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A New Approach To Data Service 

1975 RCA Solid State OAT ABOOKS 

Seven textbook-size volumes covering all current commercial 
RCA solid-state devices (through January 1, 1975) 

Linear Integrated Circuits and DMOS Devices 
(Data only) .............................. SSD-201 C 

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-206C 

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. 

Update Mailing Service available by subscription. 

Indexed Binder available for Update Filing. 

NOTE: See pages 3 and 4 for additional information on this 
total data service. To qualify for Newsletter mailing, 
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. 



nell 
Thyristors/Rectifiers 

This DATABOOK contains complete data and 
related application notes on thyristors, rectifiers, 
and diacs presently available from RCA Solid State 
Division as standard products. For ease of type 
selection, product matrix charts and application 
information are given on pages 12-22. Data sheets 
are grouped in type-number sequence in the 
following categories: (a) triacs, (b) silicon 
controlled rectifiers, (c) rectifiers, (d) diacs. 
Dimensional outlines and suggested mounting hard
ware are then shown for all types, followed by 
application notes in numerical order, and finally by 
a comprehensive subject index. 

To simplify data reference, data sheets in each 
category are arranged as much as possible in 
numerical-alphabetical-numerical sequence of type 
numbers. Because some data sheets 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 Index to Devices on pages 7-10. 
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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 mailing service and the binder are included in the order form 
on page 4. 

Because we are interested in your reaction to this approach to data 
service, we invite you to add your comments to the form when you 
return it, or to send your remarks to one of the addresses listed at 
the top of the form. We solicit your constructive criticism to help us 
improve our service to you. 
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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 maiJing 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,---,~I I,,-,I--LI........LI--LI........LI--,-I--L.I-I-I -1-1 -,-I ....l-I ....l-I ....L...I ....L...I -,--I ..1....-1 ",--I ",--I .L-.JI 1 

Address 

Home 
Busmess 

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

81 I I I I 1 1 1 I 1 1 1 1 1 I~I~I I~I~I~I~I~I 
(City) (State or Prov.) 

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

Function: (Chock 0",,1 

AD Executive/Administration 
B 0 Purchasing/Procurement 
C 0 Resea"eh/Davelopment 
00 Design Engineer 
E 0 Application/Components 

Engineer 

F 0 Production/Manufacturing 
GO Documentation/Library 
H 0 Reliability/QA 
I 0 EducationfTrairiing 
J 0 Program/Project Management 
K 0 ..,..rketing 

(Country) 

ActivitV: (C .... k Onol 

A 0 Broadcast 
B 0 Communication 
COl nstrumentation/Control 
Do 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 
No Ordnance 
00 Avionics 
p 0 Electronic Warfare 

(Zip or Pstl. Zone) 

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

AD Linear IC's 
BDOigitallC's,COS/MOS 

CDOigitallC's. Bipolar 

oDThyristorsJRectifiers 

ED Liquid Crystals 

FDSemiconductor Diodes 

GO RF Power Semiconductors 

HDMOSFETS 
I o Power Transistors 

J DPower Hybrid Circuits 
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New RCA Type-Numbering System 

A new system of type numbers has been adopted for all RCA triaes, SCR's, rectifiers, and diacs previously identified by 
100-, 40000-, 41000-, 43000-,44000-, and 45000-series numbers. Type numbers for JEDEC (IN- and 2N-series) devices, 
which are registered with the Joint' Electron Devices Engineering Council of the Electronic Industries Association (EIA). are 
not affected. 

The new type numbers for non·JEDEC RCA thyristors, rectifiers, and diacs consist of an alpha-numeric code that 
immediately identifies the basic type of device and provides information on significant device features. The, basic product 
type is indicated by the initial letter of the type-number designation; Le., T = triac, S = SCR, and D = rectifier or diac. The 
numbers following the initial letter indicate device current ratings, type of package, and electrical variants within a series. 
The suffix letter(s) define the voltage rating of the device. 

Sixteen suffix letters are used to represent specific voltage ratings in the range from 15 to 1000 volts. Combinations of these 
letters can be used to indicate voltage ratings that differ from the sixteen basic values. (For example, the suffix DF is used 
for a voltage rating of 450 volts; Le., D + F = 400 + 50 = 450 volts.) 

The charts shown below provide a detailed explanation of the new type number codes. For convenience of type selection, a 
cross-refe~ence guide that relates "old" type numbers to the new numbers that replace them is provided on page 10_ 

Graphic Representation of Rectifier and 
Diac Numbering System 

I~tes 11S2}~di~ 
Rectifier Package Average 
or Diac 1 = DO-l Current 

2 = DO-15 Rating 10 
Indicates Type 3 = TO·l (00 indicates 
1 = Standard 4 = DO-4 10 < 1 A) 
2 = Fast 5 = DO-5 

Recovery 6 = DO-26 
3 = Diac 7 = DO-26 Insulated 
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~ 
Voltage 
Designation 
Q= 15V 
U =25V 
Y=30V 
F = 50 V 
A= 100 V 
G = 150 V 
B = 200 V 
H = 250 V 
C=300V 
D=400V 
E=500V 
M=600V 
S=700V 
N=800V 
T=900V 
P=1000V 
PA= 1100V 
PB = 1200 V 

Graphic Representation of Thyristor 
Numbering System 

cp 0 0 cp 
"~~T Indicates Indicates Identifies 

Type Broad Generic Package Electrical 
T = Triac Classification Variants Variants 
S = SCR on basis of 

IT(RMS) Rating Voltage 

I Designation 
(as shown 

IT(RMS) Standard Fast-Turnoff at left) 
Ratings (A) Devices Devices 

0-2.5 00-09' 10-19 
2.5 - 8 20 - 29 30 - 39 

B -15 40 ·49 50 - 59 
15 ·40 60 -69 70 -79 
>40 80 -89 90 -99 

(NOTE: The first five digits, e.g., T2300, provide the 
basic device series designation.) 



Index to Thyristors, Rectifiers and Diacs 
RCA Page Type of Current Voltage Data Sheet RCA Page Type of Current Voltage Data Sheet 

Type No. No. Device {AI {VI File No. Type No. No. Device IAI IVI File No. 

lN248C 220 Rectifier 20 50 6 lN3910 253 Rectifier 30 100 729 
lN249C 220 Rectifier 20 100 6 lN3911 253 Rectifier 30 200 729 
lN250C 220 Rectifier 20 200 6 lN3912 253 Rectifier 30 300 729 
lN440B 223 Rectifier 0.75 100 5 lN3913 253 Rectifier 30 400 729 
lN441B 223 Aeetifier 0.75 200 5 1 N5211 255 Rectifier 1 200 245 

lN442B 223 Rectifier 0.75 300 5 lN5212 255 Rectifier 1 400 245 
lN443B 223 Rectifier 0.75 400 5 lN5213 255 Rectifier 1 600 245 
lN444B 223 Rectifier 0.75 500 5 lN5214 255 Rectifier 0.75 BOO 245 
lN445B 223 Rectifier 0.75 600 5 lN5215 255 Rectifier 1 200 245 
lN536 225 Rectifier 0.75 50 3 lN5216 255 Rectifier 1 400 245 

lN537 225 Rectifier 0.75 100 3 lN5217 255 Rectifier 1 600 245 
lN538 225 Rectifier 0.75 200 3 lN5218 255 Rectifier 0.75 800 245 
lN539 225 Rectifier 0.75 300 3 lN5391 257 Rectifier 1.5 50 478 
lN540 225 Rectifier 0.75 400 3 lN5392 257 Rectifier 1.5 100 478 
lN547 225 Rectifier 0.75 600 3 lN5393 257 Rectifier 1.5 200 478 

lNl095 225 Rectifier 0.75 500 3 lN5394 257 Rectifier 1.5 300 478 
lN1183A 227 Rectifier 40 50 38 lN5395 257 Rectifier 1.5 400 478 
lN1184A 227 Rectifier 40 100 38 lN5396 257 Rectifier 1.5 500 478 
lN1186A 227 Rectifier 40 200 38 lN5397 257 Rectifier 1.5 600 478 
lNl187A 227 Rectifier 40 300 38 lN5398 257 Rectifier 1.5 800 478 

lNl188A 227 Rectifier 40 400 38 lN5399 257 Rectifier 1.5 1000 478 
lN1189A 227 Rectifier 40 500 38 2N681 116 SCA 25 25 96 
lN1190A 227 Rectifier 40 600 38 2N682 116 SCR 25 50 96 
lN1195A 220 Rectifier 20 300 6 2N683 116 SCR 25 100 96 
lN1196A 220 Rectifier 20 400 6 2N684 116 SCR 25 150 96 

lN1197A 220 Rectifier 20 500 6 2N685 116 SCR 25 200 96 
lN1198A 220 Rectifier 20 600 6 2N686 116 SCR 25 250 96 
1N1199A 230 Rectifier 12 50 20 2N687 116 SCR 25 300 96 
lN1200A 230 Rectifier 12 100 20 2N688 116 SCR 25 400 96 
lN1202A 230 Rectifier 12 200 20 2N689 116 SCR 25 500 96 

lN1203A 230 R.ectifier 12 300 20 2N690 116 SCR 25 600 96 
lN1204A 230 Rectifier 12 400 20 2Nl842A 119 SCR 16 25 28 
lN1205A 230 Rectifier 12 500 20 2Nl843A 119 SCR 16 50 28 
lN1206A 230 Rectifier 12 600 20 2N1844A 119 SCR 16 100 28 
lN1341B 233 Rectifier 6 50 58 2N1845A 119 SCR 16 150 28 

lN1342B 233 Rectifier 6 100 58 2Nl846A 119 SCR 16 200 28 
lN1344B 233 Rectifier 6 200 58 2N1847A 119 SCR 16 250 28 
lN1345B 233 Rectifier 6 300 58 2Nl848A 119 SCR 16 300 28 
lN1346B 233 Rectifier 6 400 58 2Nl849A 119 SCR 16 400 28 
lN13478 233 Rectifier 6 500 58 2N1850A 119 SCR 16 500 28 

lN1348B 233 Rectifier 600 58 2N3228 123 SCR 5 200 114 
lN1763A 234 Rectifier 400 89 2N3525 123 SCR 5 400 114 
lN1764A 234 Rectifier 500 89 2N3528 123 SCR 2 200 114 
lN2858A 240 Rectifier 50 91 2N3529 123 SCR 2 400 114 
lN2859A 240 Rectifier 100 91 2N3650 129 SCR 35 100 408 

lN2860A 240 Rectifier 200 91 2N3651 129 SCR 35 200 408 
1N2861A 240 Rectifier 300 91 2N3652 129 SCR 35 300 408 
1N2862A 240 Rectifier 400 91 2N3653 129 SCR 35 400 408 
lN2863A 240 Rectifier 500 91 2N3654 135 SCR 35 50 724 
lN2864A 240 Rectifier 600 91 2N3655 135 SCR 35 100 724 

lN3193 244 Rectifier 0.75 200 41 2N3656 135 SCR 35 200 724 
lN3194 244 Rectifier 0.75 400 41 2N3657 135 SCR 35 300 724 
lN3195 244 Rectifier 0.75 600 41 2N3658 135 SCR 35 400 724 
lN3196 244 Rectifier 0.5 800 41 2N3668 141 SCR 12.5 100 116 
lN3253 244 Rectifier 0.75 200 41 2N3669 141 SCR 12.5 200 116 

lN3254 244 Rectifier 0.75 400 41 2N3670 141 SCR 12.5 400 116 
lN3255 244 Rectifier 0.75 600 41 2N3870 147 seR 35 100 578 
lN3256 244 Rectifier 0.5 800 41 2N3871 147 SCR 35 200 578 
lN3563 244 Rectifier 0.4 1000 41 2N3872 147 SCR 35 400 578 
lN3879 247 Rectifier 6 50 726 2N3873 147 SCR 35 600 578 

lN3880 247 Rectifier 6 100 726 2N3896 147 SCA 35 100 578 
lN3881 247 Rectifier 6 200 726 2N3897 147 SCR 35 200 578 
lN3882 247 Rectifier 6 300 726 2N3898 147 SCR 35 400 578 
lN3883 247 Rectifier 6 400 726 2N3899 147 SCR 35 600 578 
lN3889 249 Rectifier 12 50 727 2N4101 123 SCR 5 600 114 

lN3890 249 Rectifier 12 100 727 2N4102 123 SCR 2 600 114 
lN3891 249 Rectifjer 12 200 727 2N4103 141 SCR 12.5 600 116 
lN3892 249 Rectifier 12 300 727 2N5441 24 Triac 40 200 593 
lN3893 249 Rectifier 12 400 727 2N5442 24 Triac 40 400 593 
lN3899 251 Rectifier 20 50 728 2N5443 24 Triac 40 600 593 

lN3900 251 Rectifier 20 100 728 2N5444 24 Triac 40 200 593 
lN3901 251 Rectifier 20 200 728 2N5445 24 Triac 40 400 593 
lN3902 251 Rectifier 20 300 728 2N5446 24 Triac 40 600 593 
lN3903 251 Rectifier 20 400 728 2N5567 29 Triac 10 200 457 
lN3909 253 Rectifier 30 50 729 2N5568 29 Triac 10 400 457 
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Index to Thyristors, Rectifiers and Diacs (cont'd) 
RCA Page Type 0' Current Voltage Data Sheet RCA Page Type 0," Current Voltage Data Sheet 

Type No. No.·~ Device (A) (V) File No. Type No. No. Dew.ice (A) (V) File No. 

2N5569 29 Triac 10 200 457 52061M 152 SCR 4 600 654 
2N5570 29 Triac 10 400 457 520610 152 SeR 4 15 654 
2N5571 34 Triac 15 200 458 S2061Y 152 SeR 4 30 654 
2N5572 34 Triac 15 400 458 S2062A 152 SeR 4 100 654 
2N5573 34 Triac 15 200 458 520628 152 SeR 4 200 654 

2N5574 34 Triac 15 400 458 S2062C 152 SCR 4 300 654 
2N5754 39 Triac 2.5 100 414 520620 152 SCR 4 400 654 
2N5755 39 Triac 2.5 200 414 S2062E 152 SCR 4 500 654 
2N5756 39 Triac 2.5 400 414 S2062F 152 SCR 4 50 654 
2N5757 39 Triac 2.5 600 414 S2062M 152 SCR 4 600 654 

01201A 260 Rectifier 100 495 520620 152 SeR 4 15 654 
012018 260 Rectifier 200 495 S2062Y 152 SCR 4 30 654 
012010 260 Rectifier 400 495 S2400A 157 SCR 4.5 100 567 
01201 F 260 Rectifier 50 495 524008 157 SCR 4.5 200 567 
01201M 260 Rectifier 600 495 524000 157 SCR 4.5 400 567 
01201N 260 Rectifier 800 495 

S2400M 4.5 600 567 157 SCR 
01201P 260 Rectifier I 1000 495 526008 162 SCR 7 200 496 
01300A 263 Rectifer 0.25 100 784 526000 162 SCR 7 400 496 
013008 263 Rectifer 0.25 200 784 S2600M 162 SCR 7 600 496 
013000 263 Recti'er 0.25 400 784 526108 162 SCR 3.3 200 496 
021015 265 Rectifier I 700 522 

526100 162 SCR 3.3 400 496 021035 265 Rectifier 3 700 522 
S2610M 162 SCR 3.3 600 496 

02103SF 265 Rectifier 3 750 522 526208 162 SCR 7 200 496 
02201 A 271 Rectifier 1 100 629 526200 162 SCR 7 400 496 
02201B 271 Rectifier I 200 629 S2620M 162 SeR 7 600 496 
022010 271 Rectifier I 400 629 

S2710B 166 SCR 1.7 200 266 02201F 271 Rectifier 1 50 629 
02201M 271 Rectifier 1 600 629 527100 166 SCR 1.7 400 266 

S2710M 168 SCR 1.7 600 266 
02201N 271 Rectifier 1 800 629 S2800A 169 SCR 8 100 501 
02406A 275 Rectifier 6 100 663 S2800B 169 SCR 8 200 501 
02406B 275 Rectifier 6 200 663 528000 169 SCR 8 400 501 
02406C 275 Rectifier 6 300 663 S3700B 174 SCR 5 200 306 
024060 275 Rectifier 6 400 663 537000 174 SCR 5 400 306 
02406F 275 Rectifier 6 50 663 S3700M 174 SCR 5 600 306 
02406M 275 Rectifier 6 600 663 S3701M 181 SCR 5 600 476 
02412A 279 Rectifier 12 100 664 537025 183 SCR 5 700 522 
02412B 279 Rectifier 12 200 664 S3703SF 183 SCR 5 750 522 
02412C 279 Rectifier 12 300 664 S3704A 189 SCR 5 100 690 
024120 279 Rectifier 12 400 664 S3704B 189 SCR 5 200 690 
02412F 279 Rectifier 12 50 664 537040 189 SCR 5 400 690 
02412M 279 Rectifier 12 600 664 S3704M 189 SCR 5 600 690 
02520A 283 . Rectifier 20 100 665 537045 189 SCR 5 700 690 
025208 283 Rectifier 20 200 665 S3705M 195 SCR 5 600 839 
02520C 283 Rectifier 20 300 665 S3706E 195 SCR 5 500 839 
025200 283 Rectifier 20 400 665 S3714A 189 SCR 5 100 690 
02520F 283 Rectifier 20 50 665 537148 189 SCR 5 200 690 
02520M 283 Rectifier 20 600 665 537140 189 SCR 5 400 690 
02540A 287 Rectifier 40 100 580 S3714M 189 SCR 5 600 690 
025408 287 Rectifier 40 200 580 537145 189 SCR 5 700 690 
025400 287 Rectifier 40 400 580 538000 201 ITR' 5 400 639 
02540F 287 Rectifier 40 50 580 S3800E 201 ITR' 500 639 02540M 287 Rectifier 40 600 580 
02600M 291 Rectifier 0.5 600 839 S3800EF 201 ITR' 550 639 

S3800M 201 ITR' 600 639 
02601 A 297 Rectifier 100 723 S3800MF 201 ITR' 650 639 
026018 297 Rectifier 200 723 538005 201 ITA' 700 639 
026010 297 Rectifier 400 723 S3800SF 201 ITA' 5 750 639 
02601E 291 Rectifier 500 839 552108 204 SCR 10 200 757 
02601F 297 Rectifier 50 723 552100 204 SCR 10 400 757 
02601M 291 Rectifier 600 723 S5210M 204 SCR 10 600 1&7 

S6200A 208 SCR 20 100 418 
D2601N 291 Rectifier 1 800 723 S6200B 208 SCR 20 200 418 
03202U 304 Diac 2 (pk) 25-40 577 562000 208 SCR 20 400 418 
03202Y 304 Diac 2 (pk) 29·35 577 S6200M 208 SCR 20 600 418 
S2060A 152 SCR 4 100 654 S6210A 208 SCR 20 100 418 
520608 152 SCR 4 200 654 S6210B 208 SCR 20 200 418 
S2060C 152 SCR 4 300 654 562100 208 SCR 20 400 418 
520600 152 SCR 4 400 654 5621 OM 208 SCR 20 600 418 
S2060E 152 SCR 4 500 654 

S6220A 208 SCR 20 100 418 
S2060F 152 SCR 4 50 654 562208 208 SCR 20 200 418 
S2060M 152 SCR 4 600 654 562200 208 SCR 20 400 418 
520600 152 SCR 4 15 654 56220M 208 SCR 20 600 418 
S2060Y 152 SCR 4 30 654 S6400N 147 SCR 35 800 578 
52061 A 152 SCR 4 100 654 S6410N 147 SCR 35 800 578 

520618 152 SCR 4 200 654 S6420A 147 SCR 35 100 578 
S2061C 152 SCR 4 300 654 564208 147 SCR 35 200 578 
520610 152 SCR 4 400 654 564200 147 SCR 35 400 578 
S2061E 152 SCR 4 500 654 S6420M 147 SCR 35 600 578 
S2061F 152 SCR 4 50 654 S6420N 147 SCR 35 800 578 

-Integrated thyristor and rectifier. 
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Index to Thyristors, Rectifiers and Diacs (cont'd) 

RCA Page Type of Current Voltage Data Sheet RCA Page Type of Current Voltage Data Sheet 
Type No. No. Devico IA) IV) File No. Typo No. No. Device IA) IV) File No. 

S6431M 213 SCR 35 600 247 T4107D 57 Triac 10 400 406 
S7430M 129 SCR 35 600 408 T4110M 34 Triac 15 600 458 
S7432M 135 SCR 35 600 724 T4111M 29 Triac 10 600 457 
T2300A 44 Triac 2.5 100 470 T41138 64 Triac 15 200 443 
T23008 44 Triac 2.5 200 470 T4113D 84 Triac 15 400 443 
T2300D 44 Triac 2.5 400 470 T41148 84 Triac 10 200 443 
T2301A 51 Triac 2.5 100 431 T4114D 84 Triac 10 400 443 
T23018 51 Triac 2.5 200 431 T41158 84 Triac 6 200 443 
T2301D 51 Triac 2.5 400 431 T4115D 84 Triac 6 400 443 
T2302A 44 Triac 2.5 100 470 T41168 57 Triac 15 200 406 

T23028 44 Triac 2.5 200 470 T4116D 57 Triac 15 400 406 
T2302D 44 Triac 2.5 400 470 T41178 57 Triac 10 200 406 
T23048 52 Triac 0.5 200 441 T4117D 57 Triac 10 400 406 
T2304D 52 Triac 0.5 400 441 T41208 34 Triac 15 200 458 
T23058 52 Triac 0.5 200 441 T4120D 34 Triac 15 400 458 

T2305D 52 Triac 0.5 400 441 T4120M 34 Triac 15 600 458 
T2306A 57 Triac 2.5 100 406 T41218 29 Triac 10 200 457 
T23068 57 Triac 2.5 200 406 T4121D 29 Triac 10 400 457 
T2306D 57 Triac 2.5 400 406 T4121M 29 Triac 10 600 457 
T2310A 44 Triac 1.6 470 470 T47008 89 Triac 15 200 300 

T23108 44 Triac 1.6 200 470 T4700D 89 Triac 15 400 300 

T2310D 44 Triac 1.6 400 470 T47068 57 Triac 15 200 406 
T2311A 51 Triac 1.6 100 431 T4706D 57 Triac 15 400 406 
T23118 51 Triac 1.6 200 431 T6400N 24 Triac 40 800 593 
T2311D 51 Triac 1.6 400 431 T64018 94 Triac 30 200 459 

T2312A 1.9 100 470 T6401D 94 Triac 30 400 459 
41 Triac 

T6401M 94 Triac 30 600 459 T23128 41 Triac 1.9 200 470 
T2312D 41 Triac 1.9 400 470 T64048 99 Triac 40 200 487 
T2313A 39 Triac 1.9 100 414 T6404D 99 Triac 40 400 487 
T23138 39 Triac 1.9 200 414 T6405B 99 Triac 25 200 487 

T2313D 39 Triac 1.9 400 414 T6405D 99 Triac 25 400 487 
T2313M 39 Triac 1.9 600 414 T64068 57 Triac 40 200 406 
T2316A 57 Triac 2.5 100 406 T6406D 57 Triac 40 400 406 
T23168 57 Triac 2.5 200 406 T6406M 57 Triac 40 600 406 
T2316D 57 Triac 2.5 400 406 T6407B 57 Triac 30 200 406 

T2500B 59 Triac 6 200 615 T6407D 57 Triac 30 400 406 
T2500D 59 Triac 6 400 615 T6407M 57 Triac 30 600 406 
T27008 64 Triac 6 200 351 T6410N 24 Triac 40 800 593 
T2700D 64 Triac 6 400 351 T64118 94 Triac 30 200 459 
T27068 57 Triac 6 200 406 T6411D 94 Triac 30 400 459 

T2706D 57 Triac 6 400 406 T6411M 94 Triac 30 600 459 
T27108 64 Triac 3.3 200 351 T64148 99 Triac 40 200 487 
T2710D 64 Triac 3.3 400 351 T6414D 99 Triac 40 400 487 
T27168 57 Triac 3.3 200 406 T6415B 99 Triac 25 200 487 
T2716D 57 Triac 3.3 400 406 T6415D 99 Triac 25 400 487 

T2800B 69 Triac 8 200 838 T6416B 57 Triac 40 200 406 
T2800C 69 Triac 8 300 838 T6416D 57 Triac 40 400 406 
T2BOOD 69 Triac 8 400 838 T6416M 57 Triac 40 600 406 
T2800E 69 Triac 8 500 838 T6417B 57 Triac 30 200 406 
T2800M 69 Triac 8 600 838 T6417D 57 Triac 30 400 406 
T2801B 74 Triac 6 200 837 T6417M 57 Triac 30 600 406 
T280lC 74 Triac 6 300 837 T64208 24 Triac 40 200 593 
T2801D 74 Triac 6 400 837 T6420D 24 Triac 40 400 593 
T2801 E 74 Triac 6 500 837 T6420M 24 Triac 40 600 593 
T28028 69 Triac 8 200 838 T6420N 24 Triac 40 800 593 
T2802C 69 Triac 8 300 838 T6421B 94 Triac 30 200 459 
T2802D 69 Triac 8 400 838 T6421D 94 Triac 30 400 459 
T2802E 69 Triac 8 500 838 T6421M 94 Triac 30 600 459 
T2802M 69 Triac 8 600 838 T84D1B 104 Triac 60 200 725 
T280GB 57 TriaC' 8 200 406 T8401D 104 Triac 60 400 725 
T2806D 57 Triac 8 400 406 T8401M 104 Triac 60 600 725 
T2850A 79 Triac 8 100 540 T8411B 104 Triac 60 200 725 
T28508 79 Triac 8 200 540 T8411D 104 Triac 60 400 725 
T2850D 79 Triac 8 400 540 T8411M 104 Triac 60 600 725 
T4100M 34 Triac 15 600 458 T8421B 104 Triac 60 200 725 

T4101M 29 Triac 10 600 457 T8421D 104 Triac 60 400 725 
T4103B 84 Triac 15 200 443 T8421M 104 Triac 60 600 725 
T4103D 84 Triac 15 400 443 T8430B 109 Triac 80 200 549 
T41048 84 Triac 10 200 443 T8430D 109 Triac 80 400 549 
T4104D 84 Triac 10 400 443 T8430M 109 Triac 80 600 549 

T41058 84 Triac 6 200 443 T84408 109 Triac 80 200 549 
T4105D 84 Triac G 400 443 T8440D 109 Triac 80 400 549 
T41068 57 Triac 15 200 406 T8440M 109 Triac 80 600 549 
T410GD 57 Triac 15 400 406 T84508 109 Triac 80 200 549 
T41078 57 Triac 10 200 406 T8450D 109 Triac 80 400 549 

T8450M 109 Triac 80 600 549 
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RCA Thyristors/Rectifiers Type-Number Cross-Reference Guide 

(Old numbers to NEW numbers) 

Former RCA NEW Former RCA NEW Former RCA NEW 
Former RCA NEW 

Typo No. RCA Typo No. RCA Typo No. RCA 
Typo No. RCA 

Typo No. TVDe No. Type No. Type No. 
RCA106A 52060A 40671 T6401M 40768 53701M 40938 56410N 
RCA106B 52060B 40672 T6411M 40769 T2304B 40942 52400A 
RCA106C 52060C 40680 56420A 40770 T23040 40943 52400B 
RCA1060 520600 40681 564208 40771 T2305B 40944 524000 RCA106E 52060E 40682 564200 

40772 T23050 40945 S2400M 
RCA106F 52060F 40683 56420M 40775 T4105B 40952 56420N 
RCA1060 520600 40694 T2313A 40776 T41050 40956 02540F 
RCA106M 52060M 40685 T2313B 40777 T4115B 40957 02540A 
RCA106Y 52060Y 40686 T23130 40778 T41150 40958 02540B RCA107A 52061 A 40687 T2313M 

40779 T41048 40959 025400 
RCA107B 52061B 40688 T6420B 40780 T41040 40960 02540M 
RCA107C 52061C 40669 T64200 40781 T41148 41014 T25008 
RCA1070 520610 40690 T6420M 40782 T41140 41015 T25OO0 
RCA107E S2061E 40691 T2301B 40783 T41038 41017 538OO5F RCA107F 52061F 40692 T23010 

40794 T41030 41018 53800MF 
RCA1070 520610 40693 T2316A 40785 T41138 41019 53800E 
RCA107M 52061M 40694 T23168 40786 T41130 41020 538005 
RCA107Y 52061Y 40695 T23160 40787 T64058 41021 53800M 
RCA108A 52062A 40696 T2306A 40768 T64050 41022 53800EF RCA1088 520628 40697 T23068 

40789 T64158 41023 538000 
RCA108C 52062C 40698 T23060 40790 T64150 41029 T84018 
RCA1080 520620 40699 T64068 40791 T64048 41030 T8401 0 
RCA108E 52062E 40700 T64060 40792 T64040 41031 T8401M 
RCA108F 52062F 40701 T6406M 40793 T641~B 41032 T9411B 
RCA1080 520620 40702 T6416B 

40794 T64140 41033 T84110 
·RCA108M '52062M 40703 T64160 40795 T4101M 41034 T8411M 
RCA108Y 52062Y 40704 T6416M 40796 T4111M 41035 T8421B 
40216 56431M 40705 T64078 40797 T4100M 41036 T8421 0 
40429 T2700B 40706 T64070 40798 T4110M 41037 T9421M 
40430 T27000 40707 T6417B 

40799 T4121B 43879 02406F 
40502 T27108 40708 T64170 40800 T41210 43880 02406A 
40503 T27100 40709 T6407M 40801 T4121M 43881 02406B 
40504 52710B 40710 T6417M 40802 T4120B 43882 D2406C 
40505 527100 40711 T41068 40803 T4120D 43883 024060 40506 52710M 40712 T41060 

40804 43884 02406M T4120M 
40525 T2300A 40713 T4116B 40805 T6421B 43889 02412F 
40526 T2300B 40714 T41160 40806 T6421 0 43890 02412A 
40527 T23000 40715 T4706B 40807 T6421M 43891 02412B 
40529 T2302A 40716 T47060 40833 52600M 43892 024l2C 
40529 T2302B 40717 T4107B 

40834 52620M 43893 024120 
40530 T23020 40718 T41070 40835 52610M 43894 02412M 
40531 T2310A 40719 T41i7B 40867 52800A 43899 02520F 
40532 T2310B 40720 T41170 40868 52800B 43900 02520A 
40533 T23100 40721 T28068 43901 02520B 40869 528000 
40534 T2312A 40722 T28060 

40888 53703SF 43902 02520C 

40535 T2312B 
40727 T27068 40889 537025 43903 025200 

40536 T23120 
40728 T27060 40890 021035F 43904 02520M 

40553 537008 
40729 T2716B 40891 021035 44001 01201F 

40554 537000 
40730 T27160 44002 01201A 40735 57430M 40892 021015 

40555 53700M 40900 T2850A 44003 012018 
40749 56200A 40901 T2850B 44004 012010 

40575 T4700B 40750 56200B 40902 T28500 44005 01201M 
40576 T47000 40751 562000 40916 T8430B 44006 01201N 
40654 526U08 40752 56200M 
40655 526000 40753 56210A 40917 T84300 

44007 01201P 
40656 52620B 40918 T8430M 

44933 02201F 
40754 56210B 44934 02201 A 

40657 526200 40755 562100 40919 T8440B 44935 022018 
40658 526108 40756 56210M 40920 T84400 44936 022010 
40659 526100 40757 56220A 40921 T8440M 

44937 02201M 
40660 T6401B 40758 56220B 40922 T84508 44938 02201N 
40661 T6401D 40759 562200 40923 T84500 45411 03202Y 

40662 T64118 40760 56220M 40924 T8450M 45412 03202U 
40663 T6411D 40761 T23118 40925 T6400N TA7892 026018 

40668 T2800B 40762 T23110 40926 T6410N 
TA7893 026010 

40669 T28000 40766 T2301A 40927 T6420N TA7894 02601M 
40670 T2800M 40767 T2311A 40937 56400N TA7895 02601N 
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Application Notes for Thyristors, Rectifiers and Diacs 
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11 



