLTAGE TO 
FILTER AND DUTY CYCLE BECOMES 100% 

INDUC'TOR "v-...J........L--.J'-'---.T'""M;o.-------... 

CURRENT 

f-Lo:g~~~~~A~~~lT WORST 

ALL SLOPES SAME 
AS IN FtG. 7 

Fig. 8 - Waveforms for filter inductor under sudden increase 
of load current. 

inductor supplies less than the load current. The minimum 
capacitance is given by 

where 

Iload(tdis + 2tofr<max» 
Cmin 2(.o.V) allowed 

tdis = VCC(min) 
--- -V -\.O 

nT 0 

and tofj{max) is 12.5 microseconds for this design. 

A SPECI FIC DESIGN EXAMPLE 
A power supply that uses the circuits shown in Figs. I, 

2, and 6 can deliver a load current of SO amperes at 5 volts. 
All of the pulse-width modulation circuits, drivers, and 
latches are duplicated for each power-switching transistor. 
This duplication uses more than the minimum number of 
components, but it prOvides wide design margins and more 
reliable operation. 

Voltage regulation and overload regulation are 
accomplished by reducing the duty cycle of the power­
switching transistors. The duty cycle is reduced by triggering 
the latches on (see Fig. 6 and Table IV), either from pulse 
transformers T3 and T4 to regulate the output voltage, or 
from transistors Q3 and Q4 to prevent excessive emitter 
currents in the power-switching transistors. The excessive 
currents could be caused by overloads at the output or by 
transformer core saturation resulting from unbalanced duty 
cycles. 

Input-to-output isolation is maintained through the 
main isolation transformer (T I), the 60-Hz transformer (T2), 
and the pulse transformers (T3 and T4). This circuit isolation 
is indicated in Fig. 2. 

This power supply is capable of operating into any load 
impedance, including short circuits, without damage. It can 
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operate at duty cycles from less than 10 per cent to 100 per 
cent. With a duty cycle of lOOper cent, the supply operates 
as a straight inverter at the full capacity of the transistors, 
transformers, and rectifiers. 

The base drive for the power-switching transistors is 
direct-coupled, and is supplied by an unregulated low-voltage 
power supply that operates from a 60-Hz transformer. Direct 
coupling of the base drive provides positive control over 
transistor bias. The reverse base drive is supplied by the 
two-transistor latch circuits QS and Q6 or Q7 and Q8, or by 
the oscillator transistors (Qll and .QI2) if the duty cycle is 
100 per cent. The reverse base voltage is obtained from a 
6-volt regulated supply. 

The frequency is controlled by the astable transistor 
oscillator that operates from IS-volt and-6-volt regulated 
sources. A potentiometer for equalization of the duty cycle 
is shown, but is not normally required. Transistor Q15 
insures that the oscillator does not "hang up." 

Common-mode conduction is reduced by cross-coupled 
diodes Dr and D2. These diodes conduct when V CE of the 
power-switching transistor is less than S volts (breakdown of 
the zener diode); and prevent conduction of the opposite 
power-switching transistor; this operation is illustrated in the 
waveforms of Fig. 9. These diodes are of critical importance 
because the storage time of the power-switching transistors is 
several microseconds at light load conditions (IBI > O.S 
. amperes and IC < 0.5 amperes). 

A major consideration in the design of this power 
supply is the protection of the switching transistors and the 
load circuit from damage caused by transients or faults in the 
modulator. The faults most likely to occur are loek-up in the 
oscillator, transient turn-on of the latching transistors caused 
by dv/dt at point X in Fig. 6, and magnetic pickup in the 
pulse transformers. The circuit is designed so that any of 
these faults will cause the power-switching transistors to tum 
off; this design protects the transistors III1d keeps the output 
voltage low. The overcurrent protection circuit is made 
independent of the proper functioning of the output 
regulator Dr its associated circuits, and is dc-coupled to 
minimize the possibility of failure. Finally, if the low-voltage 
siIpplies fail, the output voltage merely falls to zero without 
any. harmful surges. 

Table IV gives a full description of the modulator 
circuits. For simplicity, the discussion is limited to the 
components on the left side of the symmetrical circuit layout 
shown in Fig. 6. 

VARIATIONS ON THE DESIGN 
The design discussed above and shown in Figs. 2 and 6 

can be modified for different performance. 
More Output. Larger transistors, such as the 2NS80S, 

can be used as the power switches to increase the output by 
as much as 100 per cent. These transistors would require 
more base drive, which can be supplied ·by the circuit shown 
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Fig. g - Suppression of common-mode conduction: (a) 
50-per-cent duty cycle; (b) 100-per-cent duty cycle. 

in Fig. 10 if the capacity of the 30-volt supply is increased. 
Simpler Construction. Custom integrated circuits can 

reduce the number of parts in this unit. 

./ 
TEST POINT X 

Fig. 10 - Changes in power-switching transistor drive circuit 
to produce increased output from larger power-switching 
transistors. 

Smaller Package. A 20-kHz "off-the-line" inverter can 
be used in place of the 60-Hz transformer to reduce the size 
of the supply further. The smaller transformers, ·capacitors, 
and resistors for 20-kHz operation would, however, increase 
the cost. 

Sensing. The output-voltage sensing can be improved, 
and output-current sensing can be added if required. The 
short-eircuit protection in the circuit can be improved by 
adding an IC regulator that senses the output current by 
means of a current-sampling resistor. 

Low-Voltage Supplies. Different voltages and different 
types of regulation can be used in the low-voltage supplies. 
One alternative, shown in Fig. I 1, is the use of an extra 
winding on the isolation transformer to supply the base-drive 
transistors. This circuit reduces the cost of smoothing 
capacitor C2 in Fig. 2, and reduces the size of the 60-Hz 
transformer. 

---,----1r---0+ 25 v SUPPLY OF LOWER 
CURRENT 

IN3193 
FAST RECOVERY 

TO OTHER RECTIFIER FOR 20KHz 
ORIVE+'----+---.--+--..--l<II-, 
TRANSISTOR 

50 
TO OND 

POINT x~ 
Fig. 11 - Use of a separate isolation-transformer winding to 
supply the base-drive transistors. 

DESIGN NOTES 
The switching-regulator type of power supply is more 

complex than a conventional dc series regulator. Because 
tests must be made with regard to waveforms, an oscilloscope 
is a required diagnostic tool. A special problem is that most 
of the components in these supplies are not isolated from the 
power line. Although the test equipment can be used 
"floating", the safest practice is to use an isolation trans­
former during tests of the power supply. 

Finally, the design and construction of the filter are 
important to reduce spikes on the output. The filter unit 
should be sealed to prevent radiation. 
References 
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A 60-Watt, 20-Yolt Regulated 
Power Supply Using a Single 
Pass Transistor 

by D. iVlorris and R. H. Smith 

This Note discusses a regulated constant·voltage power 
supply that uses RCA integrated circuits and a rugged RCA 
hometaxia! transistor to· attain high output·power capability. 
A 20·volt, 3·ampere supply that uses a single RCA-2N3pSS 
pass transistor is described in detail; the discussion inclUdes 
circuit descriptions, operating characteristics, component 
specifications, and suggestions for layout and construction. 
Thermal·fatigue effects and safe operating conditions for 
power transistors are considered. Finally, guidance is 
provided for those who may want to develop a similar circuit 
for their own needs. 

DESCRIPTION OF CIRCUIT 
Specifications for the 60·watt, 20·volt supply are listed in 

Table I, and a block diagram is shown in Fig. I. The circuit 
uses an external pass transistor and driver to extend the 
current capability of the RCkCA30SS integrated,circuit 
voltage regulator; the overload protection provided by a fold· 
back current-limiting circuit permits operation of the transis­
tor at a dissipation level close to its limit. This foldback circuit 
achieves high efficiency by use of an RCA-CA3030 
integrated·drcuit operational amplifier. 

TRANSFORMER Eee 
RECTIFIER­

FILTER 

TRANSFORMER 
RECTIFIER­

FILTER 
LOAD 

Fig. 1- Block diagram of regulated power supply with 
foldback current limiting. 
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Table I - Power-Supply Specifications 

Voutput 

Ambient Temperature 

Voltage spii<1!s 

Regulation 

Ripple 

Transients: 

No load to full load: 

Full load to no load: 

Drift 

Short Circuit and 
overcurrent protection 

105-130 V, Single Phase 
55-420 cps 

20V ±0.5 V 

3A 

None at turn on or turn off 

Line: ±0.25% 

Load: ±0.25% 

33 mV pp; 9.5 mV rms 

100 m V, recovery with in 50 ,",S 

100 mV, recovery within 50,",s 

20 mV in B hours of operation at 
constant ambient temperature 

Foldback technique 

The over-all operation of the circuit can be understood 
with the aid of the schematic diagram shown in Fig.~. 
Transformer Tl and its rectifiers supply the raw de power 
that is regulated by pass transistor QI; this pass transistor is 
driven by driver Q2, which is driven by the control circuit 
ICI. Transformer T2, with its rectifiers and shunt regulator 
Q4, provides positive and negative supplies for operational 
amplifier IC2; this operational· amplifier drives the current· 
limiting control Q3. Output voltage is sensed at resistance 
string (R6 + RI3). and load current is sensed by RS. 

4-71 
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L-------------------------------------------------~~VV-4~~~--~~~~~ 

T1 
T2 

Signal Transformer Co., Part No. 244 or equivalent 
Signal Transformer Co., Part No, 12.8.Q.25 or equiva-
lent 

CR1-CR4 RCA-1N1614 
CR5 Zenor Dlado, 1N6225 (3.3 VI 

~::: ~:~o} Power Roctiflor, RCA-1N3193 

CR8 Zoner Dioda, 1N5242 (12 VI 
Cl 5900 /IF, 75 V, Spraguo Type 36D592F075BC or 

C2 
C3, C7, Cl0 
C4 

C5 
C6 

C8 

C9 
Rl 
R2 

R3 

equivalent 
0.005 JJF. <:eramic disc, Sprague TG050 or equivalent 
5OpF. ceramic disc, Sprague 3OGA-Q50 or equivalent 
2JjF, 25 V, olectrolytlc, Sprague 5000 G025BA7 or 
equivalent 
0.01 J.LF. ceramic disc. Sprague TG510 or equivalent 
500 JlF, 50 V, Cornell·Dubilier No. BR500-50 or 
equivalent 
250 /IF, 25 V, Cornell-Dubillar BR 250·25 or equiva-
lent 
0.47 JlF, film tYpo, Spraguo TyPo 220P or equivalont 
5 ohms. 1 watt.IRC type BWH or equivalent 
1000 ohms. 5 watts, Ohmlte type 200-5-1/4 or 
equivalent 
1200 ohms, 1/2 watt, carbon, IRC typo RC 1/2 or 
equivalent 

L-- RS---l 

R4 100 ohms, 1/2 watt, corbon, IRC Typo RC 1/2 or 
equivalent 

R5 430 ohms, 2 watts. wire wound. IRC Type BWH or 
equivalent 

R6 9100 ohms, 2 watts, wire wound, IRC Typo BWH or 
equIvalent 

R7 470 ohms, 1/2 watt, carbon, IRC typo RC 1/2 or 
equivalent 

RS 5100 ohms, 1/2 watt, carbon, IRC typo RC 1/2 or 
equivalent 

R9, R14 1000 ohms. 2 watts, wIre wound, IRC type BWH or 
equivalent 

RIO, R15 250 ohms, 2 watts, 1% wire wound, IRC typo AS-2 or 
equivalent 

R11, R17 1000 ohms, 1/2 watt, carbon, IRC typo RC 1/2 or 
equivalent 

R12 82 ohms, 2 W/l1tS, IRC typo BWH or oquivalent 
R13 1000 ohms, potentiometer, Clarostat Series U39 or 

equivalent 
R16 1200 ohms, 2 watts, wiro wound, lRC tYPO BWH or 

equivalent 
R18 510 ohms, 1/2 watt, carbon, IRC type RC 112 or 

equivalent 
R19 10,000 ohms, 1/2 watt, carbon, IRC tYpe RC 112 or 

equivalent 

Fig. 2- Schematic diagram of 60-watt, 20-volt regulated 
power supply with foldback cu"ent limiting. 
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R20 300 ohms, potentiometer. Clarostat Series U39 or 

R21 

RC 

RS 

ICI 
IC2 
01 
Q2 

03,04 

equivalent 
510 ohms. 3 watts,"wire wound, Ohmite type 200-3 or 
equivalent 
240 ohms, 1%, wire wound, lAC type AS-2 or 
equivalent 
(See text for fixed portion); 1 ohm, 25 watts, Ohmite 
type H or equivalent 
RCA-CA3055 
RCA-CA303O 
RCA-2N3055 
RCA-2N5781 
RCA-40347 

Miscellaneous 

(1 Req'd) 

(3 Req'd) 
(1 Req'd) 
(1 Req'd) 
(2 Req'd) 

Heat Sink. Delta Division Wakefield Engineering 
NC-423 or equivalenl 
Heat Sink. Thermalloy #2207 PR-,O or equivalent 
S.pin socket Cinch flS-ICS or equivalent 
14-pin DIL socket, T./., "IC 014ST-7528 or equivalent 
TO-5 socket ELCO #05·3304 or equivalent 
Vector Board #838AWE-1 or equivalent 
Vector Receptacle R644 or equivalent 
Chassis - As required 
Cabinet - As required 
Dow Corning DC340 filled grease 

Fig. 2- Schematic diagram of 6o-watt, 2o-volt regulated 
power supply with foldback current limiting. (cont,) 

Voltage Regulation 
The power-supply output voltage is sampled by the 

voltage divider (R6 + R13), and a portion is fed to terminal 
No.6 (tI:tc inverting input) of the CA3055. (This portion is 
less than the 3.3-volt breakdown voltage of zener diode CR5; 
the zener is· present only to protect the integrated circuit 
from accidental overvoltages.) If the output voltage 
decreases, the base-to-emitter voltage of Q2 increases, as 
explained in the next paragraph. Therefore the pass transistor 
QI is driven harder, and as a result the output voltage 
increases to iis original value (minus the error dictated by the 
system gain). 

The process by which a voltage decrease at terminal 
No.6 of the CA3055 produces an increase of Q2 base-to­
emitter voltage can be understood with the aid of Fig. 3. 
which shows some of the internal circuitry of the CA3055.1 
The drop of voltage at terminal No.6 causes a higher 

. base-to-emitter voltage at the Darlington . combination 
Q13-Q14. Therefore the ·collector current of Ql4 increases, 
and thus increases the voltage drop across the SOO-ohrn 
resistor, which is the base-to-emitter voltage of Q2, 

Foldback Current Limiting 
The purpose of the current-limiting circuit is to prevent 

the power supply from passing a load current that could 
damage the pass transistor if a very low impedance (or a 
short circuit) is placed across the output terminals. Fig. 4 
shows the effect of this circuit.· The supply voltage remains 
constant until the load current reaches the threshold for 
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t=ig. 3- CA3055 contra/of the power transistors. 

VR~------~~------~ 

o 

Fig, 4- i'aldback cu"ent-limiting characteristic. 

activation of the limiting circuit; any further decrease of load 
impedance causes output voltage V 0 and load current 10 to 
decrease, so that the VO-IO characteristic folds back to limit 
the power dissipation in the pass transistor. Activation of 
foldback disables the voltage-regulation circuit. 

The circuitry for foldback current limiting, shown in 
Fig. 5, uses the CA3030 integrated circuit as a differential 
amplifier.2-5 A signal from the voltage divider RRI and 
RR2*, which is across Vo and the EBB return, is applied to 

·RRI actually consists of RS and the upper portion of R20 in the 
schematic diagram of Fig. 2; RR2 is the lower portion of R20. 



__________________________________________________________ AN4558 

~~~------------------~+vo 

Fig. 5- Circuitry for foldback current limiting. 

the inverting input (terminal No.3) of the differential 
amplifier. The non-inverting input is tied to system ground 
through R16. Thus the base·to·base signal that actuates the 
differential amplifier is the difference between VRS (=IORS) 
and VRR2. The CA3030 output, which is the voltage at 
terminal No. 12, varies linearly with the actuating voltage, as 
shown in Fig. 6. When the load current is zero· , VRS is 
zero; therefore (VRS • VRR2) is negative, terminal 12 is 
negative with respect to ground, and Q3 is back·biased (i.e., 
cut off). Therefore Q3 does not interfere with the normal 
voltage·regulated operation of the supply. As the load 
current increases, VRS increases and the voltage at terminal 
12 increases. 

The value of resistor Rs is adjusted so that when the load 
current reaches the foldback-activation value (about' 3 
amperes in the power supply shown), the voltage at terminal 
No. 12 of the CA3030 becomes positive. At about 0.7 volt, 
transistor Q3 begins to conduct; current flows through the 
current·limiting resistor RC, with the result that terminal 
No. I of the CA3055 control circuit is driven positive. QI5 
of Fig. 3 turns on, and the base·to-emitter voltage of 
QI3·QI4 is therefore reduced; the base·to-emitter voltage of 
Q2 is reduced, and the output voltage of the power supply 
decreases. This decrease of Vo 'tends to reduce the load 
current; however, VRR2 also decreases with VO, so that 
(VRS·VRR2) remains fixed and Q3 continues to conduet at 
the same emitter current. If the load impedance is reduced, 
Q3 will be driven even harder, and therefore the output 
voltage and'the load current will decrease even further. Fig. 4 
shows the foldback as RL decreases. 

This process is reversible. If the load impedance RL is 
increased, 10 and Vo will increase. When 10 reaches the 

• The cunents in the I-kilohm bleeder resistor and the l()..kilohm 
sensing string are neglected in this discussion. 

foldback·activation level, Q3 will cut off again and the power 
supply will return to regulated operation. 

The CA3030 must be operated as a linear voltage 
amplifier in the foldback circuit, so that the gain is as shown 
in Fig. 6. If the CA3030 is adjusted otherwise, a Schmitt 
trigger action can occur. Such operation may be desirable in 
Iatching·type current protection, e.g., in circuits that switch 
off at overload. However, those circuits introduce other 
problems such as lack of automatic turn-on, hysteresis effects 
on varying loads during the shutdown process, and capacitive 
and nonlinear loads; therefore, latching protection is not 
considered in this Note. 

Vl2 OUTPUT + 

+ 

Fig. 6- Output voltage from the CA3030 operational 
amplifier as a function of actuating voltage. 

DESIGN CONSIDERATIONS 

For maximum performance from this power.supply 
circuit, several design features must be analyzed. These 
features include the equivalent source resistance of the 
reetifier fIlter circuit, the foldback-circuit parameters, and 
the maximum power disSipation in the pass transistor. In 
addition, safe-operation and thermal·fatigue ratings for the 
transistors are important. 

Equivalent Resistance of the Raw DC Source 
A full·wave bridge rectifier6 provides the raw de power 

for this supply; the rectifier and its 'fIlter are shown in 
Fig. 7(a). The output current and power capability would be 
improved by use of a custom·wound transformer, and even 
greater capability would be attained by use of a full·wave 
center·tapped rectifier circuit with a custom transformer. 
However, a custom transformer would increase the unit cost, 
particularly if no winding facilities were available; therefore, 
a commercially available transformer is used in this supply. 

The load regulation of the transformer is apprOximately 
10 per cent. This value is used as the approximate Rg/RL 
parameter in Schade's curves7 to select input capacitor Cl. 
The value of CI that will keep peak.to-peak ripple below 2.4 
volts is found to be 5900 microfarads. With this capacitance, 
the measured value of equivalent source (generator) resist· 
ance Rg is 2 ohms. Fig. 7(b) shows the equivalent circuit of 
the rectifier and fIlter. 
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(.) (b) 

Fig. 7- Full-wave bridge rectifier and filter that provide raw 
dc for power supply: (a) circuit diagram; (b) equiva· 
lent circuit. 

At high line voltage (130 volts ac) the cold-temperature, 
no-load dc voltage of the rectifier filter is 39.4 volts; this 
value is just below the 40-volt maximum rated voltage of the 
CA3055. At low line voltage (I05 volts ac) the hot full·load 
dc voltage of the rectifier filter is 25.4 volts; the theoretical 
minimum necessary voltage for the supply is shown in 
Appendix A to be 25.4 volts. 

Foldback-Circuit Parameter. 
A simple conventional foldback circuit, in which a 

single-ended amplifier is used instead of the differential 
amplifier described above, is shown in Fig.8(a). The 
equivalent circuit is shown in Fig. 8(b). Analysis of this 

)r------~--------$~ 

l 
10 

+ 

(b) 

Fig. 8- A simple conventional foldback circuit that uses a 
single-ended amplifier instead of' a differential 
amplifier: (a) circuit diagram; (b) equivalent circuit. 
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circuit (see Appendix B) shows that the ratio of maximum 
load current just before foldback activation,lx, to the rated 
load current I R, is approximately given by 

IX VO+VBE+VRR 

1;= VO+VRR 
(I) 

in which Vo is the voltage drop across the diode (= 0.7 volt 
for a silicon diode). IR is the zero·bias level for Qx; when 10 
exceeds IR, Qx becomes forward-biased and causes loss of 
regulation. 

The ratio of the short-circuit current, ISC, to the rated 
load current is approximately given by 

ISC= VO+VBE 

IR VO+VRR 
(2) 

When the values of the circuit components are inserted into 
these equations, these ratios have the follOwing values: 

IX "IR= 1.23 
(3) 

I:~ = 0.47 (4) 

Eq. (3) shows that the pass transistor must have a current 
capability 23 per cent greater than the rated current value of 
the supply, or, equivalently, that the pass transistor is 
utilized at only 77 per cent of its current and power­
dissipation capabilities at rated supply current. This utiliza­
tion is reduced even further by the source resistance of the 
generator, as discussed below. 

Another disadvantage of the simple foldback circuit is 
indicated in Appendii<- A: the minimum voltage across filter 
capacitor CI is increased by at least (YO + VBE + VRIU. 

The foldback circuit used in the supply shown, which 
uses a differential amplifier and a low actuating signal, is free 
of the drawbacks encQuntered in the simple conventional 
circuit. Actual values -measured on the differential-amplifier 
foldback circuit, set for a 0.2-volt actuating signal and a rated 
load current of 3 amperes, are as follows: 



'sc = 0.125 A 

'X=3.15A 

'x 3.15· . 
iR=-3-= 1.05 

I 
~=0.125=0042 
IR 3.00 . 

The maximum load current to actuate foldback is 5 per cent 
greater than the rated current, and the short-circuit current is 
4 per cent of the rated current. 

Maximum Power Dissipa~ion in the Pass Transistor 
Power ,dissipation in the pass transistor reaches maximum 

during foldback. This worst-case value can be calculated by 
the analysis given in Appendix C, which uses the equivalent 
circuit shown in Fig. 9. (The use of a power-sharing resistor 
in parallel with the pass transistor is neglected in this 
discussion because transformer Tl operates at its maximum 
capacity.) Because the maximum-dissipation situation might 
occur during operation, the power supply must be designed 
to withstand this worst-case condition. 

Maximum power dissipation occurs when the output 
voltage is given by 

(5) 

where Eg is the generator voltage, a is the load conductance 
(a = IR/VR = l/RL' IR is the rated current, VR is the 
rated voltage, and Rg is the generator resistance. The value of 
the maximum power, PX, is given by 

(6) 

The rated current is determined as a function of rated 
voltage, maximum power, generator voltage, and generator 
resistance, as follows: 

(7) 

AN-4558 

The maximum power limit for the pass transistor, Px, 
depends on the heat sink. Appendix D shows that for the 
particular c"se under discussion the maximum power is 47 
watts. Therefore, IR is given by 

I =20 4x47 3.07 A 
R (40)2_4x47x2 

The value of VOX is then determined as follows: 

Idealized curves of various power-supply parameters in 
regulated operation and in foldback are shown in Fig. 10. 
Maximum dissipation is 46 watts, at VOX = 15.4 volts. This 
condition can occur if the supply is turned on with a load 
that causes worst-case foldback operation. As the trans­
former heats up, the capacitor voltage decreases (Le., Rg 
increases), and dissipation is slightly reduced. Even at 
maximum dissipation in the tran~istor, however, the power 
supply can provide continuous trouble-free operation. 

Safe Operation of Power Transistors 
The current capability of the circuit can be increased 

almost indefinitely by use of drivers and output transistors 
with higher current and dissipation capability, by paralleling 
transistors, or by providing one or more additional stages in a 
Darlington configuration, along with increased heat sinking, 
transformer and rectifier capability, and filter capacitance. 
Information on the proper operation of transistors can be 

~ + IO- , I 
EQ -=- l Vo 

- "O --.l 
SYSTEM 

":;;:;" GROUND 

Fig. 9"- Equivalent circuit used for calculation of power 
dissipated in pass transistor. 
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LOAD CURRENT IIO) - AMPERES 

Fig. 70- Idealized oplJrating characteristics of foldback cur­
rent-limiting circuit 

found in published data sheets.8,9 Safe-area charts, derating 
curves, thermal resistance, and maximum junction­
temperature specifications are given in the data sheets. 
Worst-case-operation conditions for the transistors can be 
determined for a number of possible values of rated voltage 
and current, and these values can be checked against the 
specified ratings. 

The current capability of linear series regulators is usually 
limited by the safe dissipation levels of the pass devices, 
rather than by maximum current ratings or available gain, 
especially" if simple (not foldback) current limiting is used, as 
for an adjustable voltage supply. Safe operating area 
encompasses the limitations of power dissipation and second 
breakdown,lO RCA hometaxial-base transistors, such as the 
2N3055, show little or no second-breakdown limitation in 
the safe area. Because the published safe area is guaranteed 
by l()()..per-cent factory testing, the user is sure of reliable 
service even in such severe applications as linear regulators. 
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Thermal-Fatigue Considerations 
A transistor is constructed of materials that have various 

thermal-expansion coefficients. When the transistor is 
subjected to a range of internal temperatures in the course of 
normal operation, the different coefficients of expansion 
result in stresses on various parts of the internal transistor 
structure. These stresses are proportional to the change in 
temperature, the "difference in expansion "coefficients 
between two materials in contact, and" the pellet size; When 
the stresses are severe enough and are repeated enough times, 
they can cause the transistor to fail; usually by rupture of the 
solder bonds between the pellet and the top contacts or 
between the pellet and the mounting base. Large power 
transistors that operate at high power levels, such as the pass 
devices in linear series regulators (e.g., the RCA-2N3055 
family of transistors in the circuit" described in this Note), 
operate in a mode of high thermal-fatigue stress. 

RCA has recognized the thermal-fatigue problem and has 
developed transistors that are extremely resistant to thermal­
fatigue failure. This resistance to thermal-fatigue failure is the 
result of a proprietary Controlled Solder Process (CSP), by 
which impurities and voids are reduced or eliminated from 
the solder system. Impurities enhance the propagation of 
cracks induced by thermal-fatigue stresses, and thus con­
tribute to early failure of the solder bonds. Voids under the 
pellet act as insulation, and can lead to hot spots that cause 
high thermal-fatigue stresses. CSP is now employed on "all 
RCA hermetic power transistors. 

RCA has developed power-transistor thermal-cycling 
ratings that indicate expected life, in number of thermal 
cycles, as a function of power dissipation and case­
temperature change. These ratings are calculated from 
theoretical models based oli actual measurements.l l ,l2 This 
rating system shows that the RCA-2N3055 pass tranSistor, 
used as described in this Note (maximum power dissipation 
of 46 watts, case-temperature change of 430 C), can survive 
more than 50,000 thermal cycles without failure. The 
RCA-2N578l and the smaller devices in the circuit should 
last even longer. 

The combination of homotaxial construction for rugged­
ness and CSP for long thermal-fatigue life makes these power 
transistors the best choice for power-supply applications. 

OPERATIONAL PERFORMANCE 

Adjustment of Current-Sensing Resistor RS 
The fixed portion of current-sensing resistor RS is simply 

a short length of resistance wire; its resistance is about 0.064 
ohm. This resistor must be adjusted on each power supply, 
because both the over-all loop system gain and the current­
limiting voltage across terminals I and 8 of the CA30S5 can 
vary from unit to unit. The two-step procedure for adjusting 
the fIXed portion of the Rs is as follows: 

(a) Set the reference voltage by adjusting the 250-ohm 
potentiometer (R20) until the voltage from the arm of the 
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potentiometer to ground is 200 millivolts (with the load 
current zero, and total sensing resistor Rs = 0). 

(b) Use a variable resistor across the output terminals to 
set the load current at 3.15 amperes. Then insert the fIxed 
portion of the sensing ;esistance and increase it until current 
foldback is just initiated. Initiation of foldback is evidenced 
by sudden reduction in output voltage. 

This fIxed resistor should be made of resistance wire such 
as Driver Harris Manganin #18 (0.176 ohms per foot) or 
equivalent. Copper wire can be used provided I2R heating 
does not change its resistance, and effects of ambient­
temperature change are taken into consider~tion. (Tlte 
temperature coemcient of copper wire is 3.9 x IO-3per oc. 
If the copper resistor were adjusted at 200 C, and the ambient 
temperature then changed to 550 C, the current required to 
activate foldback would be reduced from 3.15 amperes to 
2.7 amperes). 

The variable portion of current-sensing resistor RS is a 
l-ohm potentiometer. It is used to set the current-limitation 
threshold at levels below 3 amperes, if such operation is 
desired. 

Adjustment of Current-Limiting Resistor RC 
The CA3055 voltage regulator would function most 

effectively if current-limiting resistor RC were zero, but Rc 
is necessary for foldback operation. Therefore, as a compro­
mise between regulation and protection sensitivity, RC is 
adjusted to provide an over-all regulation of ± 0.25 per cent 
for all load currents from 0 to 3 amperes. This value of RC 
results in a reasonable short-circuit current (0.125 amperes). 
If Rc is made smaller (to permit better regulation), the ratio 
RS/RI6 must be increased to provide more gain in the 
current-limiting circuit. This change may require restabiliza­
tion of the circuit. 

Power-Supply Performance 
With the circuit adjusted as described above, the power 

supply performs as shown in Table II. 

CONSTRUCTION 
Fig. II shows the assembled power supply; it is 8 inches 

long, 8 inches wide, and 5 3/4 inches high (these dimensions 
can be reduced if necessary). The chassis is made of 
0.052-inch aluminum, perforated on top and sides for 
ventilation; a commercial chassis such as the BUD CAI751 or 
equivalent could also be used. 

The control circuit is built on a pre-punched fIber board. 
Good wiring techniques are observed, all leads to the 
integrated circuits are kept as short as possible, and heat 
sinks are attached where required. 

The positive and negative supplies for the operational 
amplifIer are also constructed on pre-punched fiber board. 
The board is attached with an L-bracket to the diode 
support, as shown in the diagram. 

VOLTAGE TRIM 

~ 
PRINTED CIRCUIT BOARD 

occur 

r-
ON 

LIGHT 

~ 0 (2) 

L 
OFF 

DC OUT CURRENT 
@@ ADJUST. 

- + RS 

I s" 

Fig. 11- Layout of power supply. 

The pass-transistor heat sink is mounted vertically, with 
1/4-inch clearance from the bottom ofthe chassis to provide 
adequate convection .. The circuit board is mounted as far as 
possible from the pass-transistor heat sink to achieve 
maximum thermal isolation . 

. Construction of this supply is flexible. Wiring is not 
critical, but heavy wire should be used for the leads that 
carry high current. The total allowable IR drop in the wiring 
is 0.1 volt; at a current Qf 3 amperes, therefore, the total 
allowable resistance (including contact resistan"ce) is 33 
milliohms. 

As in all error-detecting systems, the iampling should be 
accomplished at the terminals of the power supply, i.e., at 
the +20~volt and ground terminals. Therefore all <if the 
system g~o;'nd points indicated in Fig. 2 are connected with 
heavy wire to avoid ground loops. Output capacitor C6 is 
wired directly to the output terminals. 

APPENDIX A. Minimum Voltage Across Filter Capacitor 
The minimum voltage across fIlter capacitor CI is 

obtained as follows: 

VCap (min) = Va + VO-PK + VBE 2N3055 

+ VCE 2N5781 + VR1 + VTOL + VRS + VLD 
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Table II - Performance of Regulated Power SupplV 

Normal Operation: Vo set at 20.000 VDC with 10 = 3 A@Vline = 115 VAC. 

PARAMETER CONDITIONS VALUE 

Load regu lation 10 =0~3A. V Line = 105 VAC ±0.25% 

Load regu lation 10 = 0~3A. VLine = 115 VAC ±0.25% 

Load regulation 10 = 0~3A. VLine= 130VAC ±0.25% 

Line regulation 10 = O. V Line = 105;::::::!: 130VAC ±0.25% 

Line regulation 10 = 3A. V Line = 105~ 130 VAC ±0.25% 

Total regulation spread 0';;10 ';;3A. 105';;VUne ';;130VAC 0.77% 

Ripple (peak-to-peak) IO=3A 33mV 

Ripple (rms) 10=3A 9.5mV 

Transients Full load (3 A) to no load (0 A) .;; 100 mV. trecovery';; 50 I's 

Transients No load (0 A) to full load (3 A) .;; 100 mV. trecovery ';;50 I's 

Transients Turn on (105 or 130 VAC) 0 

Transients Turn off (105 or 130 VAC) 0 

Drift 10=3A ';;15 mV/8 hours 

Case Temperature Rise: After 8 hours@ 10 = 3 A and VLine = 130 VAC 

2N3055 43°C 

2N5781 49°C 

CA3055 1.50 C 

ISC V Line = 105 or 130 VAC 0.125A 

Abnormal Operation: Circuit in fold back operation at 
worst-case condition (V 0 = 15.4 VDC) 

PARAMETER CONDITIONS VALUE 

Case Temperature Rise: After 8 hours in foldback @ V Line = 130 VAC Measured Calculated --- ----
2N3055 50°C 60°C 

2N5781 63°C 85°C 

CA3055 17°C -
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where 

Vo = output voltage = 20 V 
VO-PK = ripple voltage (zero to peak = 1/2 peak to peak) 
= 1.2 V 
VBE 2N3055 = worst case VBE of pass transistor = 1.4 V 
VCE 2N5781 = worst case VCE of driver transistor = I V 
VRI = Voltage across collector resistor RI = I V 
VTOL = 0.5-volt tolerance on output = 0.5 V 
VRS = voltage of current-sensing resistor = 0.2 V 
VLO = voltage drop in wiring = 0.1 V 

Therefore 

VCap (min) = 20 + 1.2 + 1.4 + I + I + 0.5 + 0.2 + 0.1 = 
25.4 volts 

APPENDIX B. Foldback Parameters 
As a first approximation, the follOwing equations 

describe the three conditions ofload current in the circuit of 
Fig.8(b): 

General equation: loRs = Vo + VBE + VRR 

At rated current IR, it is desirable that VBE = O. 

At maximum load current, just before foldback is initiated, 

At short-circuit current, Vo = 0, and therefore VRR = O. 

By dividing appropriate equations, 

IX VO+VBE+VR 
1;= VO+VR 

and 

To make the maximum current close to rated current, 

:. (YO + VR) >- VBE 

However, if Vo is large, the initiating voltage must also be 
large. Therefore, the minimum voltage across CI must also be 
increased. 

If Vo is one diode drop (0.7 volt) and if (YO + VRl is 3 
volts as a compromise, then VR = 2.3 volts, and 

IX 0.7 + 2.3 + 0.7 
I;" = 0.7 + 2.3 1.23 

and 

IR 0.7 + 2.3 
ISC = 0.7 + 0.7 = 2.14 

IR 
:. ISC =2:14 = 0.468 IR 

APPENDIX C. Maximum Power Dissipation in the 
Pass Transistor 

The equivalent circuit used to calculate the power 
dissipation in the pass transistor is shown in Fig.9. Rg 
includes the 64·mUliohm resistance used for sensing the 
3.IS-ampere actuating current. The additional current 
supplied for ICO of QI and the current supplied to the 
CA3055 regulator are neglected. 

The voltage across the transistor is given by 

The power dissipated in the transistor is. given by 

The ideal foldback characteristic is shown in Figs. 4 and 
10. The measured values are within 5 per cent of the ideal 
values. Therefore a small error is introduced if the ideal 
characteristic is used for the analysis. 

Equations that describe operation during foldback are 
derived as follows: 

y = mx+b=mx+O 
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or 

P = Eg [0 - V 0[0 - [02Rg 

2 2 2 EgVOa-VO a-VO a Rg 

P+V02 [a+a2Rgl-VO [aEgl = 0 

p+V02A-VOB= 0 

P=BVO -AV0 2 

dP 
-d-= B- 2AVO Vo 

F . dP 
or maximum power,(iV= 0; therefore, 

o 

B-2AVO= 0 

2AVO=B 

V ---- g -B I [ aE 1 I 
o - 2A - 2 a + a2Rg - 2' 

Thus maximum power occurs when 

Substitution of this solution into the power equation yields 

However, 
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E2 E2 E2 
g g g 

a-- a-- a--
p = __ 2 ____ 4_ = __ 4_ 

l+aRg l+aRg l+aRg 

4P = __ a_ 

Eg 2 I + a Rg 

Let 

Solving for a, 

a = G + aGRg 

G 
(J = I-GR 

g 

Because 

then 

[R = VR [-I---~-R-1--E---=-~:..:~-:P-PR-
g g g 

APPENDIX D. Maximum Power Dissipation Allowable for 
a Given Thermal Resistance 

The heat sink selected is a Wakefield (Delta Division 
#NC423) type. This heat sink has a thermal resistance to air 
in convection cooling of 0.80 C/watt. Any heat sink with 
similar or lower thermal resistance is suitable. 
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The case-to-junction thermal resistance of the 2N3055 is 
rated at 1.50 C/watt, and the heat-sink-to,case thermal 
resistance is 0.50C/watt maximum .if a mica washer and 
DC340 filled grease or equivalent are used. 

The total junction-to-air thermal resistance is: 

Ambient to Heat Sink 0.80 C/watt 

Heat Sink to Case 0.5 

Case to Junction 1.5 

TOTAL 2.80 C/watt 

If it is assumed that the ambient temperature is 550 C and the 
junction temperature is 2000 C, 

2000 C - 550C = 1450C 
1450 C/2.80 C/W = 52 walts 

If a IO-per-cent safety factor is allowed, the maximum 
allowable power dissipation by the pass transistor is 52 - 5 = 
47 watts. 
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Testing for Forward-Bias 
Second Breakdown in 
Power Transistors· 
by D. A. Moe 

The addition of "safe-operating-area" curves to power­
switching transistor data for JEDEC registration and to 
manufacturers' data sheets has made necessary the develop­
ment of non-destructive forward-bias second-breakdown test 
facilities. This Note describes the design of a test facility 
which determines the forward-bias second-breakdown safe 
operating locus for power transistors and shows detailed 
schematic diagrams of test circuits which can be used for 
devices with collector-current ratings up tli 2.5 amperes and 
sustaining collector-to-emitter voltage VCEO(SUS) ratings up 
to 300 volts·, or with ratings to 5 amperes and 100 volts. 

Causes of Second Breakdown 
The safe operating area of a power transistor is bounded 

by a locus divided into· four discrete segments, each 
representing a particular limiting condition. As shown in 
Fig. 1, the limiting factors are the maximum continuous­
collector-current rating of the transistor, the maximum 
power-dissipation rating, s~cond breakdown, and the sustain­
ing voltage VCEO(sus) of the device. 

10·..--,-C-·2-.-·-C--------------, 

" '" ~ CONTINUOUS CURRENT ATING ,. 
<[ 1.0 I • 
~ 6 .. z 
'" '" '" B 0.1 • • 

VCEO(SUSI 

0.01 '-.,-"".l-;.H • .l----!r-"".l-;.H • .L.-!-4.-f.-;.~ 
10 100 1000 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- VOLTS 

Fig. 1- A typical safe-operating-area curve. 
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Forward-bias stlcond breakdown (IS/b) in a power device 
is manifested by localized heating of the transistor pellet, as 
shown in Fig. 2. The average collector-junction temperature, 
TJ, of a power transistor may be calculated as follows: 

TJ = TC + Pavg8J-C 

where TC is the case temperature in °C, Pavg is the average 
power dissipation in watts, and 8 J-C is the junction-ta-case 
thermal resistance in °c per ·watt. However, the actual 
junction temperature can vary from point to point on the 
chip as a result of current-crowding that causes higher 
isolated diSSipation. As a result, a localized thermal runaway 
may occur. In the forward-biased mode, such local heating is 
most likely to occur at the emitter edge because, under 
forward-bias conditions, lateral base current creates an 
electric field cir voltage gradient in the base, as shown in 
Fig. 2. The direction of this voltage gradient causes greater 
forward bias at the emitter periphery. than at the center_ 
Therefore most injection occurs at the periphery, and the 
current density is greater. As the concentrated current flOws 
across the depletion region, local power diSsipation occurs 
and causes local heating. If the current density exceeds a 

MINORITY-CARRIER 
CONCENTRATION 

Fig. 2- Cross-section of a power transistor showing 
development of hot spots under forward bias. 
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critical level, the heat that is generated. causes the local 
base-to-emitter . voltage to decrease to a level that causes 
further injection, and collector-to-emitter current flow 
becomes regenerative. If this regenerative process is allowed 
to continue, device destruction follows. The current crowd­
ing may be aggravated by a non-homogeneous collector·base 
junction or by mounting-system imperfections such as solder 
voids. 

A Second-Breakdown Test Facility 
Fig. 3 shows a simplified schematic of a test set designed 

to determine the forward-bias second-breakdown safe operat­
ing locus for power transistors. This test facility is capable of 
determining this locus non·destructively, and therefore can 
be .used to perform 100-per-cent tests of transistor capability 
in production without destroying transistors. This type of 
production test is usually made at one point of the 
second-breakdown locus shown on the published data. 
Determination of the second-breakdown limit for registration 
of a new device of a particular structure and geometry 
previously required the destructive rmding of the Istb limit 
of many individual transistors. Although each device would 
yield one data point, the points would not necessarily be on 
the same second-breakdown locus because the relative 
second-breakdown capability would vary from device to 
device. This procedure would therefore not yield accurate 
information about the actual shape of the Istb locus. It has 
been found that the slope, n, of the forward-bias second­
breakdown locus (1'= Ky-n) plotted on log-log coordinates is 
essentially constant for a particular device structure and 
geometry. 

The second-breakdown test set shown in Fig. 3 operates 
in either of two modes: "normal" operation or "shut-down" 
operation. There are two feedback drive amplifiers in the 
circuit. One drives the transistor under test to the magnitude 
of collector current programmed by adjustment of a 
potentiometer. The current-sensing feedback loop is arranged 
so that only actual collector current flows through the 

Fig. 3- Simplified schematic of test set for second­
breakdown current (I Sib)' 

sensing resistor; no base current flows in the mesh common 
to that resistor. The second amplifier compares the 
collector-to·emitter voltage of a transistor in series with the 
one being tested to a reference voltage and maintains the 
pass-transistor voltage constant at six volts, independent of 
test-current magnitude. 

The test voltage, Y CE, is varied by adjustment of the 
power-supply voltage across the transistor under test, the 
series pass transistor, and a one-ohm sensing resistor. During 
a normal test, the pulse generator applies an essentially 
square pulse of current through the transistor under test; the 
relatively short rise and fall times can be neglected. The 
current through the pass transistor tracks the current through 
the transistor under test. If the device being tested is 
operating within its safe area, no anomalies in transistor 
current or voltage occur and. no degradation results during 
the test. 

If the transistor is operated beyond -its safe operating 
area, distinct changes occur in current and voltage at the 
initiation of second breakdown. The collector-to-emitter 
voltage of the transistor suddenly drops to alow value, while 
the current rises sharplY. The second-breakdown test method 
shown in Fig. 3 takes advantage of this rapid rise in collector 
current. 

For detection of second breakdown, an air-core inductor 
is placed in series with collector of the transistor under test. 
During normal operation of the test set, the voltage 
developed across this inductor is small because of the 
relatively long test-current-pulse rise time. During second 
breakdown, however, the rapidly risillg collector current 
creates a high voltage across the inductor. A secondary 
winding then ac couples this voltage to a detection circuit 
which reverse-biases the series pass transistor. The inductive­
detection approach is independent of test-current magnitude 
and reacts instead to the magnitude of its first derivative.' 

The 2-5-Ampere/300-Volt and 5-Ampere/100-Volt 
Test Circuits 

Two forward·bias second·breakdown facilities are shown 
in Fig. 4. The first is capable of making second-breakdown 
tests at collector-current levels to 2.5 amperes and collector­
to-emitter voltage levels to 300 volts; the second makes 
similar tests to 5 amperes and 100 volts. 

In both facilities a voltmeter Y is placed across the 
Current-Level-Adjust potentiometer during setting of the test 
conditions. The drive amplifier is disconnected so that no 
current flows through the transistor under test. The test 
transistor must not be preheated before the actual test 
voltage is applied because the second-breakdown limit 
decreases with increasing temperature. While the test is being 
performed, the voltmeter Y is switched across the one-ohm 
sensing resistor and monitors actual test current. 

A test is initiated by application of a pulse to the gate of 
a 2N3228 SCR, Q1, which begins to conduct and closes a 
mercury relay. A unijunction transistor fires to end the test. 
The pulse-width potentiometer can be varied to obtain test 
conditions varying from dc (2 seconds) to a short pulse (100 
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milliseconds). The setting of the Current·Level-Adjust 
potentiometer determines the amplitude of the test current 
during the pulse. The capacitor connected across this 
potentiometer maintains the rise time of the pulse applied to 
the differential-drive amplifier at approximately 25 milli­
seconds, as shown in Fig. 5. If the rise time were too short, 
the inductive detector would trigger the latch circuitry at the 
beginning of a pulse and would incorrectly indicate second 
breakdown. 

The pass-transistor regulator maintains a constant voltage 
across the transistor under test. The series pass transistor is 
always operated in the active region so that it can tum off 
the transistor under test within one microsecond if second 
breakdown occurs. 

The two differential amplifiers are stabilized by means of 
capacitors located at several points. Stabilization of these test 
facilities is difficult because they are required to perform 
tests on devices having gain-bandwidth products fr up to 100 
MHz and at all test currents and voltages within the test-set 
ratings. The problem is compounded by the fact that fr is a 
function of collector voltage and current and may vary for 
individual devices at different test conditions. 

Particular care is necessary in the physical layout of a 
second-breakdown test facility to avoid oscillation. High-

(bI 

.. ~ 
(,) 

Fig. 5- Waveforms for I Sib test circuits of Fig. 4: (aJ 
applied pulse; (bl turn-on time; (cJ turn-off time. 
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frequency oscillations may then incorrectly appear to the 
inductive detector as second-breakdown failures and cause 
the protection circuitry to be triggered. Leads should be as 
short as possible. 

In the event of second breakdown, the large current 
change dildt causes a voltage to be coupled to the 
second-breakdown latch circuitry, Q24 and Q25. This 
regenerative circuitry drives the pass-transistor regulator, 
Q16, which then applies instantaneous negative voltage at the 
base of the pass transistor to interrupt the test current. A 
light on the front panel of the test set indicates second 
breakdown. The coupling capacitor in the reset circuitry for 
the latch is selected so that it cannot override ·a pulse from 
the second-breakdown-sensing transformer. If a shorted 
transistor is placed in the test socket and the reset button is 
depressed, the resulting instantaneous rise in primary current 
triggers the latch. Therefore, it is impossible to reset the 
facility with a shorted transistor in the socket. Although the 
primary inductance of the sensing transformer is very small, 
it helps to keep collector current from rising instantly during 
second breakdown. A diode clamp is employed to damp 
ringing voltages that might otherwise exceed the avalanche 
breakdown voltage of the transistor under test. 

If the transistor under test has large leakage current; or if 
a slow thermal runaway occurs, the collector current does 
not rise fast enough to trigger Q24 and Q25. The latch is 
then 1riggered by back-up circuitry. The back-up circuit, 
which consists of Q2l, Q22, and Q23, is a Schmitt trigger set 
to switch at a collector test current ten per cent higher than 
the rated value of the test facility. In this case, a relatively 
long time may be needed to exceed this rating. 

Transistor Characterization for Forward-Bias 
Second Breakdown 

Actual second-breakdown measurements for the RCA-
2N5240 are shown in Fig.6. The three curves indicate 
differences in second-breakdown capability at different case 
temperatures, but show that the second-breakd.own loci have 
essentially identical slopes. The 2N5240 is a double-diffused 
triple epitaxial silicon power transistor having eight separate 
emitter sites. A smal1 ballast is provided in series with each 
emitter to extend second-breakdown limits. 

Characterization of a transistor for second breakdown 
and power handling is performed in two steps. First, the de 
and pulsed power-dissipation capability of the device are 
calculated on the basis of its steady-state and transient 
thermal resistance. These curves are then checked empirically 
to deterruine at what value of collector-to-emitter voltage 
second breakdown begins. to dominate. 

To obtain a single point on the curve, the desired 
collector-ta-emitter voltage VCE is applied to the transistor 
under test, and a test is performed at a test-current 
magnitude below the expected capability of the device. If 
failure does not occur, the test-current magnitude is 
increased in steps until failure does occur. This procedure is 
repeated at several values of V CEo During each trial, the 
transistor case must be at the temperature for which 
second-breakdown capability is being deterruined. "Usually a 
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Fig. 4- Schematic diagram of ISIb test facilities for (a) currents to 2.5 amperes and 
voltages to 300 volts, and (b) currents to 5 amperes and voltages to 100 volts. 