Triac Product Matrix 

RCA 
Modified TO·5 Modified TO·5 With Heat Radiator TO·66 

Triacs 

'rIRMS) 2.SA 2.SA 2.SA 2.SA 2.SA 2.SA 2.SA 2.SA 6.0A 15.0A 

IrSM 25A 25A 25A 25A 25A 25A 25A 25A l00A tODA 

VOROMIVI 100 T2300A T2301~ T2302A 2N5754 T2310A T2311A T2312A T2313A 

200 T2300B T23018 T23028 2N5755 T2310B T23118 T2312B T23138 T2700B T4700B 

400 T23OO0 T23010 T23020 2N5756 T23100 T23110 T23120 T23130 127000 T47000 

iil 50D 

" 600 2NS7S7 T2313M C 
Z 800 " I;; IGrlmAI 

h, 111 10 25 10 25 25 

1-,111+ 10 40 10 40 40 

VGTIVI 
All Modes 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 

File No. 470 431 470 414 470 431 470. 414 351 

VOAOMIVI 100 T2306A T2316A .. 200 T2306B T2316B T27068 T47068 

" 400 T23060 T23160 T27060 T47060 
;!:r 5DD -'u 
c!: 600 
~~ 'GrimA) a: 
::: '+,111- 45 ., 45 45 

VGTIVI 
,t,l11+ 1.5 1.5 1.5 1.5 
File No. 406 406 406 406 

IT RMSI a.SA a.SA 

VOROMIVI 2DO T23048 T23058 
400 T23040 T23050 

N 'GrimA) :r 
§ ' .... 111- 10 25 

1 ,111+ 10 4D 

VGTIVI 

All Modes 2.2 2.2 
File No. 441 441 
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Triac Product Matrix (cont'd) 

RCA TO·66 
With TO·220AB Press Fit 

Triacs Heat VERSAWATI 
Radiator 

ISOWATT 
'TIRMSI 6.DA 6A 6A B.DA 8A BA lD.DA 1S.DA 

'T.'" lOOA 60A 80A lDOA lDOA IDOA IDOA IDOA 
VOROMIVI .00 T285DA 

200 T271Q8 T2600B T2801S T28oo8 T28028 T2850B 2N5567 2N5571 

C 300 T2BOIC T2aDoe T2802C 
a; 400 T27100 T25OO0 T28010 T2800D T28020 T28500 2N5568 2N5572 

'" C 500 T2B01E: T2aDOE T2802E z 

'" 600 T2800M T2B02M T41Q1M T4100M t-
III BOO 

'GTlmA) 

1+,111- 25 25 BO 25 50 25 25 50 
1-,111+ 40 60 - 60 - 60 40 80 

VGTIVI 
All Modes 2.2 2.5 4.0'" 2.5 2.5'& 2.5 2.5 2.5 
File No. 351 615 837 838 838 540 457 458 

VOAOMIVI '00 
200 T27168 T2806B T41078 T41068 

w 

" T41070 .. 400 T27160 T28060 T41060 
~o sao g!: 600 
c~ 
a;'" 'GT(mA) w 
N 1+,111- 45 45 45 45 

VGTIV! 
1+,111+ 1.5 1.5 1.5 1.5 

File No. 406 406 406 406 
'TIRMS! 6A 10.A 1S.DA 

VOROMIVI 

200 T41058 T41048 T41038 
Z 400 T41050 T41040 T41030 C 

~j: 'GrlmA ) 

~~ 1+,111- 50 50 50 .. ~ 1-; 111+ 80 80 BO c 
VGTIVI 

All Modes 2.5 2.5 2.5 

File No . 443 443 443 

• ISOWA TI - Mounting tab electrically isolated from electrodes. 
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Triac Product Matrix (cont'd) 

RCA 
Stud Isolated Stud Press Fit Stud 

Triacs 

'T'RMSI 10.0A 1S.DA 10.DA 1S.DA 30.0A 40.0A 30.0A 40.0A 

'TSM l00A l00A l00A l00A 300A 300A 300A 300A 

VDROMIVI 100 

200 2N5569 2N5573 T412.1B T4120B T64018 2N5441 T6411B 2N5444 .. 400 2N5570 2N5574 T4121D T4120D T64010 2N5442 T6411D 2N5445 
a: 

500 0< .. 
600 T4111M T4110M T4t21M T4120M T6401M 2N5443 T6411M 2N5446 Z ~ 

~ 800 T6400N T6410N 

IGT(mAJ 

1.*,111- 25 50 25 50 50 50 50 50 
1-, ,,, 40 80 40 80 80 80 80 80 

VGTIVI ! 
All Modes 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
FileNo. 457 ~58 457 458 459 593 459 593 

DROM'VI 
100 

w 

'" 
200 T4117B T4116B T64078 T6406B T64178 T64168 

0< 400 T41170 T4116D T6407D T6406D T64110 T6416D 
!:;l: 500 ge 

600 T6407M T6406M T6417M T6416M 
~& IGTfmAJ w 
N 1+.111- 45 45 . 45 45 45 45 

VGTIVI 
1+,111+ 1.5 1.5 1.5 1.5 1.5 1.5 

File No. 406 406 406 406 406 406 
'TIRMSI 6A 10.0A 15.0A 25.0A 40.0A 25.0A 4O.0A 

VDRDMIVI 200 T4115B T4114B T4113B T6405B T64D48 T64158 T6414B 
Z 400 T41150 T4"4D T4113D T64Q5D T6404D T6415D T6414D .. 

~p:: 'GTlmAI 

8: 1+,111- 50 50 50 80 80 80 80 ... ~ h 111+ 80 80 80 120 120 120 120 . 0 
VGTIVI 

All Modes 2.5 2.5 2.5 3.0 3.0 3.0 3.0 
File No. 443 443 443 487 487 487 487 
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Triac Product Matrix (cont'd) 

RCA 
Isolated Stud Press Fit" Stud" Isolated Stud" 

Triacs 

,;'IAMSI 30.0A 40.0A 60A OOA 60A 80A 60A OOA 

'TSM 300A 300A 600A 05DA 600A 05DA 600A 850A 

VOAOMIVI 100 

200 T6421B T64208 T8401B T8430B TB411B T8440B T8421 a T8450B 
Q 400 T6421 0 T6420D TS4010 T8430D T8411D T8440D T8421 0 T8450D a: 

'" 500 Q 
Z 600 T6421M T6420M T840fM T8430M T8411M T8440M T8421M T8450M 

~ 000 T6420N 

'GT(mA) 

1+.111- 50 50 75 75 75 75 75 75 

1-.111+ 00 00 150 150 150 150 150 150 

VGTIVI 

All Modes 2.5 2.5 2.0 2.5 2.0 2.5 2.0 2.5 

File No. 459 593 725 549 725 549 725 549 

VOAOMIVI 
100 ... 
200 " '" 400 .... 

-':r 
500 g~ 

i! 600 

... IGTfmA) 
N 

1+,111 

VGTIVI 

1+.111+ 

File No. 

'TIAMSI 

VOAOMIVI 200 
z 

400 
~~ IGTlmAI 
I!l~ 1+.111-.. ~ 1-; 111+ 

VGTIVI 

All Modes 

File No . 

• Package has factory·attached flexible leads for main terminals 1 and 2. 
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SCR Product Matrix· 

RCA 
SCR's 

TO-S TO-66 

ITIAM5) 2.0A 4.5A 5.0A FTO FTO FTO FTO FTO FTO 
5.OA S.DA 5A S.DA S.DA S.DA 

ITSM 60A 200A 60A 80A 80A 80A 75AllpM) 50A 50A 

VOAOM T5 

VAAOMIV) 25 

30 

50 

TOO S2400A S3704A 

T50 

200 2N3528 524008 2N3228 S3700B 537048 

250 

300 

400 2N3529 824000 2N3525 537000 537040 

500 S3706E 

600 2N4102 S2400M 2N4101 S3705M S3700M S3704M S3701M 

700 537045 537025 

750 53703SF 

800 

IGTlmA) T5 T5 T5 30 40 40 35 45 40 

VGTIV) 2 2 2 4 3.5 3.5 4 4 4 

file No. 114 567 114 839 306 690 476 522 522 

RCA Low TO-5 TO-5 
TO-66 With Profile With With TO-220AB 

SCR'S Heat Rad Mod. Heat Heat VERSAWATT 
TO-5 Rad. Spreader 

ITfAMSI S.DA FTO 7.0A 3.3A 7.0A 4.0A 4.OA 4A S.DA 
5A 

ITSM BOA 80A TOOA TOOA TOOA 35A 35A 35A TOOA 

VOROM 15 520600 S2061Q S2062Q 

VRROM'VI 25 

30 S2060V S2061 V S2062V 

50 S2060F S2061F S2062F 

100 S3714A S2060A S2061A S2062A S2800A 

T50 

200 527108 537148 526008 S2610B 526208 S2060B 520618 520828 528008 

250 

300 S2060C S2061C S2062C 

400 527100 537140 S25000 526100 526200 820600 5206TO S20620 S28OO0 

500 S2060E S2061e 52062E 

600 S271 OM S3714M S2600M S2610M S2620M S2060M S2061M S2062M 

700 537145 

750 

BOO 

IGTlmAI T5 40 T5 T5 T5 0.2 0.5 2 T5 

VGTIV) 2 3.5 T.5 T.5 T.5 0.8 O.B 0.8 T.5 

file No. 256 690 496 496 496 664 664 654 501 

FTO - Fast Turn-Off 
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SCR Product Matrix (cont'd) 

RCA 
SCR's 

Stud TO·3 Press Fit Stud Isolated Stud 

ITIRMSI lOA 12.SA 20.0A 35.0A 20.0A 35.0A 20.0A 35.0A 

ITSM 90A 200A 200A 350A 200A 350A 200A 350A 

VOROM 15 

VRROMIVI 25 

30 
50 

100 2N3668 S6200A 2N3870 56210A 2N3896 56220A S6420A 

'50 
200 S521Q8 2N3669 $62008 2N3811 562108 2N3897 56220B 564208 
250 

300 
400 552100 2N3670 562000 2N3872 562100 2N3898 562200 564200 
500 

600 S5210M 2N4103 S6200M 2N3813 S6210M 2N3899 S6220M S642DM 
700 

750 
800 S6400N S6410N S6420N 

IGTlmA) 40 40 '5 40 '5 40 '5 40 
VGTIVI 3.5 2 2 2 2 2 2 2 

File No. 757 116 4'8 578 4'8 578 418 578 

ITR Product Matrix 

For Horizontal·Deflection Circuits 

RCA 

I 
RCA 

SCR's 
TO·48 

ITR's* 
TO·66 

ITIRM81 1S.0A 26.0A Pul. FTO FTO ITIRMSI TRACE RETRACE 
Mod. 3S.0oA 3SA SA SA 
35.0A 

ITSM 125A 150A '50A '80A 250A ITSM 50A SOA 

VOROM '5 
VOROMfV) 400 838000 

VRROMIVI 25 2Nl842A 2N681 500 83800E 

30 550 53800EF 

50 2N1B43A 2N682 2N3654 
600 83800M 

'00 2Nl844A 2N683 2N3650 2N3655 
650 S3800MF 

'50 2Nl845A 2N684 
700 838008 

200 2N1846A 2N685 2N3651 2N3656 
750 S3800SF 

250 2Nl847A 2N686 IGT(mA) 40 45 

300 2Nl84BA 2N6B7 2N3652 2N3657 
VGTIVI 4 4 

400 2N1849A 2N688 2N3653 2N3658 
File No. 639 839 

600 2Nl850A 2N689 "I ntegrated Thyristor/Rectifier 
600 2N690 S6431M S7430M S7432M 
700 

750 

800 
IGTlmAI 45 25 80 '80 180 
VGTIVJ 3.5 3 2 3 3 

File No. 28 96 247 408 724 

FTO - Fast Turn·Off 

17 



Rectifier Product Matrix 

RCA Mod. DO·1 DO·26 

Rectifiers TO-1 

10 O.2SA 0.75A 0.75A lA lA 0.75A 0.75A lA lA 
Insu- Insu-
lated lated .-

IFSM 30A 15A 15A 35A 3SA 35A 35A 50A 50A 

VRRMIVI 50 lN535 lN2858A 

100 D1300A lN4408 lN537 lN2859A 

200 013008 lN4418 lN538 lN2860A lN3193 lN3253 lN5211 lN5215 

300 lN4428 lN539 lN2861A 

400 013000 lN4438 lN540 lN1763A lN2862A lN3194 lN3254 lN5212 lN5216 

500 lN4448 lNl095 lN1764A lN2863A 

600 lN4458 lN547 lN2864A lN3195 lN3255 lN5213 lN5217 

800 lN3196 lN3256 lN5214 lN5218 

1000 lN3563 

File ~o. 784 5 3 89 91 41 41 245 245 

RCA 
Rectifiers 

DO·15 DO-4 DO-5 

10 lA 1.5A 6A 12A 20A 
<, 

40A 

IFSM 30A 50A 160A 240A 350A 8COA 

VRRMIVI 50 01201F lN5391 lN13418 1N1'99A lN248C 1N1'83A 

100 01201A lN5392 lN13428 lN1200A lN249C lNII84A 

200 012018 lN5393 lN13448 lN1202A lN250C lN1186A 

300 lN5394 lN13458 lN1203A lN1195A lN1187A 

400 012010 lN5395 lN13468 lNI204A lN1196A lN1188A 

500 lN5396 lNI347B lNI205A lN1197A lN1189A 

600 01201M lN5397 lNI3488 lNI206A lN1198A lN1190A 

800 01201N lN5398 

1000 01201P lN5399 

file No. 495 478 58 20 6 38 

18 



Rectifier Product Matrix (cont'd) 

Fast Recovery Types 

RCA 
Rectifiers 

DD-26 DO-15 DO-4 DO-5 

10 lA IA 6A 6A 12A 12A 20A 20A 30A 40A 

IFSM 35A 50A 75A 12SA 1S0A 250A 225A· 300A 300A 700A 

VRRM(VI 50 026Q1F D220lF IN3879 D2406F lN3889 02412F lN3899 02520F lN3909 D2540F 

100 D260lA 02201 A lN3880 D2406A tN3890 D2412A ·IN3900 D2520A IN391a D2540A 

200 026018 022018 1N3BSI 024068 tN3B91 024128 lN3901 025208 lN39'1 025408 

300 1N3882 D2406C lN3S92 02412C lN3902 D2520C lN3912 

400 026010 022010 1N3883 024060 lN3893 024120 lN3903 025200 1N3913 025400 

500 
600 02601M D22D1M D2406M D2412M D2520M D2540M 

800 D2601N D2201N 

1000 

Reverse 
Recovery 
Timlltrf 

Typ. 200ns. 200 ns. - 200 ns. - 200 ns. - 200ns. - 200 ns. 
Max. 500 0$. 500 ns. 200 os 350 os. 200 ns. 350 ns. 200 ns. 3S0ns. 200ns. 350nl. 

File No. 723 629 726 663 727 664 728 665 729 680 

For Horizontal-Deflection Circuits 

RCA 
DO-26 DO-1 DO-15 

Rectifiers 
10 a.SA" 1.GA· t.9A· - - IA 

IFSM 30A 70A 70A 70A 30A 604-

Trace D2601M D2103SF D2201M 

Commulatlng 02601 E 021035 02201M 

Lmearlly 02201B 

Regulator 022018 

Clamp D2600M 021015 

File No. 839 839 839 522 522 629 . IF(RMS) value_ 

Diac Product Matrix 

For Triggering Triac. 

RCA 
DO-15 

Diacs 
D3202Y D3202U 

Ipk 2A 2A 

VIBD 29 min. 35 max. V 25 min. 40 max. V 

~VI8011- 1- v 80 1 +3 max. V +3 max. V 
I.:l.v± 9 min. V 9min. V 

File No. 577 577 
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Application Information 
TRIACS 

LOW.cURRENT SENSITIVE·GATE 

Current Voltage 
Package 

ITIRMSI·A Range-V 

1.6·2.5 100-400 TO·5 & TO-5 w Rad. 

GENERAL PURPOSE 

1.9 100-600 Mod. TO..s w Aad. 

2.5 600 Mod. TO·5 
3.3 200-400 TO-66wRad. 
6 200-400 TO·220AB IVERSAWATTI 
6 200-400 TO-66 
6 200-500 TO·220AB IVERSAWATTI 
8 100-400 TO·220AB IVERSAWATTI 
8 200-600 TO·220AB IVERSAWATTI 
8 200-600 TO·220AB IVERSAWATTI 
10 200·600 Press-Fit 
10 200-600 Stud 
10 200-600 1$Olatad-5tud 
15 200-600 Press-Fit 
15 200-600 Stud 
15 200-600 ,solated-Stud 

15 200-400 TO-66 
30 200-600 Press-Fit 
30 200-600 Stud 
30 200-600 Isolated.stud 

40 200-600 Press-Fit 
40 200-600 Stud 

40 200-800 Isolatad-5tud 
60 200-600 Press-Fit, Flex. Id 
60 200-600 Stud Flax. Id 
60 200-600 Isolated-Stud 

Flax.ld 
80 200-600 Press·Fit, Flex. Id 
80 200-600 StUd. Flex. Id 

80 200-600 1$Olatad·Stud, Flax. Id 

400 Hz OPERATION 

Current Voltage 
Package. 

ITIRMS,·A Ranga·V 

0.5 200-400 TO·5 
6 200-400 Press-Fit 
6 200-400 Stud· 
10 200-400 Press-Fit 

10 200-400 Stud" 

15 200-400 Press-Fit 
15 200-400 Stud'" 
25 200-400 Press-Fit 
25 200-400 StudA 

40 200-400 Pres-Fit 
40 200-400 StudA 

"On request, isolated-stud package types are available. 

ZERO·VOLTAGE SWITCHING 

Series Typical Applications 

T2300 T2310 Ie Control Circuit to PaMr Control 

T2301 T2311 
T2302 T2312 

T2312 
2N5757 
T2710 
T2500 
T2700 
T2801 
T2850 
T2800 
T2802 

2N5568 ,4101 General Purpose 
2N5570 T4111 AC Power Switching 

T4121 • Light Control 
2N5572 T4100 • Motor Control-Static & Speed 
2N5574 T4110 • Heat/Comfort Control 

T4120 • Solid State Static Switching 
T4700 • Three Phase Power Control 
T6401 
T6411 
T6421 

2N5443 T6400 
2N5446 T6410 

T6420 
T8401 
T8411 
T8421 

T8430 
T8440 
T8450 

Series Typical Applications 

T2304 T2305 
T4105 
T4115 
T4104 Airborne-Type Equipment and 
T4114 50-Hz Applications Requiring 
T4103 High Commutating dV/dt 
T4113 • Motor Staners 
T6405 
T6415 
T6404 
T6414 

Triaes in most series are characterized for applications utilizing zero-voltage switching with 

RCA-CA3058, ~A3059, and CA3079 IC triggering circuits - see product matrix for type~ !n each series 

For not listed contact our RCA re resentativs. 
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Application Information (continued) 
SCR's 

LOW.cURRENT SENSITIVE GATE 

CUrrent Voltage 
Package Series 

IT(RMSI·A Range -V 

4 15-600 TO·220AB (VER5AWATTI 52060 52061 
52062 

GENERAL PURPOSE PHASE CONTROL 

2 200-600 TO-8 2N4102 
3.3 200-600 TO·5w Rad. 52610 
4.5 100-600 TO-8 52400 

7 200-600 Mod. TO·5 52600 
7 200-600 TO·5w5pdr. 52620 

1.7 200-600 T0-66w Rod. 52710 
5 200·600 TO-66 2N4101 
8 100-400 TO·220AB (VER5AWATTI 52800 

12.5 100-600 TO·3 2N4103 
16 25·500 TO-48 2N1850A 
25 25·600 TO-48 2N690 
20 100·600 Press-Fit 56200 
20 100·600 Stud 56210 
20 100-600 lsolated.stud 56220 
35 100-800 Press-Fit 2N3873 56400 
35 100-800 Stud 2N3899 56410 
35 100-800 Isolated-5tud 56420 

INVERTERS 

5 200·600 TO-66 53700 
5 600 TO-66 53701 
5 700·750 TO-66 53702 53703 
5 100·700 T0-66 & TO-66 w Rod. 53704 53714 
5 500-600 TO-66 53705 53706 

10 200-600 Stud 55210 
35 600 TO-48 56431 
35 50-600 TO-48 2N3653 2N3658 

ITR's 

TV HORIZONTAL DEFLECTION 

T0-66 

DIACS 

LEAD·TVPE PLASTIC PACKAGE 

Peak 
CUrrent 

Voltage 
Package Series 

ITIRM51-pk 
Range-V 

190mA 25-40 00·15 03202 
(VBol 

Typical Applications 

Logic Interface to Power Control 

Fuel Igniters 
CO Ignition 

CO Ignition, "Crowbars" 

CD Ignition 

CD Ignition 

CD Ignition. 
Small Motor Control 

CD Ignition, Regulators, 

Small Motor Control, 

and General Purpose 

General Purpose 

High-Frequency Power Supplies 

Laser Diode Driver 
1100 TV Deflection 
Ultrasonics, Induction Heaters 

TV Deflection 
High-Frequency Power Supplies 

Pulse Modulators 

Inverters, Choppers 

Commutating and Trace Switches 

Typical Applications 

For Triggering Triacs 
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Application Information (continued) 
RECTIFIERS 

STANDARD-Lead·Type Hermetic and Plastic PackBges 

Current Vol_ 
Package Series 

lo·A Range· V 

0.5 100-400 "Mod. TO·l" 121dl 01300 
0.65-0.75 50-600 00·1 lN445B lN547 

1 50-600 00·1 1 N1764A 1 N2B64A 
1·1.5 50·1000 00·15 1 N5399 01201 

0.4-0.75 200-800 00·26 lN3196 
0.75·1 200-800 00·26 lN5214 

0.4-0.75 200·1000 00·26 IInsul. Casel lN3563 
0.75·1 200-800 00·26 IInsul. Casel lN5218 

STANDARD-5tud Package 

6 50-600 00-4 lNI348B 
12 50-600 00-4 lN1206A 
20 50-600 00·5- lN1198A 
40 50-600 00·5 lN1190A 

FAST ·RECOVERY TYPE-Lead·Type Hermetic and Plastic Packages 

Current Vol_ 
Package Series 

IFIRMSI·A Range-V 

0.5 600 00·26 02600 
1 700 00·1 02101 

1.5 50-800 00·15 02201 
1.9 50-800 00·26 02601 
3 700·750 00·1 02103 

FAST·RECOVERY TYPE-Stud Package 

9 50-600 00-4 1 N3883 02406 
18 50-600 00-4 lN3893 02412 
30 50-600 00·5 1 N3803 02520 
45 50-400 00-5 lN3913 
60 50-600 00·5 02540 

22 

Typ~1 Applications 

General Purpose 

General Purpose 

Typical Applications 

TV Deflection, Inverters, 
and High-Frequency 

Power Supplies 

Inverters and High-Frequency 

Power Suppl ies 
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_______________________________ File No. 593 

Main 
Terminal 1 

rn1CG5LJD 
Solid State 
Division 

Main Main 
Terminal 1 Terminal 1 

I \., Gate 

~ 
/'i" 

Main 
Terminal 2 Main 

2N5441 Termina12 
2N5444 2N5442 Main 

2N5443 2N5445 Terminal 2 
T6400N 2N5446 T6420 
Presl-fit T6410N Series 

Stud Isolated-Stud 

Thyristors 
2N5441- 2N5446 

T6400 T6410 T6420 Series 

40-A Silicon Triaes 
Features: 
• di/dt Capability = 100 AI ~ 
• Shorted· Emitter, CenteroGate Design 
• Low Switching Losses 

~ 200 V 400 V 

Package 
Types Types 

Press-Fit 2N5441 2N5442 (T6400·Series) 

Stud 2N5444 2N5445 
(T641 0 Series) 

lsolated-Stud T6420B T6420D 
(T6420 Series) (40680) (40609) 

• Low On·State Voltage at 
High Current Levels 

• Low Thermal Resistance 

600 V 000 V 
TVpes Types 

2N5443 T6400N 
(40925) 

2N5446 T6410N 
(40926) 

T6420M T6420N 
(40690) (40927) 

Numbers In parentheses (e.g. 40925) are former RCA type numbers. 

RCA triacs are gate'controlled, full·wave silicon ac switches. 
They are designed to switch from an off·state to an on·state 

for either polarity of applied voltage with positive or negative 
gate·triggering voltages. 

MAXIMUM RATINGS,Absolure-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies 
up to 50/60 Hz and with Resistive or Inductive Load. 

·REPETITIVE PEAK OFF·STATE VOLTAGE:· 
Gate open, T J = -65 to lUre ......................... . 

RMS ON·STATE CURRENT (Conduction angle D 360'): 
Case temperature 

TC ~ 70'C (Press·fittypes) ........................ . 
= 65· C (Stud types) .......................... . 
:::: 6(f C Usolated-stud types) .............•••••... 

For other conditions .........•...•..••••••••••••••••• 

PEAK SURGE (NON·REPETITIVE) ON·STATE CURRENT: 
For one cycle of applied principal voltage, Teas above 

60 Hz (sinusoidal) ••••••••••••••••••••••••••••••••• 
50 Hz (sinusoidal) •••••••••••••••••••••.••••••••••• 

For more than one cycle of applied principal voltage ••.•••••• 

RATE OF CHANGE OF ON-5TATE CURRENT: 
V DM = VDROM,IGT • 200 mA, 'r = 0.1 ~s (See Fig. 73) •• 

FUSING CURRENT (for Triac Protection); 
TJ = -65 to 110'C,t = 1.25 to 10ms ................. .. 

·PEAK GATE·TRIGGER CURRENT:· 
For 1 IJ$ max., See Fig. 7 •••••••••• " •••••.••• , •• ,.,'" 

·GATE POWER DISSIPATION: 
PEAK (Forl0~s max.,IGTM<;; 4 A, See Fig. 71 ............ . 
AVERAGE ........................................ . 

·TEMPERATU~E RANGE:" 
Storage ........................................... . 
Operating (case) •••••••••••••••••••••••••••••••.•••••• 

·TERMINAL TEMPERATURE (During soldering): 
For 10 s max. herminals and case} ••••••••••••••••••••••• 

STUD TORQUE: 
Recommended ••.•• , •..••• , , • , •• , •• , •••••••••••••••• 
Maximum (DO NOT EXCEED) ........................ . 

V DROM 

ITIRMS) 

ITSM 

dildt 

12, 

IGTM 

PGM 

PG(AV) 

Tstg 
TC 

TT 

Ts 

2N5441 2N5442 2N5443 T6400N 

2N5444 2N5445 2N5446 T64;ON 

T6420B T6420D T6420M T6420N 

200 400 600 800 V 

40 A 
40 A 
40 A 

See F;g. 3 

300 A 
265 A 

See F;g. 4 

100 AI". 

450 A2s 

12 A 

--------40 W 
0.75 W 

-65 to 150 ·C 

65 to 110 ·C 

225 ·C 

35 in-Ib 
50 in-lb 

• In eecordeno:e with .rEDEC reglstretlon detA formel IJS·'., RDF21 flied for the JEDEC 12N.S.rles) IVPft. e For elth.r pOl.rlty of a".volt .... IVO ' with refe,.no:. to f!'ain terminal I. 
e For elth.r polarity of meln t.rmlnal 2 voltage I VMT21 with reference to main terminal 1. I/o. For temperetu,. measurement ref.r.nce pOint, _ Dlm.mlonlll Outline. 
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File No. 593 __________________ 2N5441-46. T6400, T6410. T6420 Series 

ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature IT cl 

CHARACTERISTIC 

Peak Off·State Current:6 

Gate open. TJ = 110"C. VOROM = Max. rated value ..... 

Maximum On-State Voltage:' 
For iT = 100 A (peak). T C = 25°C ................. . 
For iT = 56 A (peak). TC = 25°C .................. . 

DC Holding Current:' 
Gate open. Initial principal current = 500 rnA (de). Vo :::: 12V: 

TC = 25"C ................................. .. 
TC = -65°C ................................. .. 
For other case temperatures .•...........•........ 

Critical Rate of Rise of Commutation Voltage:6 
For Vo = V OROM' IT(RMS) = 40 A. eommutating 
di/dt == 22 Alms. gate unenergized. (See Fig. 14): 

TC = 70"C (Press·fittypes) .................... .. 
= 65"C (Stud types) ...................... .. 
::: 6(f C (Isolated-stud types) ..•....•.......... 

Critical. Rate of Rise of Off-State Voltage:' 
For Vo = V DROM- exponential voltage rise, gate open, 
TC = 110"C: 

2N5441. 2N5444. T6420B ..................... . 
2N5442. 2N5445. T64200 .......... , ••••••••••• 
2N5443. 2N5446. T6420M .................... . 
T6400N. T6410N. T6420N .................... . 

DC Gate-Trigger Current:'· Mode VMT2 VG 
ForvO = 12 V (de) 1+ positive positive 

RL = 30 n IU- negative negative 

TC = 25°C 1- positive negative 
111+ negative positive 

Mode VMT2 VG 
ForvO = 12V(de) 1+ positive positive 

RL = JOn 111- negative negative 

TC = -65"C 1- positive negative 
111+ negative positive 

For other case temperatures 

DC Gate-Trigger Voltage:'· 
For Vo = 12 V (de). RL = 30 n. 

TC • 25°C ................................ .. 
= -65"C ..........•.....••.............•. 

For other case temperatures ........................ . 
ForvO = VOROM.RL = 125n. TC = 110"C ........ . 

Gate-Controlled Turn-On Time: 
(Delay Time + Rise Time) 
For Vo = V OROM' IGT = 200 mAo tr = 0.1 I'S. 
iT = 60 A (peak). T C = 25°C (See Fig£ 11 & 15) 

Thermal Resistance, Junction-to·Case: 
Steady-5tate 

Press-fit types .......•••...............•.....•. 
Stud types ................................... . 
Isolated-stud types ....................•......... 

Transient (Press-fit & stud types) ......•.............. 

SYMBOL 

IOROM 

IHO 

dv/dt 

dv/dt 

ROJC 

MIN. 

5' 
5' 

60' 
JO' 
20' 
10 

0.2 

LIMITS 

TYP. 

0.2 

1.7 
1.5 

25 

See Fig. 6 

30 
30 
JO 

200 
150 
100 
75 

15 
20 
30 
40 

See Fig£ 8& 9 

1.35 
1.S 

See Fig. 10 

1.7 

See Fig. 12 

In accordance with JEDEC registration data format US-14. ROF 2) filed for the JEOEC (2N·Series) types. 
• For either pOlaritv of main terminal 2 voltago (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (V GI with reference to main terminal 1. 

MAX. 

4' 

2 
I.S5' 

60 
100' 

50 
50 
SO 
SO 

125' 
125' 
240' 
240' 

2.5 
3.4' 

3 

O.S' 
O.g' 

UNITS 

mA 

V 

mA 

v/p,s 

V/p.s 

mA 

v 

I'S 

°C/W 
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" QUADRANT 
NO.1 

MAtN TERMINAL 2 
POSITIVE 

92LS-2214R5 

Fig. 7 -Principal voltage-current characteristic. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE ~ 360· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINES 

110 
CONDUCTlQft "NGLE 

>'I +'m, rTT" 

PRESS-FIT TYPES :m 
STUD~ 

ISOLATED-STUD TYPES 

to 20 ~ 40 

FULL CYCLE RMS ON-STATE CURRCNT rlTIRMS~ - A 
~ !J 92L5-22"R! 

Fig.3-Maximum allowable case temperature 
vs. on-state current. 

INSTANTANEOUS ON-STATE VOLTAGE IVT)-V 
(POSITIVE OR NEGATIVE) 9zu,.2Z58RZ 

Fig.5-0n-state current vs. on-state lIoltage • 

.. a 10 

II 

~ 300 

~. 250 

~1 
i= ~200 

~~ 
~~ I~O 
~~ 
1'" 
~ 

50 

FULL-CYCLE RMS ON-STATECURRENT[IT(RMSJ]-A 
92LS-22~6RI 

Fig.2-Power dissipation VS. on-state current. 

~~D~RN:~~~~V~URRENT [InRMstl" 40 A AT 
SPECIFIED CASE TEMP. 