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heat sink having a large thermal capacity is used_ An 
approximate test for degradation may be made by repeating 
the second-breakdown test at the current level just preceding 
device failure; the device should pass this. test. Another 
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Fig • . 6- Forward-bias second breakdown of RCA-2N5240 as 
a function of collector-to-emitter voltage for 
different case temperatures. 

method is to measure changes in collector cutoff current 
ICBO after second-breakdown failure. 

The final second-breakdown curve plotted to characterize 
the device for registration, which is shown in the table of 
device characteristics on the data sheet, has a slope. greater 
than that of the family of devices represented. To guarantee 
this published curve, a IOO-per-cent test is performed in 
production at the IS/b specification point. 

It should be noted that· there is not an abrupt change in 
power-handling capability along the safe-area locus, but 
rather a gradual change in the slope of the curve_ The slope 
becomes less at lower collector-to-emitter voltages because 
the electrical base width in the transistor varies as a function 
of voltage. A3 VCE decreases, the depletion-regia" width 
decreases and the 'electrical base width increases. These 
changes have the 'effect of decreasing current density because 
the minority carriers in the base' have a greater distance over 
which to diffuse outward laterally, as shown in Fig_ 2. 
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Thermal-Cycling Rating System 
for Silicon Power Transistors 

by '1)/. D. Williams 

Thermal fatigue is a wear·out type of failure that may 
occur in silicon power transistors as a result of the thermal 
cycling produced by changes in power dissipation or in the 
ambient temperature. When a transistor is alternately heated 
and allowed to cool, cyclic mechanical stresses are produced 
within the device because of differences in the thermal 
expansion of the silicon pellet and the metallic materials to 
which the pellet is attached. In the past, ·the effect of such 
stresses has been almost completely ignored in the design of 
power·transistor circuits. The circuit designer should realize, 
however, that, just as a wire that is continuously flexed at 
one point will eventually break because of metal fatigue, 
cyclic thermal stresses can similarly lead to fatigue failures in 
power transistors. 

This Note briefly analyzes the basic causes of thermal 
fatigue in silicon power transistors and describes a rating 
chart that makes it possible for a circuit designer to avoid 
such failures during the operating life of his equipment. 
Examples are provided on the use of this chart to determine 
the transistor operating conditions required to assure a 
desired thermal·cycling capability and to determine whether 
the thermal·cycling capability of a transistor is adequate for 
the requirements of a given application. 

Analysis of Thermal Fatigue in Silicon Power Transistors 
Power transistors are subjected to some thermal stresses 

in all practical circuits in which they may be employed. In 
many common applications, these stresses are very severe, as 
indicated by the examples of the thermal-cycling require· 
monts of several typical applications listed in Table l. The 
cyclic stresses may eventually result in physical damage to 
the semiconductor pellet or the mounting interface. 

In most silicon power transistors, the small silicon pellet 
is bonded to a copper header. The coefficient of thermal 
expansion for silicon (3 x 10-6) is much less than that of 
copper (17.5 x 10-6). Temperature variations within the 
transistor, therefore, result in cyclic stresses at the mounting 
interface of the silicon pellet and the copper header because 
of the difference in the thermal expansions llf these parts. If 
a hard solder, such as silicon gold, is used to bond the pellet 
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to the header, these stresses are transmitted to the silicon 
pellet. Silicon is relatively weak in tensile strength and is 
highly "notch sensitive." Such stresses therefore, often result 
in pellet fractures. In general, however, lead solder is used to 
bond the silicon pellet to the copper header. The cyclic 
thermal stresses then are absorbed by non..,lastic deforma· 
tion of the soft lead solder, and very little stress is 
transmitted to the pellet. 

The continuous flexing that results from cyclic tempera· 
ture changes in the transistor may eventually cause fatigue 
failures in the lead solder. Such failures are a function of the 
amount of change in temperature at the mounting interface, 
the difference in the thermal..,xpansion coefficients of the 
silicon pellet and the material to which the pellet is attached, 
and the maximum dimensions of the mounting interface'! 
Fatigue failures occur whenever the cyclic stresses damage 
the solder to the point at which the transfer of heat between 
the pellet and the surface to which it is mounted becomes 
impaired. This condition may exist in only a small portion of 
the pellet. This portion, however, overheats, and transistor 
failure results because of conditions that very closel~ 
approximate those encountered during second breakdown. 

Thermal·fatigue failures in power transistors are accel· 
erated because of dislocation "pile·ups" that result from 
impurities in the lead solder.3 RCA has developed a process 
that substantially reduces the amount of impurities intro· 
duced into the solder. Use of this proprietary "controlled 
solder process" (CSP) makes it possible to avoid the 
microcracks that propagate to cause fatigue failure in power 
transistors and, therefore, greatly increases the thermal· 
cycling capability of these devices.4 

Thermal·Cycling Rating Chart 
The mathematical relationship among the factors that 

affect fatigue failure in silicon power transistors can be 
expressed, in terms of the number of thermal cycles to 
failure N, as follows: 1 

>Pol ["T(aA- aB) L] 
N = Ae 
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Table I - Thermal-Cycling Requirements for Typical Applications of Power Transistors 

PT 

Application Circuit (W) 

Auto radio Class A 8 
audio output ClassAB 2 

Power suPPly Series regulator 50 
Switching regulator 15 

Hi-Fi audio ClassAB 35 
amplifier 

Computer power Series regu lator 50 
supply 

Computer peri- Solenoid driver 5 
pheral equip. 

Television Vertical output 10 
Audio output 8 

Sonar Linear amplifier 100 
'modulator 

where A is a constant determined by tbe mounting 
system, AT is the change in temperature at the mounting 
interface, aA and aB are the thermal-expansion coefficients 
of the silicon and the metal under tbe solder joint, >/10 is a 
material constant proportional to the change in temperatllre 
AT. and the difference in the tberinaI-expansion coefficients 
aA and aB, and L is the maximum length of the solder joint 
under the pellet_ 

For a given transistor, the only variable in the thermal­
cycling equation that can be controlled by the circuit 
designer is the change in temperature at the interface of the 
silicon pellet and the material to which the pellet is mounted_ 
This change in temperature AT is, of course, less than tbe 
change in transistor junction temperature IlTJ, but is greate~ 
than the change in case temperatureATc. 

RCA has devised a rating chart that relates tbe 
tbermal-cycling capability of a silicon power transistor to 
total device dissipation and the change in case temperature. 

1i!5 100 

~~ 50 
EXAMPLE No.1 

!!ll EXAMPLE No.2 " i"'.. 
OI- I I I l,p ~~ 

-...: 
ffi!!: 20 

~ I J 1!'1j ~~ " n1t "- 10 A2 

CASe 

Typical Thermal-
ATC Minimum Equipment Cycling Rating 

Life Required Required 
(DC) (years) (cycles) 

75 5 5,000 
45 5 5,000 

65 5 5,000 
65 5 5,000 

50 5 5,000 

65 10 10,000 

5 10 1_3 x 108 

75 5 5,000 
75 5 5,000 

55 10 144x 103 

This chart is presented in the form of a log-log presentation 
in which power dissipation 'is shown on the vertical axis and 
tbe number of thermal cycles is shown on the horizontal 
axis. Rating curves are shown for various magnitudes of 
case-temperature swings. Fig_ 1 shows an example of a 
typical rating chart of this type_ 

A circuit designer may use tbe rating chart to define the 
limiting value to which tbe change in case temperature must 
be restricted to aSSure that a power transistor is capable of 
operation at a specified power diSsipation over the number of 
thermal cycles required in a given application_ Conversely, if 
tbe power diSSipation and the change in Case temperature are 
known, the designer may use the rating chart to determine 
whether tbe tberinaI-cycling capability of. the transistor is 
adequate for tbe application. These uses of the rating chart 
are illustrated by examples on the chart shown in Fig. 1. 

The chart shows the thermal-cycling ratings for an 
experimental silicon power transistor that has a tbermal 

BJ-C =1.5D C/W 
TeMp 
r----...,eRATURe cW 

I ~NGe(4); 

'N 11111111 ll11r I-. 
104 2"04 5"04 105 2"05 5,,05 106 2,,06 _ 5"06 107 2"07 5>107 ,082.,08 5>108 

THERMAL-CYCLING RATING (N)-NUMBER OF CYCLES 

Fig. 1- Thermal cycling raring chart 
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resi;tance from junction to case of 1.50 C per watt. If a 
designer wishes to determine the maximum allowable change' 
in the case temperature of this transistor for the thermal­
cycling requirements of a given application, he simply plots 
the point of intersection of a horizontal projection of the 
total device dissipation with a vertical projection oCthe total 
number of thermal cycles required in the application. If this 
point lies exactly on one of the power-dissipation curves, the 
maximum allowable change in case temperature can be read 
directly from the chart; if not, the allowable temperature 
change can be approximated by linear interpolation .. This use 
of the rating chart is illustrated by example No. I i~ Fig. I. 

For this example, it is assumed that the transistor is to be 
operated intermittently at a power dissipation level of 50 
watts and that a thermal-cycling capability of 5.0 x 104 
cycles is required to assure that the life of the transistor 
exceeds that of the equipment in which it is to be used. The 
point of intersection of line projections of the power 
dissipation and the required number of thermal. cycles 
indicates that the change in case temperature must be 
restricted to a maximum value of 500C per thermal cycle. 
This value determines the requirements of the transistor heat 
sink. If the thermal cycles are long in comparison to the 
thermal time constant of the heat sink, the total thermal 
resistance from case to ambient should not exceed 10C per 
watt. If the thermal cycles are short relative to the thermal 
time constant, a higher thermal resistance ·is permissible 
provided that the thermal capacitance of the heat sink is 
sufficient to assure that the change in case temperature does 
not exceed 500C during the therm~1 cycle. 

Example No.2 in. Fig. I illustrates the use of the rating 
chart to determine whether the thermal-cycling capability of 
a transistor is adequate for a given application. In this 
example, a transistor dissipation of 30 watts and a 
case-temperature swing (measured) of 750C are assumed. A 
vertical projection of the 30-watt point on the "TC = 750 C 
power-dissipation curve indicates that, for these operating 
conditions, the transistor has a thermal-cycling rating of 
3.2 x I Q4 cycles. If this rating is not adequate for the 
intended application, either the power dissipation must be 
reduced or a larger heat sink must be used so that a smaller 
change in case temperature will result during a thermal cycle. 

In many applications, a power transistor may be 
subjected to thermal cycles that differ in both duration and 
magnitude .. In such instances, the fractional amount of the 
thermal-cycling life of the transistor used by the total 
number of thermal cycles of each type during the required 
life of the equipment must be separately determined and 
then added together to ascertain whether the thermal-cycling 
rating of the transistor will be exceeded in the application. 
The ratio of the total number of cycles of each type to which 
the transistor will be subjected during the life of the 
equipment to the total number of cycles of the same type 
that the transistor is rated to withstand before fatigue failure 
is obtained for all the dissimilar thermal cycles. If the sum of 
these ratios is less than unity, the transistor is obviously 
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operated within ratings in the application. If the sum is 
ireater than unity, the' thermal-cycling rating of the 
transistor is exceeded in the application, and device failure 
may occur during the operating life of the equipment. 

The technique used to determine whether the thermal­
cycling ratings of a transistor are exceeded in a. specific 
application in which the transistor is subjected to different 
types of thermal cycles can be illustrated by use of the 
examples of different operating conditions shown in Fig. I. 
If the transistor is assumed to be subjected to the conditions 
specified for examplele No; I for 2.5 x 104 thermal cycles 
and to the 'condition', speCified for example No.2 for 
1.6 x I Q4 thermal cycles, the following summation is made 
to determine whether the transistor will be operated within 
its thermal-cycling ratings: 

~+ 1.6 x 104 =1 
5.0 x 104 3.2 x 104 

This summation indicates that, for the conditions assumed, 
the transistor is operated exactly to the limit of its 
thermal-cycling rating. 

The RCA thermal-cycling ratings allow a circuit designer 
to use silicon power transistors with assurance that no fatigue 
failures of these devices will occur during the operating life 
of his equipment. These ratings provide valid indications of 
the thermal-cycling capability of silicon power transistors for 
all types of operating conditions and, therefore, enable the 
circuit designer to "design out" the possibility of transistor 
thermal-fatigue failures. 

Obviously, all power transistors cannot be tested to 
determine their thermal-cycling capability because such tests 
are expensive, time consuming, imddestructive. The validity 
of the thermal-cycling ratings results from the application of 
stringent process controls at each step in the manufacture of 
the transistors and from the testings' of a statistically 
significant number of samples. Thermal-cycling ratings for 
silicon power 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. 
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A 750-Watt Three- Phase 
Frequency Converter 

by W. J. Beiswinger 

Military equipment frequently uses three·phase 400-Hz 
power, and industrial plants and laboratories often require 
power at a variety of low frequencies. Ac-to-ac converters, 
driven from standard power lines, can be used to meet these 
requirements. This Note describes a frequency converter with 
output frequency from 380 Hz to 1250 Hz that delivers up 
to 750 watts of three· phase power at 120/208 volts rms. The 
circuit uses a three·phase bridge inverter supplied from a 
rectified ac line; the input can be single·phase or three·phase, 
120 volts or 208 volts, at any frequency from-47 Hz to 1250 
Hz. The RCA·2N5805 power transistor used in this converter 
is especially suited for power.switching circuits. 

CIRCUIT DESCRIPTION 
As shown in the block diagram of Fig. I, the converter 

has four basic components: 

• a power supply, which consists of a rectifier and a 
filter, to change the ac line power to dc power for the 
three·phase bridge inverter; 

• the three·phase bridge inverter; 
• three·phase logic and driver circuits to switch the 

transistors of the inverter in the proper sequence; and 
• an output transformer. 

Fig. 1- Block diagram of 750,watt three·phase converter. 
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Fig. 2 is a schematic diagram that shows the power supply, 
inverter, and output transformer. The logic and driver 
circuits are shown in Figs. 3 and 4. 

The Power Supplv 
The bridge rectifier will operate from either a single· 

phase or three·phase line; the circuit shown in Fig. 2, which 
uses 1 NI204A rectifiers, is designed for either a 120-volt or a 
208·volt line. The 11,000·microfarad filter capacitor keeps 
ripple below 50 millivolts even when a single· phase input line 
is used. 

The Inverter 
The three·phase bridge inverter uses pairs of RCA· 

2N5805 switching transistors that are transformer·driven 
from the logic circuit. The switching transistors in turn 
control the flow of current through the delta·connected 
primary of the output transformer. 

The Logic and Driver Circuits 
The logic and driver circuits include a low·voltage dc 

supply, which operates from a single phase of the ac line. A 
stepdown transformer reduces the line voltage to 12 volts, 
and provides isolation from the power line. This transformer, 
T4, has a frequency range from 47 Hz to 1250 Hz; its 
parameters are shown in Table I. The supply voltage is 
regulated by a pass transistor and a 12·volt zener diode. 

The logic sequence begins with a tunable unijunction 
oscillator that delivers timing pulses to a six·stage ring 
counter, as shown in Fig. 3. The timing of these pulses is 
determined by the oscillator frequency; adjustment of the 
75·kilohm potentiometer can set the frequency of the pulse 
sequence from 380 Hz to 1250 Hz. The output pulses from 
the ring counter are coupled to a diode matrix, shown in 
Fig. 4, to activate the inverter drive transistors. 

The drive transistors provide drive to the inverter through 
transformers T1, T2, and T3. The first timing pulse produces 
a positive voltage across one half of the primary of TI, a 
negative voltage across one half of the primary of T2, and a 
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At 
INPUT 

A I 
o--J 
• I 

I 

3 PHASE 
OUTPUT 

3A 

3A 

3A 

TI, T2, T3 8 T5 - SEE TEXT 

QI- 06 - 2N5B05 

Fig. 2- Schematic diagram of three-phase frequency con­
verter, showing the dc supply, the inverter, and the 
oUtput transformer. 

Fig. 3- Oscillator and six-stage ring counter for the logic 
circuit of the three-phase frequency converter. 
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SIX STAGE RING COUNTER 
INPUT 

(IS) IN3193 

Fig. 4- Diode matrix and driver for output devices of 
three·phase frequency converter. 

Table I - Stepdown Isolation Transformer for 
Logic Circuit Supply 

CORE Square Stack 75EI Microsil 
(0.006) Magnetic Metals Co. 
75EI3306 

PRIMARY 120 Volts 
1200 Turns #32 Wire 
100 Turns Per Layer 
12 Layers 

SECONDARY 12 Volts 
128 Turns #22 Wire 
32 Turns Per Layer 
4 Layers 

positive voltage across one half of the primary of T3; the 
second timing pulse produces a positive voltage across one 
half of the primary of Tl, and a negative voltage across 
halves of the primaries of T2 and T3; and sofarth. The 
sequence of these voltages is tabulated in Table II and 
displayed graphically in Fig. 5 to show that the periodic 
voltages across the three transformers are offset by 
120·degree intervals. 

DeSign information on transformers Tl, T2, and T3 is 
shown in Table III. 

Table" - Pulse Polarities at Primary Coils 
of T1, T2, and T3 

Pulse VT1 VT2 VT3 

+ + 

2 + 

3 + + 

4 + 

5 + + 

6 + 

The Output Transformer 
The output transformer, T5, isolates the output circuit 

from the power line, transforms the voltage up or down to 
produce a 120!208·volt output, and reduces harmonic 
distortion. The primary is delta-connected. and the second· 
ary is wye·connected to provide three.phase. four-wire 
service. 

The primary coils carry the full supply voltage. The 
waveshapes in the primary and secondary coils are the same, 
and are shown in Fig. 6; the polarities of these pulses are 
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Fig. 5- Sequence of voltages across drive transformers T1. 
'T2.andT3. 

shown in Fig. 7. The manner in which the secondary coil 
voltages add to reduce distortion is also shown in Fig. 6. The 
voltage across secondary terminals A and C is equal to the 
difference of the voltages in secondary coils I and 3. 
Subtraction of waveform V3 from waveform VI results in 
the output waveform (VI - V3), which is more sinusoidal 
than V I or V3. The measured value of total harmonic 
distortion (THD) in each coil is 28 per cent; the THD across 
the output terminals is 24 per cent. 

Table III - Driver Transformer Design Information 
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CORE 

PRIMARY 

- Square Stack 21 EI Microsil 
(0.006) Magnetic Metals Co. 
21EI3306 

14 Volts 
140 Turns Bifilar #29 Wire 

(in Series) 
20 Turns Per Layer 
7 Layers 

SECONDARY - 4 Volts 
52 Turns Bifilar #29 Wire 
13 Turns Per Layer 
4 Layers 

OEI:.TA-WYE 

VI-V3'" 1-(-1)-2 

v,-VJ'" 1-0 -, 
3 VI-V!" 0 til --I 

VI-V!: -1-(11--2 
VI-V!'" -1-0=-1 

6 V,-I/3'" 0-(-0-' 

Fig. 6- Phase-to·neutral and phase-to·phase voltages in the 
delta~wye output transformer. 

Design information for the output transformer to operate 
from a 12()..voit line or a 208-volt line is given in Table N. 

Table IV - Output Transformer Design Information 

CORE 

PRIMARY (DELTA) 

- Square Stack 1.2E13I/l Microsil 
(0.006) Magnetic Metals Co. 
1.2E13cj>3306 

120 Volts 
188 Turns #17 Wire 
47 Turns Per Layer 
4 Layers 

OR 

- 208 Volts 
325 Turns #19 Wire 
55 Turns Per Layer 
6 Layers 

SECONDARY (WYE) - 120/208 Volts 
200 Turn'#17 Wire 
50 Turns Per Layer 
4 Layers 
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PULSE 3 

~
, . 

• 2 /.' 

@.\" 

Fig. 7- Pulse polarities in output transformer T5. 

CONVERTER PERFORMANCE 
A photograph of the output waveform from the 400-Hz 

converter is shown in Fig. 8. Waveforms of the collector 
voltage and current in one of the switching transistors (QI) 
are also shown in Fig. 8. 

Fig. 9 shows the output performance of the converter. 
Both the efficiency and the regulation are good. Efficiency 
rises from 50 per cent at low load current to 75 per cent at 
the rated load current of 2.1 amperes. The rms output 
voltage varies by only 10 volts between low- and high-current 
loading. 

OUTPUT VOLTAGE 
(200 V IDlY. ) 

COLlECTOR VOLTAGE 
. (100 VlOIV.) 

COLLECTOR CURRENT 
(I A/DIY.) 

- - - --- -- -- --
-- -- '-- -- -- - - -

I I I , I _ 

I 

- - IT-~ -

- - --

I I -
r I I _ 

I 

r" ,.. r-'" 
,..,,'- "",L.; r-l.. .... '-

- - ~ - -
TIMEllms/DIV.1 

Fig. 8- Waveforms of transformer output voltage, collector 
voltage, and collector current. 
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Fig. 9- Performance characteristics of the three-phase 
converter. 
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Thermal-Cycling Ratings of 
Power Transistors 

by V. J. Lukach, L. J. Gallace, and W. D. Williams 

SUMMARY 
This Application Note discusses a testing program used to 

determine the capability of a particular power transistor 
design for withstanding thermal cycling over a wide range of 
operating conditions. A sufficient number of tests were 
performed to verify a rating chart which can be applied by an 
equipment designer to any practical operating condition. The 
discussion covers a brief description of thermal fatigue, a 
method of "scaling the environment" to determine the 
proper test conditions, specialized test equipment and 
techniques to insure that the proper stresses were applied to 
the transistor, and the test results and the transistor 
predicted capability chart. 

INTRODUCTION 
Thermal fatigue is a wearout failure mechanism in silicon 

power transistors caused by repeated temperature cycling 
from either changes in power dissipation or ambient tempera· 
ture differences. In a transistor where the silicon die is 
mounted with lead·tin or other "soft" solder, a failure 
normally occurs because of a degradation of the joint 
between· the silicon die and the surface to which it is 
mounted. This degradation results in localized overheating 
and eventual localized thermal runaway. The failure mode is 
very similar to that encountered in forward-biased second 
breakdownl . In many cases where the current is not limited 
during the resulting short circuit, the transistor chip is 
destroyed and it is impossible to determine what caused the 
failure. 

In a transistor mounted with a gold-silicon eutectic or 
other "hard" solder, the failure due to thermal fatigue 
usually occurs from fracturing of the silicon die, which often 
also results in a shorted transistor and destruction of the 
silicon die. 

The causative factors in thermal fatigue and device design 
methods of alleviating it have been covered in the literature2. 
A system of rating a power transistor to clearly delineate 
thermal- cycling capability was described in an earlier 
Application Note3. This Note describes a testing program to 
determine whether the rating chart computed by use of the 
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theory suggested in the above references truly represents the 
capability of a silicon power transistor over a wide range of 
stress levels. 

THERMAL-FATIGUE BACKGROUND 
In almost any application, a silicon power transistor is 

subjected to some cyclical thermal stress. Often this stress is 
quite severe and frequent. Table I shows some typical 
applications of power transistors and the expected thermal­
cycling-life requirements. The number N of cycles to failure 
in terms of the device characteristics and operating con­
ditions has been expressed as2 

l}Jo 

where A and l}J 0 are constants for a given power transistor 
structure, (a\-a2) is the difference in thermal coefficient of 
expansion between the silicon die and the material on which 
it is mounted, L is the maximum dimension of the silicon 
chip, and 6.T is the change in temperature at the interface 
between the silicon chip and the material to which it is 
mounted. In practical applications, the temperature swing at 
this interface is the sum of the case-temperature change and 
the temperature rise equal to the thermal resistance between 
the interface and the case multiplied by the power 
dissipation. 

By use of these relationships, and a small amount of 
empirical data, a thermal-cycling rating chart was drawn for 
the RCA-2N3055 power transistor, as shown as Fig .. \. 
Verification and/or correction of this rating chart was one 
purpose of the testing program described in this Note. 

TEST PROGRAM 

Objectives 
There were multiple objectives in this program. First was 

the determination of thermal-fatigue capability for the 
RCA-2N3055. Second was the mathematical representation 
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Table I - Thermal-Cycling Requirements for Typical Applications of Power Transistors 

PT 

Application Circuit (W) 

Auto radio Class A 8 
audio output Class AB 2 

Power supply Series regulator 50 
Switching regulator 15 

Hi-Fi audio ClassAB 35 
amplifier 

Computer power Series regu lator 50 
supply 

Computer peri- Solenoid driver 5 
pheral equip. 

Television Vertical output 10 
Audio output 8 

Sonar Linear amplifier 100 
Modulator 

of this capability in various tables and on appropriate charts. 
Finally, since thermal-fatigue rating charts were theoretically 
generated, independent appraisal and statistical approaches 
were used to compare the predicted response with the actual 
response. 

Experimental Design 
Because of the inte~relationships among variables, this 

study requires a nonclassical approach. A thermal-fatigue test 
is baSically a cyclical operating-life test. Fig. 2 shows one of 
the life-test racks used in this program. It accommodates 40 

100 

......... 
~ -.........::.: 
I -......... .............. 
~ 50 

""'- ........ ~ 
~ 

u 
--1---

Typical Thermal-
ATC Minimum Equipment Cycling Rating 

Life Required Required 
(OC) (years) (cycles) 

75 5 5,000 
45 5 5.000 

65 5 5,000 
65 5 5,000 

50 5 5,000 

.65 10 10,000 

5 10 1.3 x loB 

75 5 5,000 
75 5 5,000 

55 10 144x 103 

transistors and allows as many as four different thermal­
fatigue tests simultaneously. Eight fans cool the units quickly 
during the "off' cycle. The photograph shows a free-air test; 
however, the plug-in sockets can be removed and devices on 
heat sinks or devices of another configuration substituted. 
Monitoring jacks are available on the front panel. The 
connections to the power supplies are not shown. Timers and 
relays are manually set for a variety of on/off conditions. 
The test circuit, shown in Fig. 3, is a common-emitter circuit 
that permits a smaller-current base power supply to be used. 
A common-base circuit could also be used. For room-
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Fig. /- Thermal-cycling rating chart for the RCA-2N3055 power transistor. 
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Fig. 2- Thermal-fatigue test rack. 

ambient testing, the input variables include the heat·sink size, 
on/off cycle time, and power dissipation (collector-emitter 
voltage and collector current, V CE and IC). The response 
variables are the change in case temperature ATc, and 
maximum junction temperature Tj(max). The final response, 
of course, is the effect on the device, whether it be an open, 
short, or a change in an electrical parameter. Some of these 
variables are independent and some dependent. For example, 
with a given heat sink and cycle time, a change in power 
dissipation PT will change both ATc and Tj(max)- It is 
impossible to preset levels of these variables and achieve 
these conditions. This key point prevents utilization of a 
factorial design in a classical statistical approach. 

The interdependency of some of the variables requires a 
complex preliminary set of experiments before the per­
formance of a thermal-fatigue test on product capability. 
This preliminary work is called "scaling the environment". In 
the case of the 2N3055 transistor, it was necessary to 
determine 150 practical test (sampling) points that naturally 
exist when the bounds of the above-mentioned variables are 
considered. Table II shows parameter values for some of the 
150 empirically derived test cells. From'this data, test cells 

-=-Vcc 

LAMP 

Fig. 3- Test circuit. 
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Table II - Scaling the Environment 

On/Off Heat 
VCE IC Po Time Sink Tj{max.) ATease 
(V) (A) (W) (Sec.) (OC) (OC) 

17 17 100/200 HO 188 150 
17 17 180/180 HO 230 190 
30 30 50/130 HO 190 145 
27 27 50/130 HO 178 125 
30 30 50/130 HO 235 170 
30 1.4 41 100/200 Hl 200 145 
30 30 100/200 Hl 165 120 
27 27 150/300 H2 150 100 
28 2 56 15/25 Hl 150 50 
33.3 3 100 50/100 H3 170 80 
33.3 3 100 100/150 H3 185 100 

5 5 501100 HO 70 32 
10 10 100/200 Hl 80 58 
35 2 70 180/180 H3 155 86 

7.5 7.5 1801180 Hl 154 113 
10 1 10 300/300 H2 92 63 
45 2 90 50/100 H3 150 93 
30 30 600/600 H3 103 61 
10 10 300/300 HO 223 130 
5 5 150/300 H2 54 43 

HO ~ Free air 
H 1 ~ 11 0C/W thermal resistance 
H2 ~ 6.30CIW thermal resistance 
H3 = 1.30C/W thermal resistance 
Thermal resistances of heat sinks are steady-state values 

Tj{m,x) ~ T e(max) + 8j.ePO 
(8 j-c "" .50 C/W) 

were selected to give sizable spread to the primary variables, 
PT (VCE.Ie) and ATc. The points chosen are shown on the 
theoretical rating chart of Fig. 4. Many of the points are 
outside of the projected safe area. This fact illustrates 
another consideration in the total study, time. To minimize 
testing time and stlll generate meaningful data, a form of 
accelerated testing was built into the program. The usual 
precautions were employed in utilizing accelerated testing; 
i.e., failure analysis and data analysis were used to verify the 
existence of a true acceleration and to assure that failures 
had not been created that had no correlation with a bearing 
on the more typical lower stress levels. 

Data 
Table III is a tabulation of the data obtained from the 

2N3055 thermal-fatigue rating program. Fig. 5 is a graphical 
representation of the cycles-to-failure for each test group. A 
visual examination of the data indicates that devices tend to 
fail sooner on tests with large AT c and high junction 
temperatures, as expected. 
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Table III - 2N3055 Thermal·Fatigue Rating. 

Cycle Time Cycle.@ 
No. of Power Heat Tc t.Tc THmax.) (.ec.) Down Cumulative Catastrophic 
Devices (W) Sink (OC) (OC) (OC) On Off Period Cycles Failures 

20 17 HO 30 to 180 150 188.5 100 200 35,952 43,032 1 @2000 hr •. 
2 @ 40,207 hrs. 

20 17 HO 30 to 220 190 228.5 180 180 30,525 36,442 1 @20,719 hrs. 
1 @22,185 hrs. 
1 @ 28,266 hrs. 
1 @ 34,672 hrs. 

20 30 HO 35 to 180 145 195 50 130 52,851 72,061 1 @ 50,989 hr •. 
1 @60,138hrs. 
1 @ 68,701 hr •. 
1 @ 69,185 hr •. 

20 27 HO 40 to 165 125 178.5 50 130 53,402 72,479 1 @ 11,520 hrs. 
1 @ 40,003 hrs. 

20 30 HO 50 to 220 170 235 50 130 18,698 70,564 1 @6036 hr •. 
2@ 11,808 hrs. 
1 @ 18,703 hr •. 
1 @ 36,846 hr •. 
1 @ 62,616 hr •. 

20 30 Hl 35 to 150 120 165 100 200 14,702 70,901 1 @ 65,200 hr •. 

20 41 Hl 35 to 180 145 200.5 100 200 14,702 41,668 1 @449hrs. 
1 @ 1400 hr •. 
1 @ 19,917 hr •. 
1 @25,157 hr •. 
1 @ 32,334 hrs. 
1 @ 32, 642 hrs. 

20 27 H2 30 to 135 105 148.5 150 300 12,274 62,395 1 @50,100 hr •. 

20 56 H2 70 to 120 50 148 15 25 231,202 264,675 1 @8500hr •. 
1 @ 10,480 hr •. 
1 @ 144,632 hr •. 
1 @ 241,379 hr •. 

HO = Free air (300 C/W) 
Hl = 11 0 C/W 
H2 = 6.30 C/W 

Failure Analysis 
The basic failure analy.is procedure for all failing devices was 
as follows: 6. Visual inspection 

7. Remove silicone conformal coating 

I. Electrical test 8. Retest electrically 
2. Leak test (Helium and freon bubble) 9. Remove solder 
3. Gas Analysis (Mass spectrometer) 10. Cross section 
4. Decap unit 11. Check pellet·to·header bond 
5. Electrical test 12. Photograph results 
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Fig. 4- Theoretical rating chart. 

TEST SEQUENCED IN 
DESCENDING ORDER Of .He 

TFR.71.S:KIWTc-35!Ol80C \ \ ""I 
.:.TC .. 145C TJ",90C 

TFR·71·217W TC·JOto180C 0 ~ 
.:.Tc·'50CT :lSSC 

TFR.71.8 JOW TC" 3S 10 'SO°C 
.:.TC,,'20"C TJ·'65C 

TFR·71·9 27W Tc" 30 to 136'C 
. TC" 105"·C TJ =l&O'C 

TFR·71·10 sew TC = 70to 120'C 
.:. TC" 5O"C TJ "1S0·C 

REGION I 
FAILURES \~EGIONn, \ CRACKED 

PELLETS 

\ \ 
o .\ 

" 68 104. 

NUMBER OF CYCLES 

REGION m 
EMITTER, BASE OPENS 

1\' 

Fig. 5- Graphical representation of the cycles-to-failure number for v'Irious test groups. 

Three basic types of failures were found in the analysis of 
failing devices using this procedure. These types were 
categorized as follows: 

I. Non·controlled-solder-process· failures, Region I 
2. Cracked pellets in Region II 
3. Open emitter and base contacts (solder fracture) and 

nickel delamination on both collector and emitter·base 
side of pellet, Region III 

*The controlled solder process is a proprietary process 
developed by RCA. 
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Corrective action has eliminated failures in Region I; such 
failures will not be discussed further. Figs. 6 and 1 illustrate 
the types of failures encountered in Regions II and III. 

The cracked-pellet failures presented the problem of 
determining whether the silicon chip was cracked during 
assembly or as the result of thermal stresses. Analysis 
indicated that the cracks occur at points where high pressure 
is applied during assembly or where pellets are located over a 
solder void. Such failures are not expected to occur in 
devices using the controlled-solder-process solder system 
where the total strain of the system is taken up by the solder. 

The third category of failures, open emitter and base 
contacts and pellet lifting, occurs very late in the cycle life of 
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the device and is probably the only real wearout mechanism 
encountered in the test program. The interfaces between the 
emitter, base, and collector contacts consisting of nickel­
lead/tin materials expand and contract at different rates 
during thermal cycling, and, consequently, strain occurs. 
Because of the difference in the coefficients of expansion of 
these materials, an appreciable amount of shearing takes 
place and causes fatigue failure at the contact point. 

Curve Fitting - Predictive Model 