~! 
, 1I11 

GATE CONTROL MAY BE LOST 
DURING AND IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAL 

r- ,,~ OVERLOAD MAY NOT BE REPEATED 

~ UNTIL JUNCTION TEMPERATURE HAS 
~ 

RETURNED TO STEADY-STATE 
RATED VALUE. 

f---
~ 

f-- --
50Hz r-- K:Z 
---- -- j _ .... 

2 4 •• 2 4 •• 1 10 102 
2 4 • • 10' 

SURGE CURRENT DURATION-FULL CYCLES 

Fig.4-Peak surge on-state current vs. surge 
current duration. 

92LS-2257R3 

92CS-II5200RI 

Fig.6-DC holding current vs. case temperature. 



File No. 593 _________________ 2N5441-46, T6400, T6410, T6420 Series 

RI G RING MODES: ALL 
1008 ENCLOSED AREA INDICATES LOCUS OF 

6 18 TRI RI INT 

0.' 

0.' 
4 68 1 

.. 
'" 5 0-

! 
~ 

o 

DC GATE-TRIGGER CURRENT ClGTJ-A 
IPOSITIVE OR NEGATIVE I 92CS-15198'1:] 

Fig.7-Gate-trigger characteristics and limit- Fig.a-DC gate-trigger current VS'. case tem-
ing conditions for determination of perature (1+ & III" modes). 
permissable gate·trigger pulses. 

, 
CASE TEMPERATURE (TC)-DC CASE TEMPERATURE (TC)-DC 

92C5-15201 

Fig.9-DC gate-trigger current "s. case tsm
perature (1- & 111+ modes). 

50 100 ISO 200 250 300 350 400 450 

I'J 
z 100 .. ~ 

!icn 
t;1l! 

80 ,-' ,. .. 
0," 

j'jffi 
t;j: 

60 

~~ 
o-U z, 
"0 Uo- 40 

"" "z 0.0 

ti 20 

~ 
0 

92CS-15202R, 

Fig. TO-DC gate-trigger voltage V8. case tem· 
perature. 

,,-
V 

V 
V 

I-""" 

2 4 •• 2 4 •• 10-3 10-2 10-1 
2 4 6 • 

DC GATE-TRIGGER CURRENT (IGT)-mA 
92LS-2266R2 

TIME AFTER APPLICATION OF RECTANGULAR POWER PULSE-SECONDS 
92LS-2263RI 

Fig;ll-TUrn-on time vs. gate-trigger current. 
Fig. 12-Transientjunction-to-caS9 thermal resis

tance vs. time forpress·fitandstudtypes. 
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Vo 

oj --- ------ --- -----

nCS-17063 

Fig. 13-Rate of change of on-state current 
with time (defining dildO. 

t: L' 1·'90~.POINT 
ITM 1 I 

o-i~- -- I-l---
t--'d+-f--., 
:---tgt -----J 
I 

-,----t-;..-------.. 
vGT : 

L I ....-10"10 POINT 

0- ---------

Fig. 15- Relationship betwee'! off-state voltage, on-stage current, 
and gate-trigger voltage showing reference points for 
definition of tum-on time (tgt). 

" 

<, 

Lr_...J 
SNUBBER NETWO~i< fOR INDUCTIVE 

Fig. 14-Relationship between supply voltage 
and principal current (inductive 
load) showing reference points for 
definition of com mutating voltage 
(dv/d,). 

TERMINAL CONNECTIONS 

No. I-Gate 
No. 2--'Main Terminal 1 

Case, No.3-Main Terminal 2 

WARNING: The ceramic body of this device contains 
beryllium oxide. Do not crush. grind. or abrade these 
portions because the dust resulting from such action may 
be hazardous if inhaled. Disposal should be by burial. 

ACINPUT 120V 240V 240V 
VOLTAGE 60Hz 60Hz 50Hz 

C, O.lJ1F O.lJ1F O.lJ1F 
200V 400V 400V 

C2 O.lpF O.lpF O.l/-1F 
100V 100V 100V 

AI 100KH 200KS! 250Kn 
1/2W lW lW 

A2 2.2KU 3.3Kr.! 3.3Kn 
I!2W I!2W 1/7:1/ 

A3 15KH 15Kn 15Kn 
I!2W 1/2w' 1/7:1/ 

SNUBBEA 0.18· 0.18· 0.18· 

NETWORK Cs O.22pF O.22/-1F 0.22/-1F 

FOR 40·A 2DDV 400V 400V 

(RMS)-IN- 330· 330· 330· 
DUCTIVE AS 390H 390Sl 390n 
LOAD 1/2W 1I2W 1/7:1/ 

AFI CF· 
O.l/-1F O.lpF O.lpF 

LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/dtj,CHARACTEAISTIC IS EXCEEDED. 

FilTER 
LF· 

200V 

100pH 

400V 400V 

200pH 200/-IH 

2N5441 2N5442 2N5442 
RCA TRIACS 2N5444 2N5445 2N5445 

T6420B T6420D T64200 
Fig. 16-Typical phase-control circuit for lamp dimming. heat control. and universal

motor speed control. For other RMS-current values refer to 
RCA Application Note AN·4745. 

28 Tvpical values for lamp dimming circuits. 
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OOOBLJD 
Solid State 
Division 

Thyristors 
2N5567 - 2N5570 

T4101 T4111 T4121 Series 

""15" "·IIU HI'" 

Main Main 
Termlnall Terminal 1 

Main 

f tj 
Terminal! 

If 11 Main 
Terminal 2 Main Main 

Ter.mlnal2 Terminal 2 

2N5567 2N5569 T41216 
2N556B 2N5570 T41210 
T4101M T4111M T4121M 
Press~fit Stud Isolated-stud 

10·A Silicon Triaes 
Features: 
• di/dt Capability = 150 AI/J.s 
• Shorted-Emitter, Center-Gate Design 

• Low On-State Voltage at High 
Current Le.els 

• Low Switching Losses • Low Thermal Resistance 

I~ 
200 V 400 V 600 V 

Package Types Types Types 

Press-Fit 
2N5567 2N556B T4101M 

(T4101 Seriesl (407951 

Stud 
2N5569 2N5570 T4111M 

(T4111 Seriesl (407961 

Isolated-Stud T41216 T41210 T4121M 
(T4121 Series) (407991 (406001 (408011 

Numbers In parentheses (e.g. 40799) are former RCA type numbers. 

These RCA triacs are gate-controlled, full-wave silicon ac These triaes are intended for control of ac loads in applica-
switches. They are designed to switch from an off-state to an tions such as heating controls, motor controls. arc-welding 
on-state for either polarity of applied voltage with positive equipment, light dimmers, and power switching systems. 
or negative gate triggering voltages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 
50160 Hz and with Resistive or Inductive Load. 
·REPETITIVE PEAK OFF-8TATE VOLTAGE:· 

Gate open, TJ = -65 to 1000 C ............................. . 

·RMS ON-8TATE CURRENT (Conduction angle = 3600 ): 

Case temperature fTC) = 850 C •.•.•.••.••••.•••••••••.••••• 

For other conditions ................................... . 
PEAK SURGE (NON-REPETITIVE) ON-8TATE CURRENT: 

For one cycle of applied principal voltage, TC = 850 C 
60 Hz (sinusoidal) ••••••••••••••••.•••••••••.•••••••••• 
50 Hz (sinusoidaU •••••••••••.•...••••.••••.•••......•• 

For more than one cycle of applied principal voltage .............. . 
RATE-Of'oCHANGE OF.ON-8TATE CURRENT: 

VOM= VOROM. IGT = 160 rnA. tr.= 0.1 /J.s (See Fig. 131 •••.•.•••..• 
FUSING CURRENT (for Triac Protection): 

TJ - -65 to 10o"C. t = 1.25 to 10 ms .....•....................... 
PEAK GATE-TRIGGER CURRENT:· 

For 1 ps max.,See Fig. 7 ................................. . 
·GATE POWER DISSIPATION: 

PEAK (For 1 /J.s max •• IGTM -::;:; 4 A. See Fig. 71 ••••••••••••••••• 

AVERAGE •.......................................... 
·TEMPERATURE RANGE:· 

Storage ......•....................................... 
Operating (Casel ..••.••..•••.......•........•..•.•••..•. 

·TERMINAL TEMPERATURE (During soldering): 
For 10 s max. herminals and case) 

STUD TORQUE: 
Recommended .' ••.•.••..•••...••.•....•..•.•••••........•.... 
Maximum (DO NOT EXCEEOI ...••••....••••..•• _ ......... _ .... . 

VOROM 

IT(RMSI 

ITSM 

di/d. 

IGTM 

Tst9 
TC 

• In accordance with JEDEC registration data format IJS-14. RDF 21 filed for the JEDEC 12N-5eriesl types. 
• For either polarity of main terminal 2 voltage (VMT21 with reference to main terminal 1. 
• For either polarity of gate voltage (VGI with reference to main terminal 1. 
.. For temperature measurement reference pOint, see Dimensional Outline. 
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2N5567 
2N5569 
T4121B 

200 

2N5568 
2N5570 
T41210 

400 

10 

T4101M 
T4111M 
T4121M 

600 

---- See Fig. 3 ---

100 
85 

----See Fig. 4 ---

V 

A 

A 
A 

150 A//J.s 

50 A2, 

4 A 

16 W 

0.5 W 

-65 to 150 ___ "c 
-6510 100 ___ 

OC 

225 OC 

35 in-Ib 
50 in-Ib 
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ELECTRICAL CHARACTERISTICS 

At Maximum Ratings and at Indicated Case Temperature (T C) Unless Otherwise Specified 

CHARACTERISTIC SYMBOL LIMITS UNITS 

Min. Typ. Max. 
Peak Off.state Current:· 

Gate open, T J = 1000 C. VOROM = Max. rated value IOROM - 0.1 2" mA 

Maximum On-8tate Voltar,:' 
For iT = 14 A (peak), C = 250 C ................ VTM - 1.35 1.65" V 

DC Holding Current:' 
Gate open, Initial principal current = 500 mA (DC), vo = 12V: 

TC=250 C ............................. 
IHO 

- 15 . 30 mA TC= -650 C ............................ - 75 200" 
For other case temperatures .................. See Fig. 6 

Critical Rate-of-Rise of Commutation Voltage:' 
For vo = VOROM, ITiRMS) = 10 A, commutating 
di/dt = 5.4 Alms, gate unenergized, TC = 850 C 

(See Fig. 14) ............................. dv/dt 2" 5 - V!p.s 

Critical Rate-of-Rise of Off-State Voltage:' 
For vo = VOROM, exponential voltage rise, gate open, 
Te = 1000 e: 
2N5567,2N5569,T4121B .................... 30* 150 -
2N5568, 2N5570, T4121D .................... dv/dt 20* 100 - V/p.s 
T4101M,T4111M,T4121M .................... 10 75 -

DC Gate-Trigger Current:'. Mode VMT2 VG 
ForvO = 12 V (DC), 1+ positive positive - 10 25 

RL =30n, III- negative negative - 10 25 

TC = 250 C I' positive negative - 20 40 
111+ negative positive - 20 40 

Mode VMT2 VG IGT mA 

ForvO = 12V (DC), 1+ positive positive - 45 100" 
RL =30n, III' negative negative - 45 100' 

TC = -650 e I' positive negative - 80 150" 
111+ negative positive - 80 150" 

For other case temperatures .................... See Figs. 8& 9 

DC Gate-Trigger Voltage:'. 
For vo = 12 V(OC), RL = 30 n 

TC = 250 C ........................... 1 2.5 
TC = -650 e .......................... VGT 2 4" V 
For other case temperatures ................. See Fig. 10 

For vo = VOROM, RL = 125 n, TC = 1000 C 0.2 - -
Gate-Controlled Turn-On Time: 

(Delay Time + Rise Time) 
For vo = VOROM, IGT = 160 mA, tr = 0.1 p.s, 
iT = 15 A (peak), TC = 250 C (See Figs. 11 & 15) .... tgt - 1.6 2.5 p.s 

Thermal Resistance: 
Junction-to-Case: 

Steady·State ............................. IIJ·C - - 1" 

Transient ............................... See Fig. 12 
oCIW 

Junction-to-lsolated Hex (Stud, see Dim. Outline): 
Steady-State ............................ IIJ·IH - - 1.1 

In accordance with JEDEC registration data format (JS-14, RDF 2) filed for the JEDEC (2N-Series) types. 
• For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (VG) with reference to main terminal 1. 
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70 

Fig. 1 - Principal voltage-cu"ent charac
teristic. 

CURRENT WAVEFORM: SINUSOIDAL :I-"'~J rm1 LOAD: RESISTIVE DR INDUCTIVE I, 
CONDUCTION ANGLE. 360· 

CA:~~~M:NERD~~~::~o~~tS~~~~IN~~ t+i-o,!-"."od •• ~, .. !J--k .... -J 

CQtllOUCTION ANGLE 

·'I··m 

2.5 5 7.5 10 
FULL CYCLE AMS ON·5TATE CURRENT [IT(RMSJ-A 

9ZSS-3903RI 

Fig. 3 - Maximum allowable case temper
ature vs. on-state current. 

INSTANTANEOUS ON-STATE VOLTAGE (vT)-V 
(POSITIVE OR NEGATIVE) 

92LS-Z412AI 

Fig. 5 - On-state cu"ent vs. on-state 
voltage. 

FUL.L~CYCLE RMS ON-STATE cURRENT~T(R .. sll-A 
9255-3902 

.. 
li 

Fig_ 2 - Power dissipation If$. on-state 
current. 

Ii; GATE CONTROL MAY BE LOST z DURING AND IMMEDIATELY FOLLOWING 
o c:( SURGE-CURRENT INTERVAL. 

~ I 100f-"'"",,-I-_+++-I OVERLOAD MAY NOT BE REPEATED 
t= 'i ~ 1 UNTIL JUNCTION TEMPERATURE HAS 
t= ~80 ~60- RETURNED WITI1IN STEADY-STATE 
~.... ~ ..... _~.y~ RATED VALUE. 

~;: 5~ 
Z ~ 60t--r----=9Hl-Pi'ot:::::::",J,--++H--+-+-+-H 
o~ ~ 
~§ 
~u40~~---+~-++---~--~~-F--~~~~_-+-H 

~ 
" 201--l--f-l-++--l--I-H+--l--l-+-H 
:l .. 

'" E 

lw 
0> 
J~ 
~~200 

'" 6 8 10 '" 6 8 10 2 2 4 6 al03 

SURGE-CURRENT DURATION-FULL CYCLES 
92SS~3904RI 

Fig. 4 - Peak surge on-state cu"ent If$. 

surge current duration. 

INITIAL ON·STATE CURRENT-500mA 

75 -50 -25 
CASE TEMPERATURE (TC)--C 

Fig_ 6 - DC holding current vs. case 
temperature. 

25 

92SS~390i5 
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ffi 
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5 50 

g 25 
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o 
-70 

DC GATE TRIGGER CURRENT (IGTI-A 
(POSITIVE OR NEGATIVE 

92CS-17058 

Fig. 7 - Gate trigger characteristics and 
limiting conditions for determination of 
permissible gate trigger pulses. 

-50 -25 a 25 
CASE TEMPERATURE CTcJ--C 

9255-3915 

Fig. 9 - DC gate·trigger current vs. case 
temperature (1' & 11/+ modes). 

Fig. 11 - Tum·on time vs. gate trigger 
current. 
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.0 

li 
'" u 25 
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0 

PRINCIPAL DC VOLTAGE-12V 

~~~8G"~~~IGR~SJ~~~~E 1+ AND lII-

-7' -50 -25 0 
CASE TEMPERATURE (Tc)--C 

2. 

9255-39'4 

Fig. 8 - DC gate-trigger current vs. case 
temperature (1+ & 11/- modes). 

PRINCIPAL DC VOLTAGE-12v 
LOAD· 12n, RESISTIVE 

LLI 4 TRIGGERING MODES: ALL 

~ 

.. 2 
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~ 
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"':.: 1;;1-
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tJ~ 
~~ 

j! 
~ 

I 

-7' 
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60 

4 

20 

-50 -25 o 2. 
CASE TEMPERATURE (Tc'-·C 

925S-3911 

Fig. 10 - DC gate·trigger voltage vs. case 
temperature. 
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TIME AFTER APPLlCAT10N OF RECTANGULAR POWER PULSE -SECONDS 
92LS-2407RI 

Fig. 12 - Transient iunction·to-case 
thermal resistance vs. time. 
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'--

I 
I 
I 
I I 

____ ~ __ l_ 
I 
I 
I 

--' 

Fig. 13 - Rate-of-change of on-state current 
with time (defining dildO. 

Fig. 14-Relationship between supply voltage 
and prinicpal current {inductive load) 
showing reference points for definition 
of commutating voltage fdvldtJ. 

Fig. 15-Relationship between off-state voltage, 
on-state current, and gate-trigger vo/t
age showing reference points for defi
nition of turn-on time (tgt), 

R, 

R, 

R, RFI FILTER r-----' ---------, 
L, 

0, 

L ________ J 

SNUBBER NETWORI( FOR INOUCTIVE 
LOADS OR WHEN COMMUTATING vOLTAGE 
Id./dtJ CHARACTERISTIC IS EXCEEDED 

L _____ r-- FOR PHOTOCEll CONTROL 

Fig. 16 - Typical phase-control circuit for lamp dimming, heat control, and 
universal-motor speed control. 

ACINPUT 
VOLTAGE 

AC INPUT t20V 
VOLTAGE 60Hz 

Ct O.Ij.lF 
200V 

C2 O.1Pf" 
tOOV 

looKO 
"t tim 

"2 
22KO 
tim 

"3 15KO 
tim 

~~~~~g~LL Rp 
1.2KO 

2W 

Cs Q.1P.F 

SNUBBER 200V 
NETWORK .oon 

"s tim 

"Ft CF· 0:2~ 
FILTER L, '00pH 

2N5567 
ACA TRIACS 2N5569 

T4121B 

240V 240V 
6OH. SOH. 

0.1/4' O.I~ 
400V 400V 

O.IJ.IF O.Ij.lF 
tOOV tOOV 

200K!} 250KO 
tw tw 

JJKn J.JKn 
1f2W 1/2W 

15Kn 15KO 
tim tl2W 

1.2KO 1.2KO 
2w 2W 

O.IJ,lf O.Ij.lF 
400V 400V 

TOOn tOOn 
1I2W tl2W 

O.lJJF " t", 
400V 400V 

200pH 200", 

2N5568 2N5568 
2N557Cl 2N5570 
T4121D T41210 

"TYPIcal values lor lamp dImmIng clrcul!S 

WARNING: 
The RCA isolated-stud package thyristors should be han· 
died with care. The ceramic portion of these thyristors con
tains BERYLLIUM OXIDE as a major ingredient. Do not 
crush, grind. or abrade these portions of the thyristors be
cause the dust resulting from such action may be hazardpus 
if inhaled. 

TERMINAL CONNECTIONS 

No.1-Gate 
No.2-Main Terminal 1 
No.3-Main Terminal 2 
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".,," 

Main 
Terminal! 

DDJIDLJI] 
Solid State 
Division 

H·,IU H·IIS. 

Main Main 
Termlnall Terminal! 

Ii I Jkto l- - j 

8J .t* !J} 
Main 
Terminal 2 Main Main 

Terminal 2 Terminal 2 

2N5571 2N5573 T4120B 
2N5572 2N5574 T41200 
T4100M T4110M T4120M 
Press-fit Stud IsolatedooStud 

Thyristors 
2N5571 .. 2N5574 

14100 T4110 T4120 Series 

15·A Silicon Triacs 
Features: 
• di/dt Capability = 150 A/Ils 
• Shorted· Emitter Center·Gate Design 
• Low Switching Losses 

~e 200 V 400 V 600 V 

Package Type, Types Types 

Press-Fit 2N5571 2N5572 T4100M 
(T410Q·SeriesJ (40797) 

Stud 2N5573 2N5574 T4110M 
(T4110 Serie,) (40798) 

isolated-Stud T4120B T41200 T4120M 
(T4120 Serie,) (40802) (40803) (40804) 

• Low On·State Voltage at High 
Current Levels 

• Low Thermal Resistance 

Numbers in parentheses (e.g. 40802) are former RCA type numbers. 

These RCA trlacs are gate-controlled, full·wave silicon ac These triaes are intended for control of ac loads in applica· 
switches. They are designed to switch from an off·state to an tions such as heating controls, motor controls, arc·welding 
on-state for either polarity of applied voltage with positive equipment, light dimmers, and power switching systems. 
or negative gate triggering voltages. 

MAXIMUM RATINGS,Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 
50160 Hz and with Resistive or Inductive Load. 
"REPETITIVE PEAK OFF-STATE VOLTAGE:· 

Gate open, T J::Z -65 to 1000 C ............................. . 

*RMS ON-STATE CURRENT (Conduction angle = 3600 1: 
Case temperature 

T c= 800 C" (Press-fit & stud types) ....................... . 
= 750 C (lsolated-stud types) .........•................. 

For other conditions .........•..........................• 
PEAK SURGE (NON·REPETITIVEI ON-STATE CURRENT: 

For one cycle of applied principal voltage. TC as above 
60 Hz (sinusoidal) •.........................•.••....... 
50 Hz (sinusoidal) ..................................•... 

For more than one cycle of applied principal voltage ........•..•... 

RATE-Oj;.CHANGE OF ON-sTATE CURRENT: 
VOM= VOROM, IGT = 160mA,'r·= 0.111' (Soe Fig. 131 ........... . 

FUSING CURRENT (for Triac Protection I: 
TJ = -65 to 10oDc. t'" 1.25 to 10 ms •••••••••••••••••••.••••.•••• 

PEAK GATE·TRIGGER CURRENT:· 
For 1 Ils max.,See Fig. 7 .......••........•....•........... 

*GATE POWER DISSIPATION: 
PEAK (For 1 11' max., IGTM ~ 4 A, See Fig. 71 ...•..•••.•...... 

AVERAGE .......................................... . 
-TEMPERATURE RANGE:· 

Storage ............................................. . 
Operating (Case) ...•.............•.•.............•.••.•• 

"TERMINAL TEMPERATURE (During solderingl: 
For 10 s max. (terminals and case) 

STUD TORQUE: 
Recommended ••••••••••••••.••••••• ,.,." .. ,.,., •••. , •••••. ,. 
Maximum (00 NOT EXCEEO) ....••.....•.••...•...•..••.•...... 

VOROM 

IT(RMS) 

'TSM 

di/dt 

12, 

'GTM 

PGM 
PG(AV) 

Tstg 
TC 

TT 
T, 

* In accordance with JEDEC registration data format (JS.14. RDF 21 filed for the JEDEC (2N-5eries) types . 
• For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (VG) with reference to main terminal 1. 
at. For temperature measurement reference point. see Dimensional Outline. 
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2N5571 2N5572 T4100M 
2N!i573 2N5574 T4110M 
T4120B T4120D T4120M 

200 400 600 V 

15 A 
15 A 

____ See Fig. 3 ____ 

100 A 
85 A 

----See Fig. 4 ----

150 AI/J.S 

50 A2, 

4 A 

16 W 

0.5 w 

-65 to 150 ___ 
"C 

-65 to 
100 ___ 

DC 

225 °C 

35 in-Ib 
50 in-Ib 
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ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (Tel Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL 

Min. Typ. 
Peak Off·State Current:· 

Gate open, T J ; 1000 C. VDROM ; Max. rated value IDROM - 0.2 

Maximum On-8tate Volta~e:' .' 
For iT; 21 A (peak), C; 250 C ................ VTM - 1.4 

DC Holding Current:' 
Gate open, Initial principal current; 500 mA (DCI. vD ; 12V: 

20 TC;250 C ............................. -
TC;-650 C ............................ IHO - 75 
For other case temperatures .................. See Fig. 6 

Critical Rate-of·Rise of Commutation Voltage:' 
For vD ; VDROM, IT(RMS) ; 15 A, commutating 
di/dt ; 8 Alms. gate unenergized, (See.Fig. 14): 

TC ; 800 C (Press·fit & stud types) ........... dv/dt 2· 10 
; 750 C (lsolated·stud) ................. 2 10 

Critical Rate-of·Rise of Off·State Voltage:' 
For vD; VDROM, exponential voltage rise, gate open, 
TC; l()()O C: 

2N5571, 2N5573, T4120B ................. 30· 150 
2N5572, 2N5574, T4120D ........ _ ........ dv/dt 20· 100 
T4100M, T4110M, T4120M ................ 10 75 

DC Gate-Trigger Current:'. Mode VMT2 VG 

ForvD ; 12 V (DCI. 1+ positive positive - 20 

RL ;30n, III' negative negative - 20 

TC ; 250 C I' positive negative - 35 
111+ negative positive - 35 

Mode VMT2 VG IGT 

ForvD ; 12 V (DCI. 1+ positive positive - 75 

RL ;30n, III- negative negative - 75 

TC ; -650 C I' positive negative - 100 
111+ negative positive - 100 

For other case temperatures .................... See Figs. 8& 9 

DC Gate-Trigger Voltage:'. 
For vD ; 12 V(DC), RL ; 30 n, 

TC ; 250 C ........................... - 1 
TC ; -650 C .......................... VGT - 2 
~or other case temperatures ................. See Fig. 10 

For vD ; VDROM, RL ; 125 n, TC; 1000 C 0.2 -
Gate-Controlled Turn-On Time: 

(Delay Time + Rise Time) 
For vD ; VDROM, IGT ; 160 mA, tr ; 0.1 /1S, 
iT; 25 A (peak), TC; 250 C (See Figs. II & 15) ..... tgt - 1.6 

Thermal Resistance: 
Junction-to-Case: 

Steady-State ............................. RIiJC - -

Transient ............................... See Fig. 12 

Junction-to-lsolated Hex (Stud, see Dim. Outline): 
Steady-State ............................ ROJIH - -

• In accordance with JEDEC registration data format (JS·14, RDF 2) filed for the JEDEC (2N-5eries) types. 

6 For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 

• For either polarity of gate voltege (VG) with reference to main terminel 1. 

UNITS 
Max. 

2· mA 

1.8· V 

75 
mA 300· 

- V//1s 
-

-

- V//1s 
-

50 
50 
80 
80 

mA 

150· 
150· 
200· 
200· 

2.5 
4· V 

-

2.5 /1S 

1· 

oC/W 

1.1 
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70 

60 

+v 

92LS -2214R5 

Fig. 1 - Principal voltage-cu"ent charac
teristic. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE· 360· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINES 

PRESS-FIT 8 
STUD TYPES 

ISOLATED-STUD TYPES 

o 180.'JJ36O" 
CONOUCTION ANGLE 

oBI +8 m 

o 5 10 15 
FULL CYCLE RMS ON .. S~~TE CURRENT ~T(RMSi1-A 

92SS-3822RI 

Fig. 3 - Maximum allowable case temper
ature VS. on-state current. 

INSTANTANEOUS ON-STATE VOLTAGE (vT)-V 
(POSITIVE OR NEGATIVE 1 92LS-2142R2 

Fig. 5 - On-state current vs. on-stare 
voltage. 
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Fig. 2 - Power dissipation vs. on-state 
current. 

~~DO':~~i~ECURRENT [IT(~s)1.15 A 1 II 
AT SPECIFIED CASE TEMP. ,I II 

GATE CONTAOL MAY BE LOST 
DURING AND IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAL: 

"- OVERL.OAD MAY NOT BE REPEATED 

~ ~", 
UNTIL JUNCTION TEMPERATURE HAS 
RETURNED WITHIN STEADY-STATE 
RATED VALUE . 

~i;; - ...... 
~ 
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2 , 6 • , 6 • 2 , 6 • 10 102 103 

SURGE CURRENT DURATION-FUL.L CYCLES 
92SS-3823RI 

Fig. 4 - Peak surge on-state current vs. 
surge current duration. 

CASE TEMPERATURE (Tc I-·C 

Fig. 6 - DC holding current vs. case 
temperature. 

92SS-3824 
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'" g 150 

'" r-
UJ 100 

~ 
g 50 

DC GATE TRIGGER CURRENT tIGTI-A 
{POSITIVE OR NEGATIVE 

92C5-17058 

Fig. 7 - Gate trigger characteristics and 
limiting conditions for determination of 
permissible gate trigger pulses. 