In determining the number N(y) of cycles to first failure, 

it is assumed that a function exists and that the form of the 
function depends upon the measurable variables, as follows: 

N (y) = f(IlTc, Power, Tj(max.),Cycle Time Oh-s) 

Fig. 6- Pellet showing failure as the result of a crack. 

Fig. 7- Pellet showing failure as the result of an open base. 

Regression analysis techniques are used to minimize the 
estimation error; the method of least squares is employed for 
multiple regression, i.e. 

n A 
S = 2: (Ni-Ni)2 

i= I 

A 
is minimized; Ni is the actual value offailing cycles and Ni is the 
calculated value of cycles. 

Because a functional exponential model exists from the 
previous theory and because the experimental data imply 
that an exponential model should be fitted by the regression 
equation, the following relation is postulated: 

vhere llTc is the case-temperature swing, Tj(max.)is the 
maximum junction temperature, tr is the ratio of "on" time 
ton to "off' time toff, PD is the applied power, Oh-s is the 
thermal resistance of the heat sink, and error is approximately 
normal (0, 0 2) 

The coefficients of this equation should be highly 
correlated so that prediction will be restricted to the space 
from which the data were derived. The correlation matrix, 
Table IV, shows that the "independent" variables are highly 
correlated. This correlation illustrates the problem of 
designing the experiment in the classical manner, as 
mentioned in an earlier section. 

Table IV - Correlation Matrix 

N Tj(max.) P 

N -0.89 -0.74 0.688 -0.52 

-0.928 -0.66 0.724 

Tj(max.) -0.42 0.702 

p -0.72 

Table V shows the data used in the regression '<Inalysis. 
No Region I failures are used in the regression analysis since 
they have been eliminated on future product through 
corrective action. 

Following modified step-wise regression procedures, the 
equation that best fits the data is Y = 724e.,0211Tj, where 
llTj = llTc + PD (OJ-C>. Because the present data are limited, 
especially between the llTc range of 50 and 1250 C, further 
data and more analyses may result in slight modifications of 
this equation_ Fig. 8 is a plot of the data and equation. 
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Tabla V - Data Used in the Regression Analysis 

Power ATj ATe 
(W) (OC) (OC) 

17 15B.5 150 

17 19B.5 190 

30 160 145 

27 13B.5 125 

30 185 170 

30 135 120 

Tjmax_ 
(oC) 

lBB 

230 

195 

17B 

235 

165 

tr Oh-. x tr V (First Failure Ke) 
(OCIW) 

100 
200 = 0.5 15 40,207 

180 = 1 15 20,719 
180 

50 
130 = 0.375 11.2 50,989 

50 
130 = 0.375 11.2 40,003 

50 
130 = 0.375 11.2 6,036 

100 
200 =0.5 5.5 65,200 

41 165.5 145 200 ..!.QQ = 05 200 . 5.5 19,917 

27 118.5 105 150 

56 78.0 50 150 

CHANGE IN JUNCTION TEMP. (6Tj I--C 

Fig. 8- Plot of change in iunction temperature 8S a function 
of number of cycles. 

CONCLUSIONS 
There are a variety of causes for thermal-fatigue failures. 

Region I failures were completely corrected by the con­
trolled solder process. Region II cracked-pellet failures are a 
function of mounting techniques and process control. Region 
III failures represent a wearout mechanism which occurs well 
beyond the normal use of the device. 

Empirical determination of thermal-cycling capability is a 
long and difficult process requiring specialized equipment 
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150 = 0 5 
300. . 3.15 50,100 

15 
25 = 0.6 3.8 144,632 

and techniques_ At present, the prime factor affecting 
thermal-cycling capability is change in junction temperature, 
ATj = ATc + (Po x OJ-c). The RCA-2N30ss power transistor 
has demonstrated a thermal-fatigue capability far in excess of 
theoretically postulated values published in the thermal­
fatigue rating chart. 
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A Test Set for Nondestructive 
Safe-Area Measurements Under 
High-Voltage, High-Current Conditions 

R. B. Jarl and R. Kumbatovic 

Techniques for determining the safe operating area of power 
transistors at moderate voltages, currents, and dc conditions 
have been available for some time. Circuitry for accomplishing 
this task nondestructively has also been available. A more 
difficult task has been to test devices nondestructively at high 
voltage/ampere products under pulsed and repetitive-pulsed 
conditions which more closely· simulate the electrical 
environment in an actual equipment. The usual method has 
been to use a statistically significant sample and to test the 
devices to destruction to produce a rating curve. Then, by 
comparing the point of failure of the sampled units ·to the 
results of the dc tests, the pulse r~ting of the units is correlated 
to the dc tests. Because this procedure is obviously rather 
imprecise, users needing devices with high levels of reliability 
frequently require that devices be 100-per-cent tested to 
specific voltage, current, time, and duty-cycle conditions. This 
testing may be performed in a ·'sudden death" circuit where 

6·73 

Fig. 1-lnterior and control panel of test equipment. 

(See Fig. 9, page 7, for enlarged photograph.) 

H-1804 

inadequate units are destroyed. However, this situation is 
unsatisfactory, both analytically and economically. 

This Note describes a test equipment designed to perform 
the tests described above, for the most part, nondestructively. 
A photograph of the interior of the equipment and the control 
panel is shown in Fig. I; an enlargement of this photograph is 
shown in Fig. 9, page 7. The equipment has a current range of 
200 milliamperes to 20 amperes, a voltage range of 10 volts to 
350 volts, a pulse width of 10 microseconds to two seconds, 
and a pulse repetition rate limited only by ext.ernal equipment 
restrictions. 

System Philosophy 
As shown in the block diagram of Fig. 2, the transistor 

under test, TUT, is connected in a common-base configuration 
modified by a series base diode. VCC is applied, and the TUT 
emitter is then driven by a constant-current source which is 

sw. 

~r 
~ 

r,:'S3 

'32CS-.i!1942' 

Fig. 2- Block diagram of test equipment. 
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driven, in turn, by a large-signal pulse generator, such as an 
HP 2l4A, or a mercury-wetted relay pulser_ Voltage at the 
TUT emitter is monitored by a sensing ·network and a 
high-speed, bistable flip-flop. The collector of the TUT is tied 
to a VCC supply appropriately filtered for 
high-current/fast-rise-time loads. 

A device failure is observed as a sudden increase in voltage 
at the emitter of the TUT, which normally holds at a voltage, 
below ground, equivalent to twice the drop across the series 
base diode. A +3-volt, 50-nanosecond change is sufficient to 
switch the state of the flip-flop. The flip-flop then turns on a 
crowbar circuit which shorts out the voltage drive to the 
emitter current source. When the emitter current becomes less 
than the collector current, the series base diode becomes 
back-biased and opens the base-collector loop. The total 
shutdown procedure takes less than 0.5 microseconds. 

System Design 
The system is made up of seven "building blocks": 

1. The V CC power supply and filters 
2. The VEE power supply and filters 

3. The pulse-timing block 
4. The emitter-current-source block 

5. The sense-gate, failure-detection, crowbar, and fail-light 
block 

6. The TUT socketing and metering block 
7. The relay-sequencing block 

These circuits are shown interconnected in the system 
schematic diagram of Fig. 3. Fig.4 shows the schematic 
diagram for the zero-to-20-volt drive power supply, VBB. 

The VCC·supply must have adequate current capability to 
cover the intended spectrum of pulse widths and duty cycles. 
Its voltage regulation must be such that any spiking caused by 
stepped changes. in load can be absorbed by reasonable 
filtering on the 'rUT test chassis. The filtering arrangement 
shown in Fig.3 is adequate for the design current of 20 
amperes. Whenever fast rise and fall times are a factor, Mylarl 
or the best quality paper capacitors must be used to 
supplement the electrolytic capacitors. The filter capacitors 
must be chosen to act in the same manner as a storage battery 
for a length of time sufficient for the VCC supply to recover 
from the load change. 

The same comments apply to the -14-volt VEE supply, 
which . must not only provide the power for the 

1 Trademark of E. I. duPont de Nemours & Co .. Inc. 

snCL-21943R1 

Fig. 3- Schematic diagram of main test chassis (parts list on pages 6 and 81. 
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Fig. 4- Schematic diagram of zero-to-20-volt. drive power-supply. VSS 

(parts list on page 8). 

constant-current supply, but must also operate the relay 
system, the panel lights, and the failure-detection circuitry. 

The pulse-timing block, shown in detail in Fig. S, consists of 
an HP 214A pulse generator, a mercury-wetted-relay pulse 
timer, a small zero-to-20-volt power supply, and a selector 
switch. The HP generator is used for single or multiple pulse 
testing where the pulse widths are 10 milliseconds or less. 

To accomodate the design current of 20 amperes, the 
current source consists of eight 2NS240 transistors, QI 
through QN, with bases and collectors in parallel and with the. 
emitters connected through 4-ohm ballasting resistors R2 
through RN. The 2NS240· was chosen for its high voltage 
breakdown, fast fall time, and good current-handling 
characteristics. 

To achieve the wide current range desired, a current-source 
selector switch is used which, by means of relays, either adds 
or subtracts current-source drivers to fit the requirements of 
the desired test. Fig. 6 shows this arrangement. Each driver can 
provide 2.5 amperes to the load. Hence, referring to the top of 
the circuit diagram of Fig. 3 and to Fig. 6: 

For 0.2 A to 2.S A use CSI only 
For 2.0 A to 7.5 A use CSI and CS2 
For 6.0 A to 12.5 A use CSI, CS2, and CS3 
For 8 A to 20 A use CS I, CS2, CS3, and CS4 

The sensing circuit monitors the voltage at the emitter of 
the TUT. The existence of a positive·going pulse of 3 volts for 
a minimum of SO nanoseconds is sufficient to trip the flip-flop 
(Qs and Q6). The sense line must be gated so that the emitter 
of the TUT is sensed only during the power pulse. The gate is 
made up of Q3 and Q4, and is actuated through im RC 
combination (R9, C9) from the base of the current source. 

The gate is necessary to prevent turn-off transients from 
falsely firing the flip-flop. The turn-off transient comes from 
the sweep-out current of the disconnect diode, DI, and the 
stored 'charge in the TUT. The sense-line coupling capacitor, 
C8, is paralleled by a 20,000-ohm bleeder resistor, R8, which 
assures that the O.OS-microfarad capacitor, C8, is discharged 
between test periods; R8 also provides direct coupling to the 
flip-flop if the failure of the TUT is of a gradual nature, in 
which case the O.OS-capacitor, C8, would be insufficient. The 
flip-flop drives the crowbar transistor, Q7, which, when 
triggered, shorts out the current-source drive to the -14·volt 
supply, thus shutting off the power to the TUT emitter. The 
series·base diode, DI, disconnects the base of the TUT within 
100 nanoseconds after the emitter current of the TUT falls 
below its collector current. 

The previous paragraph states that power is shut off to the 
. EMITTER of the TUT. The series base diode effects the 
disconnection of the collector power to the TUT. The 
selection of the proper diode for this function is critical. It 
must have a reverse recovery time that is comparable to the 
shutdown time of the flip-flop "crowbar" current-source 
combination. However, it must have a breakdown voltage 
greater than the highest-rated test voltage of the equipment. 
R7 is a O.l-ohm, non-inductive, precision resistor used in the 
observation and setting of the current in the collector loop. 

The TUT socketing block is arranged to accommodate, on 
banana plugs spaced three-quarters of an inch apart, both the 
six-pin, Kelvin, heavy-duty sockets used for production work 
and the Tektronix 1 sockets. This arrangement offers some 
interesting possibilities, such as testing of the Is/b capability of 
paired devices. The banana plugs also provide external access 
for the application of base-emitter terminations, such as RBE 

1Trademark of Tektronix, Inc. 
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92CM-21945 

Fig. 5-Schematic diagram of pulse-timing.IJlock components 

(parts list on page 8). 

and VEB. RS and R6 are connected directly to the emitter 
terminals, and DI is connected directly to the base terminal. 

The sequencing relay circuit, Fig. 7, is arranged so that the 
sequence of. switching events shown below occurs when the 
Start button is depressed at the initiation of a test: 

~ ~ ~'4V 
S4 S5 56 

TO CS2 TO CS3 TO CS4 

01 .,~. ~rl". 
800 

SW4 CURRENT SOURCE 
ECTOR SWITCH 

92CS-21946 

Fig. 6- Relay circuit for current-source selection. 

1. SI closes, applies Vee to the TUT, and lights the Start 
light. . 

2. S2 closes momentarily and resets the flip-flop. 
3. S3 closes and connects the pulse source to the current 

drivers. 

RI 
50 

CI 

51 
'-0 
6-...0 SW5 

'~~) 
R2 
50 

O.5p.F 

R3 
C2 

250p.F 
120 

5W3 1 READY I N.O.l 92CS-21947 

Fig. 7- Sequencing-relay circuit (parts list on page 8J. 

-14V 



___________________________________________________________ AN-6145 

The sequence at the end of the test when the Stop button is 
depressed is as follows: 

I. S3 opens and disconnects the pulse drive. 

2. SI opens and removes VCC, and the Start light goes out. 

Construction 
Lead dress is not critical; however, there are some wiring 

restrictions that must be strictly observed: 

I. Low-level signals and high-level signals must not be 
carried in the same wires. 

a. The -14 volts for the flip-flop and gates must be 
carried on a separate bus which joins the -14-volt 
supply at the RI - RN bussing point. 

b. The common line for the flip-flop and gates must be a 
separate line and must meet the system common only 
at the indicated ground point. 

c. The sense line must connect directly to the emitter 
jack of the TUT socket. 

d. The pulse-gate drive line must connect through a 
separate wire to the bases of the current source. 

e. The collector of the crowbar transistor, Q7, must 
connect through its own wire to the bases of the 
current source. 

£. The disconnect diode, Dl, must be connected directly 
to the base jack of the TUT socket, and its anode 
return must be carried on a separate wire to the 
ground bus. 

g. The IE and IC lines are lengths of RG 14 coaxial cable 
with shields tied to the ground bus at the TUT end. 

2. Current-source and protection-circuit filtering functions 
for the -14-volt supply must be separated and located on 
appropriate sub-assemblies. 

3. Multiple capacitors are used for two reasons: 

a. To minimize copper losses (lR drops) through leads 
and foil; 

b. To achieve complete bypassing and regulation 
regardless of pulse rise time or duration. 

4. Mylar I capacitors are used wherever possible because of 
their higher Q and smaller size. 

EXPLANATION OF CONTROLS 
AND ACCESS CONNECTIONS 

Explanation of controls shown in Figs. I and 9: 

AC On-Off Operates main contactor to provide 
power for entire system. 

Cue Pulse 

ExtAnt. 

IC Monitor 

Provides trigger pulse to external pulse 
generator when TEST button is pressed. 

Selects either internal mercury-relay 
timer or external pulse generator. 

Connects to vertical input of monitoring 
oscilloscope from O.l-ohm, 
collector-current sensing resistor. 

---------
Trademark of E. I. duPont de Nemours & Co., Inc. 

Pulse Width 

IC Adjust 

Sync. 

Ready 

Test 

Stop 

Ext. Pulse 

Current Source 
Selector 
(Top middle of 
control panel) 

Sets the width of the desired test pulse on 
the in ternal timer. . 

This control is used only with the internal 
mercury relay timer. It adjusts the voltage 
drive to the emitter current source. 

Provides sync pulse to monitoring 
oscilloscope. 

Activates the sequencing relays and 
applies collector voltage to the rUT, 
resets the failure-detection circuit, and 
connecti the pulse drive circuits to the 
current source. 

Activates the internal timer or provides a 
cue pulse to the external pulse generator. 

De-energizes the sequencing relays and 
disconnects the pulse source and the· 
collector voltage. 

Receives drive pulse from external pulse 
generator. 

Switches in additional current sources 
CS2 through CS4. 

OPERATION 

Operation at DC to 25 Milliseconds 
The interconnection of the test equipment with the external 

units, the pulse generator and oscilloscope, is shown in Fig. 8. 

PU LSE GENERATOR 

.l- E':r a PULSE 1· TRIG. OUT 
SYNC. OUT 

::t ~, E;;:-It asc I L LOSCOPE SYNC. 

Ie MONITOR SYNC.d, I""\. 1"i 

1 C~E EXT. 1 PULSE 
TEST EQUIPMENT 

PULSE 

92CS-Z1948 

Fig. 8- Test-set interconnections. 

The recommended sequence of operation is as follows: 

I. Turn all supplies on. 

2. Set Ext. -Int. switch to INT. 

3. Set Pulse Width switch to 50 milliseconds. 
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4. Set VCC at \0 volts. 

5. Set sweep rate on oscilloscope to \0 ms/div/ext/ + 
sync. 

6. Set oscilloscope sensitivity to dc 0.1 V /div. 

7. Turn IC Adjust full counter-clockwise. 

8. Set Current-Source Selector switch to desired range. 

9. Insert a device into the test socket. 

10. Push Ready button; green start light will flash. 

I I. Push Test button; yellow test light will flash. 

12. Adjust sync controls on oscilloscope to obtain a single 
trace each time Test button is pushed. 

13. Turn IC-Adjust control clockwise to obtain negative 
vertical deflection indicative of desired test current (in 
this case, I division per ampere); for higher currents, 
change vertical sensitivity to 0.2 or 0.5 V/div. as 
needed. 

14. Switch Pulse Width to that which is required. Change 
sweep rate on oscilloscope as well. 

IS .. Set VCC at desired test voltage. 

16. Push Stop button. Remove set-up device. 

17. Insert device to be tested. 

18. Push Ready. 

19. Push Test; observe current trace on oscilloscope. 

20. Push Stop and remove units. 

21. If a unit fails the test, the red fail light will tum on. 

22. The fail circuit and light will reset the next time the 
Ready button is pushed. . 

23. The failure-detection circuits may be checked at any 
time by switching the current-source switch to the next 
lower range. This action will produce a false failure 
signal which will trip the protection circuit. Be sure to 
return the switch to its original position after the test. 

Operation at 25 Milliseconds 
and Less 

I. "Iurn all supplies on. 

2. Set Ext.-Int. to Ext. This connects the external pulse 
generator to the test equipment. 

3. Set VCC at \0 volts. 
4. Set sweep rate on oscilloscope to range of interest. 

5. Set oscilloscope sensitivity to dc 0.1 V/div. 

6. Set trigger selector on external generaior to ext. Turn 
pulse amplitude controls to minimum. 

7. Set Current-Source Selector switch to desired range. 

8. Insert a device into the test socket. 

9. Push Ready button; green start light will flash. 

10. Push Test button. Adjust synchronizing controls on 
oscilloscope to give a single trace each time Test button 
is pushed. 

II. Adjust pulse-amplitude control on generator to secure a 
usable vertical deflection while repeatedly pushing Test 
button. Then adjust Pulse-Width control to obtain 
desired current. 

12. Re-adjus! pulse-amplitude control to obtain desired 
current. 

13. Set desired VCC. 

14. Push Stop. Remove set-up device. 

IS. Insert device to be tested. 

16. Push Ready. 

17. Push Test. 

18. Push Stop. 

The remainder of the procedure is identical to that followed 
for operation at dc to 25 milliseconds. 

MAIN·TEST -CHASSIS PARTS LIST (Fig. 3) 

C1 ... 1000 microfarads. 60 volts. pulse-coupling capacitor 
~ • 3 microfarads, 600 volts, paper or Mylar 
Ca. C4 e 860 microfarads, 460 volts, electrolytic 
Cs = 10 microfarads, 200 volts, Mylar 
Ce. C7 • 2000 microfarads, 50 volts. electrolytic 
C'5 - e'7 ·0.05 microfarad, 200 volts, Mylar 
R, = 15 ohms, 2 watts, carbon 
RZ • 100 ohms. 2 watts, carbon 
RS. R4 - RN = 4 ohms, 6 watts, clusters of three 12-ohm. 2-watt 

carbon resistors 
R5" 0.1 kilohm, 1 watt 
R6 • 8 kilohms. 1 watt 
R7 .. D.1 ohm, non-inductive, 20 watts. with Kelvin connections 
R25 ... 250 kilohms. 2 watts 
R26 ... 8 kilohms. 60 watts. wire-wound 
R27 ... 1 kilohm. 1 watt 
Q,. 02. QN • transistor. type 2N5240 
J, • current-monitoring jack. BNC female 

R30 = 200 ohms. 2 watts 
c ,8 " .01 microfarad, 80 volts. Mylar or paper 
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L3 = failure-indicator lamp. 14 volts. 80 milliamperes 
0' ... base-disconnect diode. GEA28D or TRWPD2708 
8, = coUector-current relay. 2 Potter and Brumfield 

KA140Y, paralleled 
82 ... flip-flop reset relay. Potter and Brumfield 

KHP 17011,12-volt coil 
83 • pulse~urce relay, Potter and Brumfield 

KHP 17011,12·.0It coil 
84 - 86 ... current-source range relays, Potter and Brumfield 

KHP 17011, 12-volt coil 
SW1 = test switch 
SW2 • pulse-source selector switch 
SW3 = Ready switch 
SW4 ... current~urce selector switch 
Vec • 0-125 Yolt, 25-ampere power supply or 0-400 volt, 2-ampere 

power supply 
VEE ~ 14-volt. 15-ampere power supply 
VeB - 9-20-volt. 2-ampere, variable power supply 
0 13,014 • RCA 02601M diodes 
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Fig. 9 - Interior and control panel of test equipment. 
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FAILURE·DETECTlDN AND CROWBAR·ASSEMBLY PARTS LIST (Fig. 31 

Cg = .01 microfarad, 200 volts, Mylar 
Cs = 0.05 microfarad. 400 volts. Mylar 
Cg, etO ... 0.005 microfarad. 200 volts, Mylar 
e". et2 = 50 microfarads, 50 volts, electrolytic 
et3 = 1 microfarad. 200 volts, Mylar or paper 
C'4 ... 0.1 microfarad, 200 volts. Mylar or paper 
C'5 = 25 microfarads, 25 volts, electrolytic 
et6 .. 500 picofarads, 200 volts. ceramic 
RS = 20 kilohms. 1 watt 
Rg CI 750 ohms, % watt 

R
'
0 =t: 10 kilohms, % watt 

Rtl =- 5 kilohms, 20 watts, {two 10-kilohm. 1D-watt, wira-woufld. 
in parallel} 

R12. R14 . R16 = 0.5 kilohm. 1 watt 

R'3=O.1 kilohm, 2 watts 
R17 = 10 kilohms. % watt 
R1B =-2.5 kilohms, % watt 
R'9 = 250 kilohms. % watt 
R2Q. R2t .. 0.1 kilohm, 1 watt 
R22 = 73 ohms.hhree 220-ohm. 2-watt, in paralieU 
R23 = 22 ohms, 2 watts 
R24 = 1 kilohm. 1 watt 
D2 • D12 = diode. type 1N914A 
Q3 = transistor. type 2N3261 
«l4 -Os. Os = transistor, type 2N5262 
Q7 .. transistor type 2N387S 
R29 • 47 ohms, % watt 
R2S z 470 kilohms, % watt 

ZERD·t.·20 VDL T DRIVE PDWER-5UPPLY PARTS LIST (Fig. 41 

R1 = two 1.2-ohm, 2-wan, wire-wound resistors in parallel" 
R2 .. 6.S kilohms, % watt 
R3 = 10 kilohms, % watt 
R4 = 220 ohms, ~ watt 
RS ... trimpot, 5 kilohms, % watt 
R6 = potentiometer. 5 kilohms. 2 watts 
R7 ... trimpot, 5 kilohms, % watt 
RS = 470 ohms, % watt 
Rg = 220 ohms. ~ watt 
C1 = 2000 microfi!rads, 50 volts, electrolytic 
C2 = 0.01 microfarad. 100 volts, ceramic 
C3 ... 500 microfarads, 50 volts. electrolytic 
C4 = 1 microfarad, 100 volts. Mylar 1 
C5 = 50 microfarads, 25 volts, electrolytic 

C6 '" 1 00 microfarads. 25 volts. electrolytic 
C, = 500 microfarads. 25 volts, electrolytic 
Cs ... 500 microfarads. 25 volts. electrolytic 
Cg .... 5 microfarads. 50 volts. electrolytic 
01 ·04 = 6-ampere bridge assembly, Varo VH247 or equivalent 
05.08. 2-ampere bridge assembly. Varo V8247 Dr equivalent 
Og = zener, 6.S volts. 1 watt 
010 = zener. 12 volts, 1 watt 
011 ""'diode,tvpe1N1206 
Q1 .. transistor, type 2N2102 
Q2 ... transistor, type 2N2102 
Q3 = transistor. type 2N3772 
T1 ... transformer: 117''1011$ primary· 25.2·volt. 2.8·ampere secondary 
T2 = transformer: 117·volt primary -16.6 volt, 0.3-ampere secondary 

PULSE·TIMING·BLOCK PARTS LIST (Fig. 51 

R1 - S20 ohms, % watt 
R2 • 2.2 megohms, % watt 
R3=2 kilohm' 
R4 • RS • trimpots. 50 kilohms, % watt; Bourns 200P·1-503 

or equivalent 
Rg"" 100 ohms 
R10'" 47 ohms, 1 watt 
R11 = 270 ohms, Y.t watt 
C1 = 0.01 microfarad, 80 volts, PACER 
C2 • 5 microfarads, 50 volts, tantalum; Mallory CL65BJ050KPE 
C3 = 22 microfarads, 25 volts, tantalum: Mallory CL65BG220KPE 
C4 = 68 microfarads. 30 volts, tantalum; Mallory CLS5BHS81 KPE 
C5. Cs = 100 microfarads. 25 volts, tantalum; 

Mallo,y CL65BG101 KPE 

C7 = 100 microfarads. 25 volts, electrolytic 
Cs = 10 microfarads, 25 volts, electrolytic 
Cg = 25 microfarads, 25 volts, electrolytic 
C10 = 1 microfarad, 100 volts. Mylar 
C11 ::. 0.1 microfarad. 100 volts, ceramic 
D1 • D5 = diode. type 1 N5395 
OS'" zener. type 1N4734A. 5.6 volts, 1 watt 
Q1, Q2 = transistor, type 2N5320 
le1 - integrated circuit, type SN74121N (Slgnetics) 
K1 ... mercury relay, Potter and Brumfield JMl1211 or equivalent 
L1 = lamp. No. 382; 14 volts, 0.08 amperes 
S7A, S7B = wafer switches, 2-pole. 5·position Imatching contacts 

tied together to make each wafer a single·pole 5'position 
switch) 

SEQUENCING·RELAY·CIRCUIT PARTS LIST (Fig. 71 

51 = collector power relay 
82 = flip·flop reset relay - See Main Test Chassis parts list, page 6 
S3 ... current-source drive relay 
SW3 • Ready switch. normally open. push button 
SWs = Stop switch. normally closed. push button 
R1. R2 = 50 ohms. 2 watts 
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R3'" 120 ohms. 1 watt 
Cl = 0.5 microfarad. 200 volts 
C2 • 250 microfarads. 50 volts 
C3"" 100 microfarads. 50 volts 
L2 • ready lamp. 80 milliamperes. 14 volts 
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This Application Note discusses the methods used to test 
the thermal·cycling capability of power transistors. A brief 
description of thermal fatigue, application requirements, and 
rating charts is given. A detailed discussion of the practical 
design of thermal·cycling racks is also included along with 
actual test conditions for various power-transistor types. 
Acceler,ation factors, failure indicators, failure mechanisms, 
and real-time control of thermal-cycling capability of factory 
product are discussed. Some information is also given on 
hermetic versus plastic-package thermal-cycling reliability. 

In silicon power-transistor applications, thermal cycling of 
transistors may activate a failure mechanism called thermal 
fatigue. This phenomenon is caused by the mechanical stresses 
set up by the differentials in thermal expansion of the various 
materials used in the transistor assembly and heat sink. 
Thermal fatigue often causes the silicon pellet to crack or to 
fail at the silicon/mounting interface. 

The number of cycles to failure in terms of device 
characteristics and operating conditions has been expressed as: 

1/10 

N = Ae 

where A and 1/10 are constants for a given power structure, 
(a I - a2) is the difference in thermal expansion between the 
silicon die and the material on which it is mounted, llT is the 
change in temperature at the interface between the silicon chip 
and the material to which it is mounted, and L is the 
maximum dimension of the silicon chip. 

APPLICATION REQUIREMENTS 

Table I shows typical applications of power transistors and 
the number of cycles or cycle life required of transistors used 
in equipment in each application to allow the equipment to 
fulfill its life expectancy. The importance of cycle life can be 
shown by examining the follOWing simple expression of the 
failure-rate equation, which characterizes device failure rates: 

A = AT "Q "E "L "p+AllTc 

6-73 

where A = failure rate 

AT = base failure rate due to temperature 
(Arrenhius) 

"Q = .quality factor 

"E = environmental factor 

"L = learning curve 

"p = package factor 

AllTc = change in case temperature 

Table reflects the increasing demand for more 
thermal·cycle·life capability from eqUipment manufacturers 
because of their lengthening warranty periods. This 
lengthening of warranty period has greatly increased the 
demand on power-transistor maJ.\ufacturers to test and ensure 
product capability over a longer period of time. RCA has 
developed a rating chart, Fig. I, that relates the 
thermal-cycling capability of silicon power transistors to total 
device dissipation and the change in case temperature. A 
circuit designer may use the rating chart to define a limiting 
value below which power dissipation and change in cas. 
temperature are not factors in the failure rate equation; Le., 
within this rating chart, the failure rate for power transistors is 
independent of cycle life. This statement does not imply that 
failures will not occur; it does imply, however, that the last 
term in the failure-rate equation is small enough to be 
inSignificant. Since the change in case temperature is a major 
consideration in many applications, product with superior 
capability in this parameter will produce lower field·failure 
rates. 

FAILURE ANALYSIS 

Soft-Solder Devices 
In soft-solder devices, the metal interfaces between the 

emitter, base, and collector contacts consist of nickel-lead-tin 
metals which expand and contract at different rates during 
thermal cycling, and, consequently, strain occurs. Because of 
the difference in coefficients of expansion of these materials, 
an appreciable amount of shearing takes place that causes 
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TABLE I - THERMAL-CYCLING REQUIREMENTS FOR TYPICAL APPLICATIONS 
OF POWER TRANSISTORS 

MINIMUM 
EQUIPMENT TYPICAL THERMAL 

LIFE CYCLING-RATING 
PT l'ITc REQUIRED REQUIRED 

APPLICATION CIRCUIT M .L£l !YEARS) (CYCLES) 

Auto radio Class A 8 75 5 5,000 
Audio output Class AB 2 45 5 5,000 
Power supply Series regulator 50 65 5 10,000 

Switching 
regulator 15 65 5 10,000 

Hi-Fi audio Class AS 35 50 5 5,000 
amplifier 

Computer power Series regulator 50 65 10 10,000 
supply 

Computer peri- Solenoid driver 5 5 10 1_3x 108 
pheral equip. 

Television Vertical output 10 75 5 7,500 
Audio output 8 75 5 7,500 

Sonar Linear amplifier 100 55 10 144 x 103 
modulator 
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Fig.' - Thermai-cycling rating chart for an RCA hermetic power 
transistor .. 

fatigue failure at the contact point. The longer the stress 
continues, the more the solder moves'to relieve the stress. If 
the movement continues long enough, the joints will rupture, 
and actual physical displacement of the silicon pellet will 
occur; this displacement. is called pellet "walk." Linear 
movements of as much as 20 mils have occurred. 

Hartl Seider 
The predominant failure mechanism in hard-solder devices is 

failure in the silicon crystal. Since no plastic .flow occurs in 
hard solder, invariably the silicon must take up some of the 
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strain in the system. Cracks in the silicon, generally under the 
bonding-wire area, are the most common failure mechanism. 

PRACTICAL TESTING 

Although analytical techniques have been most helpful in 
developing an understanding of thermal cycling as a failure 
producer, testing, the experimental approach, must still be 
used to determine the ultimate thermaI-cycling capability of a 
power transistor. 
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Fig. 2 is a schematic diagram of the basic test circuit. 
Depending on the frequency response of the transistor to be 
tested, this circuit is modified to avoid parasitic oscillation. 
Modification generally takes the form of capacitors, usually 
connected collector-to·emitter, or ferrite beads on the emitter 
and base leads. 

LAMP 

92CS-21949 

Fig. 2- Test circuit. 

.Fig. 3 is a photograph of a typical test rack without the 
associated power supplies. The Appendix contains a complete 
parts list and mechanical layout for this thermal-cycling rack. 
In addition, the Appendix shows a layout and parts lists for 
sockets that accommodate both TO-220 VERSAWATT 
(plastic) and TO·3 hermetic transistors. 

Fig. 3- Test rack used in thermal-fatigue testing. 

The design of the test rack stresses simplicity and universal 
use. By interchanging sockets, 40 devices including almost all 
power-transistor types can be tested. Eight fans are used to 
cool the devices on the off cycle. Most tests can be conducted 
under free-air conditions; however, if heat sinks are used, 
power levels up to 56 watts per socket can be handled. 

Under these higher·power conditions, a temperature 
gradient will exist across the rack with the highest temperature 

at the center. A simple method to compensate for this gradient 
is to increase the size of the heat sink on the sockets as the 
distance from the fans increases. 

Mechanical timers are used to control the on·off cycle time. 
For very fast cycle time (40 seconds or less), high·torque 
motors are recommended for longer timer life. Solid·state 
timers have also been used. 

A thermocouple is used to monitor the cycle temperature 
continuously. For more important tests, when equipment 
failure cannot be tolerated, over·temperature controls set 
5 to 10°C above the maximum temperatures of the test are 
used. When activated, the control will open the base drive 
circuit and keep it open until manually reset. This method 
may also be used to cycle the tests on and off, but the cost is 
higher than when mechanical timers are used. 

Jacks are provided on the front panel of the rack for 
monitoring emitter current. The light bulb connected across 
the emitter resistor is a visual aid to help detect intermittent 
emitter-base contacts. The number of test cycles is 
automatically recorded on a counter. 

Since thermal cycling of power transistors requires 
high·current power supplies (50 to 100 amperes), 
consideration must be given to thermal·fatigue·induced 
power-supply failures. If 50·per.cent duty cycles are used, then 
switching can be arranged so that there is a constant load on 
the power supply.' For duty cycles other than 50 per cent, 
resistive loads can be switched in during the transistor off 
cycle. Multiple timers driven from the same motor can be used 
to service up to three racks from one collector power supply 
when more than one rack uses the same cycle time. 

TEST CONDITIONS 

A thermal-fatigue test is basically a cyclical, operating-life 
test. For room-ambient testing, the important test parameters 
are: 

Pd, collector dissipation; 

LH c, change in case temperature; 

l>Tj, change in junction temperature; 

TjrnaxJ maximum junction temperature~ 
8jc,junction-to-case thermal resistance; and cycle time. 

In empirically determining the power-cycling capability of a 
power transistor, it was found that the single most important 
parameter was l>Tj. Although Tjmax and cycle time were also 
significant factors, it was shown that most of the predictive 
methods and acceleration factors could be based on l>TF 70 
per cent of the experimental data could be explained by this 
one parameter as long as the power range for l>Tj did not 
exceed a maximum of 3 to I. 

Fig. 4 shows plots of l>Tj as a function of 
cycles·to·first-failure on Arrenhius·type paper for a 2N3055 
transistor in a hermetic TO·3 package and a 2N5298 transistor 
in a TO-220 VERSAWATT package. The data show a "good" 
fit relatively independent of power. These curves can be used 
to predict power-cycling capability at lower l>Tj values with 
good accuracy. 

807 



AN-6163_---'-_______ ------------------~-

--~ I-+--II;--++j ,olw 11 
~ 200 I ~\ 4~J I I 
~ ,II 
g;150 \ 'ow 
:; i III 
~ i I ~w 

~ IOO,I--I-+++-+--I-+-hlf----I-++++-+-++++--+---l 

" I -, 200 

iO' ~"7~wl <l .. 
100 

-\J-I 
'" 

2N52981\ 1 ~ 
~ 

.75W 

§' .100 
z 
o 

~ 
~ 50~+-~++t-+-~+++-~~+++-+-~++t-+-~ 
~ \ 
~ 2, "Iii 

1\56W 
z .25 W 
0 

1 B 
~ 

r .I8W 

~ ~ .. 
co z 
~ 

Ii 2. 
2 468 2 468 2 468 2 468 2 4 2 4 .. 2 4 •• 4 •• 2 I. 10K lOOK 1000' 100 1000 10K lOOK 

CYCLES TO FIRST FAILURE 92CS-22021 CYCLES TO FIRST FAILURE 

la) 2N3055 Ib)2N5298 

FigA - Change in junction temperature as a function of cycles-to­
first-failure for a 2N3055 transistor in B hermit/c TO~ 
package and a 2N5298 transistor in a TO·220 VE RSAWA TT 
package. 

Package Differences (Hermetic vs. "Plastic) 
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Some recommended test conditions for evaluating product 
to the published rating curves are shown in Table II. All of the 
test conditions given can be achieved on the test rack shown in 
Fig. 3 and described in the Appendix. 

Although most failures are detected while a device is under 
operation "on the thermal-cy.cling test racks, sufficient 
down-period readings should be recorded to indicate shifts in 
parameters that are indicators of changes in the device 
metallurgical system. The most critical parameters to record as 
variables data" are thermal resistance Gunction to case), beta, 
VBE, VCE(sat), and ICEO· 

The thermal-cycling capability of a plastic-packaged device 
is generally less than that of its hermetically packaged 
counterpart even though the maximum ratings of the devices 
are substantially different (150·C plastic, 200·C hermetic). 
This difference in capability is attributed to the condition 
which, in the plastic package, allows the emitter and base 
leads, embedd~d in the plastic mold, to be continually moved 
across the silicon chip during thermal cycling, thus causing 
eventual failure as a result of open contacts. Fig. 5 shows 
rating curves for the same pellet (2N3055) in both the plastic 
VERSA WATT and TO-3 hermetic packages. 

TABLE II - RECOMMENDED TEST CONDITIONS 

POWER 
PACKAGE TYPE (WATTS) Tc(·C) llTd·C) .!!m.. tott HEATSINK 

TO-220 VERSAWATT 18 55 to 110 55 3min. 3min. 3·C/W 
4.75 35 to 155 120 50s 1005 Free Air 

TO-3 Hermetic 16 40 to 130 90 50s 1005 Free Air 
56 70 to 120 50 155 255 6.3°C/W 

TO-66 Hermetic 8.5 35 to 155 120 50s 1005 Free Air 
RCA "TO-5" Plastic 1.5 35 to 135 100 60s 90s Free Air 
TO-5 Hermetic 1.5 30 to 115 85 60s 90s Free Air 
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Fig.5 - Thermal-cycling rating curves for a 2N3055 pellet in 
fa) a TO-3 hermetic package, (b) a plastic VERSAWA TT 
package (2N6103). 

There are also cases where performance of a plastic package 
may be superior to some types C'f hermetic-package designs. 
For example, some aluminum TO-3 packages with solder-in 
emitter-base feedthroughs have shown substantially less 
capability on thermal cycling than their plastic VERSAWA TT 
counterparts. In addition, the aluminum packages that -have 
been measured become nonhermetic after a relatively low 
number of thermal cycles (less than 5000). Obviously then, 
care must be exercised in the selection of power transistors to 
avoid basing the choice upon package categories as general as 
"plastic" and "hermetic." 

Real-Time Controls (RTC) 

A major innovation in using the methods described to test 
for thermal-cycling capability is to monitor the 

thermal-cycling capability of factory product on a lot-by-Iot 
basis. EssentialJy, real-time control, or RTC, makes a 
continuous acceptance test and interpolation of 
thermal-cycling data against some established criteria. 
Information generated internalJy by RTC on thermal cycling 
has unquestioned validity because conditions of tests are well 
controlJed and all ambiguities have been removed. Current as 
well as historical and prOjected operating information is 
generated for analysis. 

The types of tests which are used in RTC are designed to 
produce information in three days for providing process 
control data. Typical examples of real-time control conditions 
are shown in Table III. 
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TABLE III - TYPICAL EXAMPLES OF REAL-TIME CONTROL CONDITIONS 

POWER TEST 

~ (WATTS) T cl°C) .6Tcl°C) CYCLES/DAY N DURATION AC NO_ 

TO-220 4_75 35 to 155 120 576 40 1700 0 
VERSAWATT 3000 1 
TO-3 56 70 to 120 50 2200 40 4400 0 
Hermetic 6600 1 
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APPENDIX 

Thermal-Cycling Test Rack Parts List 
(Figs. A1. A2. A3.·A4) 

2 Counters ITT General Controls 40 30hms-25W Ohmite No. 0200L 
CE600BS 602 Resistors Style 270-25 
120V 60Hz 40 Banana Jacks Red - E.FJohnson - No. 108-902 

2 Relay~. Potier & Bromfield 80 Banana Jacks Green - E.FJohnson - No. 108-904 
PRIIAY - DPDT -120 V AC 40 Banana Jacks Blue - E.FJohnson - No. 108-910 

40 L-IO/20 Mura Corp. 4 Binding Posts Blue - E.F.Johnson - No. 111-110 
Rated for 10 V Great Neck, N. Y. 2 Binding Posts White - E.F.Johnson - No. 111-101 
Lamps With Red Lens Cap 2 Binding Posts Black - E.F.Johnson - No. 111-103 

8 Fans IMC Magnetics Corp. 40 Fuses 4 A Utlelfuse 312 004 
Boxer Fan 40 Fuses * A Utlelfuse 312 500 
Model No. BS2107F 2 Fuses 2 A Utlelfuse 3 I 2 002 

4 Barrier Blocks Three Contacts, Thru-Panel Solder Lugs 
Cinch-Jones - Series 3-142-Y Sockets 

81 Fuse Holders Uttle Fuse 
Type 342012 80 TO-3 6/32 Screws 3/4 in. long 

80 TO-3 6/32 Nuts 1/4W x 3/32H 
AC Une Cord Belden No. 17419 80 TO-3 6/32 Nuts 1/4W x 1/2H 

9 Ft. No. 16-3 Type SJ Rubber 80 TO-3 6 Lock Washers 
4 Switches SP/ST Cutler-Hammer 40 TO-220 Socket Base 

No. 7580K7 Pomona Electronics Company 
8 Neon Lamps American Pamcor Pomona, California 

Paoli, Pa. No. 380627-2 Model 2095 
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40 TO-220 

TO-220 

40 TO-66 

40 TO-3 

40 TO-3 

40 TO-3 

TO-3 

16 TO-3 

APPENDIX (Cont'd) 

Sockets (Cont'd) 

Sockets 
Jetlron Products, Inc. 
Hanover, N. J. 
CD 74-104 

See Assembly Drawing (Fig. AS) 

Tektronix, Inc. 
No. 013-0070-01 

Cover Plat~ for Pomona Socket 
See Detailed Drawing (Fig. A6) 

Socket Base 
Pomona Electronics Company 
Pomona, California 
Model 2095 2 

2 
Socket - 2 
EBY 
No. 9866-15-1 

Heat Sink: 
Wakefield Engineering 
Delta Division 
NC-63 1-3 (Wakefield Engineering, 

Delta Division) 

16 TO-3 

8 TO-3 

NC-632-3 (Wakefield Engineering, 
Delta Division) 

Fabricate - See Detailed Draw­
ing (Figs. A6, A7) 

'Cycling Control Box 

Timer Industrial Timer Corporation 
Parsippany, New Jersey 
MCI with Two Switches (Cycle Time: 

4 to 36 sees.) 
High-Torque Motor With A-36 Gear Rack 
(115 V - 60 Cycle) 

Neon Lamp American Pamcor 
Paoli, Pa., No. 380627-2 

Banana Jacks Red - E.F. Johnson - No. 108-902 
Banana Jacks Green - E.F. Johnson - No. 108-904 
Banana Jacks Blue - E.F. Johnson - No. 108-910 

Switch SP/ST Cutler-Hammer 
No. 7580K7 

AC Line Cord Belden No. 17419 
9 Ft. No. 16-3 Type SJ 

Chassis Bud - Aluminum 
4 x 5 x 6 in. No. AU-1029 
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BLANK COVER SUPPLIED WITH 
POMONA BOX 

TEFLON STRANDED 
WIRE 

POMONA ELECTRONICS CO. 
POMONA, CALF. 
MODEL 2095 

ALL DIMENSIONS ARE IN INCHES 92CS- 21982 

7 
32 

fsDIA. 

2PlacH 

t---

Ifs , .. 
Fig.A5 

~ OIA. 2 PIQt~ 

MATERIAL: 

iiALUMINUM 
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.1 ,. , 
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I 
I 
I 
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I 
i 

J2--+_ 
00: 

4~ 
4 

90" BENO 

MATERIAL: 

iiALUMINUM 

HOLE LAYOUT AS PER COMMERCIAL SOCKET NC-631-3-P 
WAKEFIELD ENGINEERING - DELTA DIVISION 
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[BY SOCKET Nt, 9866 -15-1 CLEAR POMONA BOX 
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Fig.A6 
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Application Note 
AN-6195 

A Switching Regulator Using An RCA 
P-N-P Power Darlington Transistor 

by H. Palouda 

This Note describes a 20-kHz switching regulator that 
operates from a 28-volt supply and has a regulated output 
between 4 and 16 volts dc. The circuit features overload 
protection which limits the current to about II amperes. 

The control element of the switching regulator is an 
RCA8350B, a p-n·p Darlington used as a switch and driven 
directly from a CA3085, a positive voltage regulator. The 
regulator does not operate at a fIXed clock frequency, but is 
free running. 

+28V 

C8 
IOOOf'F 

O.Ip.F 

CI 

RI 
4.7K 

R2 I. IN904 

CIRCUIT CONCEPT 

The regulator circuit, shown in Fig. I, is basically a 
step-down switching regulator. When the pass unit, Q3 (ap-n.p 
Darlington, RCA8350B), is switched on, current is charged into 
L1; when Q3 switches off, the current through LI continues 
to flow via the commutating diode, DI. 

The dc output voltage is determined by the ratio of RIO to 
RII, just as in a linear series regulator. Switching action is 

IN5392 

C' 
O.Ip.F 

II 36 TURNS No. 16 81 FILAR 
16 MIL AIR GAP 

L2 17 TURNS No.14 81 FILAR 
16 MIL AIR GAP 

BOTH ON Et 75 SQUARE STACK 
GRAIN-ORIENTED 51-STEEL 

R9 

I. 

RIO 
10K 

RII 
I. 

50/LF 
C7 

Fig. 1 - The regulator circuit. 
9~CM'22302 

9·74 815 
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accomplished by comparing a ripple voltage to a hysteresis 
voltage. The circuit switches on and off, triggered by the ripple 
of the output voltage. The voltage at pin 6 of the CA3085 
(Fig. 2) is determined by RIO and RII of Fig. I, and is 
proportional to the output voltage plus the ripple voltage at 
point A, VA, fed in by capacitor C5. This voltage is compared 
with the voltage at pin 5. The voltage at pin 5 consists of the 
built·in reference voltage of the CA3085 plus a variable 
component proportional to the voltage at point B, VB, fed 
through R8. 

V+IN (3!)-""1~....,.=~--.,...-~~--....,. ....... 
~N~RUEfuLATED 

R, 
40k 

0, 

ALL RESISTANCE VALUES 
ARE IN OHMS 

Fig. 2 - The CA3085. 

92CS-IB092 

The impedance of C5 at the operating frequency 
(lO·kHz minimum) must be low compared to the input 
impedance at pin 6. As shown in Fig. 3, the Darlington, 

c=J VB 

OFF ON 

_,.5Vt-f .... '2_7_m_v-,====- V(PIN 5) 

'OAt====: I Ill) 

'OV .. [ ________ V_A_ 

-" 5vl £V t 1 V 'P'N.\ 

92CS-22291 

Fig. 3 - Waveforms for normal operation of the Darlington, 03. 

Q3, is switched on when the output voltage becomes too 
low, i.e., when the voltage at pin 6 becomes less than the 
voltage at pin 5; when this condition is reversed Q3 is 
switched off. 

816 

Diodes D2 and D3 are added for the protection of the 
very sensitive input at pin 6. Resistors R7 and RI2 and 
capacitor C3 control the drive current and improve the 
switching performance of the Darlington, Q3. 

L2 and C7 provide additional filtering and isolate point 
A from the load. Isolation is necessary from loads, 
capacitive loads, for example, which could drastically affect 
the ripple voltage at point A. Therefore, at the frequencies 
involved, L2 must have an impedance which is high 
compared to R 15. L2, together with C7, serves also as a 
fIlter to reduce the output ripple. 

CIO is a small capacitor placed in parallel with DI to 
buffer the surge voltage at point B when Q3 is switched 
on. CIO reduces the high·frequency ringing (approximate 3 
MHz) at point A caused by LI and its distributed winding 
capacitance. The combination of C9 and RI4 speeds the 
switching of the CA3085 without changing the hystersis 
voitage, VH' 

Transistors QI and Q2 and their associated circuitry 
provide overload proteciion. Normally, QI and Q2 are off, 
CI is discharged, and the voltage at point E, VE, is zero. 
In case of overload, the current through R4 produces a 
voltage sufficient to turn QI on. As a result, Q2 turns on, 
and CI charges mainly through Q2 and R5. A voltage 
proportional to that at point E is fed through diode D4 
into pin 6 of the CA3085; this results in Q3 being turned 
off, even while CI is still charging. The voltage drop across 
R5 caused by this charging current holds Q lon, however, 
uiltil CI is fully charged. When CI becomes fully charged, 
QI and Q2 are turned off, and CI discharges slowly 
through RI and R2. When VE becomes low enough, Q3 is 
switched on again. Since the basic frequency·determining 
mechanism of the switching regulator is not disturbed (an 
overload or short circuit is separated or insulated from the 
inner circuit by the impedance of L2), a few cycles of 
normal operation occur until the current through R4 has 
built' up again. Fig. 4 show" the voltage at point E, VE, 
the current through inductance L1, ILl, and the voltage at 
point B, VB, under overload conditions. 

~I{LI) 

0.2 0.4 0 .• 
TIME - MILLISECONDS 

!)?CS- 22~92 

Fig. 4 - Circuit waveforms under overload conditions. 
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DESIGN EQUATIONS 

Duty Cycle 

The time during which the Darlington, Q3, is conducting is 
defined at t1, and the time during which it is off, at t2. The 
period is then calculated according to Eq. I as: 

I 
T =7= tl + t2 (I) 

where f is the operating frequency. During one cycle, the 
energy into the regulator equals the energy out (losses 
neglected): 

tl • I • VBATT = T • I • Vout (2) 

Therefore, the duty cycle, p (duty), becomes: 

tl Vout 
P(duty) =T" "" VBATT (3) 

Choice of Inductance L 1 

LI is determined primarily by two factors: the operating 
frequency and the permissible change in curren t. The curren t 
through the Darlington when it is on is not constant, but 
changes as the inductor is charged. To utilize the peak current 
capability of the Darlington optimally, it is desirable to use a 
large inductor and thus minimize ~I. 

From V = L*,the inductance, L1, can be derived: 

tl 
LI = (VBATT - Vout) • ~I (4) 

Substituting for t1 from Eq. 3: 

Vout I 
LI = (VBATT - Vout ) VBATT • i'KI 

Differentiating Eq. 5, and setting ~~I = 0: 
out 

The largest value of LI is required when: 

Vout=VBATT 
-2-

For VBATT = 28 V, f= 20 kHz and ~I = 0.5A. 

14 I 
LI = (28 -14) • 28' 20k (0.5) = 700 IlH 

Hysteresis 

(5) 

(6) 

A hysteresis voltage, VH, is fed from point B through R8 
into pin 5 which has an input impedance, Rin, of 
approximately I. kilohm. As shown in Eq, 7, this voltage is 

approximately 127 millivolts for an R8 of 220 kilohms: 

Rin I Kn 
VH"" VBATT • R8 = 28 V '22Oifn = 127 mV (7) 

This voltage has proven a fairly good value. If VH is much 
lower, the signal into the differential amplifier is not sufficient 
for satisfactory operation. If VH is higher, the ripple at point 
A is increased, which results in a higher output ripple. 

Darlington During On-5tate 

The time during which the Darlington, Q3, is switched on is 
t I. From V = L.!!i. the ripple current is: 

dt 

~I(t) = VBATT - Vout • t 
LI 

(8) 

The ripple voltage at point A is the voltage drop of ~I(t) 
across RI6 and C6 because the load is isolated by L2. The 
CA3085 compares the ripple voltage and the hysteresis 
voltage, ViI, and when the ripple voltage becomes higher than 
VH, the Darlington, Q3, is switched off. As shown in the 
appendix, the out·of-phase voltage across capacitor C6 is zero 
when the switching occurs, and, therefore, C6 does not 
influence the frequency, whereas RI6 does. The ripple voltage 
at this point is: 

(9) 

From Eqs. 8 and 9: 

VH = VBATT - Vout • tl - RI6 (10) 
LI 

VH LI 

Operating Frequency 

The operating frequency can be derived in terms of tl as 
follows: 

f=l.=~ 
T tl 

Substituting for p (duty) from Eq. 3: 

f=1. • Vout 
tl VBATT 

Together with Eq. II this yields: 

RI6 Vout 
f= VHLI • VBATI(VBATT - Vout) 

(12) 

(13) 

(14) 

After having chosen the voltages, L1, VH, and the operating 
frequency, RI6 can be determined from Eq. 14: 

(IS) 
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Choice of Capacitance C6 

Capacitance C6 does not determine the frequency, and, 
therefore, for price considerations it can be made small. If it is 
too small, however, the ripple voltage is increased. In the 
appendix, C6 is shown to have a minimum value to avoid 
"overshooting ripple" during tl and t2, respectively. The 
minimum value of C6 is determined by either Eq. 16(a) or 
16(b), below, whichever results in the larger value. 

tl 
C6 > 2RI6 (l6a) 

(16b) 

As to the physical choice, there are three possibilities: An 
electrolytic capacitor with the proper series resistance built in, 
a larger electrolytic capacitor with a smaller inherent resistance 
than is necessary for determining frequency, a paper or mica 
capacitor. If just the right electrolytic capacitor with the 
proper series resistance built in is chosen, no external 
resistance will be necessary to achieve the desired total value 
of R16; thus, one component may be saved. But the choice 
will be difficult because the resistance may vary widely from 
one capacitor to another. Also, shifts in value with time and 
temperature may occur. 

If a larger electrolytic capacitor is chosen, a capacitor which 
has a smaller inherent resistance than is necessary for 
determining the frequency, an external resistor will have to be 
added to achieve the desired value of R16. This method 
provides better stability, as the shifts in the resistance of the 
capacitor will have less effect on the total resistance of R16. 

Paper or mica capacitors have very low, inherent series 
resistance, so that, with this method, most of RI6 would be 
provided externally. This method provides the most stable 
system, but is the mgst expensive. 

Transistor Dissipation Losses 

Switching Losses 

At high frequencies, reduction in coil sizes can be realized, 
but Switching losses become significant. Assuming that f = 20 
kHz, tf = I lIS, VBA'IT = 28 V, and Imax = 10 A, the losses 
contributed during fall time or turn·off are: 

P(off) max = f • tf· VBATT • Imax 
(17) 

= 20 kHz x I lIS x 28 V x 10 A = 5.6 W 

This formula is derived from the idealized conditions shown 
in Fig. 5(a). The switching curves in this circuit do not quiie 
follow these idealized conditions, however, as shown in Fig. 
5(b), and the switching losses are about 3.9 watts. 

The losses during turn-on are more dependent on second· 
order characteristics, such as the distributed winding 
capacitance of choke L1, and, therefore, do not easily lend 
themselves to analytic idealization. The transistor switches 
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into a load which is capacitive at the first moment, and the 
current rises to the limit which is set by the Darlington. An 
analysis of the curves of Fig. 5(c) indicates losses of 3.8 watts 
when I is 10 amperes. 

ta' 

(bl 

(0) 

r ___ ....;;2~8.;.V_ VCE 

~ ~-'OA 

o 2 

TIME - MICROSECONDS 

'32CS-22301 

Fig. 5 - Switching curves for the Darlington, 03; fa) idealized turn-off, 
(b) actual turn-off, fe) actual turn-on. 

Saturation Losses 

The saturation losses can be calculated from Eq. 18 below, 
as: 

Psat = VCE(sat)· Imax • P(duty) 

"'2Vx IOAx50%= lOW (18) 

CRITIQUE OF THE DESIGN EQUATIONS 

The design equations work well, but have limitations. 
Losses, the storage time of the Darlington, and the 
capacitance of the coil L1 have been neglected, but each 
of these influences the performance of the circuit, mainly 
the operating frequency. 

The winding capacitance of L1 is distributed and 
coupled with the inductance. When the Darlington, Q3, 
switches on, voltage is applied to L1 in almost a step 
function, and L1 and its winding capacitance ring, in this 
model at approximately 3 MHz, damped, for approximately 
2.5 microseconds. During the ringing, the median of I rises 
faster than expected from the formula V = yft and the 
on·time, t1, is shortened. At turn·off, the situation is 
similar. While the duty factor is governed'-by laws of 
energy and, therefore, does not change, the operating 
frequency is determined by the ripple voltage, and a step 
in this voltage raises the frequency as indicated by Eq. 14. 
Errors up to double the frequency have been experienced; 
a low capaci_tance rf coil all but eliminates this effect. 



The losses change the duty factor as well as the 
frequency. At high output currents, the frequency rises 
because the circuit works at a higher "output" voltage to 
compensate for the ohmic losses in Ll and L2. The output 
voltage at the terminals is regulated, of course, and remains 
constant. This effect shortens the off-time, t2, and, 
therefore, increases the frequency. The effect 'is especially 
pronounced at low output voltages when the voltage drop 
across Ll and L2 is a higher percentage of the total 
output voltage. 

The storage time in the Darlington, Q3, cau,ses it to 
switch off at a finite time after the CA3085 has switched, 
thus increasing the on-time, 11. The off-time, t2, follows 
the relationship between tl and t2 as determined by the 
energy balance equation, Eq. 3, and so the frequency 
decreases. This effect is pronounced at low output currents 
because Q3 is driven into saturation more quickly. 

Finally, the CA3085 has a small hysteresis voltage of its 
own which adds to the total hysteresis voltage, VH' The 
value of the hysteresis voltage of the IC is about 30 to 40 
millivolts, and it results in a lower frequency than would 
be calculated from Eq. 16. 

For the prototype circuit where VBATT = 28 V;Ll = 
880 IlH, VH = 127 mY, RI6 = 0.35 ohms (part of an 

. electrolytic capacitance), and Vout = 12 V, the frequency 
from Eq. 14 is: 

0.35 12 V 
f=··- (28 V -12 V) = 21.5 kHz 

127mV·8801lH .28V 

The measured frequency for a Vout of 12 volts is between 
18 and 28 kHz, and the rather simple formula, Eq. 14, while 
not being overly precise, gives a good enough result for a first 
evaluatjon. 

DESIGN PROCEDURE 

Output voltage and current and input voltage are normally 
given. An operating frequency is chosen which is high enough 
to result in small components but low enough to provide 
bearable switching losses. The choice of the current ripple, .!lI, 
determines the value of Ll; the choice of the value of the 
hysteresis voltage, VH, allows the value of RI6 to be 
determined by Eq. IS. As discussed above under the heading 
"Choice of ,.Capacitance C6," several factors must be 

. ,considered when choosing C6 and R16. 
After building the· circuit, the frequency is checked. Adjust­

ments are best'made by changing : the', value of RI6 or the 
hysteresis voltage. 

PERFORMANCE 

The regulator was designed mainly for use in equipment 
requiring supply voltages of 5 and 12 volts (computers, battery 
chargers, etc.). With the values of RIO and RII shown, the 
voltage can be regulated between 4 and 16 volts. With other 
values of RIO and RII , the output voltage can be varied over a 
wider range, approximately 2 to 22 volts. The output voltage 
varies less than 0.11 volt between 10-percent and full load. 
After one hour of operation, it dropped 30 millivolts. 

AN-6195 

The effiCiency varies with output voltage as shown in Fig. 6. 
At 5-volts output efficiency is 66 to 72 percent and at 12·volts 
output, 76 to 83 percent between 20-percent and full load. 
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92C5·22294 

Fig. 6 - Efficiencvas a function of output. 

As shown in Fig. 7, the operating frequency varies from 12 
to 28 kHz for outputs between 5 and 12 volts; at outputs 
above 30 watts the frequency is above the audible range. 
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92C5·22295 

Fig. 7 - Operating frequency as a function of output . 

. The circuit is relatively insensitive to input voltage ripple. 
For an input voltage ripple of 4 volts (60-Hz bridge rectified), 
.the output" ripple is O.I-volt peak-to-peak (60 millivolts, 120 
Hz, plus 40 millivolts; .. t approximately 20 kHz). As shown in 
Fig. 8, the efficiency is not affected by variations of the input 
voltage. The frequency changes considerably and peaks when 
VCC is approximately 2Vout. 

At 250C ambient, the operating temperature of Q3 and D I 
was 780 C at maximum load; Q3 and DI were mounted on a 
common heat sink rated at 2.30 C/W. Under short-circuit 
operation, the diode, DI, reached 880 C, while Q3 ran cooler, 
580C. As mentioned earlier, under short-circuit or overload 
conditions, the circuit is self-protecting. 
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Fig. 8 - Efficiency and operating frequency as a function of input 
voltage. 

Fig. 9 shows efficiency and frequency versus output voltage; 
Fig. 10 shows the regulation characteristic for a Vout of 12 
volts. 

lOUT" 6 A CONSTANT 

o 0 

o 20 40 60 80 100 POUT (WATTS) 
o 5 10 15 VOUT(VOLTS) 

92CS-22'297RI 

Fig. 9 - Efficiency and operating frequency as B. fUnction- of output 
voltage. 
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Fig. 10 - Regulation characteristic for an output voltage.oI12I1olts. 
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CONCLUSIONS 

The free-running switching regulator described in this Note 
provides a simple circuit which combines good regulation with 
high efficiency and relatively low output ripple. The equations 
for designing the regulator are straightforward, and the design 
procedure, although approximate, works ex~eedingly well. 

APPENDIX 

This appendix discusses the ripple voltage produced by a 
sawtooth-shaped ripple current across an RC series combina­
tion (RI6 and C6 in the main text). Special emphasis is given 
to the end points, the points where .the switching regulator 
switches and the ripple current changes its slope; the end points 
are not necessarily the extremes of the ripple voltage. 

Fig. Al shows the RC network along with a definition of the 

1 Jhm [(1s-
Ri . tl+12 

VRC C1 ]vC -Is '; ~ t 

92CS-22299 

Fig. AI - The RC network and the current through it. 

current waveform through it. The figure shows that the 
current waveform has no dc component because of the 
existence of the capacitor. For O<t<tl ,I(t) can be defined by 
Eqs. Al and A2. 

I(t) = -IS + "It I 

"It I = 21S = tl.1 

The total voltage drop, VRc(t), is given by Eq, A3: 

(AI) 

(A2) 

t I 
VRC(t) ~ VCO + f c I(t) dt + I(t) R (A3) 

o 

where VCO is the voltage across C at t = O. 
Substituting Eq. Al and integrating: 

t 

VRC(t) = VCO +1; f (-IS + "It) dt + (-IS + "It)R (A4) 
o 

IS "I 
VRC(t) = VCO -c t + 2C t2 - ISR + "I tR (AS) 

The difference in voltage from t = 0 to t = tI (tl.VI) is found 
from: 

IS "I 
tl.V I = V(tl) - V(O) =c tl 2c tI2 + "I Rtl (A6) 

Substituting for K I from Eq. A2: 

IS IS 21S 
tl.VI = -c tl +c tl +tj" Rtl = 21SR (A7) 

With 2IS = tl.1 (peak-to-peak ripple current): 

(AS) 
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For the time tJ <t <t2, <V2 can be computed similarly (Fig. 
A2): 

I = IS - "2t 

"2t2 = 21S 

Fig. A2 - AV2 for t1 <, < '2. 

(A9) 

(AIO) 

The" time reference has been shifted to simplify the 
arithmetic. Eqs. All through AIS, below, are used to 
calculate t.V2, the difference in voltage from t = tl to t = t2. 
VC2 is the voltage across RC at t = t1. The voltage across C, 
Vco, is the same at the beginning of the second interval as it 
was at the beginning of the first interval because, during 
O<t<tl, the capacitor is charged and discharged by the same 
amount. 

t 

V=VCO+ J-tI(t)dt+l(t)R 
o 

(All) 

I t 
V = VCO +c J (Is - "2t) dt + (Is -"2t)R (AI2) 

o 

I "2 2 
t.V2 = V(t2) - V(O) =c ISt2 -iC t2 - "2Rt2 

I 21S 
=C ISt2 - 2c t2 - 21SR (AI4) 

The result, Eq. AIS, shows that t.V2 = -t.VI; this means 
that the voltage across the RC combination is the same at t = 
tJ + t2 = T as it was at the beginning, t = O. The equation also 
shows that the ripple voltage at the switching points is 
independent of the value of C. This statement is not true for 
the times between switching points, as shown in Fig. A3. Note 
that the voltage across C is out of phase with the current; the 
result is that the value of C does itot determine the switching 
performance of the circuit. 

Fig. A3 shows that the peak-to-peak ripple voltage may be ,., 'w~ 
,., .,., , LA"~ 
vc~ 

(,' 

''' .... '''~ 
'I '1+'2 

TIME 
92CS-22300 

Fig. A3 - Phase relation of circuit currents and voltages at the 
switching points. 

larger than t.V = V(tJ) - V(O), Le., that overshoot may occur. 
This condition will occur when C is very small. A minimum 
value for RC can be calculate.:! such that the total ripple does 
not exceed V(tJ) - V(O). This critical value of RC may be 
found from the condition that V(t) must not have a minimum 
for O<t<tI nor a maximum for tI <t<t2. 

Consider first the interval O<t<tI where V(t) is defined by 
Eq. AS as: 

The derivative is set equal to 0 to find the extremum: 

llV2 = - 21SR = - t.1 • R 
d IS "I 

(AIS) diV(t) = "IR -C +c t = 0 
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This yields: 

IS 
t=- - RC 

K I 

and with Eq. A2 becomes: 
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I 

(AI8) 

where the equal sign characterizes the marginal value with the 
extremum at t = o. 

In the very same way, it can be shown that in the second 
half-period, during ramping-down of current, overshoot can be 
avoided by: 

(AI9) 
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Introduction 
Transistor voltage breakdown is a function of both 

individual device characteristics and associated circuits. This 
Note describes basic transistor voltage-breakdown mechanisms 
and their relationship to external circuits. These mechanisms 
are then used to explain the various types of voltage ratings 
used by transistor manufacturers. 

Voltage ratings can be readily established for transistors 
designed for use in specific applications for which both the 
associated circuit parameters and the required device 
characteristics are known. For example, specific voltage ratings 
can be assigned to transistors used in applications such as auto 
radios, portable radios, and computer circuits, and the large 
number of transistors produced for these uses can be specially 
tested to meet these particular ratings. 

However, multi-purpose transistors must also have clearly 
defined voltage ratings which can be easily understood so that 
these devices can be readily designed into a wide variety of 
applications. The calculation of these voltage ratings requires a 
fundamental understanding of transistor voltage-breakdown 
mechanisms and their circuit dependance. 

Common-Base Avalanche Breakdown 
Collector·base breakdown of transistors operating in a 

common-base connection is caused by avalanche multiplica­
tion. When a voltage is applied between collector and base, a 
depletion layer or space-charge layer is formed at the collector 
junction and spreads out into both the collector and base 
regions. Avalanche multiplication takes place in this depletion 
layer when a high electric field is present. This multiplication 
effect, which is similar to the "Townsend effect" in gas tubes, 
is the result of collisions between rapidly accelerating minority 
carriers that enter the depletion layer and atoms in the crystal 
lattice. Energy transferred to the atoms as a result of these 
collisions causes ionization, which releases valence electrons; 
these electrons are then also' accelerated. Avalanche 
breakdown differs from Zener breakdown in that no 
multiplication takes place because no free carriers are present 
in the Zener condition. All the carriers of the Zener 

breakdown are formed by stripping of valence electrons in a 
high-strength field. 

The multiplication M that takes place for a given 
collector-to-base voltage (VCB) is given by the following 
empirical formula for junction transistors: 

M (I) 

where VA is the true avalanche or "bulk" breakdown and n is 
the rate of multiplication; both terms are constant for a device 
of a given type. These constants are determined for a 
particular transistor as follows: 

For a common-base circuit using constant-current input, 
the collector current Ie is given by 

Ie = aMIE + MICBO (2) 

where a (alpha) is the short-circuit common-base current 
transfer ratio, IE is the emitter current, and leBO is the 
collector-to-base leakage current. Both IE and leBO are 
multiplied by the multiplication factor M because they cross 
the depletion layer (the ohmic leakage components of leBO 
which do not cross the depletion layer and are not affected by 
multiplication are not considered here). 

If the operating point of a transistor in a common-base 
circuit is selected so that IE is much greater than ICBO, then 
equation (2) can be simplified as follows: 

(3) 
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The multiplication factor M is then given by 

(4) 

Because the collector current IC is related to the 
multiplication factor M, which is in turn related to the 
collector-base voltage VCB, particular values of M for values of 
VCB can be obtained from the following rearrangement of 
equation (I): 

M-I VeB 
log--=nlog--

M VA 
(5) 

This equation indicates that a log-log plot of '(M-I)/M 'as a 
function of VCB is a straight line having a slope n and value of 
VCB equal to the true avalanche breakdown VA when 
(M-I )/M is unity, or when M approaches infinity. 

Total Alpha 
Equation (3) shows that the "total alpha", or total gain 

factor, for a transistor in a common-base circuit is reflected by 
the product aM. In addition to the multiplication factor M, 
therefore,the "total alpha" depends on the short-circuit 
current transfer ratio a, which is given by 

a=(Jo1 (6) 

where (Jo is a transport factor and 1 is the emitting efficiency 
of the transistor. 

The transport factor (Jo is a measure of the extent of 
recombination that takes place in the base region of the 
transistor; it is given by 

(Jo= l-li(~)2. L=jDt 
L ' 

(7) 

where W is, the active base width, L is the minority-carrier 
diffusion length, D is the minority-carrier diffusion constant 
for the semiconductor material, and t is the minority-carrier 
life-time (Le., the time required for 63 per cent of the 
minority carriers to recombine in the base region). 

The emitting efficiency 1 is the ratio of the carriers injected 
into the base from the emitter to the sum of these carriers plus 
the carriers injected into the emitter from the base; it is given 
by 

(8) 

where Db and De are the minority-carrier diffusion constants 
of the base region and the emitter region, respectively, and Nb 
and Ne are the carrier concentrations of the base and emitter, 
respectively. 

In a practical transistor, the diffusion length L is much 
greater than the active base width W, and the emitter is much 
more heavily "doped" than the base (Le., the emitter 
conductivity Ge is much greater than the base conductivity 
Vb). As a result of the heavier "doping", the emitter carrier 
concentration Ne is much greater than the base carrier 
concentration Nb. Equations (7) and (8) indicate that for 
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these conditions (L ~ Wand Ne,~ Nb) both the transport 
factor (Jo and the emitter efficiency 1 are apprOximately equal 
to unity. 

Collector characteristics for a transistor operated in a 
common-base circuit with a constant emitter current are 
shown in Figure I. The "total alpha" of the transistor,(Jo-yM, 
varies from a value of fJO'Y at low voltages, where (Jo-y is close to 
unity and M equals unity, to a value approaching infinity when 
VCB equals VA (because M approaches infinity at this 
voltage). Because stable operation can be achieved as long as 
the "total alpha" remains finite, operation of transistors in 
common base circuits is permissible at all voltages up to the 
collector-base avalanche voltage VA. 

0::;3' 
0-

EMITTER CURRENT (lEI CONSTAN! 
, 

t~ 
~~ 

.Ja::~~~ 813 Ii::::=: 
'VA 

COLLECTOR-TO-BASE VOLTAGE (VCBI 

Fig. 1 

Common-Emitter Avalanche Breakdown 
In common-emitter circuits, avalanche breakdown occurs at 

the collector-to-base voltage at which the common-emitter 
current transfer ratio beta (Il) becomes infinite. (J can be, 
expressed in terms of the common-base current transfer ratio 
a, as follows: 

aM 
(J=-­

I-aM 
(9) 

(J becomes infinite when aM equals unity (Le., when M = I/a = 
I/(Ilo-y). 

Avalanche multiplication increases the number of carriers 
supplied to the collector side of the junction from the 
depletion layer. The base is then required to supply a similar 
)lumber of new' carriers to the depletion layer to maintain 
charge neutrality in the layer. At the collector voltage at which 
the number of carriers supplied to the depletion layer by the 
base because of multiplication just equals the number of 
carriers gained by the base through recombination (transport 
factor (Jo) plus an effective number of opposite-type carriers 
injected by the base (emitting efficiency 1)*, the current 
transfer ratio becomes infinite because no base current is 
required to support collector-current flow. 

* The injection of opposite-type carriers by the base is equivalent to a 
corresponding gain of similar carriers in the base. 
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As stated above, /l becomes infinite when aM equals unity, 
or when M = Ila_ Substitution of this value in equation (I) 
produces the following equation for a: 

(10) 

This equation can then be solved for the value of VCB at 
which aM equals unity (this voltage is represented by VaM = 
]), as follows: 

VaM=I=VA n~ (11) 

For collector voltages smaller than VaM = I, base current 
IB flows in the normal direction and {3 is positive. For voltage 
greater than VaM = I, however, the base-current is reversed 
and /l is negative. {3 and "total alpha" are shown as functions of 
VCB in Figure 2. 

-CD 