PRINCIPAL DC VOLTAGE ~ 12 V 

~~~gG=~~~'G R~S6~~~V:E 1- AND III+ 

-75 -50 -25 a 25 
CASE TEMPERATURE tTcl_oC 

Fig. 9 - DC gate-trigger current vs. case 
temperature (1. & 11/+ modes). 
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GATE-TRIGGER CURRENT IIGTI-mA 

92C5-17062 

Fig. 11 - Turn-on time vs. gate trigger 
current. 
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Fig. 8 - DC gate-trigger current VS. case 
temperature (1+ & 11/. modesl. 

PRINCIPAL DC VOLTAGE: 12 II 
LOAO=12n, RESISTIVE .. 
TRIGGERING MODES I AND III 

a 
-75 

TYPICAL 

-50 -25 
-CASE TEMPE!'lATURE (Tc)_OC 

Fig. 10 - DC gate· trigger voltage vs. case 
temperature. 
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Fig. 12 - Transient junction-ta-case 
thermal resistance vs. time. 
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f~:-
"GT I 

__ 10"10 POINT o-L --------- ---

Fig. 13-RaUrof-change of on-state current 
with time (defining di/dt). 

Fig. 14-Relationship between supplV voltage 
and principal current (inductive load) 
showing reference points for definition 
of commutating voltage (dvldtJ. 

Fig. 15-Relationship between off·state voltage, 
on-state current, and gate· trigger voltage 
showing reference points for definition 
of turn-on time (tgt). 

", r-----' 
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TABLEI. 

c, 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOL lAGE 
ht.ldl) CHARACTERISTIC IS EXCeEDEC 

L _____ r-- fOR ,. ... OTOCEll CONTACL 

Fig. 16- Typical phase-conrrol circuit for lamp dimming, heat control, 
and universal-motor speed control. 
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WARNING: 
The RCA isolated-stud package thyristors should be han
dled with care. The ceramic portion of these thyristors con
tains BERYLLIUM OXIDE as a major ingredient. Do not 
crush, grind, or abrade these portions of the thyristors be
cause the dust resulting from such action may be hazardous 
if inhaled. 

TERMINAL CONNECTIONS 

No.1-Gate 
No.2-Main Terminal 1 
No.3-Main Terminal 2 



File No. 414 _______________________________ _ 

OO(]5LJI] 
Solid State 
Division 

a 

Thyristors 
2N5754 - 2N5757 

T2303 T2313 Series 

2.5-A Silicon TO'iacs 

Features: 
: _MT1 

MT2-, 
a 25/40 rnA IGT 
" ShDrted·Emitter, Center·Gate Design 
.. LDw Switching LDsses 

" LDw On-State VDltage at 
High Current Levels 

-Gate 

2N5754 2N5756 
2N5755 2N5757 

T2303 Series T2313 Series 

H-1468 

100V 200 V 400 V 600 V 

~ Types Types Types Types 

Package 

Modified TO-5 (T2303 Series) 2N5754 2N5755 2N5756 2N5757 

Modified TO-5 with Heat Rad. T2313A T2313B T2313D T2313M 
(T2313-5eries) (40684) (40685) (40686) (40687) 

Numbers In parentheses (e.g. 40684) are former RCA type numbers. 

These RCA triacs are gate,cDntrol(ed ful(·wave silicon ac 
switches that are designed to switch from an Dff·state tD an 
Dn·state fDr either polarity Df applied vDltage with pDsitive or 
negative gate triggering voltages. 

The gate sensitivity of these triacs permits the use of 
economical transistorized control circuits and enhances their 
use in IDw,pDwer phase control and IDad·switching appli· 
cations. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

For operation with sinusoidal supply voltage at frequencies 
up to 50/60 Hz and with resistive or inductive load. 

*REPETITIVE PEAK OFF-sTATE VOLTAGE:" 
Gate open, TJ "" -65 to lOOoe. • . . . . 

RMS ON·STATE CURRENT (Conduction angle = 360°): 
Case temperature 

* T C = 70°C (T2JO:l.-5erie,) . 
Ambient temperature 

T A = 25°C (T231 J.Serie,) . 
For other conditions. . . 

PEAK SURGE (NON·REPETITIVE) ON-8TATE CURRENT: 
For one cycle of applied principal voltage, T C = 700 C 

* 60 Hz (sinusoidal)·. • • • . . . . . ." . 
50 Hz (sinusoidal) . • • • . . . . . . . 

For more than one cycle of applied principal voltage. • 
RATE OF CHANGE OF ON-8TATE CURRENT: 

VOM = VOROM, IGT = 50 rnA, tr = 0.1 ps (See Fig.13) . 
FUSING CURRENT (for Triac Protection): 

TJ = -65 to 1000 e, t = 1.25 to 10 ms . 
* PEAK GATE·TRIGGER CURRENT:· 

For 1 ps max.. . • . . 
*GATE POWER DISSIPATION: 

PEAK (For 10.us max.) 
AVERAGE: 

* TC=700e ... . 
TA=250C ... . 

* TEMPERATURE RANGE:· 
Storage. . . . • • 
Operating ICase) . • • 

LEAD TEMPERATURE (During soldering): 
At distance 1/32"in. (0.8 mm) from 

VDROM 
ITIRMSI 

seating plane for 10 s max. • . . . • . . . . . . . . . T L 

2N5754 
T2313A 

100 

2N5755 2N5756 2N5757 
T2313B T2313D T2313M 

200 400 600 V 

2.5 A 

1.9 A 
See Fig.2,3.4, & 5 ----

25 A 
21 A 

See Fig.6 

100 AlIl' 

3 A2, 

A 

10 W 

0,15 W 
0,05 W 

-65 to 150 °c 
-65 to 100 °c 

225 °c 

• In acc:ordanca with JEDEC regiltrlltion data format (JS-14, RDF·2 filed for the JEDEC 12N-5eriesi1yPf:$. • For either polarity of galo voltage IVGI with reference to main terminal 1 . 
• For either polarity of main terminal 2 voltage IVMT21 with reference to main terminal 1. ... For temperature measurement reference point, see Dimensional Outline. 

9-74 39 



2N5754-57, T2313 Series ______________________ File No. 414 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings and at Indicated Case Temperature (TC) Unless Otherwise Specified 

CHARACTERISTIC SYMBOL LIMITS 

Min. Typ. Max. 

* Peak Off.State Current:. 
IOROM Gale Open, TJ = JOOoC and VOROM = Max. rated value - 0.2 0.75 

Maximum On.State Voltage:. 
For iT = 10 A (peak) and TC = 25°C ........................ VTM - 2.2 2.6 
For iT = 3.5 A (peak) and TC = 250C ....................... - 1.8 

DC Holding Current:. 
Gate Open, Initial principal current = 150 rnA (~C), VO= 12V 

At TC = 25°C .................................................. IHO 6 35 
At TC = -650C ................................................. 20 82" 
For other case temperatures ............................... - See Fig.8.-

Critical Ra~e of Rise of Commutation Voltage:' 
For VD = VDROM, IT(RMS) = 2.5 A, commutating 
di/dt = 0.95 Alms, gate unenergized, TC = lOoC 
(See Fig. 13) ...•..•...................••...•.. dv/dt 0.5 - -

• Critica I Rote.of.R Ise of Off.State Voltage: • 
For Vo = VOROM, exponential voltage rise, dvldt 
and gate open, TC = JOOoC 10 100 

DC Gate. Trigger Current:. t Mode VMT2 VG 

ForVo = 12 V (DC), I~ positive positive 5 25 
RL = 3012, and III" negative negative 5 25 

TC =250C r positive negative - 10 40 
111+ negative positive 10 40 

TC = -65°C 1+ IGT 60" positive positive 30 
III" negative negative 30 60" 

1- positive negative 40 lOa" 
111+ negative positive - 40 lOa" 

F or other case temperatures ............................... -See Fig.l1.-

DC Gate.Trigger Voltage:. t 
For Vo = 12 V (DC) and RL = 3012 

At TC = 25°C .................................................. - 0.9 2.2 
At TC = -65°C ................................................. VGT - 1.5 3" 
For other case temperatures ............................... - See Fig.l2.-

• For vo = VOROM and RL = 12512 
At TC = 1000C ................................................. 0.2 . 

Thermal Resistance: 
Steady State: 

* Junction-to-case .............................•• ROJ-C - - 8.5 
Junction-to-ambinet (2N'series types only) .•.....•.. ROJ-A - - 15(} 

• ~r{h er'J~i:e~g~awymgrnmre'r~f~~T'r.a' 2 voltage (VMTl) t Fe1~I~J~~II~o~~IMM~~' y?llage (VG) With 
• In accordallce with JEDEC registration data format 

(JS-\4, RDf-2). 
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UNITS 

rnA 

V 

rnA 

V//J.s 

VIpS 

rnA 

V 

oCIW 

oCIW 
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Fig. 7 - Principal voltage-current characteristic. 

;0 
I 
z 
o 

i 
~ 

... 

I 

CU RENT WAVEFORMISINUSOIDAL 
LOAD:RESISTIYE OR INDUCTIVE 
CONDUCTION ANGLE: 360· 

o I 2 3 
FULL-CYCLE RMS ON-STATE AMPERES [ITIRMSI] 92C5-15714 

Fig. 2 - Power dissipation I'S'. on-state current. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: 360· 

100 

~UNTING 

1:t1:1® 

50 
a 0.5 1.5. 2 

MOUNTING 

® 

as 
RMS ON-STATE AMPERES [ITIRMS~ 

FOR DEVICE SOUlEREO 
ON 1/16"'THICI( COPPER 
HEAT SINK, TEMPER
ATURE MEASUREO ON 
HEAT SINK 1/4" FROM 
CASE CAP. 
LEAD LENGTH ~ r" 

® W,,.· 
FOR DEVICE: SOLOERED 
ON 1/16"-THICK COPPER 
HEAT SINK. TEMPER
ATuRE MEASUREO ON 
HEAT SINK 1/4" FROM 
CASE CAP. 
LEAD LENGTH = I" 

92LS-1390R3 

Fig. 4 - Maximum allowable heat-sink temperature VS. on-state 
current. 

CURRENT WAVEFORM: SINUSOIDAL n "ml LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: 360· 
CASE TEMPERATURE (Tcl: MEASURED 

AS SHOWN ON DIMENSIONAL OUTLINE 0 IBO·\1J36<1" 

'"' ~ 100 

5~ CONDUCTION ANGLE 

~ tU 

.91 "'9m 
90 

~'"' ::l§ BO 
cl~ 
:OW ",,-:0" 70 
~~ 

" 60 
o 0.5 I 1.5 2 2.5 3.5 4 

RMS ON-STATE AMPERES [ITtRMSI] 
92LS-1388R3, 

Fig. 3 - Maximum allowable case temperature V.i. on-state 
current. 

RMS ON-STATE AMPERES [XT(RMSI] 

92L5-2097RZ 

Fig. 5 - Maximum allowable ambient temperature vs. on·state 
current. 
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rlAti~~~~~~~~~CY=50I6OHZ U J_ ._1. 
~ RMS ON-STATE AMPERES [InRMs!]·2 .• I I I I 2 CASE TEMPERATUREITC}-70"C I I I I I 

o GA~E CONTROL MAY B~ ~T DURING AND -w> __ 25
1
\. " j-->.;:-+_+ :~~:~~TL~LY FOLLOWING SURGE CURRENT _ 

~ ~ 20 \.. OVERLOAD MAY NOT BE REPEATED UNTIL 
~!j., '" JUNCTION TEMPERATURE HAS RETURNED TO 
'fILl "STEADY-STATE RATED VALUE. 

~ffi 5~~~~~++---r-~~r+-r--+---+-+-f1 
3!!; ......... i'- I I 
"'.,~ « 10 I' I I--+++---I--~~H-l 
_ .......... ~H' 

5~-i---+-i-+~5~0~H~~-=1F~~~~~==~~-+i 
I I 
I I 

46B,0 2468'02 

SURGE CURRENT DURATION-FULL CYCLES 

Fig. 6 - Peak surge on-state current vs. surge-current duration. 

CASE TEMPERATURE t.Tcl--C· 
92CS-IS719RI 

Fig. 8 - DC holding current (positive or negative) vs. case 
temperature. 

B 
NOTE: For incandescent lamp loads which produce burnout 
current surges with 12t values greater than 2.5 ampere2 seconds, 
connect a 1 Q-ohm resistor of appropriate power rating in series 
with the load_ This rating can be determined as follows: 

Power Rating of 10-ohm Resistor = 10(rms load current)2 
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CA~E TEMPERATURE (TCl-2S-C 

! ., 
~ 
g 
oo 

'" " " "' Z 
~ 
g 
~ 

~ 
oo 
0 

'" > 
j: 

~ 

o , 2 3 

100a 
6 

4 

2 

10 
a 
6 

4 

·2 

I 
a 
6 

4 

2 

0.1 

POSITIVE OR NEGATIVE INSTANTANEOUS 
ON- STATE VOLTS (vT) 

Fig. 7 - On-state current vs. on-state voltage. 

TRIGGERING MODES: ALL 
ENCLOSED AREA INDICATES 

92CS-15713 

LOCUS OF POSSIBLE 
PULSE DURATION LIMIT TRIGGERING POINTS. 

II I ~~\I 
~~~~.I ~ ,;-" ~ 

~'<,~: /~~'b -~~ 

~~1)/ +.-#'~ <?/,j' ~">; . 

UPPER LIMIT OF PERMISSIB~E I ~ 
AVERAGE (oCI GATE POWER ~ 
DISSIPATION AT RATED CONOITION~ - '?;)'\'V" '-r-
(SEE FIG. II a 121 'f'i.~ 

1--0",--
~~i I 

2 4 6 a 2 4 6 a 
0.001 0.01 Qt 

2 4 6 a 

POSITIVE OR NEGATIVE DC GATE-TRIGGER AMPERES (IGTI 

92CS-IS715RI 

Fig. 9 - Gate trigger characteristics and limiting conditions for 
determination of permissible gate trigger pulses. 

r-;'l 
I 
I 
I 

RSI 

I 
I 
I 
I 

Cs I 

ACINPUT 
VOLTAGE 

SNUBBER 
NETWORK Cs 
FOR 2.5 A 
(RMS)eIN· 
DUCTIVE RS 
LOAD 

RCA TRIACS 

120V 240 V 
60Hz 60 Hz 

0.0681l F 0.0751l F 
200 V 400 V 

2.2 kn 2.5 kn 
%W %W 

2N5755 2N5756 
T23138 T2313D 6: 

8' : 
L - - T J 92Ut.197ZR3 

-For other RMS Current values refer 
to RCA Application Note AN·4745. 

SNUBBER NETWORK FOR INDUCTIVE LOADS. 
CONNECT POINTS AI AND BI TO TERMINALS 
A AND B RESPECTIVELY. 
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CASE TEMPERATURE (Ie) _·c 
92CS-15118 92CS-I~126 

Fig. 11 - DC gate-trigger cu"ent VI. case temperature. Fig. 12 - DC gate-trigger voltage VI. case temperature. 

Fig. 13- Relationship between supply voltage 
and principle current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dt). 

TERMINAL CONNECTIONS 

For Types 2N5754. 2N5755. 2N5756. 2N5657 

Lead No. 1 - Main terminal 1 

Lead No. 2 - Gate 

For T2313 Series 

Lead No.1 - Main terminal 1 

Lead No.2 - Gate 

Case, Lead No.3 - Main terminal 2 Heat Rad., Lead NC!. 3 - Main terminal 2 
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OOcn3LJD 
Solid State 
Division 

Thyristors 

T2300 T2302 T2310 T2312 
Series 

2.S-A Sensitive-Gate 
Silicon Triacs 
For Low-Power Phase-Control and Load-Switching Applications 
Features: 
• Very High Gate Sensitivity • 3-Lead Package for Printed Circuit 

3 mA max. for T2300 and T23l0 series Board Applications 
10mA max. forT2302 and T23l2 series • Shorted Emitter Design 

T2310 Saries 

T2312 Sarios 

T2300 Sari .. 

T2302 Sari .. 

~ 
100 V 200 V 

Package Types Types 

Mod. TQ.5 T2300A (405251. T2300B (405261 
Mod. TQ.5 T2302A (405281 T2302B (405291 
TO-5 with Radiator T2310A (405311 T2310B (405321 
TO-5 with Radiator T2312A (405341 T2312B (405351 

Numbers In parentheses are former RCA type numbers. 

400 V 
Ty-
. T2300D (405271 
T2302D (405301 
T2310D (405331 
T2312D (405361 

RCA T2300·, T2302·, T2310·, and T2312·series triacs are 
gate-controlled full·wave ac silicon switches. They are 
designed to switch from a blocking state to a conducting 
state for either polarity of applied voltage with positive or 
negative gate triggering. 

The T2300 series has rms on-state current ratings of 2.5 
amperes at a case temperature of +60·C while the T2302 
series has the same ratings at a case temperature of +70·C. 

The T2302 series has higher dv/dt capability and higher gate 
trigger current requirements than the T2300 series. The gate 
sensitivity of these triacs permits the use of economical 
transistorized and IC control circuits and enhances their use 
in low·power phase control and load·switching applications. 

The repetitive peak off·state voltage rating for T2300A and 
T2302A is 100 volts; for T2300B and T2302B, 200 volts; 
and for T2300D and T23020, 400 volts. 

The T2310 and T2312 series are the same as the T2300 and 
T2302 series, respectively, but have factory-attached heat· 
radiators and are intended for printed·circuit·board appli· 
cations. 

MAXIMUM RATINGS,Absolute-Maximum Values: 
For Operation with 50/6()'Hz, Sinuosidal Supply Voltage and Resistive or Inductive Load 

REPETITIVE PEAK OFF-STATE VOLTAGE' (Gate Open): VOROM 
TJ = -400C to +900C: T2300A, T2310A .................................. . 

. T2300B, T2310B ................................... . 
100 V 
200 V 

T23000, T23100 .................................. . 400 V 
TJ = -400C to +1000(:: T2302A, T2312A .................................. . 

T2302B, T2312B ................ -.................. . 
100 V 
200 V 

T23020, T23120 .................................. . 400 V 
RMS ON-STATE CURRENT (Conduction Angle = 3600 ): IT(RMS) 

TC = 600 C: T2300 series ............................................... . 
TC = 700C: T2302 series ............................................... . 
T A = 250C: T2300 series ............................................... . 

T2302 series ............................................... . 

2.5 A 
2.5 A 
0.35 A 
0.40 A 

For other conditions ................................................. _ ... . See Figs. 2, 3, 4 & 5 
For heat-radiator types .................................................. . See Figs. 6 & 7 

PEAK SURGE (NON-REPETITIVE) ON·STATE CURRENT: ITSM 
For one full cycle of applied principal voltage, TC as above 

60 Hz sinusoidal ..................................................... . 25 A 
50 Hz sinusoidal ..................................................... . 21 A 

For more than one full cycle of applied voltage ............................... . See Fig. 8 

RATE OF CHANGE OF ON-STATE CURRENT: 
VOM = VOROM, IGT = 50 rnA, tr = 0.1 jls (See Fig. 19) ........................ . di/dt 100 A/jls 

FUSING CURRENT (for Triac Protection): 
TJ = -65 to 1000 C, t = 1.25 to 10 ms ...................................... . 12 t 3 A2s 
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File No. 470 __________________ T2300, T2302, T2310, and T2312 Series 

MAXIMUM RATINGS (Cont'd.). 

PEAK GATE·TRIGGER CURRENT+: 
For 1 ps max .......................................................... . 

GATE POWER DISSIPATION+: 
Peak (For 1 ps max.) ........................•........................... 
Average: TC = 600 C ......•..........................•.................. 

TA=250 C •................................................... 

TEMPERATURE RANGEt: 
Storage .............................................................. . 
Operating (case): T2300 Series .....................................•...... 

T2302 Series ....................•....................... 
T2310, T2312 Series (From -400 C) Upper limits .............. . 

LEAD TEMPERATURE: 
During soldering, terminal temperature at a distance> 1/6 in. 

(1.58 mm) from the case for 10 s ............. -:-.......................... . 

IGTM 
0.5 

10 
0.15 
0.05 

A 

W 
W 
W 

-40 to +150 oC 
-40 to +90 OC 
-40 to +100 OC 

See Figs. 6& 7 

225 OC 

6 For either polarity of main terminal 2 voltage 
(~MT21 with reference to main terminal 1. 

For either polarity of gate voltage (VG) 
with reference to main terminal 1. 

For information on the reference point of 
temperature measurement see Dimensional 
Outlines. 

-v 

QUADRANT 
No. III 

MAIN TERMINAL 2 
NEGATIVE 

+I QUADRANT 
No.1 

MAIN TERMINAL 2 
-ON POSITIVE 
STATE 
IH 

+v 

92LS - 2214R3 

Fig. 1 - Principal voltage-current characteristics. 

CURRENT WAVEFORM • SINUSOIDAL 

A 6ml LOAD • RESISTIVE OR INDUCTIVE 
RATING APPLIES FOR ALL CONDUCTION 

ANGLES. 
TEMPERATURE IS MEASURED ON BASE AT 

POINT MlDNAY BETWEEN LEADS. 0 IBO'\J360" 

5~ 100 

T2302 
CONOUCTION ANGLE 

~ :u 90 Series .91 +9m 

~;;; 
j~ BO ~: 
"' .. T2300 ,,0. 

Seri~s '" '" 70 
~~ 

" 60 
0.5 1.5 2.5 3.5 

RMS ON-STATE CURRENT [.J:T(,ms J]-A 
92L.S-1388R4 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
RATINGS APPLY FOR ALL CONDUCTION ANGLES 

100 

5 
a 

T23 
~ries 

12302 
Series 

~UNTING 

m,® 
0.5 1.5 

RMS ON- STATE CURRENT 

MOUNTING 

@ 

2.5 

j!T(rmsil-A 

FOR DEVICE SOlDE'RED 
ON VIS"-THICK COPPER 
HEAT SINK. TEMPER
ATURE MEASURED ON 
HEAT SINK 114M FROM 
CASE c;AP. 
LEAD LENGTH" I" 

FOR DEVICE SOLOERED 
ON 1116°-THICK COPPER 
HEAT SINK. TEMPER
ATURE MEASURED ON 
HEAT SINK vi( FROM 
CASE CAP. 
LEAD LENGTH ~ 1M 

92LS-1390R4 

Fig. 2 - Conduction raring chart (case temperature) for 72300 and Fig. 3 - Conduction characteristics as a function of mounting method 
72302 series. for T23DO and 72302 series. 
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ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (TC) Unless Otherwise Specified 

46 

CHARACTER ISTIC 

Peak Off-5tate Current: • 
G~te Open and VOROM = Max. rated value 

At Tj = +1000 C ....................... 
AtTj = +900 C ....................... 

Maximum On-5tate Voltage:' 
For iT = 10 A (peak) and TC = 250 C .......... , 

DC Holding Current:' 
Gate Open. Initial principal current = 150 mA (DC). Vo =12 

AtTC=250 C ....................... 
For other case temperatures ............... 

Critical Rate of Rise of Commutation Voltage:' 
For Vo = VOROM, IT(RMS) = 2.5 A, commutating 
di/dt = 0.95 Allls, gate unenergized, (See Fig. 20), 

TC':' l000C ................................ 
TC=900 C ................................. 

Critical Rate-of-Rise of Off-State Voltage:' 
For Vo = VOROM, exponential voltage rise, 
and gate open 

AtTC=+10ooC. __ . __ . ___ . __ . _________ 

AtTC=+9ooC 0·.····.········.·.·· .. 
DC Gate-Trigger Current:.t Mode VMT' VG 

For Vo = 12 V (~C), 1+ positive positive 
RL =30n, and 111- negative negative 

TC = 250 C 1- positive negative 
111+ negative positive 

For other case temperatures ............... 
DC Gate-Trigger Voltage:,.t 

For Vo = 12 V (DC) and RL = 30 n 
AtTC=250 C ....................... 
For other case temperatures ............... 

For vO = VOROM and RL = 125 n 
AtTC= 1000 C ....................... 
AtTC=+9ooC ...................... , 

Thermal Resistance, Junction-to-Case: 
Steady-State ........................... 

• For either polarity of main terminal 2 voltage 
(VMT2) with reference to main terminal 1. 

SYMBOL 

'OROM 

VTM 

IHO 

dv/dt 

dv/dt 

IGT 

VGT 

ROJC 

LIMITS 
T2300 Series T2302 Series 

T2310 Series T2312 Series 

MIN. TYP. MAX MIN. TYP. MAX 

- - - - 0.2 0.75 

- 0.2 0.75 - - -

- 1.7 2.2 - 1.7 2.2 

- 2 5 - 6.5_ 15 
See Fig. 14 See Fig. 15 

- - - 0.5 - -
0.5 - - - - -

- - - 6 10 -
·3 5 - - - -

- 1 3 - 3.5 10 
- 1 3 - 3.5 10 
- 2 3 - 7 10 
- 2 3 - 7 10 

See Fig. 12 See Fig_ 13 

-11 12_2 - 11 L.2 
See Fig_ 11 See Fig. 11 

0~51 = 1= 
0~151 = 1 = 

8.5 (max.) 8.5 (max.) 

(T2300 series) (T2302 series) 

For either polarity of gate voltage (VGI 
with reference to main terminal 1. 

UNITS 

mA 

V 

mA 

Vllls 
VI IlS 

Vllls 

mA 

V 

oc/w 
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0.2 0.4 0.6 

RMS ON-STATE CURRENT ~T Irms~ - A 
9ZLS-1986RZ 

Fig. 4 - Conduction rating chart (ambient temperature) for. T2300 
series. 

lilii-Hvols·TO. WITH HEAT RAOIAT~ 

I 

RMS ON-STATE CURRENT [ITCrmsj)-A 

Fig. 6 - Conduction rating chart (ambient temperature) for T2310 
series. 

~~~L~~~'1-~~~CY. 50/60 H, j j j j j 
RMS ON-STATE CURRENT [1T(RMSI].2.5A+j+ j-+-j-t-jHj-l 
CASE TEMPERATURE ITcl' 7O'C j j j j j 

.. 
Ii 
~ 
~> 1 2~ GA~E CONTROL MAY B! ~ST DURING AND -

'" ....,.:-+_+ :~~~~~tE.LY FOLLOWING SURGE CURRENT _ 

~ ~ 201"<--\.-'1,/--+ OVERLOAD MAY NOT BE REPEATED UNTIL 
~ ~ 1-'\."""+",.-1- JUNCTION TEMPERATURE HAS RETURNED TO 
If z "STEADY-STATE RATED VALUE. 

~~ 5r-~~,,~.rrr-+-j'j-rrr-+~-rH 

i~ 10r--+-+I'~~~~<d~H:-++t--1-++41 

j j 
4 6 8 10 2 4 6 8'02 

SURGE CURRENT DURATION-FULL CYCLES 

4 6 8'03 

92CS-15731RI 

Fig. 8 - Peak surge on-state current vs. $urge~urrent duration for 
all types. 

RMS ON-STATE CURRENT ~T (rms)] - A 
92LS-19B7RZ 

Fig. 5 - Conduction rating chart (ambient temperature} for 72302 
series. 

RMS ON-STATE CURRENT [XT(rmsJ]-A 92CS-17546 

Fig. 7 - Conduction rating chart (ambient temperature) fOf T2312 
series. 

0: 

~:t 3 
01 
o.z 

o 

~~ 2 
~iii 
.. !!! 
i\0 

2.' 
FULL-CYCLE RMS CONDUCTION CURRENT UT)-A 

Fig. 9 - Power dissipation curves for al/ types. 

3.5 

92LS-I392R2 
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Fig. 10 - On-state characteristics for either direction of principal 
current for all types. 

48 

-40 -20 -to 
CASE TEMPERATURE tTcl_OC 92LS-1978Rl 

Fig. 12 - DC gate-trigger current characteristics for 72300 and 
T2310series. 

CASE TEMPERATURE (TCI-OC 92LS-1975RI 

Fig. 14 - DC holding current characteristics for either ~irection 
of principal current for 72300 and 72310 series. 

-40 -30 -20 -10 0 10 
CASE TEMPERATURE (Te) _·C 

30 

92LS-1979RI 

Fig. 11 - DC Gate~trigger voltage characteristics for all types. 

CASE TEMPERATURE (T cl-·C 92LS-1974Rl 

Fig. 13 - DC gate-tr;ggercurrent characteristics for 72302 and 
72312 series. 

CASE TEMPERATURE (TCI-OC 92LS-1976RI 

Fig. 15 - DC holding current characteristics for either direction 
of prinicpal current for 72302 and 72312 s8ries. 
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2fl::j MAXIMUM VOLTAGi AT wliicH NO 
tft=ft. UNIT WILL TRIGGER FOR Tj '" +90·C 

2 4 6 8 
POSITIVE OR NEGATIVE GATE-TRIGGER CURRENT (lOT) 

Tj'" 40· C 

fHH--

10 12 
- mA(OCI 

MAXIMUM GATE TRIGGER 
CURRENT FOR INDICATED 
JUNCTION TEMPERATURE (Tjl 

ft±±±H-Itt+ 
14 16 

Fig. 16 - Gate characteristics for T2300 and T2310 series. 92LM-1983R I 

SHADED AREA INDICATES LOCUS OF POSSIBLE TRIGGERING POINTS 
AT VARIOUS TEMPERATURES FOR ALL OPERATING MODES. 

MAXIMUM GATE TRIGGER VOLTAGE FOR 
INDICATED ,JUNCTION TEMPERATURE ITj) 

I' -40·C 

O·C 

+25"C 

10 

. MAXIMUM VOLTAGE AT WHICH 
- NO UNIT WILL TAl GGER FOR 

-rt'"Tj"+IOO"C 

15 20 25 

POSITIVE OR NEGATIVE GATE-TRIGGERING CURRENT IIorl - mA(OCI 

Fig. 17 - Gate characteristics for T2302 and T2312 series. 

For T2300 and T2302 series 

Lead No.1 - Main terminal 1 
Lead No.2 - Gate 

TERMINAL CONNECTIONS 

For T231 0 and T2312 series 

Lead No.1 - Main terminal 1 
Lead No.2 - Gate 

40 

92LM -1985RI 

Case, Lead No.3 - Main terminal 2 Heat Rad., Lead No.3 - Main terminal 2 
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"2 

SNUBBER NETWORK 

03202U $, t!! ~~~::;:=T~"f!.o 
1.2 K 2W RS D' TO TERMINALS C AND 

0, RESPECTIVELY 

" F.OR PHOTOCELL CONTROL 

~~~i11:~:SAA~~~:: Cs 
RESPECTIVELY 

0' PHOTOCELL o·I 
9'2lS-2406R!5 

NOTE: For incandescent lamp loads which produce burnout 
current surges with ,2t values greater than 2.5 am
pere2 seconds, connect a 10-ohm resistor of appro
priate wattage rating in series with the load. The 
appropriate wattage rating can be determined as"follows: 

Power Rating of 
10-ohm Resistor:::; 10 x (rms load currend2 

AC RFI FILTER SNUBBER RCA 
INPUT Cl C2 Rl R2 R3 LF' CF' NETWORK TYPES 

VOLTAGE (typ.) (typ.) CS RS 

120V O.l~F O.l~F 100K!l 2.2K!l 15K!l 100~H O.WF 0.06~F 2.2K!l T2300B,T2310B 
60Hz 200V 100V lIW lIW lIW 200V 200V lIW T2302B,T2312B 

240V O.l~F O.l~F 250K!l 3.3K!l 15K!l 200~H O.l~F 0.075pF 2.5K!l T23000,T23020 
60Hz 400V 100V lW %W lIW 400V 400V .%W T23100,T23120 . 

Typical values for lamp dimming circuits 

Fig. 18 - Typical phase-control circuit for lamp dimming, heat controls, and universal motor speed controls. 

fL .-1--- ------ --- -----

-y - - - : 

I 
/..-di/dt , 

O.51TSM I 

o----l- I-~------------- .. -
-1 r--'I 

Fig. 19- Rate of change of on·state current 
with time (defining dildtJ. 

Fig. 20- Relationship between supply voltage 
and principle current (inductive load) 
showing reference points for definition 
of commutating voltage (dvldt). 
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OOCI8LJD 
Solid State 
Division 

Thyristors 

T2301 T2311 
Series 

2.5-Ampere Sensitive· Gate 
Silicon Triacs 

_rtli':.., ..... , 
For Low-Power Phase-Control and Load-Switching Applications 
Features: a Small size - suitable for 
• Very high gate sensitivity - 4 mA remote switching applications 

• Heat-radiator package for printed circuit board applications a Shorted emitter design 

~ 
100V 200 V 400 V 

Package Types Types Types 

Modified T2301A T2301B T2301D 
TO·5 (40766) (40691) (40692) 

T2311 Series T2301 Series Mod. TO-5 with T2311A T2311B T2311D 
Heat Radiator (40767) (40761) (40762) 

Numbers on parentheses are former RCA type numbers. 
RCA T2301- and T2311·series triacs are gate·controlled The T2311-series triacs are the same as the T2301-series 
full-wave ac switches. These devices are designed to switch triacs. but have factory·attached heat·radiators and are 
from an off·state to an on·state for either polarity of applied intended for printed·circuit board applications. 
voltage with positive or negative gate triggerin9 voltages. 

The high gate sensitivity of these triacs permits the use of 
economical transistorized or integrated control circuits and 
enhances their use in low·power phase control and load
switching applications. 

With the exception of the characteristics listed below. data 
shown for the T2300 series in bulletin File No. 470 are 
applicable to the T2301 series. 

The T2301-series triacs are supplied in a compact package 
(similar to JEDEC TO·5) and have an RMS on·state current 
rating of 2.5 A and repetitive peak off·state voltage ratings of 
100.200. and 400 volts. 

Data shown for the T2310 series in bulletin File No. 470 are 
applicable to the T2311 series. 

ELECTRICAL CHARACTERISTICS: 

Characteri sti c 

DC Gole-Trigger Currenl, IGT Mode VMT2 

For vO = 12 V (DC), ' + positive 

RL = 30n, and III" negative 

TC=250 C 
,- positive 
111+ negative 

11-73 

For data on additional RCA sensitive-gate triacs, 
refer to bulletin File No. 470. 

Limits - Units 
VG Min. Typ. Max. 

positive - 1 4 
negative - 1 4 rnA 
negative - 2 4 
positive - 2 4 
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_______________________________ FileNo.441 

OOaBLJ1] 
Solid State 
Division 

~tN 
MAIN 
TeRMINAL2· 

·TERMINALI 

Modified JEDEC TO-S 

Thyristors 

T2304 T2305 
Series 

400-Hz,O.S-A 
Sensitive-Gate Silicon Triacs 
For Control-Systems Application in Airborne and 
Ground-Support Type Equipment 
Features: 
• High gate sensitivity, IGT = 10/40 mA max. 

• Commutating dv/dt capability 
characterized at 400 Hz 

• di/dt capability = 100 Alp.s • Shorted-Emitter Design 

~ 
200 v 400 V 

Package Types Types 

Modified TO-S T2304B {40769} T2304D {40770} 

Modified T()'5 T2305B {407711 T230SD {40772} 

Numbers In parentheses are former RCA type numbers. 

RCA T2304- and T2305-series triacs are gate-controlled 
full-wave silicon ac switches_ They are designed to switch 
from an off-state to an on-state for either polarity of applied 
voltage with positive or negative gate triggering voltages_ 

and 208 V RMS sine wave and repetitive peak off-stage 
voltages of 200 V and 400 V_ 

These triacs are intended for operation up to 400 Hz with 
resistive or inductive loads and nominal line voltages of 115 

The high gate sensitivity of these triacs permits the use of 
economical transistorized or integrated control circuits and 
enhances their use in low-power phase control and load
switching applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

For Operation with Sinusoidal Supply Voltage at Frequencies up to 400 Hz and with Resistive or Inductive Load_ 

REPETITIVE PEAK OFF-STATE VOLTAGE:' 
Gate open, TJ = -50 to lOOOC .....••..•.....•....................•....•.........•... 

RMS ON-STATE CURRENT (Conduction angle = 3600 ): 

Case temperature (TC) = 900 C .....•.......•........................................ 
Ambient temperature (TA) = 2S oC. without heat sink .................................... . 
For other conditions ............................................................. . 

PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 
For one cycle of applied principal voltage, TC = 900 C 
400 Hz (sinusoidal) ............................................................. . 
60 Hz (sinusoidal) ............................................................. . 
50Hz (sinusoidal} __ •• _ •• ___ •• ___________ •• ___________ • _. ___ • _ •• __ • ___ ••• _ •• _ ••• 

For more than one cycle of applied principal volt;:tge .................................. . 
RATE-OF-CHANGE OF ON-STATE CURRENT: 

VDM =VDROM,IGT=60mA, t,=O_1 ~s(SeeFig.14) __ -. _ - _ .. - - - - .. -- - - -. -.- - -- - -- - -
FUSING CURREN] (fo, triac protection): 

TJ = -SO to 100 C, t = 1.25 to 10 ms __ • _. ____________________ • _________ • __________ _ 

Pfp~fIG:.1gJ,!~,JG~Ni21)'brN~:-· ... _ . _ . _ . ____ . _ . _____________ . ____ . ___ . _ . _________ _ 

GATE POWER DISSIPATION: . PEAK (For I '" max_, (See Fig. 10) __ . ____ . ___ . ___________ . ________ . _ . ____ . _ .. ____ .. 
AVERAGE (AtTC=600 C) ______ . ___ . ________ ._._. _______ . _______ . ____________ .. 

(At TA = 2S oC, without heat sink) ....................................... . 
TEMPERATURE RANGE:~ 

Storage ............................................................•........... Operating (Case) _____ .. ___ . __ . ____ . _____ . __________ . _ .. _ . _____ . ______ . _____ .. _ . 

LEAD TEMPERATURE (During soldering): 
At distances~ 1/16 in. (1.58 mm) from the case for 10 s max ..............•............... 

* For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (VG) with reference to main terminal!. 
... For temperature measurement reference point, see Dimensional Outline. 
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VDROM 
IT(RMS) 

ITSM 

di/dt 

12t 
IGTM 

PGM 
PG(AV) 
PG(AV) 

Tstg 
TC 

TL 

T2304B T2304D 
T2305B T2305D 

200 400 

0.5 
0.4 

V 

A 
A 

See Figs. 3 & 4 

SO A 
25 A 
21 A 

SeeJ.1g.5 

100 A/~s 

2 A2s 

A 

10 W 
0.15 W 
0.05 W 

-SO to ISO oc 
-SO to 100 DC 

225 DC 

9-74 



File No. 441 ___________________ -'-_______ T2304 T2305 Series 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings and at Indicated Case Temperature (T C) Unless Otherwise Specified 

CHARACTERISTIC SYMBOL 

IOROM Peak Off·Stats Current:6 
Gate open. T J = l00oC. VOROM = Max. rated value 

Maximum On-State Voltage:' 

For iT = 10 A Ipeakl. TC = 250 e ..................... .. 

DC Holding Current:. 

Gate open, Initial principal current = 150 rnA IDC), vo = 12 V. 

TC" 250 e .................................... . 
For other case temperatures ......••.•........... 

Critical Rate-af·Rise of Commutation Voltage:' 

For vo = VOROM, I(T(AMS) = 0.5 A. commutating 

di/dt = 1.B Alms, gate unenergized, TC = gOoe dv/dt 

ISee Fig. 151 

Critical Rat.ot·Ri .. 01 Off·Stage Voltage:6 
For YO ,.. VOROM. exponentail voltage rise, gate open, dv/dt 

TC= lOOGC ................................ . 

DC Go. Trigger Current:6 Mode VMT2 VG 

For vO " 12 V (OCI. I- positive positive 

RL =30Sl m- negative negative 

Te = 25°C i positive negative 

m+ negative positive 
For other case temperatures .................... . 

DC Gat. Trigger Voltage:6t 
ForvO = 12 V (DCI. RL = 30n, TC = 25°C 

For other case temperatures .................... . 
ForvD = VDROM. RL = 125n, TC = 100°C 

Gate-Controlled Turn·On Time: 
(Delay Time + Rise Time) 

For vo • VOROM. IGT = 60 mAo Ir = 0.1 PS. 
iT = 10 A (peakl. TC = 25°C (See Fig. 161 

Thennal Resistance, Junction·to-Casa: 

IGT 

LIMITS 

T2304 Series T2305 Series 

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

0.2 0.75 0.2 0.75 

1.7 2.2 1.7 2.2 

7 15 15 30 
~SeeFi .8&9_ 

4 4 

10 100 10 100 

3.5 10 5 25 

3.5 10 5 25 

10 10 40 

10 10 40 
- See Fios. 11 &12_ 

I I 2.2 I I /2.2 

...--- See Fig. 13-
0.15 0.15 

I.B 2.5 I.B 2.5 

8.5 8.5 

6 For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 

t For either polarity of gate voltage (V G) with reference to main tenninal 1. 

The fol/owing data are applicable to aI/ triacs except as noted. 

-VOROM 
-v 

QUADRANT 
No.IU 

MAIN TERMINAL 2 
NEGATIVE 

-v 

92LS-2214R3 

Fig. 1 - Principal voltage-current characteristic_ 

UNITS 

rnA 

V 

rnA 

VIlIS 

VIlIS 

rnA 

V 

°elW 
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FULL CYCLE RIIS ON-STATE CURRENT [IT(flIIS)] -A 
92C$-1'1092: 

Fig. 2 - Powsr di$S;pation VI'. on-statB curlflnt. 

FULL CYCLE AMS ON-STATE CURRENT [IT(RMS)] -A 92CS-17094 

Fig.,4 - Mllximum allowable 8mbifmt temperature VI. on-state 
current for the packll(Jll/mounting options of the_ triacs. 

0.1 CASE TEMPERATURE {Telae..: 

Q6 

QI 

Q6 Q7 0.8 09 1.1 1.2 
ON-STATE VOLTAGE (\I'l)-V 

(POSITIVE OR NEGATIVE) 

1.3 1.4 

92eS-170N 

Fill. 6 - On-state CUrrtlnt n. on .. tste voltage (steady-state conditionl. 
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FULL CYCLE RMS ON-STATE CURRENT [ITIRIIS.]-A 
9leS-17093 

Fig. 3 - Maximum allowable case temperature vs. on-state current. 

SUPPLY FREQUENcy..60/400 Hz 

... ~~ O:~:~~~~~URRENT[ I TIRMS)] -O.SA 
l; CASE TEMPERATURE(Tc) .. 9O·c 
In I I I I I I I z 50 £ l\. GATE CONTROL MAY BE LOST DURING AND ..... IMMEDIATELY FOLLOWING SURGE CURRENT :::, INTERVAL. 
t1;.40 
I-m 

"-
OVERLOAD MAY NOT BE REPEATED UNTIL 

... ,... JUNCTION TEMPERATURE HAS RETURNED TO 

~~ 30 
STEADY-STATE RATED VALUE. 

z'" ~ I'- I I 0", 

~!5 
~u 20 

~ "~r--. ... ~ I 
~ 10 

SO Hz 

150~ --0 

• 4 6 • • • • • • 4 •• 10 
SURGE CURRENT DURATION-FULL CYCLES 

92CS-17095RI 

Fig. 5 - Pesk surge on-stage current w. wrge-current duration. 

o 

CASE TEMPERATURE (Tc)· 25·C 

I • 
INSTANTANEOUS ON-STATE VOLTAGE (VT)-V 

(POSITIVE OR NEGATIVE) 
92CS-I7097 

Fig. 1- On-nate cUmlnt w. on-state voltage {SUrtJII condition}. 
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CASE TEMPERATURE ITe) _·c 

Fig. 8 - DC holding current VS. case temperature for T2304 series. 

PULSE DURATION LIMIT 6 TRIGGERING MODES: ALL 
ENCLOSED AREA INDICATES 

" LOCUS OF POSSIBLE .,'----++H--+."'--!---h+1 
> 
I 
~b .... 

TRIGGERING POINTS. 

:: ~ 10 1==l==t=t:J::t==l==t:1 
~ ~ :t---i--t-t+t---i--i 
!:;'" 
o z 4f--I--f--f-++--I-
>", 
",0 

~ ~ zt--I--f--f-++
UPPER LIMIT OF PERMISSIBLE ~~ 

~~ 
~-

AVERAGE (DC) GATE POW·EEIR~:j::j:;tj~=t=I+:tt:H 
DISSIPATION AT RATED r 

g 
6 CONDITION. -rTO--+--'. 

0.1 
0.001 2 4 6 8 act 2 "6 8 0.1 

DC GATE TRIGGER CURRENT (16T)-A 
(POSITIVE OR NEGATIVE) 

Fig. 10 - Gate trigger characteristics and limiting conditions for deter. 
mination of permissible gate trigger pulses. 

CASE TEMPERATURE (Te) _·C 92C5-17102 

Fig. 12 - DC gate-trigger current vs. case temperature for T2305 series. 

92<:5-17099 

Fig. 9 - DC holding current vs. case temperature for T2305 series. 

-50 -40 -30 -20 -10 0 10 20 30 40 92CS-17101 
CASE TEMPEf<ATURE IT c) _·c 

Fig. 11 - DC gate-trigger current vs. case temperature for T2304 series. 

- 50 --40 -30 -20 -10 0 10 20 30 40 
CASE TEMPERATURE (T c) _·C 92CS-17103 

Fig. 13 - DC gate-trigger volrage vs. case temperature. 
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VD 

DJ-_______________ _ 

I 
I 
I 
I 
I 

I t-- .,/cIt , 

-~---------------
-l 1-', 

92CS-17063 

Fig. 14 - Rate-of-change of on-state current with time (defining di/dtJ. 
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I 
, I 

VD: i 
D_LL ___ i_c __ 

, " , " , " , ,I 

T --1-
: '1'9D% POINT 

'TM , " 
o_LL __ ,_+- __ _ 

~"++-" 1---'.,--; , 

t~:-vOT , 

o_L ::'~~~~___ -
92CS-13366R2 

Fig. 16 - Relationship between off-state voltage, on-state current, 
and gate-trigger volrage showing reference points for 
definition of turn-on time (tgrJ. 

400 Hr 
SUPPLY 

VOLTAGE 

400 H~ 
PRINCIPAL 
CURRENT 

.-' 

92CS-17064 

Fig. 15 - Relationship between supply IIO/tage and principal current 
(inductive load) showing reference points for definition of 
commutating voltage (dv/dtJ. 

J-r-----"""-1r -.£:" - - --, 

I t 1SNUBBER NETWORK I 500n ITO BE USED 
I 1/2 W I FOR INDUCTIVE 

I I ~g~~~~:T:~EN 
: [~~r::CET~d~r.:i!c 
I liS EXCEEDED 
I I 

:J2~~:: L.. ___ ~ ____ ~_ - L ___ J 

92CS-17091 

NOTE: For incandescent lamp loads which produce burnout cur
rent surges with 12t values greater than 2.5 ampere2 seconds, con
nect a 10 - ohm resistor of appropriate power rating in series with the 
load. This rating can be determined as follows: 

. ~~:~mR~~~i~:~ = 10 Irms load currentl 2 

Fig. '7 - Typical phase-conrrol circuit for operation at 400 Hz. 

TERMINAL CONNECTIONS 
Lead No.1 - Main terminal 1 
Lead No.2 - Gate 
Case, Lead No.3 - MaIn termInal 2 
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D\lm5LJD 
Solid State 
Division 

These triacs are gate·controlled full·wave ac switches. They 
are intended for ac load-control applications such as heating 
controls (proportional or on-off); lamp switching, motor 
switching, and a wide variety of power-control applications. 

The RCA CA3058, CA3059, and CA3079 are monolithic 
silicon IC zero·voltage switches designed for direct operation 
from the ac line. They can drive the triac gate directly and 
provide the gating signal at zero-voltage crossings for 
minimum radio·frequency interference. 

These triacs have gate characteristics which assure that the 
zero·voltage switch can supply sufficient drive current to 
trigger them over the operating·temperature range from 
·'utc to +8s"C. Ratings within this group of triacs range 
from 2.5 to 40 amperes rms on·state current, with repetitive 
off·state voltages available from 100 to 600 volts; and they 
employ a wide variety of packages. 

RATINGS AND CHARACTERISTICS 

Rep. Peak RMS On-Stato Typ. DC 
Type Former Off-State Current Holding 
No. RCA Voltage IT(RMS) Current at 

Type VDROM at Case Tomp. 25OC,IHO 
No. (V) (A) (OC) (mA) 

T2316A 40693 100 2.5 70 6 

T2316B 40694 200 2.5 70 6 
T2316D 40695 400 2.5 70 6 
T2306A 40696 100 2.5 70 6 
T2306B 40697 200 2.5 70 6 

T2306D 40698 400 2.5 70 6 
T6406B 40699 200 40 70 25 
T6406D 40700 400 40 70 25 
T6406M 40701 600 40 70 25 
T6416B 40702 200 40 65 25 

T6416D 40703 400 40 65 25 
T6416M 40704 600 40 65 25 
T6407B 40705 200 30 65 25 
T6407D 40706 400 30 65 25 
T6417B 40707 200 30 60 25 

11·73 

T2306 
T2316 
T2706 
T2806 

T2716 
T4106 
T4107 
T4116 

Thyristors 
T4117 
T4706 
T6406 
T6407 

T6416 
T6417 

Series 

2.5-40-A, 100-600-Y SILICON 
TRIACS DESIGNED fOR USE 
WITH IC lERO-VOLTAGE 
SWITCHES AS 
TRIGGERING CIRCUITS 
For Power·Control and Switching Applicatillls 
at Frequencies of 50 to 60 Hz 

For 

Max. DC Gato Trigger Curront Additional 

and Voltage at 250cA Data, 

1+ 111+ Package Refer to 

IGT VGT IGT VGT Bulletin 

(mA) (V) (mA) (V) File No." 

45 1.5 45 1.5 Mod. TO·50n 414 
Heat Radiator 

45 1.5 45 1.5 .. 414 

45 1.5 45 1.5 .. 414 

45 1.5 45 1.5 Mod. TO·5 414 

45 1.5 45 1.5 .. 414 

45 1.5 45 1.5 Mod. TO·5 414 

45 1.5 45 1.5 Press·fit 593 

45 1.5 45 1.5 .. 593 

45 1.5 45 1.5 .. 593 

45 1.5 45 1.5 Stud 593 

45 ';5 45 1.5 Stud 593 

45 1.5 45 1.5 .. 593 

45 1.5 45 1.5 Press·fit 459 

45 1.5 45 1.5 .. 459 

45 1.5 45 1.5 Stud 459 
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T2306 T2316 T2706 T2806 T2716 T4106 T4107 File No. 406 
T4116 T4117 T4706 T6406 T6407 T6416 T6417 Series -----------

RATINGS AND CHARACTERISTICS (Cont'd.) 

For 

Rep. Peak RMS On-State Typ.DC Max. DC Gate Tri_ Currant Additio ... 1 
Type Former Off-State Current Holding and Voltage at 2s0c4 Data, 
No. RCA Voltage IT(RMSI Current at 1+ 111+ Package Refer to 

Type VDROM at Case Temp. 250 C,IHO IGT VGT IGT VGT Bulletin 
No. (VI (A) (OC) (mAl (mAl (VI (mA) (V) File No.' 

T6417D 40708 400 30 60 25 45 1.5 45 1.5 Stud 459 
T6407M 40709 600 30 65 25 45 1.5 45 1.5 Press-fit 459 
T6417M 40710 600 30 60 25 45 1.5 45 1.5 Stud 459 
T4106B 40711 200 15 80 20 45 1.5 45 1.5 Press-fit 458 
T4106D 40712 400 15 80 20 45 1.5 45 1.5 .. 458 

T4116B 40713 200 15 80 20 45 1.5 45 1.5 Stud 458 

T4116D 40714 400 15 80 20 45 1.5 45 1.5 .. 458 

T4706B 40715 200 15 70 15 45 1.5 45 1.5 TO·66 300 

T4706D 40716 400 15 70 15 45 1.5 45 1.5 .. 300 

T4107B 40717 200 10 85 15 45 1.5 45 1.5 Press·fit 457 

T4107D 40718 400 10 85 15 45 1.5 45 1.5 Press-fit 457 

T4117B 40719 200 10 85 15 45 1.5 45 1.5 Stud 457 

T4117D 40720 400 10 85 15 45 1.5 45 1.5 .. 457 

T2806B 40721 200 8 BO 15 45 1.5 45 1.5 Plastic 364 

T2806D 40722 400 8 80 15 45 1.5 45 1.5 .. 364 

T2606DF 40723 450 6 75 - 45 1.5 45 1.5 Mod. TO·5 375 

T2616DF 40724 450 6 75 - 45 1.5 45 1.5 Mod. TO·5 on 375 

Heat Radiator 

T2606B 40725 200 6 75 15 45 1.5 45 1.5 Mod. TO·5 352 

T2606D 40726 400 6 75 15 45 1.5 45 1.5 .. 352 

T2706B 40727 200 6 75 15 45 1.5 45 1.5 TO·66 351 

T2706D 40728 400 6 75 15 45 1.5 45 1.5 TO-66 351 

T2716B 40729 200 6 75 15 45 1.5 45 1.5 TO·66 with 351 

Heat Radiator 

T2716D 40730 400 6 75 15 45 1.5 45 1.5 .. 351 

A A triac driven directly from the output terminal of the CA3058. CA3059, and CA3079 should be characterized for operation in the ,+ or 111+ 
triggering modes. i.e., with positive gate current (current flows into the gate for both polarities of the applied ae voltage). 

* Except for gate characteristics, data in these bulletins also apply to the types listed in this chart. 
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OOCI8LJlJ 
Solid State 
Division 

Thyristors 

T2500 Series 

6-A Silicon Triacs 
Three-Lead Plastic Types for 

~~,' 
Power-Control and Power-Switching Applications 

Features: 

~ 
• SO-A Peak Surge Full-Cycle Current Ratings • Low Switching Losses 

• Shorted-Emitter. Center-Gate Design • Low Thermal Resistance 

. MT'"", MT2 • Package Design Facilitates Mounting on a Printed-Circuit Board 

JEOEC TO-220AB 

H·1535 

200 V 

Type 

T2500B (41014) 

400 V 

Type 

T25000 (41015) 

Numbers in parentheses are former RCA type numbers. 

Types T2500B and T2500D* are gate-controlled full-wave 
silicon triacs utilizing a plastic case with three leads to 
facilitate mounting on printed-c;Y'cuit boards. They are 
intended for the control of ac loads in such applications as 
motor controls. heating controls, relay replacement, solenoid 
drivers, static switching, and power-switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 

MAXIMUM RATINGS, Absolute·Maximum Values: 

negative gate triggering voltages. They have an on-state cur
rent rating of 5 amperes at a TC of BOaC and repetitive off
state voltage ratings of 200 volts and 400 volts, respectively_ 

The unique plastic package design provides not only ease of 
mounting but also low terminal impedance, which allows 
operation at high case temperatures and permits reduced 
heat-sink size. 
-Formerly RCA Dev, Nos. TAS504 and TA8505. 

For Operation with Sinusoidal Supply Voltage at Frequencies up to 50/60 Hz and with Resistive or Inductive Load. 

REPETITIVE PEAK OFF-5TATE VOLTAGE:· T2500B. T2500D 
Gate open, T J "" -65 to 100°C . ....................... , ... , .. , .. , ' ..... , . . . . . . VOAOM 200 400 V 

RMS ON-STATE CURRENT IConduction angle == 360°): 
t;as& temperature ITIRMS) 

TC=80oC _................................................. ___ 6---- A 
For other conditions ...................................................... . 

PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 
For one cvcle of applied principal voltage, TC "" BOoC 

60 Hz (sinusoidal! . ............. ' ........ , .. , , .. , , , ... , . 

50 Hz (sinusoidal) .......... , ... , , .. ' ........ . 
For more than one cvcle of applied principal voltage. " ... , ... , 

RATE OF CHANGE OF ON-5TATE CURRENT: 

VoM = VoROM, IGT = 200 rnA. tr = 0_1 #s (See Fig. 16) •••• _ ......... _ ...... __ .. _ • _ 

FUSING CURRENT (for Triac Protaction): 

TCa-6Sto 1000C,t= 1.25 to 10m ...... _ ........... _ ...... _ .. __ ............. .. 

PEAK GATE-TRIGGER CURRENT:· 
For 10 ~s max; see Fig. 10 

GATE POWER DISSIPATION: 

Peak (For 1 ~s max" IGTM ~4A; see Fig. 10J ........ '" .... ' 
AVERAGE __ . _ . _ . _. __ ....... _ ................ _ ... _. 

TEMPERATURE RANGE:· 

StOrage .............. , ... " .................... , .. ,., ........... ," ..... . 

Operating (Case) .. , ......... , ............... " .. , .................... . 

TERMINAL TEMPERATURE lOuring solderingl: 
For 10 s max. (terminals and case) .... , ................ " .................... , 

• For either polarity of main terminal 2 voltage IVMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage IVG) with reference to main terminal 1 . 

.. For temperature measurement reference point, see Dimensional Out~ine. 

9-74 

-- See Fig. 3--

___ 60 __ _ 

___ 50 __ _ 

--See Fig. 4--

di/dt 70 

18 

IGTM ___ 4 ___ _ 

PGM ___ 16 __ _ 

PGIAVI--- 0.2 ---

T stg 
TC 

-65 to 150_ 
-65'0100 _ 

TT ___ 225 __ _ 

A 

A 

A/#' 

A 

w 
w 

°c 
°c 

°c 
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·ELECTRICAL CHARACTERISTICS at Maximum Ratings unless otherwise specified, and at 
indicated Case Temperature (T cl 

LIMITS 
CHARACTERISTIC SYMBOL T2500B T25000 

MIN. TYP. MAX. MIN. TYP. MAX. 

Peak Off-State Current:· 
Gate Open, VOROM • Max. rated value IOROM - 0.1 2 - 0.1 2 
AtTJ. lOOoC . ............................ ; 

Maximum On-State Voltage:' vTM - 1.7 2 - 1.7 2 
For iT = 30A (peak) and TC • 25°C . .............. 

DC Holding Current:· 
Gate Open 
Initial principal current· 150mA (dc) IHO 
AtTC· 25°C ••• , ••••••••••••••••••••••••• - IS 30 - IS 30 
For olher case temperatures ••••• ; ••••••••••••••• See Fig. 8. 

Critical Rate of Rise of Commutation Voltage:·'· 
For vO • VOROM, IT(RMS) • 6 A, Commutating Mdt di/dt • 3.2 Alms, and gate unenergized 

At TC· BOoC ••••......•..........•..•.••.• 4 10 - 4 10 -
Critical Rate of Rise of Off-State Voltage:' 

For vO· VOROM exponential voltage rise, and gate open 
At TC. 1000l; .•••..••••••••.•.•••.•••.•• dv/dt 100 300 - 75 250 -
For other case temperatures •••..••.•••••••••••• See Fig.9 

OC Gate-Trigger Current:,t 
For vO· 12V (dc) , RL· 1211 
T C. 25 oc, and specified triggering mode: 

r+ Mode (VMT2 positive, VG positive) .•.......•...•. - 10 25 - 10 25 
m- Mode (VMT2 negative, VG negativel. .•..•....... IGT - 15 25 - 15 25 
r- Mode (VMT2 positive, VG negativel. .•••..•....... - 20 60 - 20 60 
m+ Mode (VMT2 negative, VG positive) ..........•.. - 30 60 - 30 60 
For other case temperatures ............•••......•. f4- See Figs. 12 and 13_ 

DC Gate-Trigger Voltage:' t 
For vO· 12V (dc) and RL • 12 n 

At TC· 25 0C •••.•••••••.•••.••••••••••••• - 1.25 2.5 -
For other case temperatures ••••••••••••••••••••• VGT See Fig. 14. 

For Vo • VOROM and RL = 125 n 
AIlC = 1000e •••••.•••••••••••••••••••••• 0.2 -

Gate·Controlled Turn·On Time (Delay Time + Rise Time): 
For vO = VOROM, IGT • 160 rnA, rise 

tgt - 1.6. time = 0.1 jlS. and iT = 10 A (peak) 
At TC = 250C (See Fig.15.) ................... 

Thermal Resistance: 
Junction-to-Case •••••••••••••••••.•••••••••••• ROJC - -
Junction-ta-Ambient ........................... ROJA - -

*For either polarity of main terminal 2 voltage (VMT2) with reference to main terminall. 
tFor either polarity of gate voltage (VG) with reference to main terminal 1. 

- 0.2 

2.5 -

2.7 -
60 -

1.25 2.5 

- -

1.6 2.5 

- 2.7 

- 60 

·Variants of these tlevices having dv/dt characteristics selected specifically for inductive loads are available on 
special order; for additional information. contact your RCA Representative or YOUI RCA Distributor. 

UNITS 

rnA 

V 

rnA 

V//J.s 

V//J.s 

rnA 

V 

/J.s 

°C/W 

°CM 
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QUADRANT 
Ml.11I 

MAIN TERMINAL 2 
NEGATIVE 

+1 

92LS-2214R5 

~ig. t-Principalvoltage-current characteristic. 

RMS ON-STATE CURRENT [lTIRMS~-A 

Fig. 3-AllowabJe case temperature VI. on-state current. 

Fig. 5-0sci/loscope display of commuraring dv/dr. 

~ rlOO 

"'-~ ~ 
~!:! 80 
~I-

'f~ 
z'" 
~ a 60 
~~ "I-
"'~ 

; ~40 
~ 

20 

0 

FULL-CYCLE RMS ON-STATE CURRENT [I T(RMS~-A 
92CS-20960 

Fig. 2-Power dissipation vs. on-state current. 

SUPPLY FREQUENCY: 50/60 Hz SINE WAVE II LOAD: RESISTIVE 
CASE TEMPERATURE {Tel = BO· C I I 
RMS ON-STATE CURRENT [ITlRjSlr:6 A 