. COLLECTOR-TO- BASE VOLTAGE 

Fig. 2 

The collector current IC of a transistor operating in a 
common-emitter circuit with a constant-current input is given 
by 

IC ={3 IB +({3+ I) M ICBO (12) 

The collector characteristics for such operation are shown in 
Figure 3. 

",,0 
o!:! 
~~ 

BASE CURRENT(~B) CONSTANT 

-'w -,,,,,, ~---
0"" 
u::J 

u ~=====:==~=I~B~.~O==::~ __ ~ 
VaM:1 VA 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) 

Fig. 3 

Although the abscissa for these curves is collector-to-emitter 
voltage rather than the collector-to-base voltage previously 
used, no appreciable difference exists between the two except 
at low collector voltages, where multiplication is negligible in 
any case. 

If negative feedback in the form of emitter resistance is 
applied to a transistor operating in a common-emitter circuit 
without constant-current input, as shown in Figure 4, the net 
effect is an increase in the avalanche breakdown. In the circuit 
of Figure 4, RB is the series Thevenin equivalent of all external 
resistances presented to the transistor base terminal, RE is the 
sum of both external and internal emitter resistances, and V g 
is the voltage source or Thevenin voltage at the base terminal. 

The base-to-emitter voltage VBE can be assumed to be 
approximately zero, provided the internal base resistance is 
small compared to RB. The base current IB is then given by 

Fig. 4 

IC' -
(13) 

The collector current IC' for the circuit with external 
emitter resistance can be determined in terms of initial base 
current IB, as follows: 

(14) 

Because the input is a finite source voltage, the effect of the 
external emitter resistance is to reduce the output or collector 
current. An artificial current ratio (3' can be introduced to 
account for the change in IC, as follows: 

Equation (15) can then be solved to determine an artificial 
common-base current transfer ratio a', as follows: 

(16) 

This value of a . is not the true common-base current transfer 
ratio of the transistor, but it defines the feedback effect which 
results from the use of external emitter resistance when any 
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type of source other than a pure current source is applied to 
the transistor in the common-emitter circuit_ The term a' can 
be used to determine the common-emitter avalanche voltage 
for non-constant-base-current conditions when external 
emitter resistance is used. Combination of equations (1 I) and 
(16) provides the avalanche voltage, as follows: 

(17) 

The collector characteristics for these conditions are similar 
to the characteristics shown in Figure 3, except that the 
voltage VaM = I is replaced by the higher voltage VaM = I as 
defined in equation (17). If RB becomes infinite or RE 
becomes zero, the condition for constant-base-current 
operation is reached and Va'M = I reduces to VaM = I. If RE 
becomes infinite or RB becomes zero, Va'M = I reduces to 
VA, the common-base avalanche breakdown voltage. 
Therefore when a source voltage and external emitter 
resistance are used, the common-emitter avalanche breakdown 
voltage can vary from a low of VaM = I to a high of VA, 
depending upon the ratio of RB to RE. 

Common-Emitter Voltage Breakdown 
as a Function of Circuit Conditions 

The preceding discussion of common-emitter voltage 
breakdown considers only forward-bias conditions. Other 
types of breakdown may occur for circuit input conditions 
when no forward bias is applied. Several of these conditions 
are discussed below. 

Resistive Source R 
When a transistor is operated in a common-emitter circuit 

from a resistive source R, as shown in Figure 5, the collector 
current IC is given by 

R 

MICBO 
-4--

Fig. 5 

where aN is the normal common-base current transfer ratio for 
the transistor (aN = (3cry), a; is the current transfer ratio for 
inverted operation, lEBO is the emitter-to-base leakage 
current, and the term KT/q is equal to 0.026 volt at 25 degrees 
centigrade. 
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The total collector leakage current MICBO divides at the 
internal base terminal; a portion flows through the internal 
base resistance Ib and the source resistance R, and the balance 
flows through the base of the transistor to produce the 
collector current given by equation (18). The voltage produced 
by the portion flowing through Ib + R provides a forward bias 
between the emitter and the base. 

lt is assumed that the intrinsic emitter-base diode has a 
step-function V-I characteristic with a threshold voltage Vd, 
rather than an exponential characteristic, and also that all 
leakage current flows through the external base current as long 
as the forward bias is less than Yd. For this approximate 
transistor model, emitter injection takes place when the 
emitter forward bias equals V d, and collector-to-emitter 
voltage breakdown occurs. The breakdown condition is given 
by 

MICBO (R + rb) = Vd (19) 

Because M is related to VCB and VCE, equation (19) can be 
solved for VCE for any given value of VCB. The calculated 
value of VCE would then be designated as the 
collector-to-emitter breakdown voltage with source resistance 
R, and would have the symbol BVCER. The value of BVCER 
is given by 

BV - V n II ICBO (R + rb) (20) 
CER - AV J - Vd 

Equation (20) indicates that VCE is inversely proportional 
to the logarithm of R. Therefore, the highest breakdown 
voltage occurs when R is equal to zero. This voltage is 
designated as the shorted-base breakdown voltage, and has the 
symbol BVCES. 

If the base is opened (R approaching infmity), the 
threshold voltage Vd is reached for any finite value ofMICBO, 
and transistor operation is governed by the common-emitter 
current transfer ratio {3. For this condition, the entire leakage 
current MICBO must flow through the transistor base to 
produce a· collector current equal to ({3 + I) MICBO*' This 
lowest value of breakdown voltage occurs at the 
collector-to-emitter voltage at which {3 becomes infinite, which 
was previously defined as VaM = I. 

The breakdown voltage for all other source-resistance 
conditions is greater than VaM = I; i.e., when emitter injection 
starts, total alpha (aM) is greater than unity, and {3 is negative. 
Figure 2 shows that when VCE is greater than YaM = I, {3 
increases negatively' as voltage decreases. At breakdown, 
emitter injection occurs, and the collector current increases 
rapidly. This increasing current causes a decrease in collector 
voltage as a result of the presence of collector, emitter, and 
supply resistances. The decreasing collector voltage in turn 
causes an increase in {3 and collector current, so that the effect 

* The intrinsic collector current Ie "is iJ times the intrinsic base current 
IB ", for this case MICBO. The actual measured collector current is 
the intrinsic collector CUfrent plus the leakage current, i.e., 
Ie = IC "+ MiCBO and Ie"= pIB "= pMICBO· Therefore, Ie = pIB "+ 
MICBO, which reduces to IC = (fJ + 1) MICBO. 
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becomes cumulative_ This effect produces a negative-resistance 
breakdown-voltage characteristic that becomes asymptotic to 
YaM = I when Il is infinite. 

The source-resistance breakdown characteristics are shown 
in Figure 6. 

Fig. 6 

Reverse Bias Voltage Source 
When a reverse bias is applied between emitter and base, as 

shown in Figure 7, the collector breakdown voltage can be 
increased above the value BV CES' As in the case of source 
resistance, no emitter injection takes place as long as the 
forward emitter bias is less than the threshold voltage V d. 
Injection occurs when the drop across rb resulting from 
MICBO is sufficient to overcome both the base supply voltage 
VBB and V d. This breakdown condition is given by 

MICBO rb = Vd + VBB (21) 

MI CBO -

Fig. 7 

An increase. in VBB increases the value of both M and VCE. 
Figure 8 shows a series of breakdown curves for difference 
values of VBB' Negative resistance occurs when the transistor 
operates in the region of negative Il, as discussed previously. 
The peak value of each characteristic is designated by BV CEX. 
The value of BV CEX is given by 

BV = V n II _ ICBO (R + rb) (22) 
CEX AV' Vd+VBB 

'" u 0 ..... b; 
IIJ"" 
-IIIJ 
-I'" 
0'" 
u~ 

<.l 

J f t V(BR1CEX3 
VaM=1 V(BR1CEXz 

V(BR)CEXI 

COLLECTOR - TO-EMITTER VOLTAGE (VCE) 

Fig.S 

Transistor Operating:Regions 
The various breakdown voltages discussed up to this point 

determine the operating regions for general-purpose 
transistors. In general, transistor characteristics can be divided 
into two regions of operation, as shown in Figure 9. 

The limits of region A, the forward-bias region, are 
determined by the common-emitter avalanche breakdown 
voltage VaM = 1 and the maximum collector-current rating for 
the transistor. Operation anywhere in this region is permissible 
provided the peak dissipation ratings for the transistor are not 
exceeded. There are no restrictions on input-circuit conditions 
unless the region boundary is set by Va'M = I rather than 
VaM = 1; in this case, the conditions discussed previously 
apply. 

a:~0 
0 .... 
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MAX_IC • 
-------1--

I 
I 
II 
1\ 

REGION B 

VCEO VaM= I VA 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) 

Fig. 9 

The lower limit of region B, the negative-resistance is 
determined by the avalanche breakdown voltage VaM = I, and 
the upper limit by the respective breakdown voltages for 
particular input conditions, i.e., BVCES, BVCER, BVCEX, 
etc. 

Additional Considerations 
In the previous discussion of common-emitter avalanche 

breakdown voltage, the term VaM = I was assumed to be 
independent of collector' current. However, VaM = 1 is a 
function of the common-base current transfer ratio a (as 
shown in equation 10), which varies with Ie. It follows, 
therefore, that VaM = I must change with Ie. Il and a vary 
with Ie differently for abrupt- and graded-junction transistors. 
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Figure 10 shows the variation of fl for typical transistors. 

ABRUPT 
JUNCTION 

GRADED 
JUNCTION 

COLLECTOR CURRENT 

Fig. 10 

Because the minimum value of VaM = I occurs at the peak 
of the curves shown in Figure 10, it is possible to construct a 
locus of points on the V C - Ic curves of a transistor where the 
total alpha aM is equal to unity, as shown in Figure II. This 
locus curve has only a positive-resistance slope for 
abrupt-junction types, but has both positive and 
negative-resistance slopes for graded-junction types. 
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Fig. 17 

Because both the forward-bias and reverse-bias curves 
become asymptotic to VaM = I for common-emitter 
operation, this variation of VaM = I with Ie modifies all the 
breakdown curves. It also explains why some forward bias 
curves, such as V CEO can have a negative resistance 
component for some types of transistors. This effect is 
observed for most diffused types that have graded junctions; 
because alloy transistors have abrupt junctions, these types do 
not normally have negative-resistance forward-biased voltage 
·characteristics. 
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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 mechanisins. 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 samp~," of the sizes shown is obvious. 

Table I - Sample Size Required for 1000-Hour Life Test 

With Zero With One With Three 
Failure Failures Failure Failures 
Rate %1 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 

2-74 

Fig. I(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. l(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. 
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Fig. 1 - (a) Generalized ubathtub" failure-rate curve. (b) family of 
curves from which the "bathtub"curve in (a) is derived. 

Comparison of Group Band 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-STO-7S0 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. 
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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 II 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 

Test 

Table II - Tests and Acceleration Directions 

Direction of .Stress Acceleration 

Mechanical 
Lead fatigue 
Lead pull 
Lead torque 
Centrifuge 
Impact shock 
Vibration 
Solderability 

Environmental 
Moisture resistance/ 
relative humidity 

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

Increase bends to package destruction 
Increase weight to package destruction 
Increase torque to package destruction 
Increase G-force 
Increase G-force 
Equipment limited 
Increase preconditioning stress, e.g., 

3 hrs. in steam 

Increase tir.ne; use pressure cooker/ 
autoclave; use moisture with bias 
Increase time 
Increase cycles; increase ,.., T ambient 
Increase cycles; increase,..,T liquid 

Increase T junction 
Increase T ambient 
Increase ,..,Tcase; 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 III - Differences Between Classical Group-B Tests and Real-Time Controls 

APPROACH 

LTest Considerations 

2. Overall 

3. Types of Failure 

4. Frequency 

5. Product Stage 

6. Sample Size 

EFFECTIVENESS 

GROUP-B TESTS 

At maximum device ratings or less 

General, multi-subgroups, 
"shotgun" approach 

Non-predictable multi-failure modes; 
read 6 to 15 electrical parameters 

Usually once per month 

Completed, electrically tested product 

Large (approximately 150 per each 
subgroups) 

I. Decisions Very poor, after the fact 

2. Reliability Predictability Poor, considering current low level 
failure rates 

3. Problem Detection, Feedback, Poor 
Corrective Action 

4. Efficiency of One Test Rack 

5. Test Duration 

830 

8 tests/rack/year (1000 hr. test 
and down period) 

Approximately 6 weeks 

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 I 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 

and test conditions for real-time control of thermal-cycling 
capability of VERSA WATT transistors. Fig. 3 shows the 
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Fig. 3 - Difference in thermal;:ycling tests for the standard­
quality. Group-B method and the accelerared RTC 
method. 

12 

Fig. 2 - Curve demonstrating product-reliability 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. 

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 

Real-Time Control Programs 

Thermal Cycling 

COMMON 

COMMON 

The first real-time control was developed by RCA to 
control the thermal-cycling capability of silicon power tran­
sistors in plastic packages.1,2,3 The thermai-<:ycling 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 

Fig. 4 - The therma/cvcle test circuit used to obtain the data in Table IV. 

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

OBJECTIVES 
I. 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, 6Tc = 1250 C, tON = 50 Sec., 

tOFF = 100 Sec., n = 40: 
c = 0 @ 1700 cycles, or 
c = I @ 3000 cycles 

FAI LURES - 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-Control 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 
lots Units 

No. lots 
Failed 

No. of Units Per cent Failed 
Failed 

'04 4,150 6 0.144 

Pull Strength 
RTC may be practiced either on a lot·by-Iot 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 elliitter, 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 

~f~!~ ~ 32 
ci 24 
z 16 

8 

o 14 18 22 26 30 34 38 42 46 
PULL STRENGTH -OUNCES 

Fig. 5 - A typical pull-strength distribution after autoclave at 
30psia, 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 Cycles Dwell Time 

40 _65°C to 150°C 100 30sec. at each 
extreme 
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The test proceeds as follows: 
I. 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: 

I. Sample size is IS devices with at least 30 wire bonds, pull-
test one half of the wire bonds on each unit. 

2. Bake I 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 3900 C bake. 



_____________________________ AN-6249 

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 Tc(OC) LlTc(OC) ton toff HEAT SINK 
(WATTS) 

TO-220VERSAWATT 18 55 to 110 55 3 min_ 3 min_ 30 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 ISs 25s 6.3°CjW 

TO-66 Hermetic 8.5 35 to 155 120 50. 100s Free Air 
RCA "TO-5" Plastic 1.5 35 to 135 100 60s 90s Free Air 
TO-5 Hermetic L5 30 to 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. 

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_ 

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_ 

ill!! ""d 
RELIABILITY LEVEL - RELIABILITY LEVEL_ 

Fig. 7 - Distribution of reliability leltels with and without RTC. 
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This Note describes the design and application of RCA 
monolithic power Darlington transistors; the Darlington circuit 
has been in.use for some time in applications where high beta is 
needed, but has only recently been available as a monolithic 
device. The RCA Power Darlington series 2N6385, Table I, con­
sists of n-p-n circuits that can be driven directly from an inte­
grated circuit and that operate at currents up to 10 amperes and 
voltages ranging from 40 to 80 volts. The devices are available in 
both hermetic and plastic packages. The Note also explains the 
unique solution to electrical connection of the emitter of the 

TABLE I - RCA MONOLITHIC POWER DARLINGTONS 

Maximum 
Voltage Current Power 

n-p-n * Capability Capability Dissipation 
Types (Voltsl (Amperesl (Wattsl Package Type 

2N6383 40 10 100 TO-3 
2N6384 60 10 100 TO-3 
2N6385 80 10 100 TO-3 

2N6386 40 10 40 VERSAWATT 
2N6387 60 10 40 VERSAWATT 
2N6388 80 10 40 VERSAWATT 

* p-n-p equivalents of these types are in development. 

driver transistor to the base of the output transistor used in the 
RCA Darlingtons, and presents the electrical characteristics of 
the Darlington series in terms of the requirements of typical 
applications: motor controls, hammer drivers, audio amplifiers, 
and power supplies. 

PHYSICAL DESIGN 

The RCA-2N6385 -series Darlingtons, Fig. I, are 
double.epitaxial, single-diffused devices. In n-p-n types, such as 
shown in Fig. 2, the collector consists of an n+ substrate plus an 
epitaxially grown n- layer; the base is p- material grown 
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epitaxially on top of the substrate, and the emitter consists of n 
impurities diffused into the base. The base-collector diode 
around the periphery of the pellet is mesa etched. The ·areas 
where base-to-emitter junctions emerge are protected by passi­
vation (silicon dioxide). The contacts on top and bottom of the 
pellet are nickel clad and soldered with lead-tin solder. 

DIODE 
o 

92CS-23339 

Fig. 1 - Schematic diagram of the RCA monolithic power 
Darlington design. 

Up to this point, the processing of the Darlington device and 
an epitaxial single-diffused transistor is the same. In the 
Darlington, the bases of both transistors, B1 and B2, are of the 
same epitaxial growth; both emitters are diffused in at the same 
time. However, the horizontal pattern in the Darlington is quite 
different from that of a single transistor. As shown in Fig. 2, the 
driver transistor is in the center of the pellet and is surrounded 
by the output transistor. At the exact center is Bl, the base of 
the driver; around it is E I, the emitter of the driver. The base of 
the output transistor, B2, is next to EI, and the two are con­
nected by a metallization on the surface of the pellet. The out­
put emitter, E2, is next to B2, and a large periphery between 
both is provided to improve the current distribution. 

The base of the driver, Bl ,and the base of the output transist­
or, B2, are connected electrically through the base layer under; 
neath El, since both are part of the same base material; this 

6·73 



_____________________________ AN-6272 

A 

8ASE CONTACT 

METALLIZED 
AREAS 

P-r"""" .. ¥'f"'~r'T"I"f''-r~'''f''~~'til..., BASE 
(EPITAXIALLY 

GROWN) 

I=-=======I:::::;~;;;;;~;;:;;;;~=~·}COLLECTOR 

n-(EPITAXIALLY GROWN) 
SECTION AA 

92C5-23896 

Fig. 2 - Chip design of the 2N6385, n-p-n Darlington. 

connection is shown in Fig. 3. Fortunately, the bases are not 
,shorted out altogether" but the base material provides a rather 
large resistance, RI, of several thousand ohms;RI is also shown 
in Figs. I and 2. 

It is desirable to have a resistance between the base and the 
emitter of the output transistor to improve both switching per­
formance and leakage. (These characteristics are discussed in 
more detail below.) The resistance is formed by having the 
pattern for B2 extend into the E2 area to form area D, as shown 

92C5- 23340 

Fig. 3 - Cross section of part of a Darlington chip showing how Rl 
is derived. 

in Figs. 2 and 4. Area D is shorted to the output emitter,E2, by 
the emitter metallization. Again, this metallization does not 
short out the emitter and base completely, but connects them by 

a resistance, R2 formed by the narrow neck of the area D. which 
has a value of a few dozen to a few hundred ohms, depending on 
the actual dimensions. 

Fig. 4 shows that the over-metallization associated with D 
also forms a diode. This diode lies electrically between emitter 
and collector, and is part of the base-collector diode. By shorting 
a piece of base area to the emitter, the D area of the transistor is 
degenerated into a diode. As mentioned above, this connection 
does not short B2 to E2 because the over-metallized area of the 
base is physically separated from B2, and is connected to B2 
only by the narrow neck area which form's R2, 

SECTION AA 
92C5-23897 

Fig. 4 - Detail of chip for n-p-n Darlington. Shaded areas are 
metallized: af'IJB D ;s part of 82. 

p-n-p Darlingtons are built in essentially the same way. In 
some types the base, BI, might be shifted from the geometrical 
center of the pellet into one corner ,so that the periphery 
between BI and B2 would be decreased, thus increasing RI. This 
shift is made because, in p-n-p types, the base resistivity is much 
lower; therefore, RI would become much less (by approx­
imately one-quarter) than in n-p-n Darlingtons. 

The special feature of the RCA monolithic power Darlington 
is the manner in which RI.is achieved, as shown in Fig. 3. The 
value ofRI is: 

where PSH is the sheet resistance of the base under the emitter in 
n;o, do is the outer diameter of El, and d i is the inner 
diameter. Using for do and di the values normally used for an 
RCA n-p-n transistor, this equation can be reduced to: 

PSH = 6.7 RI 

ELECTRICAL CHARACTERISTICS 

hFE - DC Current Amplification 

The emitter current of the driver transistor, Q 1, of the 
Darlington configuration is fed into the base of the output tran-
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sistor, Q2. The total de current amplification, hFE. is the 
product of the amplification of each transistor because the base 
current of the output unit is the emitter current of the·driver. 
Actually, the composite amplification factor may be slightly 
higher than the product because the collector current of the 
driver contributes to the total collector current; this contri­
bution is negligible for high values of de current amplification. 
Fig. 5 shows the de current amplification, hFE. as a function of 
collector current, IC' for transistors QI and Q2 and for the 
Darlington, all in 10g·log scale. The Darlington has a very rapid 
roll-off toward high collector currents, as both QI and Q2 have 
falling characteristics. 

To construct the. de current-amplification curves for the 
Darlington from the curves for the individual transistors, the fact 
that the matching pOints on the two curves do not lie on a 
vertical plane (Le., the same value of collector current) must be 
considered; the collector current of the output transistor is 
much higher than that of the driver. The interrelation is given by 
lEi = IBase 2, or not quite as exact, but simpler, ICI = IBase 2. 

For a given collector current, 10 • point A is found in Fig. 5 
and an IB = constant line followed to hFE = I (point B) . Here, 
IC = IB and more especially, ICI = IBase 2.Point B yields point 
C, the ...!,alu<:....£f hFEI, which is then added graphically to 
hFE2, BC = AD. 

92CS-2389B 

Fig. 5 - DC current amplification curves for the Darlington transistors. 

This graphical construction does not take into account that 
ICI is contributing to the total IC' For a more exact combined 
hFE' point D would have to be shifted to the right by the 
amount 10~I' thereby staying on an IBase I = constant line 
defined by CD. 

Some base current is shunted by RI whose resistance is 
approximately 2 to \0 kilohms. As long as the product ofiB and 
RI is smaller than approximately 0.3 volt, there is no output 
current, IC' Between 0.3 and 0.6 volt, QI turns on. In this IB 
range, the beta nfthe O;lrlineton isdeter!!!!!!ed by the beta ofQ1 
since part of the base current now really flows into the base of 
QI and is amplified. As soon as this amplified current is suff· 
icient to drop 0.3 to 0.6 volt across R2, approximately 50 to 300 
ohms, Q2 is also turned on '-- the circuit works as a Darlington. 
Part of the base current is still shunted through RI (VBEI is 
approximately 0.6 to 0.8 volt across RI), and this changes the 
hFE versus IC characteristic of the Darlington, as shown in Fig. 
6. Resistance R2 has a similar influence, but it is not as. pro­
nounced. 
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Fig. 6 - DC current amplification as a function of collector current. 

Output Characteristics 

Fig. 7(a) shows the output characteristics for small collector 
currents. Only Q I conducts when IC is less than \0 milliamperes. 
Because Q2 needs a VBE of about 0.6 volt to turn on, R2 is 

approximately equal to 18~X, or 60 ohms. In other words, a 
current of \0 milliamperes is shunted off B2 through R2 to 
ground; any current in excess of 10 milliamperes is amplified by 
Q2. 

Fig. 7(b) shows the same output characteristics for a larger 
collector current. The saturation curve shows an offset voltage 
of about 0.6 volt, which is the VBE of the output transistor, Q2. 
Q2 is not in saturation, even when QI is. The total VCE(sat) is 
the sum of the VCE(sat) of QI plus the VBE(act) of Q2. the 
slope of the curves for constant values pf IB indicates an output 
resistance of about 10 ohms. This resistance is lower than it 
would be for a comparable discrete transistor, and at least part of 
it can be traced back to the change ofRI with VCE (see Fig. 16). 

Saturation Voltage 

One of the disadvantages of a Darlington circuit is its high 
saturation voltage. It is high because the output unit, Q2,isnot 
really in saturation, but at a voltage VCE that is the sum of the 
VBE(act) of Q2 plus the VCE(sat) ofQI, as mentioned above. 
The lact that VBE(act) is involved means that even at low 

. currents, VCE(sat) is at least 0.6 volt. At values of IC below 

~i6V (Ic may vary anywhere from a few milliamperes to 

approximately 30 milliamperes depending on the value of R2), 
the circuit does not work as a Darlington at all; only QI con­
tributes to IC' In this region, VCE(sat) consists ofVCE(sat) of 
QI plus the voltage drop ofiEI across R2 (compare Figs. 1(a) 
and (b». 

The voltage. VCE, which can be sustained in breakdown 
between the collector and emitter of a discrete transistor is de­
pendent on the condition at the base. This is less true for a 
Darlington with built-in resistances RI and R2. VCEO is not 
really an open-base mode, but is rather a VCER, even though RI 
may be rather high. 

In the V CEX mode, (base to emitter reverse biased), the re­
verse bias mainly affects Q I since the reverse voltage is divided 



_____________________________ AN-6272 

92C5-23900 

(al 

COLLECTOR-lO-EMITTER VOLTAGE (VCE ) - VOLTS 

(bl 
92C5-23901 

Fig. 7(8) - Output characteristic of the Darlington for small collector 
currents. As R1 increases with rising VC~ part of the 

D.5-mA IS is amplified by Qt. (b) same CUTVe BS (a) but fora 
larger collector current. 

down by RI and R2 and very little reverse bias is applied to B2. 
Therefore, Q2 will still be in the R mode and will determine the 
breakdown voltage. For this reason, the VCEO, VCER, and 
V CEX for monolithic Darlingtons with built·in resistances are 
identical for all practical purposes. 

leakage 

Normally, the conditions on the base do not affect leakage, 
just as they do not affect sustaining voltage.However, when the 
driver transistor, QI, leaks enough so that the leakage. current 
cannot be shunted to ground effectively by R2 the condition on 
BI does make a difference. This condition holds for leakage at 
temperatures above 100°C and becomes critical above 150°C. 

The leakage of QI at high temperatures is voltage dependent, 
and at a certain voltage it may be large enough to create a voltage 
drop across R2 sufficient to turn Q2 on. The result is a fully 

turned·on unit above a certain VCE; this critical value ofVCE 
drops with rising temperature,as shown in Fig. 8. 

The above discussion indicates that a reduction of R2 will 
improve high·temperature performance (and RCA has done just 

ICEe 
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Fig. 8 - Collector current (base open) as a function of collector-to­
emitter voltage. 

that), but the leakage ofQI is also ofimportance. Since the base 
of QI is accessible, reverse bias can be applied and the base 
drained of carriers, thereby avoiding any beta multiplication 
effect in QI. An increased negative bias not only drains BI more 
efficiently, but also drains B2 to some extent and improves the 
leakage situation, as shown in Fig. 9; the voltage limitation in 
this case is the result of excessive leakage, not a sustaining volt­
age. 
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Fig. 9 - Effect of reverse-bias voltage on high-temperature leakage. 

When the Darlington is held in the off state by a saturated 
transistor, a small positive bias occurs. The natural voltage which 
occurs at the base of the Darlington in an open·base mode is very 
small (approximately 50 millivolts) and results from the voltage 
drops caused by leakage currents across RI and R2 respectively. 
Any voltage more positive than this open·base voltage tends to 
increase the leakage by impeding the drainage of the base. This 
condition is especially important at high temperatures, where 
the voltage capability is limited by the turn-on voltage dictated 
by the leakage current, Fig. 10. 

Small-5ignal Amplification and Frequencv Response 

The monolithic Darlingtons are power devices, and the 
important gain parameter is the de gain, hFE. In discussions of 
the stability of operation, however, the small-signal gain, hfe,is 
pertinent, as its value influences the initiation of oscillations. 
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Fig. 10 - Effect of positive bias on high-temperature leakage capability. 

At higher collector currents, hfe will roll off even faster than 
the de beta, hFE' because, in this region, a small incremental 
increase in base current will have comparatively little effect on 
the collector current. The reason for the slight effect is that the 
emitter is depleted of carriers. At low collector currents, the 
small-signal gain, hfe' will be considerably higher than the dc 
beta, hFE. Under this condition the hFE is low because part of 
the base current is shunted by RI. This current through RI is 
fairly constant with IB' as VBE is fairly constant, and therefore 
any change in the ac component of IB is transmitted into the 
base proper. 

The frequency response of a transistor is expressed in hfe or 
fT' Fig. II. In a Darlington built from two discrete transistors, 
two different frequency-roll-off curves are superimposed, as 

LOG h f' f----""'=-1I:-

ht," '-------;-'-------7----
LOG f 

9ZCS-23904 

-Fig. 11 - Typical frequency roll-off of a single discrete transistor. 

shown in I'ig. 12, and neither fhfe nor fT can be defined in the 
elassical.sense. In monolithic Darlingtons, the driver, QI ,and the 0"':.:.")" Q', ,.~ ili. _ ~ •. ,,",of ore,," ._ 

hfe~I'-------~r_~--~~---. 
92CS-23905 LOG f 

Fig. 12 - Frequency roll-off curves for two single transistors and for a 
Darlington constructed of two discrete transistors. 
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shown in Fig. 12 will converge to one, as in Fig. 13, and have 
only one knee and a roll off of 12 dB per octave ( -2 slope in 
log-log). An hfe can be defined at the knee of the curve, but an fT 
does not exist. There is, of course, a frequency (f I in Fig. 13) at 
which the Darlington has unity gain (hfe = I), but this does not 
imply that in the area of the frequency roll off (!hfe <f <f I) the 
product f I hfe is constant. 

The -12 dB-per-octave slope adds an inherent instability 
because the phase angle shifts as the absolute value of hfe de­
creases with frequency. Depending on the rest of the circuitry, 
the Darlington may tend to oscillate (Nyqvist criteria). 

lOG hf.f--------_ 

ht.·' '------------+--:t': 
92(;5-23906 

Fig. 13 - Frequency roll-off curve for a monolithic Darlington. 

Emitter-Base Characteristics 

As shown in Fig. I, there are two base-emitter diodes in 
series, each with a resistance in parallel. RI is approximately 
2,000 to 10,000 ohms, while the value of R2 is much smaller, as 
low as 50 ohms or as high as a few hundred ohms. 

Fig. 14 shows the "leakage" current IEB versus the emit­
ter-to-base voltage, VEB. Only a very small part of IEB is really 
leakage; the main portion of the current is determined by RI and 

WI 
~ 1/ 

v, 
EMITTER-TO-BASE VQLTAGE (VEal-VOLTS 

92C5-23907 

Fig. 14 - ULeakage" current I EB as a function of emitter-to·base 

lIoltage, V E8" 

R2. For O<VEB <V I, the slope corresponds to (RI + R2) and is 
slightly non-linear. AtVEB = V I ,the voltage on the·emitter-base 
diode of QI is sufficient to cause breakdown, and at VEB >VI, 
resistance R2 determines the slope ofIEB versus VEB. 
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While R2 is relatively insensitive to voltage (VCE) and tem­
perature variations, Rl is very sensitive to both. This sensitivity 
results from RI being the resistance of a certain region of the 
base under the emitter, EI. The resistance of this base region 
increases with applied voltage, V CE (or V CB), and also increases 
with temperature. Fig. IS shows the change ofRI with VCE' 

2·~':.5,---~-....l,0:--.J20':---4,LO--.J 

COLLECTOR-lO-EMITTER VOLTAGE (VeE) -'VOLTS 

92CS-23908 

Fig. 15 - Change in R 1 with change in collector-ta-emitter voltage in Q 1. 

As RI is somewhat non-linear with VEB,as shown in Fig. 14, 
its value changes with changes in that voltage. The value of RI 
for low VEB (approximately O.S volt) will have to be considered 
in determining how much drive current is shunted from the base; 
the "leakage" at reverse bias is governed by a higher value ofRI. 
Fig. 16 shows the variation of RI with temperature. 
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Fig. 16 - Variation of Rl with temperature. 

Switching Time 

The on time of the monolithic Darlington is comparable to 
that of a discrete transistor of similar construction. The time can 
be shortened by driving the base harder, e.g .. with a speed-up 
capacitor. 

The storage time is determined only by the driver, Q I, since 
the output transistor is not in saturation 
[VCE2 = VBE2 + VCE(sat)d· Therefore, storage time can be 
reduced by forced off-dnve at B I. 

The fall time cannot easily be shortened by rever·se drive at BI 
since very little of it comes to the base of the output transistor, 
B2. The voltage at B2just drifts down governed by the charge of 
the base, the amount of charge used by the transistor, and tho 
amount of charge shunted to ground through R2. Therefore, a 
lower value ofR2 yields shorter fall times. 

APPLICATIONS 

Darlingtons can be used to advantage wherever high beia is 
needed; they can be driven directly from an integrated circuit. 
Darlingtons are especially useful in places where space is scarce; 
for example, they are widely used in line printers as hammer 
drivers. Their use also reduces the number of components, 
which tends to increase the reliability of the entlre circuit, and 
which also cuts the number of insertions required on the pro­
ductionline. 

Darlingtons can be used in applications where extremely low 