GATE CIOJTROL IMAy B~ Lbs+ 
DURING AND IMMEDIATELY 
FOLLOWING SURGE CURRENT 
INTERVAL. 
OVERLOAD MAY NOT BE RE-
PEATED UNTIL JUNCTION 
TEMPERATURE HAS RETURNED 

~~~ 
TO STEADY-STATE 
RATED VALUE. 

...... 

If~ ~ 
I - :::-
I 
2 • 6 , 2 . 6 , 2 4 6 , 

10 100 1000 
SURGE CURRENT DURATION-FULL CYCLES 92CS-20962 

Fig. 4-Peak surge on-state current vs. surge current duration. 
tgt .. tel + t~ 

I 
1 1 

Vo I 1 

o-LL---J---- -I 1 

I 1 

I 1 :£1, t: 1 1 .... 90% POINT 

ITM ill 
o-l-j--- 1--1----:--1.++-1, 

:---1.1--1 
I 

,----h~--
VGT : 

o_L I~I~~~NT____ 92lS-Z410R2 

Fig. 6-0scilloscope display for measurement of gate-controlled 
turn-on time (tgtl_ 
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CASE TEMPERATURE ITcJ-2S·C 

POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE VOLTAGEtYT)-V 
92CS-I502IRI 

CASE TEMPERATURE lTC' _·C 
92SS-390GfU 

Fig. 7-0n-state current vs. on-state lIoltage. Fig. 8-DC holding current for either d.irect!on of on-state 
current vs. case temperature. 

1250 

1000 

750 

500 

250 

or 
u 0 

OFF-STATE VOLTAGE 1VO)=VOROM 
GATE OPEN 

20 40 60 80 

CASE TEMPERATURE (Te)-OC 

100 

92SS:3907RI 

Fig. 9-Critical rate of rise of off-state lIoltage VI. case tem
perature. 

Fig. 1o-Gate pulse characteristics for all tri9lJ8ring modes. 

R2 

D3202U 

AC 
INPUT C1 

VOLTAGE 
C2 R1 R2 

120V 0.1 ~F 0,1 ~F 100KS> 2.2 Ks> 
60 Hz 200 V 100 V IIW IIW 

240 V 0,1 ~F 0.1 ~F 250 KS> 3,3 KIl 
50 Hz 400 V 100 V 1W IIW 

240 V 0,1 ~F 0.1 ~F 200 Kn 3,3 Kl! 
60 Hz 400 V 100 V 1W IIW 

RFt FILTER r------, 
I LF 

:IIRCA I 
TRIAC I 
(SEE I CF 

TABLE) I 
o I 

AC INPUT 
VOLTAGE, 

C'l FOR INDUCTIVE LOA,OS CONNECT POINTS C AND 
Rs D' TO TERMINALS C AND 

1/2W 0, RESPECTIVELY 

C'l o 
RFI FILTER 

CF' 
RCA 

R3 (!v"P~' TYPES 
(typ,1 

15 Kil 
1oo~H 

0.1 ~F T2500B 
IIW 200V 

15 Kn 
200~H 

0.1 ~F T25000 
IIW 400 V 

15Kn 
2oo~H 

0.1 ~F T25000 
IIW 400 V 

c, 
R, 

92CS-20963R1 

-Typical values for lamp<iimming circuits. Fig. 11 _ TVpical phBss-control c;rCIJ;t for lamp dimming, heat 

controls, and universal motor speed controls. 
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CASE TEMPERATURE (Te) _tIC 
92SS-3908RI 

Fig. 12-0C gate-trigger current (for ,+ and 111- triggering 
modes) vs. case temperature. 

PRINCIPAL DC VOLTAGE" 12V 
LOAD = 12n, RESISTIVE 
TRIGGERING MODES: ALL 

o 
-75 -50 -25 

CASE TEMPERATURE (Te) -"C 

o 25 

92SS-3916RI 

Fig. 14-DC gattrtrigger voltage VI. case temperawre. 

Vo 

oJ_-- ------ --- -----

-r ---

I 

/..--dl/dt 

I 

O.51TSM 

o- ___ L_ ._+- ______________ _ 
--l i--tt 

92CS-17063 

Fig. 16-Rate-of-change of on-state current 
with time (defining di/dt). 

CASE TEMPERATURE (Tc)-·C 
92SS - 3909RI 

Fig. 13-DC gate-trigger current (for ,- and 111+ triggering 
modes) vs. temperature. 

DC GATE-TRIGGER CURRENT (LGTI-mA 

92CS-17062 

Fig. 15-Typical turn-on time VI. gate-trigger current. 

TERMINAL CONNECTIONS 

Lead No.1-Main Terminal 1 
Lead No.2-Main Terminal 2 
Lead No.3-Gate 

Mounting Flange-Main Terminal 2 
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OO(]5LJI] 
Solid State 
Division 

Thyristors 

T2700 T2710 
Series 

,..-:;: __ Main TermInal 2 a .... ce ... ) 
6-Ampere Silicon Triacs 

-~.,---
( .. ~~ .. ~ For Power-Control and Power-Switching Applications 

Features: 
I T2700 Series • Shorted-emitter construction • Center gate construction .•. provides 

rapid uniform gate-current spreading for 

faster turn-on with substantially reduced 

heating effects 

Main Terminal 1 ~ 

Gate .•. contains an internally diffused 
JEOEC T0-66 H-1340 

,£/ 
~ 

resistor between gate and Main Terminal 1 

JEOEC T0-66 T2710 Series 
With Integral Heat Radiator H~1470A 

~ Package 

TO-66 

TO-66 with 
Heat Radiator 

200 V 400 V 

Types Types 

T2700B T2700D 
(40429) (40430) 

T2710B T2710D 
(40502) (40503) 

Numbers in parentheses are former RCA type numbers. 

RCA T2700- and T2710-series devices are gate-controlled 
full-wave silicon triacs. They are intended for the control of 
ac loads in applications such as heating controls, motor 
controls, light dimmers, and power switching systems. 

These triacs are designed to switch from an off-state to an 
on-state condition for either polarity of applied voltage with 
positive or negative triggering voltages to the gate. 

T2700B and T2700D are hermetically sealed types having an 
on-state current rating of 6 amperes at a case temperature of 
+7SoC and repetitive off-state voltage ratings of 200 volts 
and 400 volts, respectively. 

QUADRANT 
NO. III 

MAIN TERMINAL 2 
NEGATIVE 

92L$-2214R5 

These devices are also available with integral heat radiators. 
as T2710B and T2710D, respectively. Fig. 1 - Principal voltage-current characteristic. 

Maximum Ratings, Absolute-Maximum Values: 
RATE OF CHANGE OF ON-BTATE CURRENT: For Operation with Sinusoidal Supply Voltage at Fre

quencies 0/ 50/60 Hz, and with Resistive 01" Inductive Load VDM = VDROM, IGT = 200 rnA, tr = 0.1 ~s di/dt 100 A/~s 

REPETITIVE PEAK OFF-STATE T2700B T2700D 
VOLTAGE., VDROM: T2710B T2710D 

Gate Open, 
ForTJ =-65to+100 0C 

RMS ON-8TATE CURRENT, It(nns): 

200 400 v 

For case temperature (TC) of +75 °C. •• 6 6 A 
and a conduction angle of 3600 • • • • • • (40429) (40430) 

For ambient temperatures (T A) up to 
+ 100°C and a conduction angle of 3600 See Fig. 16. 

PEAK SURGE CNON-REPETITIVE) 
ON-STATE CURRENT, ITSM: 

For one cycle of applied 
principal voltage, TC = 75°C 
60 Hz (sinusoidal) ..................... _ 
50 Hz (sinusoidal) ••••••••••.••••••••••• 
For more than one full cycle of 
applied voltage ••••••••••••••••. 

64 

100 lUO 
85 85 

See Fig. 4. 

A 
A 

FUSING CURRENT (for triac protection, 121: 
TJ = -65 to 1000C, t = 1.25 to 10 rns...... SO 

PEAK GATE-TRIGGER CURRENT II, IGTM: 

For 1 J.L B max.. ••••••••••••.•••. 4 

GATE POWER DISSIPATION:. 
PEAK' P For 1 fJ- s max. and 

.' GM IGTM f, 4 A Cpeak). _ • • •• 16 

AVEItAGE, PGCAV). • • • • • • • • • • • •• 0.2 

TEMPERATURE RANGE+: 

4 A 

16 W 

0.2 W 

Storage • • • • • • • • • • • • • • • • • • • • •• - 65 to + 150 °c 
Operating Cease) ••••••.••••••••• -65 to + 100 °c 

.ra~~r~~g:\goi~~~~~Tna~r I~nnirial 2 voltage eVMT2) with 

.~~fnei~rii:itf~ly.ity of gate vollage(VGTlwithreference to 

+For information on the reference point of temperature measure-
ment, see Dimensional Outline. . 
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ELECTRICAL otARACTERISTICS 
At Maximum Ratings and at Indicated Cose Temperature (Te) Unless Otherwise Specified 

(For Definitions of Tenns and Symbols, See Page 6) 

LIMITS 
CHARACTERISTIC SYMBOL T2700B T2710B T2700D T2710D 

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

Peak Off·State Current:" 
Gale Open IOROM - 0.1 4 - 0.1 1.2 - 0.2 4 - 0.2 1.2 
At TJ • + 100 DC and VOROM = Max. rated value 

Maximum On·State Voltage:-
For iT = 30A (peak) and TC = +25 0C ................ vTM - I.B 2.25 - I.B 2.25 - I.B 2.25 - I.B 2.25 

DC Holding Current:-
Gale Open 
Initial principal current = 150 rnA (DC) 

AtTC=+25 0C ............................. IHO - 15 30 - 15 30 - 15 30 - 15 30 
For other case lemperatures ..................... • See Fig. B. • 

Critical Rate of Rise of Commulation Voltage:-' 
For Vo = VOROM,I~rms) '6A, commutating 

di/dt • 3.2 Alms, and gate unenergized 
AtTC'+75 0C ............................. dv/dl 3 10 - - - - 3 10 - - - -
I~rms) and T A specified by 
curve A of Fig. 16 ............................ - - - 3 10 - - - - 3 10 -
I~rms) and TA specified by 
curve B of Fig. 16 ........................... - - - 4 12 - - - - 4 12 -

Critical Rate of Rise of Off·State Voltage:-
For Vo • VOROM, exponential voltage rise, and gale open dv/dl 30 150 - 30 150 - 20 100 - 20 100 -

AtTC' +100 0C 

DC Gate-Trigger Current:'t 
For Vo • 12 volts (DC), RL • 12 n 

TC' +25 oC, and specified triggering mode: 
1+ Mode: positive VMT2' positive VGT ••••••••••••••• IGT - 15 25 - 15 25 - 15 25 - 15 25 
111- Mode: negalive VMT2, negalive VGT .............. - 15 25 - 15 25 - 15 25 - 15 25 

1- Mode: posilive VMT2' negalive VGT ••••••••••••••• - 25 40 - 25 40 - 25 40 - 25 40 

111+ Mode: negalive VMT2, posilive VGT •••••••••••••• - 25 40 - 25 40 - 25 40 - 25 40 

For olher case lemperalures ••••••••••••••••••••••• • See Fig. 12 & 13. • 
DC Gate·Trigger Vollage:'t 

-II 12.21-11 12.21-11 12.21-11 12.2 
For Vo • 12 volls (DC) and RL = 1212 

AITC=+25 0C ............................. 

For other case temperalures ..................... VGT .. See Fig. 14. • 
For VO' VOROM and RL = 125 n 

AtTC.+100 0C ........................... : 0.2 - - 0.2 - - 0.2 - - 0.2 - -
Gale-Controlled Turn·On Time: 

(Delay Time + Rise Time) 
For Vo • VOROM and IGT • B OmA, 

Igl - 2.2 - - 2.2 - - 2.2 - - 2.2 -
O.II-'s rise lime, and iT • lOA (peak) 

AITC=+25 0C 

Thermal Resistance: 
Junction·ta-Case (Sleady·Slale) ••••••••••••••••••••• - - 4 - - - - - 4 - - -
Junclion·ta-Case (Transient) ••••••••• ',' ••••••••••• eH .. See Fig. 15. • 
Junction·ta-Ambient. ........................... eJ.A - I - I - I See Fig. 16. I - I - I - I See Fig. 16. 

-For either polarity of main termmal 2 voltage (VMT2) With reference to main termmal1. 
tFor either polarity of gate yoltage (VGT) with reference to main terminal!. 
'Variants of these devices having dv/dt characteristics selected specifically for 

inductive loads are available on speCial order; for additional information, contact 
your RCA Representative or your RCA Distributor. 

UNITS 

rnA 

V 

rnA 

V/I-'S 

V/I-'S 

rnA 

V 

I-'s 

°C/W 
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C!}~~!~'!' '!'!'.'!!f~~! : S!!'!!J~C!C~ 
LOAD : RESISTIVE 
CONDUCTION ANGLE· 360· 

FULL-CYCLE RMS ON-STATE AMPERES ttnM~ 

9ZLS-I33ORS 

Fig. 2 - Power dissipation vs. on-state current. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTiVE OR INDUCTIVE' 
CONDUCTION ANGLE· 36Q- 19,1 

o 18<10"0" 
CONDUCTION ANGLE 

• 9,+9m 

, .. .. 
C 

liD u~ 

~I 
Ol-e U 100 ." 0-..... ..... .. ~ 90 
a .. " .. ,,~ 

80 X" Coo 

"" 70 

a I 2 I 4 5 

RMS ON-STATE AMPERES [I t trml'] 

92.I..S-'~37R3 

Fig. 3 - Allowable case temperature I'S. on-state current. 

SUPPLY FREQUENCY: 50 160 Hz SINE WAVE II III LOAD: RESISTIVE 

_ 100 
~E o1~;~~:T~:~E~1fJ [tt~::'.C 1] . 6 II III .. "'" GATE CONTROL MAY BE LOST 

Ei f' ~~~~O~~~D S~:~~I~~~~~NT 
~ tl"80 INTERVAL. 

MAY NOT BE RE-.. ., TIL JUNCTION "' .. ~OHIZ7T RE HAS RETun NED ,'" 
~ 560 

-STATE 

r-,~R~ VALUE. 

~:::! SOH ... .>· ... 
~ ~4Q :-'::::-t:::" ><z 
«0 
II! 20 

0 

• • 2 . • • • • • • 10 100 1000 
SURGE CURRENT DURATION-FULL CyCLES 

9255-;5182 

Fig. 4 - Peak 8Urge on'"8tattl current V$. 8Urge current dUration. 

Fig. 5 - Oscillo8COpe di8play of commutating dV/dt. 

Fig. 6 - 08Cil/08COpe d;8play for me88Urement of gate-controllBd 
tum-on time (tgtJ. 
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POSITIVE OR NEGATIVE INSTANTANEOUS 
ON-STATE VOLTS tVT) 92LS-2412RI 

Fig. 7 - On-state current V.I. on-state voltage. 

o 20 40 60 80 100 120 140 160 

DC GATE-TRIGGER MILLIAMPERES (lGT ) 

92LS-134IRZ 

Fig. 9 - Typical turn-on time rn'. gate-trigger current. 

L r _ .... 
SNUB8ER NETWORK FOR INDUCTIVE 

LOADS OR WHEN COMMUT AllNG VOLTAGE 
hfv/dtl CHARACTERISTIC 1$ eXCEEDED. 

92CM-23070 

Fig. 11 - Typical phase-control circuit for lamp dimming. heat control, 
and universal-motor speed control. 

" ~ 125 .. 
~oo 
~ 

-75 

INITIAL ON-STATE MILLIAMPERES-ISO 

-'0 -2' o 
"CASE TEMPERATURE lTel --C 

12LS-24t5AI 

Fig. 8 - DC holding current for either direction of on-state 
current n. case temperature. 

, 
'" ... 

ENCLOSED AREA DEFINES PERMISSIBLE 
TRIGGERING POINTS 

4 6 80.01 2 4 6 80.1 2 4 6 81.0 

POSITIVE OR NEGATIVE DC GATE-TRIGGER AMPERESUGT) 
9255-3785 

Fig. 10 - Gate pulse characteristics for all triggering modes. 

AC INPUT 120V 240 V 240 V 
VOLTAGE 60Hz 60Hz 50Hz 

Cl 
0.1 pF O.OSpF O.OSpF 
200 V 400 V 400 V 

C2 
0.1 pF 0.1 pF 0.1 pF 
100 V 100 V 100 V 

l00KO 2OOKO 2OOKO 
Rl 1/2W lW lW 

lKO 7.SKO 7.SKO 
R2 1/2W 2W 2W' 

15KO 7.SKO 7.SKO 
R3 1/2W 2W 2W 

Cs 
D.lpF 0.1 pF 0.1 pF 

SNUBBER 200 V 400 V 400 V 
NETWORK 470 470 470 

RS 1I2W 1I2W 1/2W 

CF· 
O.lpF D.lpF 0.1 pF 

RFI 200 V 400 V 400 V 

FILTER LF· 100 pH 100 pH l00pH 

T270GB T27000 T27110D 
RCATRIACS 

T2710B T27100 T27100 

-Typical values for lamp dimming circuits. 
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-75 -50 -25 o 25 

CASE TEMPERATURE (Te) --C 
92SS-3785 

Fig. 12 - DC gate-trigger current (for /+ and 111- triggering 
modes) VI. case temperature. 

.. ' 
! 

i 
:i 2 
-' 

PRINCIPAL DC VOLTS· 12 
LOAD -12A, RESISTIVE 
TRIGGERING MODES: ALL 

-75 -50 -25 o 
CASE TEMPERATURE CTC t-·c 

25 

92LS-1413R2 

Fig. 14 - DC gate-trigger voltage VI. case temperature. 

RMS ON-STATE AMPERES [Iterm.ij 92LS-2049R' 

Fig. 16 - Maximum allowable ambient temperature VI. on-state 
current. 

I PRINCIPAL nc \1(\1 T!3.!' WJ,LUJ i i ! ! ! ! ! ! ! : : i : 

1; i~~~E~~:G ~~~:~~ANOtn+ 
~ .. 
w 
ffi 125 

~ 
3100 

i 
0: w 15 

'" '" i< ... 
50 w 

Ii 
'" u a 25 

-75 

~.t/~ II" 
l"l'",f.oIL 

-50 -25 0 
CASE TEMPERAtuRE (TCI-·C 

25 

nlS'S7l4 

Fig. 13 - DC gate-trigger current (for (- and 111+ triggering 
modes) vs. case temperature, 

100 

~ ..... 
1! w., 

~~ 80 

'rl 
~'" 60 w'" 10'" / ~~ 
~y 
~7 
~~ 

2 
./ 

!I! 
;j 

2 • • • 2 • . . 2 4 
w:r3 10'2 IO-i 

•• 
TIME AFTER APPLK:ATION OF RECTANGULAR POWER PULSE -SECONDS 

92LS-2401R1, 

Fig. 15 - Transient thermal resistance (junction-to-case lIS. time). 

TERMINAL CONNECTIONS 

Pin No. i .. Gate 

Pin No.2 - 'Main Terminal 1 

Case/Heat Radiator - Main T~rminal 2 
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ffilrnLJD 
Solid State 
Division 

8-A Silicon Tll'oacs 
Three-Lead Plastic Types for 

Thyristors 
T2800 
T2802 
Series 

Power-Control and Power-Switching Applications 

Features: 
" Low Thermal Resistance a 10()'A Peak Surge Full-Cycle 

Current Ratings 
II Shorted-Emitter Center-Gate Design 
I> Low Switching Losses 

" Package Design Facilitates Mounting 
on a Printed-Circuit Board 

~ 
200 V 300 V 400V SOD V 6DDV 

Package Types Types Types Types Types 

JEDEC TO·220AB T28DDB 
T28DOC 

T280DD 
T28DDE 

T28DDM 
TQ-22DAB (406681 (40669) (40670) 

T2802B T2802C T2802D T2802E T2802M 

Numbers in parentheses are former RCA type numbers_ 

The RCA-T2BOO and T2B02 series triacs are gate-controlled rating of B amperes at a T C of BO°C and repetitive off-state 
full-wave silicon switch.es utilizing a plastic case with three voltage ratings of 200, 300, 400, 500 and 600 volts. 
leads to facilitate mounting on printed-circuit boards. They 
are intended for the control of ac loads in such applications as 
motor controls, light dimmers, heating controls, and power
switching systems. 

These devices are designed to switch from an off·state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. They have an on-state current 

MAXIMUM RATINGS, Absolute--Maximum Values: 

The T2B02 series triacs are characterized for 1+, 111- gate 
triggering modes only and should suit a wide range of appli
cations that employ diac or anode on/off triggering. 

The plastic package design provides not only ease of mounting 
but also low thermal impedance, which allows operation at 
high case temperatures and permits reduced heat-sink size. 

For OperBtlon with Sinusoidal Supply Voltage at Frequencies up to 50/60 Hz and with ResistlvB or Inductive Load. 

REPETITIVE PEAK OFF-STAToE VOLTAGE:· 
Gate open, TJ "" -65 to 100 C ...•........•..•... V OROM 

RMS ON.sTATE CURRENT (Conduction angle = 360°1: IT(RMS) 
Case temperature 

TC=80oC ............................... . 
For other conditions .......................... . 

PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITSM 
For one cycle of applied princi~1 voltage 

60 Hz (sinusoidal). T C "" 80 C ..•.•..•......... 
50 Hz Isinusoidall. T C = SOoC ................ . 

For more than one cyle of applied principal voltage . .. . 

RATE OF CHAN.GE OF ON-STATE CURRENT: 
Vo = VOR·OM,IGT = 200 rnA, tr = 0.1,., (See Fig. 13L. di/dt 

FUSING CURRENT (tor triac protection): 
TJ = -65 to 100°C, t = 1.25 to 10 rn, .............. 12t 

PEAK GATE-TRIGGER CURRENT:· 
For 1 ,",S max., See Fig. 5 . . . . . . . . . . . . . . . . . . . . . . . . I GTM 

T2BOOB T2BOOC T2800D T2BOOE 
T2B02B T2B02C T2B02D T2B02E 

200 300 400 500 

8 
See Fig. 3 

100 
85 

See Fig. 4 

70 

50 

4 

• For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 

• For either polarity of gate voltage (V G) with reference to main terminal 1 . 

... For temperature measurement reference point, see Dimensional Outline. 

9-74 

T2BOOM 
T2B02M 

600 V 

A 

A 
A 

AI,.. 

A2, 

A 
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MAXIMUM RATINGS (Cont'dl 
GATE ~QWER D'SS!PA,,!,,!Q!,!: 

Peak (For 1 Il' max .. IGTM or;;; 4 A. See Fig. 5 •••••••• --------16-------
AVERAGE .................................. . -------- 0.35--------

TEMPERATURE RANGE:· 
Storage •.•••••••••..••••••.•••••.•••.•••..•• 
Operating (case) ••••••••••••••••••••••••••••••• 

------- -65 to 150--------
------- -65 to 100-------

TERMINAL TEMPERATURE (Ouringsolderlngl: 
For 10 s max. Iterminals and case) .•.••..•.•••.••• ---------225--------

See preceding page for applicable footnotes. 

ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

CHARACTERISTIC 

Peak Off-State Current:-
Gate open, TJ = 100·C, VOROM = Max. rated value _ ....•........... 

Maximum On-State Voltage:-
For iT= 30 A (peakl, TC = 25·C (See Fig_ 61 ... _ ..... __ .......... . 

DC Holding Current:-
Gate open, Initial principal current = 150 rnA (del 

vo = 12 V, TC = 25·C, T2800 series ...•.....•................ 
T2802 series .............. .' .......... . 

For other case temperatures .................................. . 

Critical Rate-of-Rise of Commutation Voltage:- A-

For vo = V OROM, IT( RMSI = 8 A, commutating di/dt = 4.3A/ms, 
gate unenergized. TC = 80·C (See Fig. 141 ..................... . 

Critical Rate-of-Rise of Off-State Voltage:-
For vo = VOROM, exponential voltage rise. gate open, TC = 100·C: 

T28008, T28028 ........................................ . 
T2800C. T2802C ....................................... . 
T2BOOO, T28020 ........................................ . 
T2800E, T2802E •.•......•...•....................•...... 
T2800M. T2802M ........•...•.............•....•........ 

DC Gate-Trigger Current:-· Mode VMT2 VG 

For vO= 12 V (del 1+ 

RL = 12n 
TC = 25·C 111-

positive positive .. T2800 series .. 
•. T2802 series .. 

negative negative . T2800 series .. 
.. T2B02 series .. 

1- positive negative. T2800 series onl~ 
111+ negative positive .. T2800 series only 

For other case temperatures .................................. . 

DC Gate-Trigger Voltage:-· 

For Vo = 12 V (del. RL = 12 n. 
TC=25·C ............................................. . 

For other case temperatures .................................. . 

For liD = VOROM. RL = 125 n, TC = 100·C ................... .. 

Gate·Controlled Turn-On TIme: 
(Delay Time + Rise TImel 

For vo = VOROM. IGT = 80 rnA, tr = O.lp.s, 
iT = 10 A (peakl, TC = 25·C (See Figs. 12 & 151 .................. . 

See following page for applicable footnotes. 
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SYMBOL 

IOROM 

vTM 

IHO 

dv/dt 

dv/dt 

tgt 

LIMITS 
For All Types 

Except as Specified 

MIN. TYP. MAX. 

0.1 2 

1.7 2 

15 30 
20 60 

See Fig. 7 

4 10 

100 300 
85 275 
75 250 
65 225 
60 200 

10 25 
25 50 
15 25 
25 50 

20 60 
30 60 

See Figs. 9 & 10 

1.2512.5 
See Fig. 11 

0.2 

1.6 2.5 

w 
w 

·c 
·c 

·c 

UNITS 

rnA 

V 

rnA 

V/p.s 

V/1lS 

rnA 

V 
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ELECTRICAL CHARACTERISTICS (Cont'dl 

CHARACTERISTIC SYMBOL 

Thermal Resistance: 
Junction·to·Case 

LIMITS 
For All Types 

Except as Specified 

MIN. TYP. MAX. 

UNITS 

Junction·to·Ambient ....................................... . 
ROJC 
ROJA 

2.2 
60 

·CIW 

• For either polarity of main terminal 2 voltage (VMT21 with reference to main terminal 1. 

• For either polarity of gate voltage (VG) with reference to main terminal 1. 

A Variants of these devices having dv/dt characteristics selected specifically for inductive loads are available on special order; 
for additional information, contact your RCA Representative or your RCA Distributor. 

-v 

QUADRANT 
No. III 

MAIN TERMINAL 2 
NEGATIVE 

+l 

92L5-2214R5 

Fig. 1 - Principal voltage-current characteristic. 

FULL- CYCLE RMS ON-STATE CURRENT[IT(RMSI]-;:CS_.50ISR2 

Fig. 2 - Power dissipation vs. on-state current. 

Fig. 3 - Maximum allowable case temperature vs. on-state current. 

100 • 6 

ENCLOSED AREA DEFINES PERMISSIBLE 

~rn~'G~G~E~RI~NG~PO~'N~T~S~~~==~==~~~===i==~ 
,,. 4 UPPER LIMIT OF PERMISSIBLE-f--I---iH+-+--I 
~_ AVERAGE (DC) GATE POWER 
cc t; 2. DISSIPATION AT RATED -t-----1r--J::;,iod--. 
~~ 10 CONDITIONS 

o~ .~ti~~~~t=t=~~~~~~ we 6t-
:!~ 

!~ 
z 
a: 
o 
':! 
;:: 

~ 

Fig. 5 - Gate pulse characteristics for all triggering modes. 

2 4 6 8 2. 4 6 8 2. 4 6 8 
10 100 1000 

SURGE CURRENT DURATION-FULL CYCLES 
92CS-249!55 

Fig. 4 - Peak surge OJn-state current vs. surge current duration. 
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o I L5 2 

POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE VOLTAGElvr)-V 
92CS:"150ZIRI 

.. 
0 

!:l 
~ .. 
0-

~ 
~ . 
o~ 
... > 
01 
1:1= 
~~ 
OV .-
~ 
~ 
!: 
5 

Fig. 6 - On-state current vs. on-stBte voltage. 

Vo • VOROM 
GATE OPEN 

1250 

1000 

750 

500 

.50 

0 
.0 40 60 80 

CASE TEMPERATURE (TC)-·C 

Fig. 8 - Typical critical rate-of-rise of off-state 

"voltage vs. case temperature. 

CASE TEMPERATURE (TC)-·C 

100 

92SS-5901 

9t2SS-!!t09RI 

Fig. 10 - DC gate-trigger current (for ,- lind 11/+ triggering modes) 
VI. CII$8 tempsrature for T2800 eri6$ only. 

72 

CASE TEMPERATURE ITe) _·C 
92SS-3906R2 

Fig. 7 - DC holding current VI'. esse temperature. 

CASE TEMPERATURE ITe) _DC 92.SS-3908A2 

Fig. 9 - DC gate-trigger current (for ,+ lind 111- triggering mOt:ltn) 
VS'. CIIIB temperature. 

PRINCIPAL DC VOLTAGE. 12V 
LOAD = 12A. RESISTIVE . 
TRIGGERING MODES: ALL 

o 
-75 -50 -25 

CASE TEMPERATURE (Te) _·C 
o .5 

92SS-3tl6RI 

Fig. 11 - DC gate-trilJ(JlN' voltage no. cne tefflpersture. 
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DC GATE-TRIGGER CURRENT I:tGTI-mA 
92CS-11062 

Fig. 12 - Turn~n time 'IS. gate-trigger current. 

Fig. 14 - Relationship between supply voltage and principal current 
(inductive load) showing reference points (or definition of 
commutating 1I0ltage (d,,/dr). 

L.r-.J 
SNUBBER NETWORK FOR INDUCTIVE 

VD 

oJ--- ------ --- -----
I 

/.--- dlld, 

I 

Fig. 13 - Rate-of-change of on-state current with time (defining dJ/dtJ. 

i 
I 

Vo I I 

o-L:- ---i-r ---
I I I 
I I I 
I I I 

,:----i]ZE1"'0% PO'NT 
ITM I I I 

0-1.{- - ,-.1---
r- '. i"1-
t--- ,.,---1 
I Ti----...,. .... 

VOT 

l 1~IO% f'OINT 

0-
Fig. 15 - Relationship between off-state voltage, on-state current, 

and gare.trigger voltage showing reference points for 
definition of turn-on time (tgtl. 

AC INPUT '20V 240 V 240 V 
VOLTAGE 6OH, 6OH, 5OH, 
e, 0.1~F 0.1 p.F 0.1~F 

200 V 400 V 400 V 

e2 0.1 ~F 0.1 ~F 0.1~F 

'OGV '00 V 'OGV ., 100kO 200." 250." 
%W lOW lOW 

·2 2.2 kG 3.3kO 3.3kO 
lOW lOW %W 

·3 15kO 15kn 15kO 
%W %W %W 

SNUBBER 
NETWORK es o.D68~F 0.1p.F 0.1 ~F 
FORBA 200 V 400 V 400 V 
IRMSI·IN· 

LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/dt) CHARACTERISTIC IS EXCEEDED. 

DUCTIVE 
LOAD 

·s 1.2kn 
%W 
0.1p.F 

,." , ." 
%W "W 

FIg. 16 -:. Typica' phase-control circuit for lamp dimming, heat 
control, and univenal-motor speed control. 

TERMINAL CONNECTIONS 
Lead No. I-Main Terminal 1 

Mounting Flange, Lead No.2-Main Terminal 2 
Lead No.3-Gate 

92CS-2276S 

0.1 IJ.F O.1p.F 
.F' eF" 200 V 400 V 400 V 
FILTER LF" '00", 200", 200 ... 

T2800. 
RCA TRIACS T21fOCIC T28000 T28000 

T2B02B T21I02D T21I02D 
T2802C 

• For other RMS CUrrent _Iu. ret. to RCA 
AppI'iClition Note AN-4745. 

..... ypiCIII velues for Lamp dimming dtcuits. 
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nD(iQffil 
Uu.uuuu 
Solid State 
Division 

6-A Silicon Triacs 
Three-Lead Plastic Types for 

T2801 
Series 

Power-Control and Power-Switching Applications 

Features: 

• Low Thermal Resistance 'MT2, 
MT1 

• SD-A Peak Surge Full-Cycle 
Current Ratings 

• Shorted-Emitter Center-Gate Design 
• Package Design Facilitates Mounting 

on a Printed-Circuit Board 
MT2 • Low Switching Losses 

~ 
200 V 300 V 400 V 500 V 

Package Type Type Type Type 
JEDEC TO-220AB H-1535 T0-220AB 

The RCA-T2BDt series triacs are gate-controlled full-wave sili

con switches utilizing a plastic case with three leads to fa
cilitate mounting on printed-circuit boards. They are intended 
for the control of ac loads in such applications as motor 
controls, light dimmers, heating controls, and power-switching 
systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. They have an on-state current 

MAXIMUM RATINGS, Absolute-Maximum Values: 

T2SDtB T280tC T28DtD T280tE 

rating of 6' amperes at a TC of BO°C and repetitive off-state 
voltage ratings of 200, 300, 400, and 500 volts. 

These devices are characterized for 1+, 111- gate-triggering 
modes only and should suit a wide range of applications that 
employ diac or anode on/off triggering. 

The plastic package design provides not only ease of mounting 
but also low thermal impedance, which allows operation at 
high case temperatures and permits reduced heat-sink size. 

For Operation with Sinusoidal Supply Voltage at Frequencies up to 50/60 Hz and with Resistive or Inductive Load. 

REPETITIVE PEAK OFF-STATE VOLTAGE:· 
Gate open. TJ = -65 to 100°C ....•.•....••........... 

RMS ON-5TATE CURRENT IConduction angle = 360°): 

case temperature 
TC=aOoC .................................... . 

For other conditions ••••.....••••..•...•••••••....•• 

VOROM 

ITIRMS) 

PEAK SURGE INON-REPETITIVE) ON-STATE CURRENT: ITSM 
for one cycle of applied principal voltage 

T2801B 
200 

T2801C 

300 

T2801D 
400 

T2801E 
500 

----------6-----------
------ See Fig. 3 ,,-------

V 

A 

60 Hz Isinusoidall. T C - aooc ...................... A 
50 Hz (sinusoidalJ. T C = BOoC •••••••••••••••••••••• A 

ao 

For more than one cycle of applied principal voltage 

RATE OF CHANGE OF ON-STATE CURRENT: 

VO=VOROM.IGT-200mA, ',=0.1 ~s ISee Fig.ll) 

FUSING CURRENT (for triac protection): 
TJ = -65 to 100°C. t = 1.25 to 10 ms ................. . 

PEAK GATE-TRIGGER CURRENT:" 
For 1IJs rnax. t See Fig. 5 . ; .•.....••....•..••.•.•.••.. 

di/dt 

12t 

IGTM 

• For either polarity of main terminal 2 voltage IVMT2) with "reference to main terminal 1 • 

• For either polarity of gate voltage IV G) with reference to main terminal 1 • 

.. For temperature measurement reference point, see Dlmensionsl Outline. 

74 

65 
See Fig. 4 

70 

35 

4 A 
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MAXIMUM RATINGS ICont"dl 

GATE POWER DISSIPATION: 
Peak (For 1 "" max., IGTM :e;;,4 A. See Fig. 5 ...•..••..... PGM 
AVERAGE ••....................•................ PG1AVI 

TEMPERATURE RANGE:· 

Storage. • • • . . • . • • • • . • . . • . . . . . . . . . • • . . • . • . . . . . . . . .. T stg 
Operating ICase) ........•.••....•...............•.. T C 

TERMINAL TEMPERATURE lOuring soldering): 

For 105 max. (terminals and case) • • • • • • • • • • • • • • • • • • . • •• T T 

------------16-------
------0.35---------

----- -65 to 150------
------ -65 to 100------

------ 225 -------

ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

LIMITS 

W 
W 

CHARACTERISTIC SYMBOL For All Types UNITS 

Peak Off·State Current:· 
Gate open, TJ = 100°C, VOROM = Max. rated value IOROM 

Maximum On·State Voltage:· 
For iT = 30 A (peak), TC = 25°C (See Fig. 6) 

OC Holding Current:o 
Gate open, Initial principal current = 150 rnA (dc) 

vO=12V,TC=25°C ..................................... IHO 
For other case temperatures .................................... . 

Critical Rate·of·Rise of Commutation Voltage:o" 
For Vo = VOROM. IT(RMS) = 6 A. commutating di/dt = 4.3 Alms. 

gate unenergized. T C = BO°C (See Fig. 12) . . . . . . . . . . . . . . . . . . . . . . . dv/dt 

Critical Rate-of·Rise of Off·State Voltage:o 
For vo = VOROM. exponential voltage rise. gate open. T C = 100°C: 

T2B01B ................................................ . 
T2BOl C ................................................. dv/dt 
T2B010 ................................................ . 
T2B01E ............................................... . 

OC Gate·Trigger Current:o" Mode VMT2 VG 

For Vo = 12 V (dc) 1+ positive positive 
RL=12n IGT 
TC = 25°C 111- negative negative ... .. 

For other case temperatures ................................... . 

OC Gate-Trigger Voltage:o a 
ForvO= 12V (dc), RL = 12n. 

TC=25°C .............................................. . 
For other case temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V GT 

For Vo = VOROM' RL = 125 n. TC = 100°C ...................... . 

Gate·Controlled Turn·On Time: 
(Oelay Time + Rise Time) 

For vo = VOROM' IGT = BO rnA, tr = 0.1 fJs, tgt 
iT = 10 A (peak), TC = 25°C (See Fig. 13) ........................ . 

Thermal Resistance: 
Junction-to-Case 
Junction·to·Ambient ........................................ . 

.. For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 

• For either polarity of gate voltage (V G) with reference to main terminal 1 . 

Except as Specified 

MIN. TYP. MAX. 

2 

50 
40 
30 
20 

0.1 

2 

100 
See Fig. 7 

10 

300 
275 
250 
225 

2 

3 

25 BO 

- I 25 
See Fig. 9 

0.2 

2.2 

BO 

2.2 
60 

.a. Variants of these devices having dv/dt characteristics selected specifically for inductive loads are available on 
special order; for additional information. contact your RCA Representative or your RCA Oistributor. 

rnA 

V 

rnA 

V/fJS 

VlfJs 

rnA 

V 
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76 

-v 

QUADRANT 
No. 111 

MAIN TERMINAL 2 
NEGATIVE 

+l 

tV 

9ZlS-22J4R5 

Fig. 1 - Principal voltBge-current characteristic. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: 360· 

12 

RMS ON·STATE CURRENT [ITtRMSil-A 92CS.24840 

Fig. 3 - Allowable case temperature vs. on-state current. 

. Fig. 5 - Gate pU/le charllCteristics for all triggering modes. 

10 

FULL- CYCLE RMS ON-STATE CURRENT~TCR"S1J-A 

92CS-2't846 

Fig. 2 - Power dissipation VI. on-state current 

SUPPLY FREQUENCY: SO/60 Hz SINE WAVE II II LOAD: RESISTIVE 
CASE TEMPERATURE (Tel = 75- C II III lOa 
RMS ON-STATE CURRENT [IT RMS J= 6A 

-« 
GATE co~~IROL MAY BE LOST ~l 

E ~ 
DURING AND IMMEDIATELY 
FOLLOWING SURGE CURRENT 

~ ~80 "-.... 
INTERVAL. 

MAY NOT BE RE-
w>- HTIL JUNCTION «z 
'W TURE HAS RETURNED 

ti ~60 V-STATE 

!:a ...... RATED VALUE. I . 

~~ r-.... ~601HZ ~ ~40 - r~ :~ ::.... 
«0 

50 Hz --~~ ~ 20 

a 
46& 468 

10 100 1000 
SURGE CURRENT DURATION-FULL CYCLES 92CS-24B41 

Fig. 4 - Peak surge on·state current vs. surge current duration. 

CASE TEMPERATURE (Tc)a25-C 

115 
INSTANTANEOUS ON-STATE VOLTAGE '''r)-V 

(POSITIVE OR NEGATIVE) 92CS-24842 

Fig. 6 - On-state current VI. on-irate voltage . 
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CASE TEMPERATURE (Tel _DC 92CS-24843 

Fig. 7 - DC holding current vs. case temperature. 

1250 

1000 

"'~ 
750 

~ > 0::;: 
w 500 

~ 
g 250 

5 

OFFwSTATE VOl.TAGE (Vol"VOROM 
GATE OPEN 

20 40 60 80 
CASE TEMPERATURE (Tcl-·C 

100 

9255- 3907RI 

Fig. 8 - Typical critical ,ate-of-rise of off-state voltage 
VS. case temperature. 

CASE TEMPERATURE (Tel _·C 92:CS-24644 

Fig. 9 - DC gate-trigger current (for ,+ and 111- triggering modes) 

VI, case temperature. 

PRINCIPAL DC VOLTAGE -12V 
LOAD· 12 n, RESISTIVE 
TRIGGERING MODES: r + , 111-

-75 -50 -25 
CASE TEMPERATURE (Tel _·C 

25 

92CS-2.4845 

FIg. 10 - DC gate-trigger voltage VI. case temperature. 

Vo 

o-L-- ------ --- -----

I 
I 
I 
I 
I 

-+- - - - - - - - - - - - -- --
-! 1-', 92CS-17063 

Fig. 11 - Rate-of-change of on-state cu"ent with time 

(defining di/d'). 
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'ot. td + I, 

i 
I I 

Vo I I 

o-L:- -- -:-r ---
I I I 
I I I :---i I 

II £1 90% POINT 
'TM I I I 

o-L{- - 1-.1.---
r- 'd it, r-
1--,.,--1 
I 

Ti~--""'" 
VGT 

I 1r.r--10% POINT 
0-1. 

92CS-13366R2 

FIg. 12 - Re/{Jtionlh~p bBrween supply voltage and principal current 

(inductive load) showing refsftlnce points for definition of 

commutating voltage fdv/dtJ. 

Fig. 13 - Relationship between off-state voltage. on-state current. 

and gatf!.trigger voltage ,howing referencs points for 

definition of turn-on time (tgrJ. 
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r---' , , 

L. f---' L _____ ...I 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/dt) CHARACTERISTIC IS EXCEEDED. 

9tCS-227C~ 

Fig. 14 - Typical phsse-control circuit for lamp dimming. heat 

control, lind univenal·motor speed control. 

ACINPUT 
VOLTAGE 

Cl 

C2 

Rl 

R2 

R3 

SNUBBER 
NETWORK Cs 
FOR6A 
(RMS'-'N. 
OUCTIVE RS 
LOAD 

RFI CF-

FILTER LF-

RCATRIACS 

120 V 240 V 240 V 
6DHz 60Hz 50Hz 

O.l/lF O.l/lF O.l/lF 
200 V 400 V 400 V 

O.l/lF 0.1 IJ.F 0.1 IJ.F 
100 V 100 V 100V 

l00kn 200kn 250kn 
%W %W %W 
2.2kn 3.3kn 3.3kn 
%W %W %W 
15kn 15kn 15kn 
%W %W %W 

O.068/lF 0.1 IJ.F 0.1 IJ.F 
200 V 40DV 400 V 

1.2kn 1 kn lkn 
%W %W %W 
O.l/lF 0.1 pF O.lpF 

200 V 400 V 400 V 

100 pH 2OOIJ.H 200 pH 

T2801B T28010 T28010 
T2801C T2801E T2801E 

• For other RMS Current values refer to RCA Application 
Note AN-4745. 

• Typical values for Lamp dimming circuits. 

TERMINAL CONNECTIONS 

Lead No. I-Main Terminal I 
Lead No.2-Main Terminal 2 
Lead No.3-Gate 

Mounting Flange-Main Terminal 2 
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OO(]5LJ1] 
Solid State 
Division 

Tab isolated 
from device 

JEOEC TO-220AB 

Thyristors 

T2850 Series 

a-A Isolated· Tab Silicon Triacs 
Three-Lead Plastic Types for 

Power-Control and Power:-Switching Applications 

Features: 
• Internal Isolation 
• 100-A Peak Surge Full-Cycle 

Current Ratings 

• Low Thermal Resistance 
• Package Suitable for Direct 

Mounting on Heat Sink 
• Shorted-Emitter, Center-Gate Design • Glass Passivated Junctions 

• Low SWitching Losses 

~I 
100V 200 V 400 V 

Package Type Type Type 

ITO-220AB I T2850A (40900) T2850B (40901) T28500 (40902) 

Numbers In parentheses are former RCA type numbers. 

The T2850A, T28508a, and T2850Db triacs are gate
controlled full-wave ac switches utilizing a plastic case with 
three leads to facilitate mounting on printed-circuit boards. 
They are intended for the control of ac loads in such 
applications as motor controls, light dimmers, heating 
controls, and power-switching systems. 

off-state voltage ratings of 100, 200, and 400 volts, respec· 
tively. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. They have an on-state cur· 
rent rating of 8 amperes at aTe of 75°C and repetitive 
MAXIMUM RATINGS. Absolute-Maximum Values: 

The ISOWATT package uses a plastic case with three leads 
that are electrically isolated from the mounting flange. 
Because of this internal isolation, the triac can be mounted 
directly on a heat sink, without any insulating hardware; 
therefore heat transfer is improved and heat-sink size can b'e 
reduced. 

aFormerly RCA Dev. No. TA8357 

bFormerly RCA Dev. No. TA8358 

For Operation with Sinusoidal Supply Voltage at Frequencies up to 50160 H.z and with Resistive or Inductive Load. 
REPETITIVE PEAK OFF·STATE VOLTAGE:· T2850A T2850B T2850D 

Gate open, TJ = -65 to 100°C ...................................•........ V OROM 100 200 400 V 

RMS ON..sTATE CURRENT (Conduction angle'" 360°): 
Case temperature ITtRMSI 

TC =75°C ......................................................... -----8---- A 
For other conditions ................................................... . 

PEAK SURGE INON·REPETITIVE) ON-STATE CURIj,ENT: 
For one cycle of applied principal voltage, T C c: 75 C . 

60 Hz tsinusoidal) .................................................. . 
50 Hz (sinusoidal) .................................................. . 

For more than one cycle of applied principal voltage .......................... . 
RATE OF CHANGE OF ON~TATE CURRENT: 

Vo = VOROM, IGT = 200 inA, t,' 0.1 !,S ISee Fig. 161 ••...•••.•••..•••••••••• 

FUSING CURRENT (for triac protection): 
TJ = -65 to lOODC, t = 1.25 to 10 inS ...•.•..........•................... 

PEAK GATE·TRIGGER CURRENT: • 
For 1 ps max.; see Fig. 11 .....•...•..•..•.•...........•.•......•........ 

GATE POWER OISSIPATION: 
Peak (For 1 lIS max.,IGTM" 4A;see Fig. 111 ..••....•....•...•...•.......... 
AVERAGE .......•.•..•....•...•.•.......•.•...•..•....•....•....••.•. 

TEMPERATURE RANGE: 4 

Storage . ................................... " ........................ . 
Operating (Casel ....................................................... . 

TERMINAL TEMPERATURE (During soldering): 
For lOs IT'I8X. (terminals and case) ........................................ . 

---- See Fig. 3 ---

-----IOO~ A 
-------85---- A 
----.See Fig. 4 ---

di/dt 70 AI!'s 

12t 50 ---- A 2s 

IGTM 4---- A 

PGM 16---- W 

PGIAV) 0.2---- W 

Tstg ---- -65 to 150---- °c 

TC -----65 to 100---- °c 

TT 225---- °c 

• For either polarity of main terminal 2 voltage 
eVMT21 with reference to main terminal 1. 

• For either polarity of gate voltage (VG) with reference to main terminal 1 . 
.. For temperature measurement reference point, see Oimensional Outline. 

9-74 79 
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ELECTRICAL CHARACTERISTICS At Maximum RatinRS Unless Otherwise Specified. and at Indicated Case remfJIJ'!!ture (Te! 

LIMITS 
CHARACTERISTIC SYMBOLI-:-::::-iTr=28:::=:50:;Ar'::-:-:.,.,-I....,."".,.,:T..=28",5:::0:;:Bc.."-:-:+,..,.,.,,-;Tr=,2B:::5::0,,O:.,.,.,.,.,.j UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

Peak Off·State Current:" 
Gate Open, VOROM· Max. rated value 10ROM 0.1 
AtTJ· 10ll"C ................................ 

Mlximum On·State Voltage:" 
"TM 1.7 For iT· 30 A (peak) and T C • 25'C •..........•..•... 

DC Holding Current:" 
Gote Open 
Initial principal current· 150 mA (de) IHO 15 30 

AtTe·25·C ................................. 
For other case temperatures ...................... 

Critical Rate of Rise of Commutation Voltage:-' 
For vO· VDAOM, IT(AMS)· 8 A, Commutating dv/dt 

di/dt • 4.3 Alms, and gate unenergized 
AtTC·75·C ................................. 10 

Critical Rate of Rise of Off·State Voltage:" 
For vO· VDROM, exponential voltage rise, and gate open 
AtTC·l0Il"C .............................. dv/dt 125 350 
For other case temperatures ......................... 

De Gate·Trigger Current:"t 
For vO· 12 V (de), RL • 12n 

TC· 25'C, and specified triggering mode: 
1+ Mode: VMT2 is positive, VG is positive ............ 10 25 
m - Mode: VMT2 is negative, VG is negative •.... ; ...... IGT 15 25 
1- Mode: VMT2 is positive, VG is negative ............ 20 60 
m + Mode: VMT2 is negative, V G is positive ............ 30 60 
For other case temperatures ........................ 

DC Gate·Trigger Voltage:*t 

- 11.2512.51 

ForvO· 12 V (de) and AL· 12n 
AtTC·25·C •.................................. 

VGT 
For other case temperatures ......................... 
For vO • VDROM and RL • 125n 
AtTC= 100'C ................................ 0.2 

Gate·Controlied Turn-On Time (Delay Time + Rise Time): 
ForvD· VDAOM end IGT= 160 mA 
rise time· 0.1 ~s, and iT = 10 A (peak) tgt 

AtTC• 25°C (See Fig. 151 ................... 
Thermal Resistance: 

Junction·to·Case •...........•..................... ROJC 
Junction·to·Ambient •.....•..................•.•.. ReJA 

-For either polarity of main terminal 2 voltage (VMT21 with reference to main terminal 1. 

tForeither polarity of gate voltage IVGI with reference to main terminal 1. 

1.6 2.5 

3.1 

60 

'Variants of these devtces having dv/dt characwristia selected specifically for inductive loads are available on 
spacial order; for additional Information, contact your RCA Representative or your RCA Distributor. 

80 

TERMINAL CONNECTIONS 

Lead No.1· Main Terminal 1 
Lead No.2 - Main Terminal 2 
Lead No.3 - Gate 
Mounting Tab -Isolated 

0.1 0.1 mA 

1.7 1.7 V 

15 30 15 30 mA 

See Fig. 8 

V1~s 

10 10 

100 300 75 250 V/~s 

See Fig. 10 

10 25 10 25 
15 25 15 25 mA 
20 60 20 60 
30 60 30 60 

~ .. Fig~ 12 & 13 

- 11.2512.51 1.251 2.5 V 
See Fig. 14 

0.2 0.2 

1.6 2.5 1.6 2.5 ~s 

3.1 3.1 'CIW 

60 60 'CIW 
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Fig. 1- Principal voltage-cufrentcharacrer;'°lic. 

6 

FULL· CYCLE RMS ON-STATE CURRENT~T(RMS)J-A 

92CS -1!!IOIBR2 

Fig. 2 - Power dissipation VI. on-state current. 

100 - .. 
WI 

E'i 
~ ;80 
w .... 
"'z oW 

~ ~60 
!i3 
ww "' .... 

~ ~40 
><z "0 
~ 20 

0 

SUPPLY FREQUENCY: SO/60 Hz SINE WAVE II II LOAD: RESISTIVE 
CASE TEMPERATURE {Tel" 75° C 
RMS ON-STATE CURRENT [IT RMS1]=8A TT IT 
'" I GATE CO~~IROL MAY 8E LOST 

" l' _ I ~~~~o~~~D ~~~~~I~~~~~NT 
INTERVAL. 

f'-. ~~~~gA~N~~y ~UONTC~Fo~E-
~o H;'Z7 +~Mri::J~~~T~;~ RETURNED 

::'fC RATED VALUE. 
...... 0 

50H~ 
:::::::: b-

468 468 468 
10 100 1000 

SURGE CURRENT DURATION-FULL CYCLES 
92SS-3910R3 

Fig. 4 - Peak surgtJ on.,tatB current VS. SUrgB current duration. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: 360· 

2 RMS 0:-5TA1£ 6CURREN: [IT(RMI~U-A 
92CS-19602 

Fig. 3 - Allowable case temperature VS'. on-state current. 

.--

Fig. 5 - Oscilloscope display of commutating dvldt. 

81 
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tat· '6 + tr 

Fig. 6-OscillolCOpe display for measurement of gate-controlled turn
on time (tgtl. 

"! FOR INDUCTIVE LOADS CONNECT POINTS C' AND 
Rs 0' TO TERMINALS C AND 

112 W 0, RESPECTIVELY 

C'o'I 

I.$.: 2W 240 V 

" ~:~~~T~g~N~Ls ~q~ROi' _C_'+ ____ +0_.'_"_Fl_4_00_V_ 
TO TERMINALS A AND B,. Rs I K.(l 
RESPECTIVELY 

rJ PHOTOCELL 92CS-17995 

AC RFI FILTER 
RCA 

'NPUT C, C2 ", "2 "3 LF' CF' TYPES VOLTAGE hvp.) hyp.) 

120 V O.lI1F 0.1 "F 100 Kn 2.2 Kn 15Kn 
l00"H 0.1 "F naSOI OOH. 200V ,OOV .W .W .W 200V 

240V O.l,.F 0.1 "F 250 Kn 3.3"" 15Kn 200"H 0.1 "F T2850D 
50'" 400V 'OOV ,W .W .W 400 V 

240V 0.1 "F 0.1 "F 200 KO 3.3"" 1SKn 
2OD"H 

0.1 "F nllOQ 
00'" 400V 'OOV ,W .W .W 400 V 

-Typical \I.IUIIS for lamp-dlmming clrcultl. 

Fig. 9-Typical phsse-contral circuit for lamp dimming, heat 
controls, and uniWlnal motor speed controls. 

82 

POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE VOLTAGE(v-r'-V 
92CS-I!502IRI 

Fig. 7 - On-state current w. on-state volt., 

CASE TEMPERATURE (Tel _·C 92SS-3906RZ" 

Fig. 8-DC holding current for either direction of on·state 
current W. CII8tI templJratulfI. 

1250 

1000 

750 

500 

250 

o 

OFF-STATE VOLTAGE (Vo)-VOROM 
GATE OPEN 

20 40 60 80 
CASE TEMPERATURE (TC}--C 

'00 

9255' 3907RI 

Fig. to-Crlticsl rate of rise of off·state voltalJB VI. calS 
temperature. 
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" 6 8 0 .01 "6 80.1 

POSITIVE OR NEGATIVE DC GATE-TRIGGER CURRENT tlGT)-A 

9255-3785R2 

Fig. 11 - Gate..pulss characteristics for all triggering modes. 

CASE TEMPERATURE ITC1-·C 
92.SS-~RI 

Fig. 13-DC gate-trigger current for 1- and liP" triggering modes) 
vs. case temperature. 

'ZCS~I70112 

Fig. 15 - Typical turn--on time vs. gate-trigger current. 

CASE TEMPERATURE ITe) _·C 

92SS-1908R1 

Fig. 12-DC gatll-trigger current (for /+ and 111- triggering modes) 
vs. case temperature. 

PRINCIPAL DC VOLTAGE-12V 
LOAD al2Il, RESISTIVE 
TRIGGERING MODES: ALL 

o 
-75 -50 -2' 

CASE TEMPERATURE ITel _·C 
o 

Fig. 14 - DC gate-trigger voltage VI. case temperature. 

Vo 

oJ_---____________ _ 

25 

92CS'17063 

Fig. 16-Rate of change Of on-state current with time (definingdi/dt). 
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OO(]3f)l] 
Solid State 
Division 

Thyristors 
T4103 T4104 T4105 

T4113 T4114 T4115 
Series 

(

'RM'.'" 400-Hz, 6,10, & 15-A Silicon Triacs 
(I."E 

'TIRM'''''L2 

T4103Serios 
T4104Serios 
T4106Serios 

PRESS·FIT 

T4113 Series 
T4114Serios 
T4115 Series 

STUD 

For Control-Systems Application in Airborne and 
Ground-Support Type Equipment 
Features: 
• di/dt capability = 150 A/IlS • Commutating dv/dt capability 
• Shorted-emitter center-gate design characterized at 400 Hz 

~ Press-fit Stud 

Voltage Types Types 

200 V T4103B T4104B T4105B T4113B T4114B 
Types (40783) (40779) (40775) (40785) (40781) 

400 V T4103D T4104D T4105D T4113D T4114D 
Types (40784) (40780i (40776) (40786) (40782) 

T4115B 
(40777) 

T4115D 
(40778) 

. Numbers In parentheses are former RCA type numbers. . 
These RCA triacs are gate·controlled full-wave silicon ac V RMS sine wave and repetitive peak off·state voltages of 
switches. 200 V and 400 V. 
The devices are designed to switch from an off·state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. 

They are intended for operation up to 400 Hz with resistive 
or inductive loads and nominal line voltages of 115 and 208 
MAXIMUM RATINGS. Abso/u/('-Maximum Values: 

These triacs exhibit commutating voltage (dv/dt) capability 
at high com mutating current (di/dt). They can also be used 
in 50-Hz applications where high com mutating capability i. 
required. 

For Operatiun ",ilh Sinusoidal Supply Vo/taKe at Frequencies up 10 .J.()() Hz Qnd with Resisril'C' or 
Indu('lil'e Load. 

REPETITIVE PEAK OFF.sTATE VOLTAGE:· 
Gate open. TJ = -50 to 1000C 

RMS ON.sTATE CURRENT (Conduction angle = 360°): 
Case temperature 
TC = 900 C (T4105B, T41050, T4115B, T41150) 

= 850C (T4104B, T41040, T4114B, T41140) 
= 800C (T4103B, T41030, T41138, T41130) 

For other conditions ......... . 
PEAK SURGE (NON·REPETITIVE) ON.sTATE CURRENT: 

For one ".'ydc of applied principal vollage • TC as above 
4()O Hz (sinusoidal) ....................•. 
60 Hz (sinusoidal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... 
,0 Hz (Sinusoidal) .....•••••••• ." •••••••.•••••••••••••• -•••••••••••.•• 
For more than onc cycle of applied principal voltage . . . . . . . . . . . . . 

RATE'()F-CHANGE OF ON.sTATE CURRENT: 
VOM = VOROM. IGT = 160 rnA. tr = 0.1 ~, (See Fig. JJ I ............. . 

FUSING CURRENT (for triac protection): 
TJ = -50 to 100oC, t = 1.25 to 10 ms ••••••••••••••••••••••••••••• 

PEAK GATE-TRIGGER CURRENT:· 
For t ,",S max., (See Fig. 7). . . . ....... . 

GATE POWER DISSIPATION: 
PEAK (For I /AS max., IGTM ::;4 A. See Fig. 7) 
AVERAGE ........ . 

TEMPERATURE RANGE: A 

Storage .......... . 
Operating (Case) ...... . 

TERMINAL TEMPERATURE (During IDldering): 
For 10 s max. (terminals and case) ............... . 

• For either polarity of main teiminal 2 voltage (VMT2) with reference to main terminal 1. 
• For either polarity of gate voltage (Vc) with reference to main terminal I . 
.6 For temperature measurement reference pOint, see Dimensional Outline. 

84 

T4103B T4113B T4103D T4113D 
T4104B T41148 T4104D T4114D 
T4106B T4115B T4106D T4115D 

VOROM 
200 400 V 

ITIRMS) 

6 A 
10 A 
15 A 

See Fig. J 

ITSM 
200 A 
100 A 
·85 A 

See Fig. 4 

di/dt 
150 A/~s 

12t 30 A2s 

IGTM 
4 A 

PGM 16 W 
PG(AV) 0.2 w 

T,tg ·50 to 150 °c 
TC ·50 to 100 °c 

TT 225 °c 

9·74 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 400 Hz and with 
Resistive or Inductive Load. (Cont'd.). 
STUD TORQUE: TS 

Recommended ••..•••....•••••••••••..•.... : ..••••..••...••.•..•.• 
Maximum (DO NOT EXCEED) ....................................... . 

ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (Tel Unless Otherwise Specified 

CHARACTERISTIC 

Peak Off·State Cu rrent:' 
Gate open, TJ = 100oC, VDROM = Max. rated value .. 

Maximum On-State Voltage:' 
For iT = 21 A (peak), TC = 25 I>C. 

DC Holding Current:' 
Gate open, Initial principal current = 500 rnA (DC), vD = 12 V, 

TC = 250 C. . .. .. 

For other case temperatures 

Critical Rate-ot-Rise of Cor.nmutation Voltage:6 
For vo = VDROM. IT{RMS) = rated value, gate unenergized. (See Fig. 14): 

Com mutating di/dt = 21.4 Alms, TC = 900 C 
T4105B, T4105D, T4115B, T4115D 

Commutating di/dt = 36 Alms, TC = 850 C 
T4104B, T4104D, T4114B, T4114D 

Commutating di/dt = 53.3 Alms. TC = 800 C 
T4103B, T4103D, T4113B, T4113D 

Critical Rate-ot-Rise of Off· State Voltage:6 
For vO = VOROM. exponential voltage rise, 
gate open, T C = 1000 C. 

DC Gate-Trigger Current:6t Mode 
For vO = 12 V (DCl. 1+ 

RL = 30 n. and III-
TC = 25 0 C I-

111+ 

For other case temperatures. 

DC Gate-Trigger Voltage:6t 

.. 

For vD = 12 V(DC), RL = 30n. TC = 250 C. 
For other case temperatures. . . . . 

For vD = VDROM, R L = 125n, TC = 1000 C 

Gate-Controlled Turn-On Time: 

(Delay Time + Rise Time) 

For vD = VD ROM, IGT " 160mA, tr = 0.1 /1S, 
iT = 25A (peak), TC = 250 C, (See Figs. 11 & 15) 

Thermal Resistance 

Steady-State (Junction-to-Case) 

Transient (Junction·to-Case). .. .. 

Steady-State (Junction-ta-Ambient) ... 

VMT2 VG ---
positive positive 
negative negative 
positive negative 
negative positive 

SYMBOL 

IDROM 

VTM 

IHO 

dv/dt 

dv/dt 

IGT 

tgt 

I1J-C 

I1J-A 

T4103B T4113B T4103D T41T.lD 
T4104B T4114B T4104D T4114D 
T410SB TAllSB T4105D T411SD 

35 in·lb 
50 in·lb 

LIMITS 
ALL TYPES UNITS 

Min. Typ. Max. 

-

-

-

5 

5 

5 

30 

0.1 

1.4 

20 

See Fig. 6 

10 

10 

10 

150 

20 
20 
35 
35 

See Figs. 8 & 9 

2 

1.8 

75 

-

-

-

50 
50 
80 
80 

- Je FI~. 10 2.5 

0.2 

- 1.6 2.5 

- - 1 

See Fia. 12 

- - 33 

rnA 

V 

rnA 

V//1S 

V//1S 

rnA 

V 

/1S 

°CIW 

°C/W 

, For either polarity of main terminal 2 voltage (VMT2) 

with reference to main terminal 1. 

For either polarity of gate voltage (VG) with reference 

to main terminal 1. 
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+v 

Fig. 1 - Principal voltage-current characteristic. 

CURRENT WAVEFORM: SINUSOIDAL 

P\i 81 LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE· 360· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINES 

~~ 
0 180 0 \)...)3600 "I u_ 

~~ 
III 100 CONDUCTION ANGLE 
"'" =B r +Bm ,"", 
0" ... >-
...1""90 

"'" ",,,, "Q. 
~~eo 
~>-

'" 70 

60 

Fig. 3 - Maximum allowable case temperature VS. on-state current. 

INSTANTANEOUS ON-STATE VOLTAGE {VTI-V 
t POSITIVE OR NEGATIVE I 

Fig. 5 - On-state current vs. on-state voltage. 

______________ File No. 443 

200 

;;;" 
~l 
E~ 160 

~~ 
"'~ 'z z", 
0", 120 z", 
-" WU 

li!", 
~E 80 
~~ 
~, 

",z 
~o 

40 

0 

FULL-CYCLE RM5 ON-STATE CURRENT [ITIRMSIJ-A 

9Zl.S-2139R2 

Fig. 2 - Power dissipation vs. on-state current. 

SUPPLY FREOUENCY = 50/60/400 Hz III IIIII LOAD; RESISTIvE 
RMS ON-STATE CURRENT [ITlRMSI} III IIIII RATED VALUE AT SPECIFI EO TEMP 

1\ GATE CONTROL MAY BE LOST 

\ 
DURING AND IMMEDIATELY 
FOLLOWING SURGE CURRENT 
INTERVAL. 
OVERLOAD MAY NOT BE REPEATED 
UNTIL JUNTION TEMPERATURE 
HAS RETURNED TO STEADY-STATE 
RATED VALUE 

IIIII 
.......... r--.... IJoW 

...... r--- 0,,< 

r--. ~ r--I-
j" H'Ll 
1111 

2 4 6 B 2 4 • B 2 4 • B 
10 100 1000 

SURGE CURRENT DURATION-FULL CYCLES 

92CS-17056RI 

Fig. 4 - Peak surge on·state current vs. surge·current duration. 

-50 -40 -30 I 
CASE TEMPERATURE (TC 1- DC 

92CS-I7057 

Fig. 6 - DC holdmg current vs. case temperature. 
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DC GATE TRIGGER CURRENT 11'GTI-4 
t POSITIVE OR NEGATIVE 

Fig. 7 - Gate trigger characteristics and limiting conditions for 
determination of permissible gate trigger puls,!s. 

1 
I 

~ 
~ 
~200 

"' ~ 150 .. 
~ .. ' 
5 
g 50 

-so -25 0 
CAsE TEMPERATURE neJ _oC 

2. 
92CS-17060 

Fig. 9 - DC gate-trigger current lfS. case temperature. 
(1- & II!+ mod •• ). 

DC GATE-TRIGGER CURRENT IIGTI-mA 92CS-17062 

Fig. 11 - Turn-on time vs. gate trigger current. 

PRINCIPAL DC VDLTAG£oI2 V 
LOAD -30.0 RESISTIVE .. 150 TRIGGERING MODES: 1+ AND III-

E 
I 
r. 
!:! '25 

a 
.rt4-t/~ ~ 'DO 

1I.rt 

"' '" 70 C> 
C> 

"' TYPIC.ll~ 0-
50 

'" ~ 
C> 

u 25 
c 

0 
-75 -50 -25 0 2S 

:i 4 

<l> 

~ 
1! 

",!!! 

a~ 
'f~ 
~'" "'''' :;;>-

~'" !z~ 
~~ 
"'z 
~~ 

~ 

CASE TEMPERATURE tTCI_oC 

9ZCS-17059 

Fig. 8 - DC gate-trigger current VS. case temperature. 
1/+ & 111- modes}. 

PRINCIPAL DC VOLTAGE-12 v 
LOAD o50tI. RESISTIVE 
TRIGGERING MODES: ALL 

YPICAL 

-50 -25 0 
CASE TEMPERATURE ITCJ--C 

F;g. 10 - DC gate-trigger voltage vs. case temperature. 

'DO ...... 

eo 

60 

/ 

20 V 

46B 468 468 
Kr3 10-2 10-1 I 

TIME AFTER APPLICATION OF RECTANGUlAR POWER PULSE -SECONDS 
92L5-2<107111 

F;g. 12 - Trans;ent thermal resistance vs. time (junction-to-case). 
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VD 

oJ--- ------ --- -----

0-- -

92CS-17063 

Fig. 13 - Rate of change of on-state current with time (defining 
dildtl. 

1 

I 
1 

1 
____ I_L __ _ 

1 I 
I I 

I I I 
I 1 1 

T : --Li : ..... 90~. POINT 

'TM I 1 I 
o_LJ ___ 1_+- __ _ 

~'d++_" 
1--",--1 
I 

r\-
VGLT 1-..-10% POI~ 

0- ---~~---~-
92CS-13366R2 

Fig. 15 - Relationship between off-state voltage, on-state current, 
and gate-trigger voltage showing reference points for defini
tion of turn-on time (fgt). 
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400 HL 
PRINCIPAL 
CURRENT 

'--
COMMUTATING 

d~/dl 

PRINCIPAL 
VOLTAGE 

I 
I 

I 

COMMUTATING 
dl/dt 

Fig. 14 - Relationship 'between supply voltage and principal current 
(inductive load) showing reference points for definition of 
commutating voltage (dvldt). 

50011 
RFt FILTER 

r----' r----' 
I I LF I I: : 

I O.I.F :: CF : 
I 200V I 1 1 

)-_____ J L ____ J 

SNUBBER NETWORK fOR 
INDUCTIVE LOADS OR WHEN 
COMMUTATING VOLTAGE (dv/dt) 
CHARACTERISTIC IS EXCEEDED. 

92CS-17066 

Fig. 16 - Typical phase-control circuit for operation at 400 Hz. 

TERMINAL CONNECTIONS 

No.1-Gate 
No.2-Main Terminal 1 

Case, No.3-Main Terminal 2 
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mlCI8LJD 
Solid State 
Division 

Main Terminal 2 

.' (Case) 

Thyristors 

T4700 Series 

is .. Ampere Silicon Triacs 
For Low-Power Phase-Control and 
Load-Switching Appl ications 

-&-~~ 
Features: _ Low Switching Losses 
" di/dt Capability = 150 A/JlS a Low On-State Voltage at High Current Levels 
- Shorted-Emitter, Center-Gate Design - Low Thermal Resistance 

Main Terminal 1 ,-Gate 

(Pin 2) IPin 1) 

JEDEC T0-66 

~ 200 V 400 V 

Package Type Type 

TO-66 
T4700B T4700D 
(40575) 1405761 

Numbers in parentheses are for mar RCA 
type numbers. 

RCA T4700B and T4700D* are gate-controlled full-wave ac 
silicon switches. They are designed to switch from an off· 
state to a conducting state for either polarity of applied 
voltage with positive or negative gate triggering. 

These devices are intended for the control of ac loads in 
applications such as space heater. oven and furnace controls, 
motor controls, and lamp loads. 

*Formerly Dev. Types TA2834 and TA2835. respectively. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

For Operation with 5016(J.Hz, Sinusoidal Supply Voltage and Resistive or Inductive Load 

REPETITIVE PEAK OFF-STATE VOLTAGE:· 
GateOpen .......................................................... . 

RMS ON·STATE CURRENT: 
T C = 70°C. conduction angle = 360° ..................................... . 

PEAK SURGE INON-REPETITIVE) ON-STATE CURRENT: 
For one full cycle of applied principal voltage 

60 Hz (sinusoidal), TC = 700 C ........................................ . 
For one full cycle of applied principal voltage 

ISO-Hz. sinusoidal), TC = 70aC . ....................................... . 
For more than one full cycle of applied voltage .............................. . 

PEAK GATE-TRIGGER CURRENT: 
For 1 J,tS max. . .................................................. . 

RATE OF CHANGE OF ON-STATE CURRENT: 

Vo = VDROM, IGT = 200 mA, tr = O,l!" lSee Fig. 3) ....................... . 

1=-USING CURRENT (far triac protection): 
T J =-40t01000C,t=1.25tal0ms ..................................... . 

GATE POWER DISSIPATION: 
Peak- (for 1 ps max. and IGTM = :s;;; 4 A) .................................. . 
Average (averaging time'" 1 0 ms max.) .................................... . 

TEMPERATURE RANGE:· 
Storage ............................................................ . 
Operating (Case) ........................•............................. 

PIN TEMPERATURE lOuring ,olderingl: 
At distances;;:= 1/32 in. (0.8 mm) from seating plane for 10 s max. . ....•. " .... 

• For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
- For either polarity of gate voltage IV G) with reference to main terminal 1 . 
• For temperature measurement reference point, see Dimensional Outline. 

9-74 

V DROM 

ITIRMS) 
ITSM 

Tstg 
TC 

Tp 

T4700B T4700D 

200 400 

---15--

--100--

--85--
See Fig. 6. 

---4--

--150--

---50 --

--16--
--0.45--

--40toI50-
_ -40 to 100_ 

--225--

V 

A 

A 

A 

A 

A/!" 

A2, 

W 
w 

°c 
°c 

°c 
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Characteristics at Maximum Ratings {unless otherwise specifiedl, and at Indicated Case Temperature {TCI. 

CHARACTERISTICS TRIAC TYPES 

T4700B 

Min. Typ. Max. 

Peak Off·State Current',IDROM 
Gate open 
At Tj = +1000 C and VDROM = Max. rated.value - 0.2 4 

Instantaneous On·State Voltage', VT 
For iT = 30 A {peakl and TC = +250 C ........ - 1.6 2.0 

DC Holding Current', IHO: 
Gate Open 
Initial principal current = 150 rnA (del 
At TC = +250 C ................. .... - 15 60 
For other case temperatures .............. See Fig. 8 

Critical Rate of Applied Comm.utating Voltage', 
Commutating dv/dt: 
For vD = VDROM, IT(RMSI = 15 A, com mutating 

dildt = 8 Alms, and gate unenergized 
At TC = +700 C .................... 2 10 -

Critical Rate of Rise of Off-S.tate Voltage', 
Critical dv/dt: 
For VD = VDROM, exponential voltage rise, 

gate open 
At TC = +1000 C ................... 30 150 -

DC Gate·Trigger Current' -, IGT 
For VD = 6 volts (de), R L = 12 ohms, 

TC = +250 C, and Specified Triggering Mode: 
1+ Mode: VT2 is positive, VG is positive ... - 15 30 
I' Mode: VT2 is positive, VG is negative ... - 35 80 
111+ Mode: VT2 is negative, V G is positive ... - 35 80 
III-Mode: VT2 is negative, V G is negative ... - 15 30 
For other case temperatures .............. See Figs. 12 & 13 

DC Gate-Trigger Voltage' -, VGT: 

I I For vD = 6 volts (de) and RL = 12 ohms 
At TC = +250 C .................... - 1 
For other case temperatures ............ See Fig. 14 

For VD = VDROM and RL = 125 ohms 
At TC = +1000 C ....... .......... 0.2 -

Gate-Controlled Turn-On Time, tgt 
(Delay Time + Rise Time) 
For VD = VDROM. IGT = 160 rnA, 

0.1 I'S rise time, and iT = 25 A (peak) 
At TC = +250 C .................... - 1.6 

Thermal Resistance, Junction to case, 

- -ROJC ............. . ............ 

'For either polarity of main terminal 2 voltage (VT21 with reference to main terminal 1. 

-For either polarity of gate voltage (VG) with reference to main terminal 1. 

90 

TERMINAL CONNECTIONS 

Pin 1: Gate 
Pin 2: Main Terminal 1 
Case: Main Terminal 2 

2.5 

-

2.5 

1.3 

Min. 

-

-

-

2 

20 

-
-
-
-

-

0.2 

-

-

T4700D 

Typ. Max. 

0.2 4 

1.6 2.0 

15 60 
See Fig. 8 

10 -

100 -

15 30 
35 80 
35 80 
15 30 

See Figs. 12 & 13 

I 1 I 2.5 
See Fig. 14 

- -

1.6 2.5 

- 1.3 
. 

UNITS 

mA 

V{peakl 

mA(dcl 

VII's 

VII's 

mA(dcl 
mA(dcl 
mA(dcl 
mA(dc) 

V(dc) 

V(dc) 

I'S 

ocm 
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+ I QUADRANT 
NO.1 

MAIN TERMINAL. 2 
POSITIVE 

92LS-2214R5 

~---ri----~·~O~%~p~O~rN~T 

I 
VD~ vOROM I I 

J---~---~-,----
I :: 
I I I 
I 'I 
I r 

IT I :: p~~~ 
0..L--.!. - ___ -1.. ___ _ 

i"d -j i 
I -! r'g, 

Vo 

o-L-______________ _ 
1r5M 

, 
I--- di/dt 

I 

Fig. 1 - Principal voltagEH:urrent characteristic. I-- '" --; 

j~~o~~ __ \_ 
-r --- : 
0.51r5M I 

921.S-1342R3 

o_L_ l-L---------------
~ t-tl 

92CS-17063 

SUPPLY 
VOLTAGE 

Fig. 2-Waveshapes of tgt 
characteristics test. 

Fig. 3-Rate of change of on-state current 
with time (defining di/dt)_ 

---, , , 

' .... ---

Fig. 4-Waveshapes of commutating dv/dt characteristics. 

'" 
~ 
Z 
0 
_<[100 

~I 
i=~ 
~ ~80 
o.~ 

"'-
"'''' ~~ 60 

~!5 
~o 40 
a: 
~ 

" 20 

~ 