supply voltages are available, like the S volts in a computer or in 
an automobile during cranking, but the high V CE(sat) (approx­
imately 1.3 volts at S amperes) will decrease the efficiency. In 
applications where temperatures in excess of 12SoC to ISO°C 
are to be expected, the Darlington may be turned on by the 
leakage of the driver, Q I . 

Darlingtons are used in switching applications, such as motor 
controls or hammer drivers, and also in inverters up to a fre­
quency of about 20 kHz where the speed-up of the fall time can 
be' used to improve the efficiency. Examples of linear appli­
cations are the output of audio amplifiers and shunt - and 
series - regulated power supplies where the Darlingtons can be 
driven directly from integrated circuits. 
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Accurate Measurement of Sustaining 
Voltage of Power Transistors-
A Pulsed-Breakdown Test Set 

by A. L. Falk 

Several techniques for the measurement of the primary 
(sustaining) breakdown voltage of power transistors are in 
common use today. The characteristics and limitations of 
these test methods frequently make rapid and accurate 
sustaining-voltage readings on power transistors difficult or 
impossible to make. The test set described in this Note is 
intended to fill the need for accurate, laboratory·type, 
sustaining·voltage measuring equipment, although circuitry 
used in the test set design may be adapted to high-speed 
testing equipment. 

The test·set design is the result of efforts to develop a 
system which could provide a digital readout of the 
V CE(sus) of a transistor at various test currents. Design 
goals included high accuracy and a minimum of 
dependence on the test·set operator for the interpretation 
of waveforms or the interpolation of readings. These 
efforts produced a test set capable of testing transistors 
having maximum voltage capabilities to approximately 
700-volts, dc. A test pulse width of 200 microseconds is 
used; pulse repetition. rate is three per second. The 
resulting low duty cycle (approximately 0.06 percent) 
reduces the average power delivered to the transistor under 
test to such a low level that heating effects which might 
affect transistor characteristics are virtually eliminated. 

COMMON TEST METHODS 

The Inductive·Sweep Method 

The common inductive sweep circuit, Fig. l(a), operates 
by driving the transistor under test, TUT, into its 
saturaH0!! reg!on wh~n the contacts marked X !!! Fig. ! (a) 
close. An inductor in the collector circuit stores energy 
equal to 1/2 L(IC)2 until the contacts open and reduce 
the base drive, IB, to zero. When IB is 0, the operating 
point of the TUT moves very rapidly to point C, Fig. 
I(b). Between points C and D, the transistor is in its 
sustaining voltage region, and an oscilloscope reads out a 
display of the V CE(sus)' 

By applying a short constant-current pulse to the TUT, 
the pulsed·breakdown test set eliminates the time-variant 
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Fig. 1 - (aj Common inductive sweep circuit; (bj movement 
of TUT operating point for circuit in (aj; (c j 
voltage and current waveforms for circuit of (aj. 
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and current-variant effects inherent in the TUT in the 
inductive test methods, and produces a more accurate and 
repeatable measurement. 

The Curve-Tracer Method 

The basic curve-tracer circuit I shown in Fig. 2 uses 
theoretically non-reactive circuit elements to produce an 
oscilloscope trace in which the TUT has little alternative 
but to display its VCE(sus) characteristic. However, peak 
power dissipation in the 'rUT may be high. 

CURRENT 
SAMPLING 
RESISTOR 

Fig. 2 - Curve-tracer circuit. 

By the use of a very short, low-repetition-rate test 
pulse, the pulsed-breakdown testsei3iloWSfeiiitively high 
test currents even for high-voltage transistors. 

PULSED-BREAKDOWN TEST SET 

Fig. 3(a) shows block diagram of the 
pulsed-breakdown test set. COS/MaS digital timing 
circuitry provides timing pulses to a pulsed, high-voltage 
current source; the current source applies a regulated 
190-microsecond pulse of current to the TUT socket. The 
intersection of the programmed-test-current curve with the 
characteristic curve of the TUT, point A in Fig. 3(b), is 
the V(sus) of the TUT, and is the voltage across the TUT 
socket. A 100-to-1 differential voltage divider reduces the 
V(sus) of the TUT to a range acceptable to the 
sample/hold circuitry. The output of the sample/hold 
circuitry is converted to a digital readout for the operator 
of the test set by "a stable, accurate, digital voltmeter. As 
an alternative, an analog-to-digital converter might 
conceivably be used to replace the sample/hold circuit and 
DVM, and data could be directly transmitted to paper-tape 
punching, line-printing, or computer memory-storage 
equipment. 

PROGRAMMED 
TEST CURRENT 

(al 

TUT 
SOCKET 

CHAR. CURVE OF 
TEST SET 

Vs~s COJPLIANCE VrUT 
VOLTAGE OF 
TEST SET 

(bl 
92CS-2~al4 

Fig. 3 - (a) Block diagram of the pulsed-breakdown test 
set; (b) curves that determine V(sus) of the TUT. 

Digital Timing Circuitry 

When press-to-test switch SI, located in the digital 
timing circuit of Fig. 4, is closed, mercury-wetted relays 
RLi and RL2 are energized. The relays connect the 
high-voltage power supply, V CC in Fig. 5, into the 
pulsed-current regulator circuitry. (Diode DI, Fig. 4, 
absorbs the inductive energy from RLi and RL2 when SI 
is opened). The opening of S2 allows checkout of the 
digital timing circuitry while disabling the high-voltage 
supply VCC. 

The closing of SI also applies a logic I signal to the 
DATA input line of flip-flop ICIA. A positive-going 
transition from the output of the 50-kHz clock now causes 
ICIA to change state: its Q output changes from a logic I 
to a logic o. The Q output "of !CIA controls the RESET 
line of binary" counter IC2. A logic 0 input allows the 
50-kHz clock pulses to be counted by the binary ripple 
counter. The 214 negative-going edge of the clock output 
causes a positive-going transition to take place at the 
output terminal of IC2. This signal, differentiated by the 
Cl-RI network, is applied to th~SET input of flip-flop 2, 
ICIB. When ICIB is set, its Q and Q outputs direct the pulsed­
current regulator to turn on the test current pulse to the TUT 
(Fig. 5). 
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+IOY 

SI:PRESS-TO-TEST 
(N.D.l 

TO 
Ie's 

S4 
IN.O.) 

01 

92CM-23832 

Fig. 4 - Digital timing circuit. 

02 

The first positive-going clock pulse after IClB is set 
advances IC4 one count. A logic I then appears at the I 
output of IC4. This output, which occurs 10 microseconds 
after ICIB has directed the current regulator to turn on, is 
used to set flip·flop 3, IC5A. The Q output of IC5A, 
inverted by the buffers of IC6, provides a signal to the 
MODE CONTROL input terminal of the samolelhold 
module, Fig. 6. At this time, the current reg~laior is 
causing a constant current to flow through the TUT socket. 
At the . same time, the sample/hold module is being directed to 
sample, or track, a signal voltage equal to 1/100 the TUT socket 
voltage. Flip-flop 2 (ICI B) will continue to direct the 
current regulator to deliver its programmed current until 
ICIB receives a reset signal. Such a reset signal will be 
delivered when IC4 counts ten clock pulses. One clock 
pulse before that, however, the 9 output line of IC4 goes 
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Fig. 5 ...: Test -cu"ent regulator circuit. 
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Fig. 6 - Scaling amplifier and sample/hold circuit. 
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to logic I, resetting IC5A. At that time, the sample/hold 
module is switched to the HOLD mode. The tenth count 
causes the carry-out line of IC4 to go to logic I. That 
signal, differentiated by R3 and C2, resets ICI B, which 
then directs the programmed current pulse to terminate. 
Fig. 7 is a pulse timing diagram for the sequence described 
above. Thus, the digital timing circuit always causes the 
sample/hold module to sample the socket voltage of the 
TUT (scaled by a factor of 100) during the test current 
pulse. 

By avoiding the use of monos table oscillators for timing 
purposes, problems of sequential and parallel pulse synchroni­
zation are virtually eliminated from this circuit. 

CLOCK 

F-F2 (ICI8) 
Q OUTPUT 

DECADE C'TR 

bt\~)UT 'I' 

DECADE C'TR 

bt~~UT 'g' 

r:g,OE C'TR -H+,.......,-rt-:-"I-+H-+-H-_I-H 
'CARRY OUT' 

TEST 
CURRENT 

SAMPLE/HOL.D 
'CONTROL' 
INPUT 

Fig. 7 - Pulse-timing diagram for the circuits of Figs. 6 
and 7. 

Test-Current Regulator 

The test-current regulator, Fig. 5, operates as an 
operational amplifier with current- and voltage-amplification 
stages, and is designed with a 700-volt, 500-milliampere 
output capability. 

COS/MaS bi-directional switches IC3B and IC3C, whose 
CONTROL input signals come from the Q and Q outputs, 
respectively, of ICIB, switch a positive or negative 
reference current into the inverting input of 
operational-amplifier OAI. During the test-pulse period, 
ICIB is SET, with its Q output a logic I and its Q output 
logic O. These signals, applied to the CONTROL input of 
bi-directional switches IC3A and IC3B, respectively, turn 
off IC3B and turn on IC3A. With IC3A on, a signal input 
current proportional to VZI' the voltage of a 
temperature-compensated zener diode, flows into the 
inverting input of OAI. The signal current is approximately 
equal to VZI/Rinl, and causes a negative-going output to 
appear at the output of OAI. QI' a type 2N61 II p-n-p 
transistor, operates as a voltage follower, eventually causing 
the emitter-base junctions of pass units Q2 through Q5 to 

010 

K6 

Fig. 8 - Current-programming resistors and relays. 

become forward biased. When this happens, current begins 
to flow through the collectors of the pass units, the V CC 
supply, the TUT socket, and the current-programming 
resistors, R 12-17, Fig. 8. Resistor R6, Fig. 5, limits the 
emitter current of the pass units in the event that the 
press-to-test button(s) are depressed with the TUT socket 
open-circuited. 

The current flow through the programming resistors 
causes a voltage drop, V I, which results in the current 
flow through Rfb, Fig. 5, essentially the feedback resistor 
of a circuit operating as a unity·gain inverter. The loop 
gain is adjusted in practice by Rin, so that V I equals 
exactly -5 volts, dc, during the test pulse. (This adjustment 
is explained in detail in the section entitled Calibration 
and Set-Up, below). If the current diverted through Rfb is 
ignored, the current through the TUT socket is exactly 
equal in magnitude to 5 volts divided by the value of the 
programming resistors. 

The test current is set by use of a binary-coded 
network of resistors connected into the circuit by 
switch-controlled mercury-wetted relays, Fig. 8. Each 
resistor, Rn (n=12 to 17), contributes to the test current 
exactly (5 V /Rn) amperes of current. The error introduced 
into the magnitude of the test current by the shunting effect 
of Rfb is balanced by the addition of a programming resistor, 
always in-circuit, equal to Rfb. 

In order to assurerapidturn-off of the pass units, Q2-5, 
Fig. 5, when ICIB returns to its reset state (between test 
current pulses), IC3A is turned off and IC3B is turned on. 
This action causes a negative input current to flow in the 
inverting input of OAI and drives the output of OAI 
positive until diode D4 becomes forward biased and zener 
diode Z2 breaks down. The output of OAI is clamped to 
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approximately +6 volts to +8 volts, dc. Current flowing 
through resistor RS and diodes D6 through D9 then serves to 
reverse bias the emitter bases of pass units 02 through OS, In 
addition, since the base of 01 is at a higher potential than 
its emitter, 01 is also biased at cutoff. Resistors R7 
through RIO and, diode DS provide local negative feedback 
which causes current sharing among transistors 02 through 
OS, 

c;!Jrrent-Programming Circuit 
In the, current-programming circuit, Fig. 8, the 

magnitude of the test-pulse current is controlled by the use 
of m,ercury-wetted relays that connect the 
current-programming resistors in parallel. 1-2-2' -4 weighting 
of coded decimal switching is used to divide the current 
flow among a greater number of resistors at higher current 
levels. Rotary switches, toggle switches, or thumbwheel 
switches can be used. Additional resistors (Rcomp) can be 
included to compensate for current "lost" to 
current-regulator feedback and the scaling-amplifier inputs. 
For the values of Rfb (Fig. S) and R21 and R22 shown 
(Fig. 6), Rcomp is approximately 83 kilohms. S3B, Fig. 8, 
is used in the calibration and set-up procedures for the test 
set. 

Scaling Amplifier and Sample/Hold Circuit 

OA2 of the scaling-amplifier and sample/hold circuit, 
Fig. 6, takes the voltage appearing across the TUT socket 
(subtracting the -S-volt reference pulse), divides it by 100, 
and feeds the result to the sample/hold module. The 
sample/hold module, mode-controlled by the output signal 
from IC6, holds a voltage equal to -(1/100) of the voltage 
which is sampled from the TUT socket during the test 
current pulse. The output of the sample/hold module is 
input to the terminals of a stable, accurate, digital 
voltmeter. 

CALIBRATION AND SET-UP, OF THE TEST SET 

I. Clock (Fig. 7) 
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Several-percent inaccuracy in the SO-kHz clock 
frequency should not affect circuit performance 
seriously. The digital timing will always strobe the 
sample/hold module during the test current pulse; the 
duty cycle of the pulse will not change. However, 
too short a pulse may not allow sufficient time for 
,the TUT to stabilize in its sustaining region before 
the SAMPLE pulse from the sample/hold module 
ends, Fig. 9. Any frequency or period counter of 

PULSED 
ADJUSTABLE 
CURRENT 
SOURCE 

----,-----, l TUT _.1_ _1_ 
V SOCKET .. T" '1'" 

__ ~~~--1CTUT 

~'<= I 
.6.1 (eSTRAY + Clur) 

Fig. 9 - Ozpacitive effects at the TUT socket. 

sufficient accuracy can be used to check the SO-kHz 
clock frequency, or to calibrate the clock if an' 
adjustable model is used. 

2. Balance OAI 
a. Close switch Ss (Fig. S). 
b. Measure voltage at point A (Fig. S)using DVM. 
c. Adjust trim pot of OAI for null. 
d. Remove DVM .. 
e. Open SS' 

3. -S-Volt Pulse Calibration (Figs. 4, S, 8). 
a. Lower V CC supply to approximately 100 volts, 

dc. 
b. Short TUT socket. 
c. Move switch S3 (Fig. 8) to position b. This action 

sets the test current to I milliampere and disables 
the digital feedback circuit, which causes the test 
pulse to end (Fig. 4). 

d. Press the press-to-test switch(es) SI until lelB is 
triggered (approximately 1/3 second). 

e. Measure voltage V I (Fig. S) using test-set DVM. 
Adjust R I N until V I is exactly equal to -S volts, 
dc. 

f. Remove short from TUT socket. 
g. Disconnect DVM. 
h. Move switch S3 (Fig. 8) to position a. 

4. Balance OA2 
a. Close Switch S6 (Fig. 6). 
b. Measure voltage at point B, Fig. 6. using DVM. 
c. Adjust trim pot of OA2 for null. 
d. Remove DVM. 
e. Open S6 

S. Balance Sample/Hold Module 
a. Close switch S7 (Fig. 6). 
b. Measure sample/hold module output using DVM. 
c. Adjust trim pot of sample/hold module for null. 
d. Remove DVM. 
e. Open S7' 

6. Calibrate Test Set (or check calibration) 
a. At desired test current, measure forward drop of 

,diode DI6 (use curve trace, or eqUivalent) to 
nearest 10 millivolts, dc. 

b. Connect diode DI6 to circuit of Fig. 10 as shown, 
and connect circuit of Fig. \0 to test-set TUT 
terminals as shown. 

r~ 
SOCKET C5 R24 J VOLTMETER .....i- VeAL TUT t !L ~ * b ** 

* .IS FLUKE MODEL 803B OIFFERENTIAL VOLTMETER, 
OR EQUIVALENT 

** HEWLETT/PACKARD POWEA SUPPLY MODEL 6448B, 
OR EQUIVALENT 

92CS-23839 

Fig. 10 - Test-set calibration circuit. 
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IMPORTANT NOTE: Voltmeter and VCAL supply 
may share common ground, but this ground must 
be isolated from test-set ground. --

c .. Using VTVM, set VCAL so that voltmeter reads 
SOO volts, dc, minus diode drop measured in step 
6(a). 

d. Set test current to value used in step 6(a). 
e. Press test button(s); reading should be SOO volts, 

dc (scaled to -S volts de). 
f. With the test current set to zero, and the TUT 

socket shorted, depression of the test buttons will . 
yield a near zero reading on the digi tal-voltmeter 
readout. Any residual offset (typically less than a 
few millivolts) is compensated by repeating the 
zeroing of OA2 and the sample/hold module, steps 
4 and S. With the TUT socket shorted, the trim 
pot for the sample/hold module should be used to 
cancel any offsets which cannot be accounted for 
by other means. Low resolution wire-wound trim 
pots should not be used. 
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PARTS LIST FOR CIRCUITS SHOWN IN THIS NOTE: 

Capacitors 

CI,C2,C3 - ISOpFmica 
C4, Cs 10 IIF 7S0 WVdc electrolytic 

Diodes 

01,04 
°2,03,06_IS 

Zener Diodes 

-IN914B 
-INSI93 

VZI - 6-8V Zener (2N1607 emitter-base) 
VZ2 - IN4S71A 

Resistors: (1/2 W. 5%, unless otherwise specified) 

RI - RS, RIN2 
R6 

R7 
R8 - Rl1 
RINI 
Reb 
R12 
RI3 
RI4 
RIS 
RI6, R17 
RI8 
RI9 
Rcomp 
R20' R22 

R21' R23 

R24 
R2S 

Transistors 

QI-2N6111 

- lOOk 

-slOn 
- IOn 
- 15n 
- 200k Cermet potentiometer 
- lOOk, 1% 
- 3.3k 
- 2Sn, 1% 
- son, 1% 
-12511,1% 
- 2S0n 1% 
- soon, 1% 
- S.lk 
- 83k (approx.) (See text) 
- SOOk, 0.05% (Vishay 

style HASI8 or equivalent) 
- Sk, O.OS% (Vishay part No. 

300181: RI=R2=Sk) 
-IK 
- SIOk, 2W, 10% 

Q2 through QS- DTS-804; selected for V CEO> 900 V at' 

IC= ImA 

Integrated Circuits: 

ICI,ICS - RCA CD4013AE Dual "0" flip-flop with set/reset 
IC2 - RCA CD4016AE Quad bilateral switch 
IC3 - RCA CD4020AE 14-stage binary/ripple counter 
ICS - RCA CD4017 AE i Decade counter/divider 
IC6 - RCA CD4049AE Hex buffer/converter 

Miscellaneous 

SO-kHz clock: Vecteon model CO-236T or equivalent. 
OAI, OA2: Analog Oevices Model4Sk or equivalent. 
Sample/Hold Module: Burr-Brown Model 403S/IS or 
equivalent. 
VCC Supply: Acopian Model 7S0UA02L o-nov @ 

'20mA or equivalent. 
±IS-Volt Op-Amp Supply: Acopian Model 015-75 or 
equivalent. 
+IOV/-IOV (relay, logic) Supplies: Acopian Module 
AIONTIIO or equivalent. 
RLI, RL2, KI-6 (relays): Clare Model HGSRS 1111NOO, 
or equivalent. 
OVM: Oata Precision Model 2440 Digital Multimeter, 
or equivalent; options B3, B4. 
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Biasing Circuit for the Output Stage 
of a Power Amplifier-The VBE Multiplier 

by M. Glogolja 

This Note describes a biasing circuit for the output stage of 
a power amplifier. The biasing circuit is called a VBE 
multiplier; its purpose is to provide proper bias for the output 
transistors of the amplifier under all operating conditions. 
The amount of forward bias provided determines the quiescent 
operating point of the output stage. The criteria for determining 
the proper quiescent collector current of'the output tran· 
sistors are the output·signal distortion level to be achieved and 
the need to minimize quiescent current because of dissipation 
in the output transistors. Fig. 1 shows the circuit of a typical 
complementary output stage for an audio amplifier. In this 
circuit, transistor Q3 serves as the biasing element for tran· 
sistors 04 and Q5. 
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Fig. 1-Complementary output stage for an audio amp.lifier. 

Since all transistors are temperature sensitive, the bias 
circuit should change bias voltage in such a manner that the 
quiescent collector current of: the output transistors remains 
constant. Typical temperature ·dependence of a· silicon power 
transistor is shown in Fig. 2. The figure shows that the bias 

rn,· " no.o (VCE) , 2V 

" 
0.2 '.6 

BASE-rD-EMITTER VOLTAGE (VBE)- V 

Fig. 2-Temperature dependence of 8 silicon power transistor. 

voltage must decrease approximately 2 mV/"e if the collector 
current is to be constant. Failure to provide thermal com· 
pensation will result in a current change of: 

Me 
LIT "" iO%/"e 

l'~ furt.'l~r ex~n1in:ltion of Fig. 2 s..'1c ..... ~ th~t :In error of 20 
millivolts (3 per cent) in the bias voltage will result in a change 
in the collector current by a factor of 2. 

Transistor Q3 in Fig. 1 varies the biasing voltage for the 
output transistors so that quiescent current does not change 
with temperature change. This constant-current condition is 
achieved by mounting Q3, 04, and Q5 on the same heat sink 
so that change of the junction temperature of the output 
transistors will change the heat·sink temperature proportionally 
and, therefore, the junction temperature of Q3. If, for example, 
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temperature increases, the collector current of Q3 would tend 
to increase too, but constant-current source Q6 keeps the 
collector current of Q3 constanL Under this condition, the 
VBE ofQ3 will decrease,and Vbiaswill decrease proportionally_ 
n,e net result will be the stabilization of the quiescent 
collector current of Q4 and Q5_ 

Selection of Biasing-Circuit Resistors 
The circuit will function properly if resistors R2, R3, and 

R4 are selected so that: 

In this case: 

and 

R3 + R4 
VREF'" R2 + R3 + R4 Vbias 

Let RREF = R3 + R4 

so that Eq_ (3) can be written as: 

or 

V _ RREF 
REF - R2 + RREF Vbias 

R2 + RREF 
Vbias = VREF __ ....:.0;"'-

RREF 

(I) 

(2) 

(3) 

(4) 

(5) 

Since VREF is VBE of the bias transistor Q3, it is evident that 
Vbias is VBE multiplied by the ratio R2 + REEF, thus the 

RREF 
name, VBE mUltiplier. 

Resistor values will then be: 

(
Vbias ) R2 = RREF ---I 
VREF 

(6) 

where Vbias and VREF are voltages at ambient temperature_ 
The change in bias voltage provided by the VBE multiplier 

circuit is: 

, (R2 + RREF) (dVREF) I'N b- = -- I>TJQ3 
las RREF dT Q3 

(7) 

where I>TJQ3 is the temperature change of the junction of Q3. 
The change in the bias voltage required to maintain constant 
quiescent col1ector current in the output transistors is: 

I>V". = (dVBE ) I>T bIas dT Q4,Q5 JQ4, 5 (8) 

where 

(dVBE) = dVBEQ4 + dVBEQ5 
and 

dT Q4, Q5 dT dT 

I>TJQ4,5 is the lemperature change of the junction of Q4 or 
Q5 (ideally, the temperature change is the same for both). 
Eqs. (7) and (8) must be equal, so that: 

( dVBE) 

(
R2 + RREF) _ dT Q4.05 

RREF - (dV REF) 
dT Q3 

(9) 

Eq. (9) shows that if resistors are chosen according to Eq. (6), 

I>TJQ4.5 and I>TJQ3 should be equal. In reality, these ex­

pressions are not equal because of thermal resistance between 
the junctions of the output transistors and the junction of the 
VBE multiplier transistor. Q3. As a consequence, the quiescent 
collector current of the output transistors will vary with 
temperature change; but if ther,nal design is done properly, the 
increase of the quiescent collector current with increase of 
temperature will be minimaJ_ This is true assuming the change 
of the base-emitter voltage with temperature change for the 
VBE multiplier and the output transistors to be the same. If 
the change of the base-emitter voltage with temperature change 
is greater for the VBE multiplier than for the output transistors, 
it is possible to get over-compensation with increasing temper­
ature. ThermaJ design is improved by the use of large heat 
sinks and transistors with lower vaJues of thermaJ resistance 
between the junction and the case. 

Adjustment of Idling Current 
Separation of RREF into R3 and R4 (Fig. I) is needed for 

adjustment of idling current. R3 and R4 should be selected in 
such a manner that R3 will determine maximum idling current, 
and the combination (R3 + R4) will determine minimum 
idling current, based on the typical characteristics of the 
output transistors. 

It should be noted that R4 is placed in the base-emitter 
circuit of Q3 rather than in the collector-base circuit. If R4 
were in the collector-base circuit and became open (a typical 
failure mode for variable resistors), it would cause simultaneolls 
turn-on of all output transistors and possibly result in their 
destruction. Such a failure of R4 in the base circuit would 
result in a reduction of the value of Vbias and greater dis­
tortion of the output sigilal. 

Idling current should be adjusted (starting with the wiper 
of R4 in the eew position) for the minimum current that 
will yield acceptable distortion. 'n,e idling current should be 
monitored during the. adjustment, because too high a curren, 
could cause thermal runaway of the output transistors. 
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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 eleetronics 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 
.omewhere 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-ofits de operating capability. 
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DAMAGE CLASSIFICATION 
The types of radiation damage that may be inflicted upon 

a power device are classified as follows: 
I. Physical Damage 
2. Displacement Damage 
3. Transient Radiation Energy Effect (TREE) 
4. Ionizing Electromagnetic Poise Effects (IEMP) 
Physical Damage is inflicted on a device by "flash X-rays" 

from a nearhy 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 Poise (IEMP) _ Effects are the 
resuIt 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. ShouId the IEMP suppression be insuffi-
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cient, high-current pulses may be induced in the system 
electronics. 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 I 

IRRADIATED POWER-TRANSISTOR SWITCHES 

Transistor 
Size 

Description (mils) 
VCEO 
(volts) 

2N6479 15A pwr sw. 155 x 155 <><60-80 100-140 
n-p-n 

2N5671 30Apwrsw. 210x220 100-140 
n-p-n 

2N5038 20A pwr sw. 143 x 182 100-140 
n-p-n 

60-90 

70-100 

2N3878 7A pwr sw. 
n-p-n 

103 x 103 75-110 60-90 

2N5320 IA amp\. & sw. 42 x 42 
n-p-n 

70-120 120-180 

2N6247 lOA amp\. ISO x ISO 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 st.ndard 
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. I shows the circuit configuration and biasing used 
in measuring photo current. 

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 (HFW' Before and after each exposure, 5-volt, HFE, 
appropriate VCE(sat), VBE(sat), ICBO' lEBO and switching 
speed data were taken. Only HFE and V CE(sat) degradation 
showed themselves to be of primary concern. ICBO and 
lEBO increased by only small and relatively manageable 
amounts. 

[1----, 
E~I 

I 
I 
I 

r---SCRE£N----' 

CABLES, 50 FEET 

TRANSISTOR TYPE 

2N5038-9 
2N5671~2 

2N6247-8 
2N5320 
2N3878-9 
2N6479 

: Vee ROOM 

I 
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I 

10K lOt SCOPE 

50 

SCOPE 
10 p.F 

50 

'-_____ .::: ___ ---l 

Vee (VOL-TS) VEE (VOLTS) 

55 
55 

-45 
50 
50 
10 

-3 

4 

92CS-25129 

Fig. 1. Circuit and biasing arrangement for measuring photocurrent. 

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

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

empirically determined damage coefficient, KD: 

- I 
- HFE<I>- HFEo 

(I) 

or 

(2) 

Where: 
HFEcf> Current gain after neutron exposure 
HFEo Current gain before neutron exposure 
<I> Cumulative neutron fluence 
KD Recombination-rate damage coefficient 

(The derivation of Equations I and 2 is given in the 
Appendix.) The more common form of this relationship is: 

K<I>(-I-)=_I- __ I- (3) 
2" fT HFEcf> HFEo 

The factor 2,,1 fT ,the gain-bandwidth product, is an 

approximation of the base transit time. Eq. 3 works well 
with smaII signal-devices, where fT may be easily and 
repeatedly measured at the same collector current and 
voltage levels as the other parameters of concern. The 
measurement of fT at currents greater than I 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 fT 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 

I 
study, 2" fT was merged with K (the recombination-rate 

damage coefficient) such that: 

KD 2"KfT = composite liFE damage coefficient. 

Figs.2, 3(a) through 3(m),and 4(a) through 4(1) present the 
following typical information on the devices tested: 

VcE<sat) vs cumulative neutron fluenoe (<I» at a forced 
gain of 4 (IclIB=4). 

VCE(sat)vs cumulative neutron fluence (<I» at a forced 
gain of 8 (IclIB=8). 

HFE vs Ie prior to radiation 
Recombination-rate damage coefficient (KO> vs IC' 

t ::=:=:::::=\::=::::=:==:I:::=::=::~ 
~~5r-+-~++r-~~~~++~2~N~6t.214~8~~H-/-+-rH 
'1'1 1\ / 
~~ 4r-+-~++r-~-r~f-~-i~++~-+-rH 

I~ 3r-+-2-N~50+3+8~~~--~~~5k~~~~~.4~fr-/~2N~5~617nirH 
~~ 2r-~2~N~38~7~8~~~~~++L~~/-+~+f/~2N",6~41~719,H 

" ",-,'c'- ~ i 1r-t--rltltt'~'~~~~F-t9iP~r-tiil 
o,~~j+.~.I~-+~~~.~t,~.H.+.~,~.~. I, 
0.01 0.1 I 10 100 

COLLECTOR CURRENT (leI - AMPERES 

Fig. 2. Composite- graph of recombination-rate damage coefficient as a 
function of collector current for the power transistors 

discussed in this Note. 
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Photocurrent Testing 
The effect on power transistors of high-intensity radia­

tion, such'as high-energy electrons, gamma rays, and X-rays, 
is ionization 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 HFE amplification . 
Primary photocurrent production is predictable and can be 
stated as a coefficient of 6.4 /lA/rad(Si)/cm3. The expression 
for the collector-base photocurrent, Ippc' may be written as 

Ippc = 6.4xIo-6 x A x 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, Ippc will also 
be voltage dependent to the extent that !lie 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 

arrangement saturates at a photocurrent of V5~C thus, the 

amount of current measured is not a true indication of Ippc 
at the higher exposure levels. The curves of Figs. Sla) 
through 5(t) should be evaluated with this fact in mind. 

8 . 2N6479 

4 

2 

/ 
8 .- Vee- IOV / 

VEE-2V / 
4 

2 
/v 

V 
6 8 107 6 8 loB 

DOSE RATE- rod ISL/s 
92CS-2!51!50 

lal 2N6479 

Fig. 5. Collector-base photocurrent as a fUnction of dose rate for the 

power transistors discussed in this Noto. 

853 



AN-6320 __________________________________________________________ ~ 

~ 1000 • 
:l 
:3 
~ 

1 
o 

... 

· 
4 

2 

• 
• 
4 

2 

2N5671 

Vee· 55V 

VEE~4V 

./ 
./ 

V 
I 

J 

// 

/ 

i 1000 

• 
:l 
:3 
" I 

~ 
t! 

• 
4 

2 

· • 
4 

2 

10 
loG 

2 

2N5038 

Vee :55V 

VEE e-4V 

2 

4 . . 107 . 4 . . 
DOSE RATE - rod/Sils 

92CS-26151 

Ib} 2N5671 

// 
L 

/ 
V 

1/ 

/ 
4 • • 2 4 . • 107 loS 

-DOSE RATE-rod/SUs 
92CS-25152 

Ie} 2N5038 

DOSE RATE-rodl Sl/s 
92CS-25153 

Id} 2N3878 

Fig. 6. Collecto,..base phOfOcurrent as B fUnction of dose rate for the 

power transistorr discussed in this Note. 

854 

!3 100 

'" ~ 
~ :: 
~ 

1 

• • 
2 

! 10' • • 

I 2 

~ 
~ 

i 
8 0.1 

10' 

~ 1000 

il' • li 
:3 
~ 

l~ 
~ 100 ... . 

• 

10 • 

2 

10' 

2N5320 

1/ 

/ 
4 •• 

10· 

/ 

4 •• 

/ 

1/ 

Vcc"50 v 
VEE" 4 V 

107 
4 •• 

10· 

DOSE RATE-rod/SlI. 
92CS-25154 

Ie} 2N5320 

2N624B 

/ 

/ 

V 

/ VCC"-45V 

VEE'" -3V 

DOSE RATE - rod/Si/s 
92CS-25155 

If} 2N6248 
Fig. 5. Collector-base photocurrent as a function of dose rate for the 

power transiston discussed in this Note. 

Characterization of the devices tested consisted of 
measuring the primary photo currents 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. AIl testing was performed with the 
accelerator in the t:le(;t~·oll-bealfl muut: uf uptaaiiun. Varia~ 
tions in dose rate were obtained by positioning the test 
device at different distances from the beam port. Dose rates 
ranged from abou t 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 II and described below. 

TABLE II 
DEVICE PHOTOCURRENT CHARACTERISTICS 

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

Test 2 3 4 No. 

2N6479 .93 2.2 4.2 33.2 79.2 
2N5671 1.2 2.3 3.7 26.7 58 
2N5038 1.5 2.7 4.1 25.i 38 
2N3878 .93 2.13 3.63 24.6 49.6 
2N5320 .85 2.0 3.4 32 73 
2N6247 .83 1.68 2.68 6.1 26.3 

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

collector-base 5 x 10-9 Alradls 
emitter-base I x 10-1l Alradls (approx.) non-linear 
2NS671-2. 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 Alrad/s 
emitter-base 2 x 10-10 Alradls 
2NS038-9. 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/s. The primary photocurrent generation rates taken from 
Fig. 5(c) are: 

collector-base 3.1 x 10-9 Alrad/s 
emitter-base 6.5 x Io-ll Alradls 
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 radls, 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 Alrad/s 
emitter-base I x 10-11 Alradls (approx.) non-linear 
2NS320. Linear results. Secondary photocurrent is not 

observed for this device for dose rates as high as 3 x 107 
rad/s. The collector-base photocurrent generation rate is 4 x 
10-10 A/rad/s. 

2N6247-8. Linear relationship between photocurrent and 
dose rate for both junctions were seen. Secondary photo­
current was observed at about 3 x 107 rad/s. Primary­

'photocurrent generation rates are: 
collector-base 2.9 x 10-9 Alradls 
emitter-base 2.1 x 10-10 Alradls 

APPENDIX 
DERIVATION OF THE 

NEUTRON-DAMAGE COEFFICIENT 

The common-emitter current gain at a constant voltage 
may be expressed as: 

HFE ~ - I (A-I) 
tbR 

where: 
tb 
R 

base transit time 
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 Ro + K<I>. (A-2) 
where: 

K a damage coefficient 
<I> total neutron fluence 

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

(A-3) 

Manipulation of Eqs. A-I and A-2 yields the expression: 

K; ~ (_1 ___ 1_) 
tb HFE</>+I HFEo+1 

where: 

HFEo 
HFE</> 

Simplifying, 

HFE prior to neutron exposure I 

HFE after neutron exposure2 

HFEo + I = HFEo 
Eq. A-4 now becomes 

K<I> = 1. (_1 ___ 1_) 
tb HFE</>+I HFEo 

A reorganization yields: 
I 

1+ HFE = tbK<I>+_I_ 

HFEo 

(A-4) 

(A-5) 

(A-6) 

(A-7) 

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

(A-8) 

As described in the main text, fT and K may be merged as: 

~= K (A-9) 
211fT D 

I + HFE</> is usually expressed as HFE</>, and the expression 
becomes:' 

I (A-IO) 
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A Safe-Area Rating System for Power 
Inverters Handling Capacitive and 
Inductive Loads 

Although transistor power inverters have classically 
been evalmted with resistive loads, the reliability of practical 
inverters often depends on inductive and capacitive loads and 
88sociated starting transient considerations. This paper de­
scribes a safe-area rating system for transistors, and relates 
this system to self-excited single-transformer, self-excited 
double-transformer, and driven invertera operating into re­
sistive, capacitive, and inductive loads under both steady­
state and starting conditions. 

Analysis of inverters to determine whether they will 
operate reliably depends on the safe-area rating of the tran­
sistors used in the inverter circuits. Th!! rating system used 
must be easily related to complex transient waveforms, and 
must be comprehensive enough to include all conditions that 
may cause device failure. Most important, the rating system 
must be realistic, i.e., conformance with the safe-area require­
ments must assure device reliability. 

With a system such as the one described in this paper, 
the analysis of inverters with complex loads is relatively 
simple. The general procedure is as follows: 

1. The worst-ease load lines are measured or calculated. 
2. The load-line information is translated into an energy 

form which can be directly related to the forward- or reverse­
bias safe-area rating shown on the transistor data sheet. This 
translation involves two steps: 

(a) calculation of actual energy and of equivalent sin­
gle or repetitive pulses for thermally limited or 
second-breakdown-limited situations; 

(b) direct comparison of energy dissipated in the tran­
sistor in the inverter with the published rating for 
the reverse-bias case (Eg/b). 

For invertera operating into inductive loads, it is also 
necessary to consider the inverse current transfer ratio (beta) 
and possible diode protection. The safe-area rating system 
developed by RCA and used throughout this paper for in­
verter analysis is energy-oriented, i.e., it takes into account 
transistor capability to absorb short-duration energy pulses. 

Forward-Bias Safe-Area Rating System 
In general, a transistor can dissipate energy in either 

the forward-bias or the reverse-bias made. The forward-bias 
made is defined as the condition under which conventional 
current flows to the base terminal of a transistor in a direc­
tion that results in normal transistor action (i.e., into the 
base of an n-p-n transistor and out of the base of a p-n-p 
transistor) . An example of a typical forward-bias safe-area 
curve is shown in Fig.l. This curve, which is derived on the 
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hasis of a single non-repetitive rectangular pulse occurring at 
a case temperature of 25OC, is bounded by the maximum 
current Ic(max) and maximum collector-ta-emitter voltage 
VCEo(max) ratings for the transistor. According to the ac­
cepted definition of active operation, the operating collector­
to-emitter voltage VCE cannot exceed VCEO. 

COLLECTOR~T()'EMITTER VOLTAGE IVCE' - v 

Fig.l .. Typical lorward·bias sa/e-oreo curve. 
A two-step derating system is used to adapt the safe­

area curve to practical cases, First, a single pulse at an 
elevated case tempersture is considered, aud all thermal 
limitations are derated linearly with temperature by use of a 

:J I I I I I 0 

"""'" f::::--- '/l>,t, • It[O 

N'~>r----~ 
I ......... 

.......... 
o 25 50 75 100 125 1!50 175 200 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TC)-t 

Fig.2 .. remperatur. derating charf. 
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derating chart such as that shown in Fig.2. Operation of a 
transistor is sometimes limited by forward-bias second break­
down (Ig/b) in certain operating regions; published data for 
the transistor indicate whether separate temperature derating 
is required in such regions. 

The second step in the derating system is the consider­
ation of repetitive rectangular pulses. For such derating. an 
effective case temperature Teff is introduced which depends 
on average power dissipation, as follows: 

Teff = Tease + Pavg (l1jc) (I) 

where Tease is the actual case temperature, Pavg is the aver­
age power. and ejc is the thermal resistance from junction to 
case. The transistor is derated for the effective C'lse temper- . 
ature in the same manner used for a single pulse. The reduc­
tion of complex power pulses to repetitive rectangular pulses 
at an arbitrary case temperature permits the processing of 
virtually any waveform. As an example, Fig.3 shows an 
actual power waveform and an equivalent rectangular pulse 
containing the same energy percycle and the same peak power.l 
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Fig.3 • Aetual voltage, current, and power pulses, and 
equivalent rectangular power pulse. 

An important exception to the procedure of lumping all 
energy at peak power involves transistors operating near 
their second-breakdown limit. Because this limit varies in­
versely with voltage squared (approximately), the point of 
maximum stress occurs below peak power. but at a higher 

voltage. Therefore, the energy should be lumped at a point 
closest to the second-breakdown limit, i.e., at the worst~ase 
excursion point of the power curve into the safe-area region. 2 

Reverse-Bias Safe-Area Rating System 

The reverse-bias mode of transistor operation is defined 
as the condition under which conventional current flows to the 
base terminal of a transistor in a direction which tends to cut 
off normal operation. If a purely resistive load were being 
switched off. collector current would be essentially zero and 
no power would be dissipated after the transistor switched 
off. However. if some amount of inductance L is present in 
the collector circuit of a transistor and an attempt. is made to 
turn the device off. the inductance causes a collector current 
Ie to flow through the breakdown voltage of the device. and 
considerable energy may be dissipated. The energy dissipated 
in this case is approximately equal to LlC2/2. 

The ability of a device to dissipate energy in the re­
verse-bias mode CES/b energy) depends upon the reverse base 
voltage, the hase resistance. and the inductance in the col­
lector circuit. FigA shows the second-breakdown character­
istics of a transistor operating in the reverse-bias mode. The 
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Fig.4 • Reverse-bias second·breakdown characteristics. 

energy E that the transistor is required to handle in a particu­
lar application is determined by the equivalent inductance 
Letr in the collector circuit and the maximum current Imax to 
be switched. and is given by 

E = Y, Leff l2max (2) 

The energy ES/b that the transistor can handle before second 
breakdown occurs depends on the circuit inductance L. the 
base-ta-emitter voltage VBE; and the base-ta-emitter resist­
ance RBE. as follows: 

Es/b = y, L 12 pk (3) 

where the value of L is obtained from published data for the 
transistor (for the 2N3772, L = 40 x 10-3 henries) and the 
peak current Ipk is determined from the values of RBE and 
VBE. Comparison of Eqs.(2) and (3) indicates whether the 
circuit is operating safely from a reverse-bias safe-area view­
point. 
Types of Inverlers 

Two inverters were constructed to· permit evaluation of 
typical inverter operation by the safe-area rating system de­
scribed. These circuits, a single-transformer type and a 
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Transformer Characteristics 

Core Sq. Orthonol; 
Mognetics Inc. No.52001-2A 

Primary 60 turns No.14 wire 

Secondary 125 turns No. 18 wire 

Base 6.turns No.1S wire Winding 

I 
TO 

TRIGGER 
CIRCUIT 
(FIG. 6) 

2 
TO 

TRIGGER 
CIRCUIT 
(FIG. 6) 

(b) 

·OlSII5V 
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Transformer Characteristics 

TI T2 
Core Sq. Orthonol; Microsi I 150 E/O.004; 

Magnetics Inc. No.52035-2A 1.5 by 1 inches 

Primary 67 turns "No.23 wire 20 turns No.14 wire 

SecoAdary 24 turns No.la wire 40 turns No.IS wire 

Switches SI and 52 ore ganged. 

Note: The a.l-ohm resistors and the leakage inductances (L)ore used 
for circuit evaluation only. They ore replaced with jumpers 
during normal operation. 

Fig.S -Typical inverter circuits: (a) 300·watt single-transformer invert.,; 
(6) 400-watt two-transformer ;nverter. 

double-transfonner type, are shown in Fig.5. Neither circuit 
is self-starting; the starting circuit for both inverters is shown 
in Fig.6. The two-trans fanner inverter shown in Fig.5{b) also 
includes provision for. external drive to simulate a driven in­
verter. The oscilloscope trigger shown in the starting circuit 
facilitates the study of starting transients. 

Although the circuits shown in Figs.5 and 6 are practi­
cal circuits, they are designed to represent basic circuit oper­
ation rather than optimized design for a particular application. 
However, the data obtained with the aid of these circuits are 
generaliy applictluie tu speciiic designs. The convenliomil 
wavefonns shown in Figs.7 and 8 were obtained with the 
inverters operating into a maximum-power resistive load; these 
waveforms are used as a basis for inverter analysis. The 
waveforms obtained for the driven inverter are very similar to 
those shown in Fig.8. 

The waveforms of Figs.7 and 8 indicate the basic 
switching difference between one- and two-transfonner in­
verters. In a single-transformer inverter, as shown in Fig.7, 
switching is initiated after a rapid increase of collector cur­
rent caused by output-transformer saturation {evidenced by 
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the spike in the collector-current waveform). In a two-trans­
former inverter. as shown in Fig.8, switching is initiated after 
the driven transformer saturates and base current is reduced 
(as evidenced by the relative absence of a collector-current 
spike). The small current spike observed for the two-trans­
former inverter is caused by loading of the output transformer 
by the saturation of the driver transformer. From a safe-area 
aspect, the important point is that maximum instantaneous 
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1. The steady··state power dissipation is established for 
the transistor under consideration.. In the typical circuit of 
Fig.5(a) , each transistor carries a current of approximately 11 
amperes at a collector-to-emitter saturation voltage VCE(sat) 
of 0.8 volt; therefore, the average power dissipation PO(avg) 
is (11 x 0.8) /2, or 4.4 watts. 

2. The switching load line, shown in Fig.7(d), is plotted 
on a safe-area curve, and the worst-case excursion point into 
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Fig.? - Single-transformer inverter waveforms. 

power occurs during switching in both cases, as shown in 
Figs.7(d) and 8(d). 

Resistive-Load-Line Analysis 

Prior to consideration of capacitive and inductive loads, 
it is instructive to outline the general procedure for safe-area 
analysis of circuits operating with resistive loads only. For 
a single-transformer inverter, the procedure is as follows: 

the safe area is determined. This point, represented by point 
A in Fig.I, is approximately 300 watts. 

3. The' switching-time energy is calculated from the 
switching waveforms. Comparison of Figs. 7(c) and 7(d) shows 
that only the turn-off transient contributes appreciable energy 
The switching energy E is calculated by graphical integratioo 
of the pulse shown in Fig.9(a) as 1.1 millijoules. 
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Fig.S • Two.transformer inverter waveforms. 

4. An equivalent pulse is specified to represent the 
energy calculated. It is assumed that all energy is dissipated 
at the worst-case power point (300 watts). Fig.9(b) shows 
the equivalent power pulse. The equivalent pulse width is 
1.1 millijoules/300 watts, or 3.7 microseconds. This pulse 
corresponds to an average power of 1.1 watts. 

5. Tilt! t:![[edive l:tlIst! lelllyen:tlure 
from Eq.(l) as follows: 

Teff = Tease + Pavg (Bjc) 

.,.., __ ". __ '. __ '._ I 
.leU 11:) l:<:tlI.:Ul<:I.Lt!U 

Teff = Tease + (4.4 + 1.1) (Bjc) 

For the 2N3772 power transistor, the thermal resistance Bjc is 
1.17°C per ~att; therefore Teff = Tease + 6.50 C. 

6. The maximunl case temperature permissible for safe 
operation is determined by use of the normalized power multi­
plier on the safe-area curve for the eQuivalent pulse width 
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determined above. For a pulse width of 3.7 microseconds, the 
safe-area curve of Fig.l indicates a multiplier of 12 (this fig­
ure is used for all pulse widths of 40 microseconds or less). 
The actual power ratio is then determined as the ratio of peak 
power to 25°C steady-state power. For the case considered, 
this ratio is 300/150 watts, or 2. Therefore, the temperature 
derating factor is from 12 to 2, or 17 per cent of full rating. 
Fig.lO shows that this derating corresponds to an effective 
case temperature Teff of 171 °C. 

7. The maximum permissible case temperature Tease is 
then calculated as follows: 

Teff = Tease + 6.50 C 

Tease = T eff - 6.5OC 

Tease = 171 - 6.5 = 164°C 

That is, the inverter will operate reliably up to a case temper­
ature of 13SoC. 
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If this analysis were made on the basis of average dissi­
pation only, the derating factor would be 3_7 per cent of 150 
watts, lind the ITOIximum case temperature would be 193OC. 
Operation under such conditions would almost certainly impair 
the reliability of transistor perfocmance. 

Capacitive Load lines 

When a full-wave bridge rectifier and a filter capacitor 
are added to the output of an inverter circuit, the primary 
effect from a safe-area viewpoint is a starting transient which 
exists until the filter capacitor is charged. Fig.ll shows 
starting transients for three types of inverter circuits opera­
ting into a 4OO-microfarad filter capacitor and a 35-ohm load. 
For the self-excited inverters, as shown in Figs.lHa) through 
lHd) , the ITOIximum current reached in the first few cycles of 
operation depends entirely upon the drive supplied by the 
starting circuit and the gain of the transistora. The inverter 
frequency is determined by the supply voltage minus the col­
lector-to-emitter voltage V CE of the unsaturated transistors 
(Le., the voltage across the transformer primary). As the 
starting-circuit drive decreases, the feedback drive increases 
with the increasing output voltage across the capacitor. In 
the driven inverter, as shown in Figs.lHe) and l1!fl, base 
drive and frequency are constant, regardless of output voltage. 
Although initial peak power in the self-excited inverters can 
be controlled to some extent by proper control of the starting 
circuit, sufficient drive must be provided for sure starting. 
In all three cases, the transistors cannot saturate until the 
filter capacitor is charged; therefore, a period of high dissi­
pation exists. 

Although the procedure for safe-area analysis of capaci­
tive load lines outlined below describes a single-transformer 
inverter; it also applies for other inverter types. 

1. The initial turn..,n load line and the locus of all 
succeeding load lines are determined, as shown in Fig.lHb).2 

2. The total energy dissipated in the starting transient 
is calculated. First, the waveforms of collector-ta-emitter 
voltage VCE and collector current IC as functions of time are 
redrawn as shown in Fig.12, and a third curve is plotted of 
power as a function of time. The total energy ET handled by 
the transistor in 42 milliseconds is given by 

ET =El +E2 +E3/2 

where the energy values are determined from Fig.12. The final 
term E3/2 indicates that each transistor handles only one-half 
the energy E3. The total energy, therefore, is given by 

ET = <0.9 + 0.3 + 2.4) = 3.6 joules 

The losd line for this case, shown in Fig.13, indicates that 
the worst-case power point P occurs at approximately 200 
watts and 23 volts. 

3. An equivalent single power pulse is calculated. It is 
assumed that all pulse energy is dissipated. at "the worat-case 
power ~int. With a peak pmver of 200 watts. the equivalent 
square-wave pulse duration "Teq is given by" 

req = 3.6 joules/2oo watts = 18 milliseconds 

The safe-area curve of Fig.13 indicates that a pulse of 200 
watts and 23 volts can be handled for 500 milliseconds when 
the transistor case temperature is 25OC. 

4. The IlIIx1mum allowable case temperature Tcase is 
then d~termined. First, the IS-millisecond duration of the 

. equivalent square-wave pulse is plotted on the safe-area curve, 
as shown in Fig.13. The intersection of this line with the 
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normalized-power-multiplier scale indicates that 2.8 times 
rated power can" he handled for a period of 18 milliseconds. 
Because the power to be dissipated is 200 watts, or 1.3 time. 
a rated power of 150 watts, the derating factor is 1.3/2.8, or 
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46 per cent. Fig.lO shows that this percentage corresponds 
to a maximum case temperature of l20OC. Therefore, the 
single-transformer inverter will start safely with a 400-micro­
farad filter capacitor at case temperatures up to l20OC. 
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Fig.13 . Capacitive loacl/ine for a single-transformer inverter 
plotted on a forward.bios safe-area curve. 

For consideration of- repetitive starting, the analysis 
must be modified in the same manner as that used for repeti­
tive pulses in the case of resistive load lines. If the starting 
circuit for a self-excited inverter supplies too much starting 
current, the safe-area curve will be exceeded, as illustrated 
in Fig.14. In the driven inverter, the availability of full drive 
at all times presents a problem. The circuit used to obtain 
the curve shown in Fig.IJ(f) operates outside the safe area 
and requires some adjustment in drive or substitution of a 
transistor that has a higher rating to conform to safe-area 
requirements. - -

~ 
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- ~ ~' 
II 
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" 
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Fig.14 - WaveForm exhibited by a 'sing Ie-transFormer inverter 
with excessive starting Cllrrent. 

Inductive Load Lines 

Typical waveforms for a two-transformer inverter opera­
ting into a highly inductive load are shown in Fig.15. These 
waveforms show no unusually high dissipation regions. Curves 
of VeE, VBE, and IB are essentially the same as for a resis­
tive load, and only collector 'current Ie and load current lL 
differ substantially. The most evident change in operation is 
the appearance of a reverse collector current when the tran­
sistor turns on. This phenomenon is described in detail below 

for a single-transformer inverter; the description also applies 
to other types of inverters. 

Fig.16 illustrates steady-state operation in the bottom 
half of a single-transformer inverter at the instant before tum­
on. As the upper transistor begins to turn off, the load current 
lL tends to remain constant because of the inductance L. This 
constant current induces a voltage at NI and N2 of a polarity 
that tends to keep 12 constant and to drive the square-loop 
output transformer back into the active region. As a result, 
12 remains constant as the induced voltage across N2 in­
creases toward the value of the supply voltage. The magnetic 
coupling between N3 and NI and N2, because of conservation 
of flux linkage, causes the sum of II and 12 to remain constant 
as long as lL does not change. 

When the induced voltage across N2 exceeds the supply 
voltage Vee, the current 12 from the top loop may be commu­
tated to the current 11 in the bottom loop. Because such com­
mutation requires 11 to flow in a direction opposite to the 
normal flow of current, the effect of the resultant reverse 
voltage on QI must be determined. The equivalent circuit 
for this instant of time is shown in Fig.17. If Ql acts as a 
low impedance in this configuration, II is equal in magnitude 
to 12 at the previous instant, and flows in the direction shown. 

For analysis of transistor performance under the reverse 
voltage imposed by II, it is convenient to use the diagram 
shown in Fig.18(a). The terminals in this diagram are identi­
fied only by numbers to illustrate that the collector can act as 
an emitter under certain conditions. For example, Fig.19 
shows collector cunrent Ie as a function of collector-to­
emitter voltage VeE for both positive and negative values of 
VeE. For determination of bias conditions, the diode equiva­
lent circuit of Fig.18(a) is drawn as shown in Fig.l8(b). If 
01 and 02 are considered to be ideal diodes (no forward drop 
and no leakage), it is evident that the diode current IDI de­
creases to zero and diode 01 turns off as the collector cur­
rent leI approaches the value of the base current lB. If leI 
becomes greater than IB, a reverse voltage builds up across 
DI. The value of this reverse voltage VOl (rev) is given by 

VOl (rev) = (leI - IIi) RB (4) 

Under the bias condition shown, the transistor operates in an 
"inverse-beta" mode, i.e., the collector and emitter inter­
change roles. If sufficient inverse beta is available, a large 
leI can be carried with a very small voltage drop across the 
transistor. In effect, the transistor operates in satutation in 
an inverse-beta mode. 

Because dissipation in the inverse-beta mode is very 
low, no unusual safe-area problem exists. However, if the 
transistor experiences insufficient inverse beta, it comes out 
of saturation and the effective collector voltage VBE increases 
in direct proportion to the excess lel that must flow through 
RB. Fig.20 illustrates the effect of msufficient inverse beta 
with high load current. It can be seen that the value of VeE 
must increase to approximately -8 volts. 

A condition of insufficient inverse beta is usually intol­
erable from a safe-area viewpoint because it represents. con­
siderable power dissipation in the emitter-la-base junction. 
Because the emitter is not tied directly to a heat sink (as is 
the collector> and is usually not designed to handle high levels 
of power, such dissipation presents a reliability hazard. In 
addition, manufacturers do not usually control inverse-beta 
characteristics. The problem of insufficient inverse beta can 
be eliminated, however, by use of a diode clamp across the 
collector arid emitter leads, as shown in Fig.21. When such a 
clamp is used, any excess collector current that cannot be 
handled by the transistor is simply shunted by the diode. 
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Fig.lS - Waveforms lor (I two-transformer inverter with a 
highly inductive, load. 

Leakage Reac.ance Effects 
Fig.22 shows the equivalent circuit for one side of an 

inverter just before turn-off when there is leakage reactance 
Ll present. The leakage reactance supplies the difference 
hetween the induced voltage and the supply voltage Vee, and 
k~ep;" the c?llector current Ie flowing. As a result, the energy 
dISSipated 10 Q2 can be much larger than the energy stored in 

Fig.J6 . A sing/e-trons/ormer inverter circuit with inductive 
lOad at the instant before turn-on. 

864 

the leakage reactance Ll.3 (When Q2 switches off, the energy 
stored in the leakage reactance cannot he commutated and 
thus increases the switching energy dissipated in Q2J A 
conservative estin1ate of energy requirements can be obtained 
by calculation of an effective leakage reactance Ll( eff), which 
is then equated to the energy dissipated in Q2.2 However, if 
load lines are available, the energy requirement can be calcu­
lated graphically. 

For this analysis, the single-transformer inverter was 
tested with an inductance of approximately 18 microhenries 
inserted in each collector lead to simulate leakage or other 
non-commutated inductance. The turn-off waveforms of Ver 
and Ie as functions of time are shown in Fig.23; the chart, 

Vee 

Fig.17. The circuit of Fig.16 of the instant 01 
commutation 01 '2 toll' 
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used in the calculation of energy are shown in Fig.24. Be­
cause reverse base current flows for an appreciable part of 
the turn-off time, a reverse-bias energy capability is required. 
Fig.25 shows that the 2N3772 can accommodate a reverse-bias 
second-breakdown energy (ES/b) of at least 180 millijoules 
(\~LI2) with an RBE of 10 ohms and a VBE of -7 volts. 
Although the actual value of RBE used in the test circuit was 
less than 10 ohms, Fig.25 shows little dependence of ES/b 
on RB (for this type) and it can safely be assumed that the 
circuit under discussion is operating safely. 

This preliminary calculation shows only that the tran­
sistors will not fail because of reverse-bias second break­
down. For determination of the maximum case temperature, 
the energy of 2.48 millijoules shown in Fig.24 is used to 
calculate an equivalent pulse, as in the case of resistive load 
line analysis. In other words, reverse-bias second breakdown 
Es/b is considered as a separate failure mechanism; if the 

CASE TEMPERATURE (TCI = 25 DC 

INDUCTANCE (Ll= 40 mH 

12 

c 
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tttrTTttt I 
o 2 4 6 8 10 12 14 

TIME-p.s 

(e) 

-7 -6 -5 -4 -3 -2 -I o 
BASE-TO-EMITTER VOLTAgE (VBEI-V 

Fig.24 . Actual energy pulse calculated lor an inverter 
circuit with leakage reactance. . 

Fig.25 - Reverse-bias second.brealcdown characteristic 
curves used in thermal analysis of a single-transformer 

inverter wit" lealcage reactance present. 
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Fig.26 • Waveforms showing ,be effeet of unbalanced 
leakage reactance on loaa Jines. 

device operates safely from the stard point of ES/b, it is still 
necessary to establish that it can operate safely from a thermal 
viewpoint. For thermal analysis, only the thermally limited 
lines and dashed-line extensions of the safe-area curve (Fig.! 
or Fig.13) are used. 

Fig.26 shows the effect of unbalanced leakage reactance 
on load lines. The load lines shown were observed with 18 
microhenries only on the side shown. Comparison of these 
load lines with the ones in Fig.23 shows that those of Fig.26 
are more severe. The difference can be explained with refer­
ence to the diagram shown in Fig.27. As described previous­
ly, the energy dissipated in Q2 depends on the induced voltage 
and the supply voltage Vee. The presence of Lll' however, 
reduces the induced voltage by VLll' the voltage across 
Lll when Ql turns on and Q2 turns off. [This effect is illus­
trated in Fig.23(a), where VeE after the transient is lower than 
the normal value of induced voltage plus Vee, which is typi­
cally close to 2Vee.] The effect of no Lll is to increase the 
induced voltage and hence increase the dissipation of Q2. As 
a resul~ the absolute values of Lll and LI2 and the unbalance 
between them are important. Unoalancea: inductance has a 
similar effect in two~transformer and driven invel'ters. 

Fig.27 - Circuit usecl to explain the ellect 01 unbalanced 
leakage reactance. 

REFERENCES 

1. Gutzwiller, F. W., and T. D. Sylvan, "Power Semiconductor 
Ratings Under Transient and Interniittent Loads". Communi­
cations and Electronics, January 1961-

2. Turner. C. R., "Second-Breakdown and Safe-Area Ratings of 
Power Transistors". EEE, July 1967. 

3. Baugher, D. M. and L. H. Gibbons, Jr .. "Energy Considerations 
fur Devices Switching Inductive Losds", EEE, (To be published). 

Acknowledgment 

4. "Converter Wld Inverter Design' I • Magnetics, Inc., Butler: Perma., 
Form 109-62. 

5. RCA Silicon Power Circuits Manual, Technical Series SI?-50, 
Radio Corporation of America, 1967. 

6. "Design Manual Featuring Tape Wound Cores", Magnetics, Inc., 
Butier, Penna., TWC-300. 

7. Schiff, P., "Second Breakdown in Transistors Under Conditions 
of Cutoff", RCA Application Note, SMA.,'IO. 

The author thanks P. J. Sclmeider for construction of the 
inverter circuits used. in the analysis described. 

867 



Subject Index 

A 

Accurate measurement of sustaining voltage of 
power transistors-a pulsed-breakdown test 
set (AN-62B1) 

Calibration and set-up of test set (AN-62Bll 
Curve-tracer test method (AN-62Bll 
Inductive-sweep test method (AN-62Bll 
Pulsed-breakdown test set (AN-62BlI 

Alpha, total (AN-62151 
Amplifiers, audio, circuits (File Nos. 642-650 
and 7911 

Audio-frequency linear amplifiers, transistors 
for (selection chartsl 

Audio amplifier, line-operated (AN-30651 
Audio power transistors, special (selection chartsl 
Avalanche breakdown (AN-62151 

Common-base (AN-62151 
Common-emitter (AN-62151 

Avalanche multiplication (AN-62151 

B 

Biasing circuit for output stage of power 
amplifier-the VBE multiplier (AN-62971 

Bridge rectifier (AN-46731 

c 

Characteristics of RCA monolithic power 
Darlingtons (AN-62721 

Applications (AN-62721 
Electrical characteristics (AN-62721 
Physical design (AN-62721 

Chips, transistor (technical data, File No. 6321 
Common-base avalanche breakdown (AN-62151 
Common-emitter avalanche breakdown (AN-62151 
Current limiting, foldback (AN-45581 
Curve-tracer test method for measuring 

sustaining voltage (AN-62811 

D 

Darlington transistors (selection chartl 
Darlington transistors: 

Applications (AN-62721 
Audio amplifier using (circuitl (File No. 7911 

868 

Page 
Nos. 

840 
844 
B41 
840 
841 
824 

489-507 
515-532 

24,25 
735 

24,25 
823 
823 
824 
824 

846 
785 

834 
839 
835 
834 
698 
823 
824 
766 

841 

11 

834 
507 

Darlington transistors: (Continuedl 
Characteristics (AN-62721 
Physical design (AN-62721 
Switching regulator using (AN-61951 
Technical data (File Nos. 609, 610, 8351 

Deflection circuit, magnetic (AN-30651 

E 

Page 
Nos. 

835 
834 
815 

350, 356, 627 
740 

Economics, amplifier (AN-30651 741 
Epitaxial-base power transistors (selection chartsl 16-18 

F 

Forward-bias second breakdown, testing for 
(AN-45731 

Forward-bias safe-area rating system (AN-63301 
Frequency converter, three-phase, 750-watt 

(AN-46731 

H 

Circuit description (AN-46731 
Inverter (AN-46731· 
Logic and driver circuits (AN-46731 
Output transformer (AN-46731 
Performance (AN-46731 
Power supply for (AN46731 

High-current transistors (technical data, 
File No. 359, 462, 525, 526, 6981 

High-speed switching power transistors 
(selection chartsl 

High-voltage application of silicon transistors 
(AN-3065, AN-35651 

High-voltage power transistors (selection chartsl 

776 
856 

785 
785 
785 
785 
787 
789 
785 

231,271,135, 
143,174 

22-23 

735,745 
19-2l 

Hometaxial-base power transistors (selection chartsl 12-15 
Hybrid circuit operational amplifiers (technical 

data, File Nos. 566, 6811 704,709 

Inductive-sweep test method for measuring sus­
taining voltage (AN-6281I 

Inverters (AN-3065, AN-3565, AN-63301 
Safe-area rating system for (AN-63301 
Three-phase bridge types (AN-46731 
100-Watt, 18-kHz (AN-35651 

840 
738, 745, 857 

856 
785 
745 



L 

Lead-forming techniques (1 CE-402) 
Line-operated audio amplifier (AN-3065) 

M 

Magnetic deflection circuit (AN-3065) 
Measurement of sustaining voltage of power 
transistors (AN-6281) 

Pulsed-breakdown test set (AN-6281) 
Measurement of thermal-cycling capability 

(AN-6163) 
Medium-power p-n-p transistors (technical data, 

File No_ 216, 325, 507, 562) 
Medium-power transistors, Hometaxial II types 

(technical data, File Nos_ 527, 529) 
Monolithic power Darlingtons: 

Characteristics of (AN-6272) 
Selection chart 

. Mounting of transistors: 

N 

General, all types (ICE-402) 
Plastic-package types (AN-4124) 

Neutron-damage coefficient, derivation' of 
(AN-6320) 

Neutron testing for radiation tolerance 
(AN-6320) 

Nondestructive safe-area measurements (AN-6145) 

o 

Off-line power supplies (AN-4509) 
Operational amplifier (AN-3065) 

p 

Photocurrent testing for radiation tolerance 
(AN-6320) 

Plastic-package transistors: 
Lead-forming techniques (AN-4124) 
Mounting (AN-4124) 
Thermal-resistance considerations (AN-4124) 
Types of packages (AN-4124) 

Page 
Nos. 

731 
742 

740 

840 
841 

805 
162,214, 
318,310 

85,109 

834 
11 

732 
748 

855 

849 
797 

756 
744 

853 

750 
748 
752 
748 

Subject Index 

Power Darlingtons, monolithic: 
Characteristics of (AN-6272) 
Selection chart 
Switching regulator using (AN-6195) 
Used as output devices in audio amplifier 

(circuit) (File No. 791) 
Power hybrid circuits (technical data, 

File Nos_ 566, 681) 
Power supplies, compact, high-current, 

5-volt, regulated (AN-4509) 
Basic design concept (AN-4509) 
Design example (AN-4509) 
Maior elements (AN-4509) 
Transistors for (File No_ 498) 

Power supplies using high-voltage power 
transistors (AN-4509) 

Power supply, bridge rectifier (AN-4673) 
Power supply, regUlated, 60-watt, 20-volt 

(AN-4558) 
Circuit description (AN-4558) 
Construction (AN-4558) 
Design considerations (AN-4558) 
Foldback current limiting (AN-4558) 
Performance (AN-4558) 
Voltage regulation (AN-4558) 

Power-transistor chips (technical data, File No_ 632) 
Power transistors, selection charts: 

Epitaxial-base types 
High-speed switching types 
High-voltage types 
Hometaxial-base types 
Monolithic Darlington types 
Types for audio-frequency linear amplifiers 

Power transistors, thermal-cycling ratings 
for (AN-4612, AN-4783, AN-6163, AN-6249) 

Power transistors, thermal-cycling 
requirements (AN-4612, AN-4783) 

Pulsed-breakdown test set far measurement 
of sustaining voltages (AN-6281) 

R 

Radiation, effect on power transistors: 
Displacement damage (AN-6320) 
Photocurrents (AN-6320) 

Radiation-hardened silicon n-p-n transistors 
(technical data, File No. 702) 

Radiation-hardness capability of silicon power 
transistors (AN-6320) 

Page 
Nos_ 

834 
11 

815 

507 

704,709 

756 
756 
762 
756 
439 

756 
785 

764 
764 
771 
767 
766 
770 
766 
698 

16-18 
22-23 
19-21 
12-15 

11 
24-25 

782,790, 
805,829 

782,790 

841 

848 
853 

372 

848 

869 



Subject Index 

Real-time controls of silicon power-transistor 
reliability (AN-6249) 

Reverse-bias safe-area rating system 
(AN-6330) 

s 

Safe~area measurements, test set for: 

Page 
Nos. 

829 

857 

Construction (AN-6145) 801 
Controls and connections (AN-6145) 801 
Operation (AN-6145) 801 
Schematic diagram (AN-6145) 799 
System design (AN-6145) 798 
System philosophy (AN-6145) 797 

Safe-area rating system for power inverters handling 
capacitive and inductive loads: (AN-6330) 856 

Forward-bias rating system (AN-6330) 856 
I nverters, types of (AN-6330) 857 
Reverse-bias rating system (AN-6330) 857 

Second breakdown, forward-bias: 
Causes of (AN-4573) 776 
Test facility for (AN-4573) 777 
Test circuits (AN-4573) 777 
Transistor characterization for (AN-4573) 778 

Silicon transistors for high-voltage applications 
(AN-3065) 735 

Silicon transistors, high-current, n-p-n, 
hometaxialll (technical data, File Nos_ 525, 526) 135,143 

Silicon transistors, high-power, n-p-n, 
hometaxial II (technical data, File Nos_ 524,607) 

Silicon transistors, high-voltage, n-p-n, 
92,345 

hometaxial II (technical data, File No_ 528) 
Silicon transistors, medium-power (technical 

data, File Nos_ 106, 353, 508, 527, 529, 680) 
Sustaining voltage test methods (AN-6281) 
Switching regulator (AN-3065, AN-6195) 
Switching-regulator ballasts (AN-3065) 
Switching regulator using RCA p-n-p power 

Darlington transistors (AN-6195) 
Circuit concept (AN-6195) 
Performance (AN-6195) 

Switching transistors (selection charts) 

T 

Testing for forward-bias second breakdown 
(AN-4573) 

870 

116 
48, 225, 304, 
85,109,366 

840 
737,815 

740 

815 
815 
819 

22-23 

776 

Test set for safe-area measurements (AN-6145) 
Construction (AN-6145) 
Controls and connections (AN-6145) 
Operation (AN-6145) 
Schematic diagram (AN-6145) 
System design (AN-6145) 
System philosophy (AN-6145) 

Thermal-cycling rating system (AN-4612, 
AN-4783, AN-6163, AN-6249) 

Rating chart (AN-4783) 
Test program (AN-4783) 

Thermal-cycling rating system (AN-4612) 
Analysis of thermal fatique in power 

transistors (AN-4612) 
Thermal-cycling rating chart (AN-4612) 

Thermal cycling, real-time control program 
(AN-6249) 

Thermal fatigue, power transistor, analysis of 
(AN-4612) 

Transistor power supplies, compact, 5-volt 
(AN-4509) 

8asic concept (AN-4509) 
Circuit elements (AN-4509) 
Design example (AN-4509) 

Transistor, high-voltage, medium-power, 
silicon n-p-n (technical data, File Nos_ 353, 
432, 508, 527, 529, 680) 

Page 
Nos_ 

797 
801 
801 
801 
798 
798 
797 

782,790, 
805,831 

791 
790 
782 

782 
782 

829 

782 

756 
756 
756 
762 

225,80,304 
85,109,366 

Transistors, high-current (technical 
data, File Nos_ 359, 525, 526, 698) 231,135,143,174 

Transistors, high-voltage, high-power 
sil icon n-p-n (technical data, 
File Nos_ 410, 492, 509,510,511, 
512,513,523) 

258, 281, 587, 592, 
597, 602, 607, 332 

92,135, 
345,323 

Transistors, high-power, silicon n-p-n types 
(technical data, File Nos_ 524,525,607,677) 

Transistors, medium-power, silicon n-p-n 
types (technical data, File Nos_ 527, 529) 

Transistors, voltage ratings, interpretation 
of (AN-6215) 

v 

V8E multiplier, biasing circuit for output 
stage of a power amplifier (AN-6297) 

VERSAWATT transistors, Darlington (technical 
data, File Nos_ 610, 835) 

VERSAWATT transistors, epitaxial-base, 
silicon (technical data, File Nos_ 676, 678) 

VERSAWATT transistors, high-current, 
silicon n-p-n (technical data, File No_ 485) 

85,109 

823 

846 

356,627 

293,379 

287 



VERSAWATT transistors, hometaxial·base 

Page 
Nos. 

silicon n·p·n (technical data, File Nos. 207,225,287,366, 
322, 353, 485, 680, 792, 793, 794) 546, 556, 570 

VERSAWATT transistors, handling and 
mounting (AN·4124) 

VERSAWATT transistors, silicon, p·n·p 
(technical data, File Nos. 676, 678) 

Voltage breakdown, transistor (AN·6215) 
Voltage ratings for transistors, interpretation 

of (AN·6215) 
Avalanche multiplication (AN·6215) 

748 

293,379 
823 

823 
824 

Su bject Index 

Voltage ratings for transistors, interpretation 
of (AN·6215) (Continued) 

Common-base avalanche breakdown (AN·6215) 
Common·emitter avalanche breakdown (AN·6215) 
Effect of circuit conditions (AN·6215) 
Total alpha (AN·62,.5) 
Transistor operating regions (AN·6215) 

Voltage regulation (AN·4558) 
Voltage regulator, series type (AN·3065) 

Page 
Nos. 

823 
826 
826 
824 
827 
764 
735 

871 