~~~D~~~~~~~ECURRENT [ITIRMs)1"'15A I I I ' 
AT SPECIFIED CASE TEMP. 

GATE CONTROL MAY BE LOST 
~URING ANO IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAL. 

l"-.. OVERLOAD MAY NOT BE REPEATED 

~ ~,,~ 
UNTil JUNCTION TEMPERATURE HAS 
RETURNED WITHIN STEADY-STATE 
RATED VALUE. 

- ~J;; ....., r--.... - ,... 

2 4 6 , 2 4 6 , 10 102 2 4 6 , 

SURGE CURRENT DURATION-FULL CYCLES 
10' 

92SS-3B23RI 

Fig. 6-Surge current rating chart. 

CURRENT WAVEFORM. SINUSOIDAL 

:~I' 
LOAD = RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE • 360 0 

TEMPERATURE IS MEASURED ON BASE AT 
POINT MIDWAY BETWEEN LEADS. 

0 ,aa'V""'· 
.'" 
:1~ 100 u, CONDUCTION ANGLE 

~:u 
90 

• eI+em 
~~ 
~~ 80 
!jffi 
",0. 

i~ 70 

60 
0 2 4 6 8 10 12 14 6 

RMS ON-STATE CURREN":' DT (rms~-A 
92L.S-2r3BRr 

Fig. 5- Conduction rating chart (case temperature). 

FULL-CYCLE RMS ON-STATE CURRENT [ITtRMSi]-'-A 

92L.S-2139R3 

Fig. 7- Power dissipation curve. 
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92 

-40 -30 -20 -10 0 

CASE TEIIPERATURE (Tel - 'C 
92LS-1750R2 

INSTANTANEOUS ON-STATE VOLTAGE (YTI-y 
IPOSITIVE OR NEGATIVE) 92LS-2142R2 

Fig. 8· DC holding current characteristics for either 
direction of principal current. 

Fig. 9- On·state characteristics for either direction of 
principal current. 

Ii 
,. 60 7. 

POllTlvt OR NEGATIVE GATE-TRIGGER CURRENT l'clrl- mAIOCI 

Fig. 10- Gate characteristics for F' and /IF' triggering modes. 

SIWIlD AREA IIDICATES LOCUS OF POSSIBLE 
TRIGGERING POINTS AT VARIOUS TEMPERATURES 
FOR JlDICAUD OPERATaG 1100£$. 

4 IAXIIIIIII GATE TRIiGER 
YDLTAIiEFDRINDICATED 
JUNCTIONTEIIPERATURECTI' 

Tl;.ill'e . .fi 
.2S" t:: 

IlAXIIUI VOLTAGE AT IHICH NO UNIT 
IItL TRIGGE,!;ORTJ •• 1!IIJDC ..fJ'i 

20 40 60 80 100 

POSITIVE OR NEGATIVE &ATE·TRIGGER ClIfR£NT IIGTI- _AlDCI 

AVERAGE GATE 
DtsSlPATIOIIILIIIT 

fll.451) 

120 

Fig. 11- Gate characteristics for r and /IF' triggering modes. 
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CHARACTERtSTlCS APPLY FOR INDICAT£D TRIGGERING MODES 
PRINCIPAL VOLTAGE· 6 y (DC) 
LOAD. 12 OHMS, RESISTIVE 

CASE TEII'ERATURE (Tcl- 'C 
9ZLS-1749R2 

Fig. 12· DC gate· trigger current characteristics for 1+ and 1/1' 
modes. 

-~ 3 

! 
'" Ci 
g 

:2 2 
~ 

PRINCIPAL DC VOLTS ~ 12 
LOAD -Izn, RESISTIVE 
TRIGGERING MODES: ALL 

50 

CASE TEMPERATURE tTe I-·C 

25 

Fig. 14· DC gate-trigger voltage characteristics. 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/dd CHARACTERISTIC IS EXCEEDED. 

92CS·15203R4 

Fig. 16- Typical phase-control circuit for lamp dimming, heat 
control; and universal-motor speed control. 

CASE TEUPERATURE (Tcl - tIC 
92LS-2212 

Fig. 13 - DC gate-trigger current characteristics for 1- and 111+ 
modes. 

100 150 200 250 300 350 
GATE-TRIGGER CURRENT IIGT I-mA 

Fig. 15- Turn-on time vs. gate trigger current. 

AC INPUT 120 V 240 V 240 V 

VOLTAGE 60 Hz 60 Hz 50 Hz 

C, 0.1 JiF O.05pF O.05p.F 

200 V 400 V 400 V 

C2 0.1 p.F O.lIlF 0.1 pF 

'OOV '00 V 100 V 

R, 100 Kil 200 Kil 200 KG 
'!.W 'W 'W 

R2 ' Kn 7.5 Kn 7.5 Kn 
YZW 2W 2W 

R3 15KS1 7.5 Kn 7.5 Kn 
%W 2W 2W 

SNUBBER 
NETWORK Cs O.l/-1F O.l/-1F O.l/-1F 
FOR 15-A 200 V 400 V 400 V 
(RMSj-'N· lOon ,oon loon 
DUCTIVE RS ~W 'hW ~W 

CF* 
O.lIlF O.l/-1F O.lIlF 

RFI 200 V 400 V 400 V 

FILTER LF* 100/-IH l00IlH l00IlH 

RCA TRIAC T4700B T4700D T4700D 

• For other RMS current values refer to RCA Application 
Note AN-4745 . 

• Typical values for lamp dimming circuits. 
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OOCD5LJD 
Solid State 
Division 

Thyristors 

T6401 T6411 T6421 
Series 

Main 
30·A Silicon Triacs 

Main 
Main Terminal! Terminal! 
Terminal! 

f ~ i-
...... 00 

Main "'160' 

Terminal 2 
Main Main 
Terminal 2 Terminal 2 

T6401 Series 
T6411 Series T6421 Series 

Press·fit 
Stud lsolated-stud 

Features: 
- dildt Capability = 100 A//ls 
- Shorted·Emitter Center·Gate Design 
- Low Switching Losses 

~ 
200 V 400 V 600 V 

POiekage T..,., Types Types 

Pressiil 
T64018 T64010 T6401M 

(406601 1406611 (406711 

Stud 
T64118 T64110 T6411M 

(40662) (40663) (40672) 

Isolated· T6421B T64210 T6421M 

Stud (40805) (408061 (40807) 

Numbers In parentheses are former RCA type numbers. 

- Low On-State Voltage at High 
Current Levels 

- Low Thermal Resistance 

These RCA triacs are gate-controlled full-wave silicon ac 
switches. They are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive 
or neaative gate triggering voltages. 

These triacs are intended for control of ac loads in applica
tions such as heating controls, motor controls, arc·welding 
equipment, light dimmers, and power switching systems. 
They can also be used in air-conditioning and photocopying 
equipment. 

MAXIMUM RATINGS,Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 
50160 Hz and with Resistive or Inductive Load_ 
REPETITIVE PEAK OFF-STATE VOLTAGE:-

Gate open, TJ = -50'01000 C ____ ........................ . 

RMS ON-STATE CURRENT (Conduction angle = 36(0): 
Case temperature 

T C = 650 C IPress-fi. 'ypes) ............................ . 
= 600 C IStud 'ypes) ............................... . 
= 550 C (I sorated·stud types) ........................ .. 

For other conditions .................................... . 

PEAK SURGE (NON-REPETITIVE) ON-sTATE CURRENT: 
For one cycle of applied principal voltage. Teas above 

60 Hz (sinusoidal) ................................. . 
50 Hz (sinusoidal) ................................... . 

For more than one cycle of applied principal voltage .............. . 
RATE-oI4:HANGE OF ON-STATE CURRENT: 

VOROM 

ITIRMS) 

ITSM 

di/d. 

T6401B T6401D T6401M 
T6411B T64110 T6411M 
T6421B T64210 T6421M 

200 400 600 

30 
30 
30 

See Fig. 3 ____ 

300 
265 

See Fig. 4 ----

V 

A 
A 
A 

A 
A 

VOM= VOROM, IGT = 200 mA,'r = 0.1 /l' ISee Fig. 131 . . . . . . . . .. . 100 AlJJs 

FUSING CURR~NT (for triac protection): 
T J = -40 '0 100 C,' = 1.25'0 10m' ............................ . 12• 450 A2, 

PEAK GATE-TRIGGER CURRENT:-
For 1 Ils max.,See Fig. 7 ................................. . 

IGTM 
12 A 

GATE POWER DISSIPATION: 
PEAK I For 1 /ls max., IGTM -::;:: 4 A. See Fig. 71 ................ . PGM 40 W 

AVERAGE .......................................... . PGIAV) 0.75 w 
TEMPERATURE RANGE:'" 

Storage ............................................. . 
OPerating ICase) ....................................... . 

T stg -65 '0 
150 ___ 

Dc 
TC -65 to 100 ___ 

DC 

TERMINAL TEMPERATURE (During soldering): TT 
For 10 s max. (terminals and case) 225 DC 

94 9-74 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 
50160 Hz and with Resistive or Inductive Load_ 
STUD TORQUE: 

Recommended ...................................... . 
Maximum (DO NOT EXCEED! ................................. . 

T6401B 
T6411B 
T6421B 

T6401D 
T6411D 
T6421D 

T6401M 
T6411M 
T6421M 

-----35 ---- in-Ib 
-----50 in-Ib 

• F~r either polarity of mam terminal 2 voltage {VMT2) with reference to main terminal 1. 
• For either polarity of gate voltage (VG) with reference to main terminall. 
A For temperature measurement reference point, see Dimensional Outline. 

ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (Tc) Unless Otherwise Specified 

I LIMITS 
CHARACTERISTIC SYMBOL UNITS 

Min_ TVD_ Max_ 
Peak Off-State Current:· 

Gate open, TJ = 1000 C, VDROM = Max_ rated value IDROM - 0.2 4 mA 

Maximum On-State Voltage:' 
For iT = 100 A (peak), TC = 250 C ................ VTM - 2.1 2_5 V 

DC Holding Current:' 
Gate open, Initial principal current = 150 mA (DC), vD = 12V: 

25 mA TC=250C ............................. IHO - 60 
For other case temperatures .................. See Fig_ 6 

Critical Rate-of-Rise of Commutation Voltage:. 
ForvD = VDROM, IT(RMS) = 30 A,commutating 
dildt = 16 Alms, gate unenergized. (See Fig_ 14): 

TC = 650 C (Press-fit types) ................ 3 20 -
= 600 C (Stud types) ................... dvldt 3 20 - V/p.s 
= 550 C (Isolated-stud types) _ .. __ . _ .. _ .... 3 20 -

Critical Rate-of·Rise.of Off-State Voltage:' 
For vD = VOROM, exponential voltage rise, gate open, 
TC= 100o C: 

T6401B,T6411B,T6421B .................. 40 200 -
T6401D, T6411D,T6421D ... · .............. dv/dt 25 150 - V/p.s 
T6401M,T6411M,T6421M ................. 20 100 -

DC Gate· Trigger Current:'. Mode VMT2 VG 

ForvO = 12 V (DC), 1+ positive positive - 15 50 

RL =30n, 111- negative negative - 20 50 

TC = 250 C 1- positive negative IGT - 30 80 mA 
111+ negative positive - 40 80 

For other case temperatures .................... See Figs. 8 & 9 

DC Gate·Trigger Voltage:'. 

11.35 J For vo = 12 V(OC), RL = 30 n. 
TC = 250 C ........................... - 2.5 

V 
For other case temperatures ................. VGT See Fig. 10 

For vo = VOROM, RL = 125 n, TC = 1000 C 0.2 - -
Gate-Controlled Turn-On Time: 

(Delay Time + Rise Time) 
For vo = VOROM, IGT = 200 mA, tr = 0.1 p.s, 
iT = 45 A (peak), TC = 250 C (See Figs. 11 & 15) .... tgt - 1.7 3 p.s 

Thermal Resistance, Junction·to·Case: 
Steady·State 

Press·fit types ........................... - - 0.8 
Stud ................................. °J-C - - 0.9 

Transient (Press·fit & stud types) ................. See Fig. 12 oCIW 

Thermal Resistance, Junction·to·Hex (Stud, See Dim. Outline): 
Steady-State (lsolated-stud types) ................. OJ-IH - - 1 

, For either polarity of main terminal 2 voltage IVMT2) with reference to main terminal 1. 
• For either polarity of gate voltage (VG) with reference to main terminal 1. 
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96 

Fig. 7 - Principal voltage-current charac
teristic. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE .. 360· 
CASE TEMPERATURE: MEASURED 
AS SHOWN ON DIMENSIONAL OUTLINES 

: F~~r1 
: 0 '80.~J3GO

CONDUCTION ANGLE 

·'I·'m 

PRESS-FIT TYPE~t:t+ 

STUD TYPES 

ISOLATED-STUD TYPES 

10 20 30 40 

FULL CYCLE RMS ON-STATE CURRENT [IT(RMS)] -~SS-3812R2 

Fig. 3 - Maximum allowable case temper
ature vs. on-state current. 

a.s I 1.5 2 
INSTANTANEOUS ON-STATE VOLTAGE (vT)-V 

~POSITIVE OR NEGATIVE) 925S-38U 

Fig. 5 - On-state current vs. on-state 
voltage. 

~ 
300 

~. 250 .. 
~~200 
~p 
~:: 15 

~i 
f' 
~ 

5 

'0 
FULL-CYCLE RMS ON-STATE WRRENT [InRMsij-A 

925S-3810 

Fig. 2 - Power dissipation vs. on-state 
current. 

~~~D:~N~~~~~E CURRENT [ITCRMS)} 30 A AT 
SPECIFIED CASE TEMP. 

Lillill I IIIIII 
'\. GATE CONTROL MAY BE LOST , DURING AND IMM£DIATELY FOLLD'MNG 

SURGE CURRENT INTERVAL • 

'~ OVERLOAD MAY NOT BE REPEATED 
UNTL .JUNCTION TEMPERATURE HAS 

60Hz RETURNED TO STEAOY~STATE 
RATED VALUE. 

~ 
,!50Hz i"o 

r-... 

468'0 468 102 

SURGE CURRENT DURATION -FULL CYCLES 

.. ~ 
92SS~3B15R2 

Fig. 4 - Peak surge on-state current vs. 
surge current duration. 

Fig. 6 - DC holding current vs. case 
temperature. 

92CS-15200RI 
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RI I D S:ALL 100: ENCLOSED ~EA ~DICATE~ LOCUS OF 

0.1 4 6 8 I 

DC GATE-TRIGGER CURRENT UGT1-A 
(POSITIVE OR NEGATIVE) 92CS-I!lI98R3 

Fig. 7 - Gate trigger characteristics and 
limiting conditions for .determination of 
permissible gate trigger oulses. 

CASE TEMPERATURE (TC )_·C 

92CS-I!l201 

Fig. 9 - DC gate-trigger current vs. case 
temoerature (7' & /1/+ modes). 

50 100 ISO 200 250 300 350 400 450 

DC GATE-TRIGGER CURRENT tIGT1-mA 
92LS-2266R2 

Fig. 77 - Turn·on time vs. gate trigger 
current. 

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 
CASE TEMPERATURE tTcl-"~ 

92CS-I!l199 

Fig. 8 - DC gate-trigger current vs. case 
temperature (7+ & III' modes). 

CASE TEMPERATURE (Tc )_·c 

92CS-15202RI 

Fig. 70 - DC gate-trigger voltage vs. case 
temperature. 

~ 100 

LlJm 
~~, 
I -., 

~il 
<'" 
~~ 
...... 
00> .. 
>-u z, 
~~ 

"" "'z "0 

~ 
~ 

TIME 

80 v 
60 

40 

I-"""" 
20 

10-3 
468 468 2468 

10-2 10-1 I 
AFTER APPLICATION OF RECTANGULAR POWER PULSE-SECONDS 

92LS-2263RI 

Fig. 72 - Transient junction·to·case 
thermal resistance vs. time. 
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n 
J ____ L __ _ 

I 

~dl/lII , 

Fig. 13 - Rate of change of on-$fBte current 
with tim. (defining dildO. 

Fig. 14 - Relationship between supply voltage 
Bnd princ/ple current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dtJ. 

R2 

etl 
--~----' 

,...--- , , , 
, , 

RCA , 

Js~I:C: RS 
TABLEII , 

: Cs , , 
'-r--' 

RFI FILTER 
i --- ---: 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOL lAGE 
Idw/dtl CHARACTERISTIC IS EXCEEDED. 

92C$·'5203R4 

Fig. 16 - Typical phase-i:ontrol circuit for lamp dimming, heat control, and 
universsl-motor speed control. 

S2CS-lll66R2 

Fig. 16 - Relationship between off-mte va/tags, 
on"'ltate current, lind gats-tr;ggtI' volt
age showing reference points for defi
nition of tum~n time Itgtl. 

ACINPUf .. OV :MIIV :MIIV 
VOLTAGE -. -. ..... 

c. ~ ~ ~ 
C2 0.',.. 0.'16 0.'16 .oov 'OOV 'OOV 

". ._a ~a :z&OKn 
1/ ... .W 

"2 
2.2Kn 3.3KSl 3.3Kn 
'/2W '/2W 1/2W 

"3 .6Ka 1sKS'1 1&KO 
1/'" 1/ ... ,/2W 

Co 0.'''' 0.'16 0.1,.. 
SNUBBER 200V 400V 400V 
NETWORK .oon \or:.: \or:.: "5 1/ ... 

CF' o.t/E 0.'16 ~ "F' 200V 400v 
FILTER 

P<-LF' .- 200fJH 

RCATRIACS 
T64018 T64010 T6401D 
T64118 T64110 T84"D 
T64218 T6421D T6421D 

-TVPlcel.'IIIlucs for lamp dimming eircuits. 

WARNING: TERMINAL CONNECTIONS 
The RCA isolated·stud package thyristors should be han· 
died with care. The ceramic portion of these thyristors can· 
tains BERYLLIUM OXIDE as a major ingredient. Do not 
crush, grind, or abrade these portions of the thyristors be
cause the dust resulting from such action may be hazardous 
if inhaled. 
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OOm3LJD 
Solid State 
Division 

Thyristors 

T6404 T6405 
T6414 T6415 

Series 

400-Hz, 25 & 40-A Silicon Triacs 
Main Terminal 1 

Main Termlnar 1 t", Ga •• 

For Control-Systems Application in Airborne and 
Ground-Support Type Equipment 

" Features: 
• RMS On-State Current - • Shorted-Emitter Center-Gate Design 

I' 
~ I, 

IT(RMS) = 25A: T6405 and T6415 Series 
= 40A: T6404 and T6414 Series • di/dt Capability = 100 A/Jl$ 

c 
• Commutating dv/dt Capability Characterized at 400 Hz 

Main Terminal 2 

T6404 Series 
T6405 Seriss 

Press-fit 

Main Terminal 2 

T6414 Series 
T6415 Series 

Stud 

Voltage 
Package 
Press·fit 
Press-fit 
Stud 
Stud 

200 V 
TVpes 
T6404B (407911 
T6405B ( 40787) 
T6414B (40793) 
T6415B (40789) 

400 V 
Types 
T64040 (40792) 
T64050 (40788) , 
T64140 (40794) 
T64150 ( 40790) 

Numbers in parentheses are 
former RCA Type numbers. 

These RCA triacs are gate-controlled full-wave silicon ac 
switches. They are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive 
or negative gate triggering voltages. 

208 V RMS sine wave and repetitive peak Off-state voltages 
of 200 V and 400 V. 

They are intended for operation at 400 Hz with resistive 
or inductive loads and nominal line voltages of 115 and 

These triacs exhibit commutating voltage (dv/dt) capability 
at high com mutating current (di/dt). They can also be used 
in 6O-Hz applications where high commutating capability 
is required. 

MAXIMUM RATINGS,Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at 400 Hz and with Resistive or Inductive Load. 
REPETITIVE PEAK OFF.sTATE VOLTAGE:· VOROM 
, Gate open. TJ = -50 to 1100 C .......................................... . 

RMS ON-5TATE CURRENT (Conduction Angle = 36QO): IT(RMS) 
Case temperature 

TC = 850 C (T6405 Series) ........................................... . 
800 C CT6415 Series} ......................... _ .•................ 
700 C (T6404 Series) ........................................... . 
650 C (T6414 Series) ........................................... . 

For other conditions ................................................. . 
PEAK SURGE (NON-REPETITIVE) ON-5TATE CURRENT: ITSM 

For one cycle of applied principal voltage, T C as above 
400 Hz (sinusoidal) . .•....•.............•.•.....................•....... 
60 Hz (sinusoidaU .................................................... . 
50 Hz (sinusoidal) ....•.............•..........•..•............•..•...• 

For more then one cycle of applied principal voltage .......................... . 
RATE-OF-CHANGE OF ON-5TATE CURRENT: 

VOM - VOROM. IGT = 200 mA, tr = O.ll's (See Fig. lSI ...................... . 
FUSING CURRENT lIor Triac Protection): 

TJ=-50tollooC,t-l.25to10 ms .................................... . 
PEAK GATE-TRIGGER CURRENT:. 

For 1 IJs max. (See Fig. 71 .••...••..••.•.................................. 
GATE POWER DISSIPATION: 

Peak (For 101" max .. IGTM :$;4 A (peak), (See Fig. 71 ........................ . 
Average •...........................................•................• 

TEMPERATURE RANGE:· 
Storage ..•••.........•..................................•............ 

Operating (Case) ...................................................... . 

TERMINAL TEMPERATURE (During soldering): 
For 10 s max. (terminals and case) ...................••...•................. 

• For elthar polaritv of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
• For alther polarity of gate voltage (VG) with reference to main terminal 1. 
• For temperature measurement reference point, see Dimensional Outline. 

9-74 

di/dt 

Tstg 

TC 

T6404B T64040 
T6405B T64050 
T6414B T64140 
T6415B T6415D 

200 400 V 

25--- A 
25--- A 
40--- A 

----40--- A 
--- See Fig.3--

---600--- A 
---300--- A 
---265--- A 
---See Fig.4--

----100--- AII" 

____ 270 ___ 
A'. 

----12--- A 

----42--- W 

---0.75--- W 

---50 to 150-- oC 
---50'0110-- OC 

---225---. oC 
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MAXIMUM RATINGS. Absoluto-Ma,.imum Values: (Cont'dl 
For Operation with Sinusoidal Supply Voltage at 400 Hz and with Resistive or Inductive Load. 
STUD TORQUE: 

Recommended •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Maximum (DO NOT ,EXCEEDI ••••.••••••••••.••••••.•••.•.••••••••••••.. 

ELECTRICAL CHARACTERISTICS 

's 

At Maximum Ratings and at Indicated Case Temperature (Tc) Unless Otherwise Specified 

T6404B 
T6405B 
T6414B 
T6415B 

35 
50 

T6404D 
T6405D 
T64140 
T6415D 

in.-Ib 
in.-rb 

CHARACTERISTIC SYMBOL 1-:-~-r-L-::IM,--IT_Sr-="'---1 UNITS 
Min. Typ. Max. 

Peak Off·Slate Current:' 
'Gate open, TJ = 1100 C, VDROM = Max. rated value .............. . 

Maximum On·State Voltage:' 

For iT = 100 A (peak), TC = 250 C: 
T6405 & T6415 Series ........... . 
T6404, & T6414 Series ........... . 

DC Holding Current:' 
Gate open, Initial principal current = 500 mA (DC), vD = 12 V, 

TC=250 C ............................................ . 
For other case temperatures .............................. . 

Critical Rate-of·Rise of Commutation Voltage:' 

For vD = VDROM, IT(RMS) = rated value, gate unenergized, 
(See Figs.13 & 14): 

Commutating di/dt = 88 Alms 

T C = 850 C (T6405 Series) 
= BOO C (T6415 Series) 

Commutating di/dt = 141 Alms 

TC = 700 C (T6404 Series) 
= 650 C (T6414 Series) 

Critical Rate-of·Rise of Off-State Voltage:' 
For vD = VDROM, exponential voltage rise, gate open, TC = 1100 C: 

T6405 & T6415 Series ................................... . 
T6404 & T6414 Series 

DC Gate·Trigger Current:.t Mode VMT2 VG 
ForvD = 12 V (DC), 1+ positive positive 

RL =30n, 111- negative negative 

TC =250 C 1- positive negative 
111+ negative positive 

For other case temperatures 

DC Gate·Trigger Voltage:'t 
For vD = 12 V(DCI, RL = 30 n, TC = 250 C ..................... . 

For other case temperatures ............................... . 
ForvD=VDROM,RL=125n,TC= ll00C ................... . 

Gate·Controlled Turn-On Time: 
(Delay Time + Rise Time) 

For vD = VDROM IGT = 150 mA, tr = 0.1 /lS, 
iT = 60 A (peak), Tc = 250 C (See Figs. 11 & 12) _ ............... .. 

Thermal Resistance, Junction-to-Case: 
Steady-State 

Press-fit types .......................................... . 
Stud ........... ; ..................................... . 

Transient (Press-fit & stud types) .......................... __ .. . 

, For either polarity of main terminal 2 voltage IVMT2' with reference to main terminal 1. 

For either polarity of gate voltage (VG).with reference to main terminal 1. 

100 

IDROM 

dv/dt 

dv/dt 

IGT 

tgt 

2 
2 

2 
2 

30 
50 

0.2 

1.7 
1.7 

30 
See Fig.6 

150 
200 

20 
50 
BO 
BO 

4 

2.5 
2 

90 

BO 
BO 

120 
120 

See Figs.B & 9 

- I 2 I 3 

0.2 
See Fig. 10 

1.6 2.5 

O.S 
0.9 

See Fig. 16 

rnA 

V 

rnA 

VIps 

VIps 

rnA 

V 

ocm 
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-v 

QUADRANT 
No.1U 

MAIN TERMINAL 2 
NEGATIVE 

tl 

>v 

92LS-2214R5 

Fig. 1 - Principal voltage-current characteristic. 

CURRENT WAVEFORM: SINUSOiDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE "360" 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINES 

110 

40787,40788 

40789,40790 

F'~rml 
o 180·VJ360' 

CONDUCTIQNANGlE 
.9r +8 m 

40791,40792 

40793,40794 

60 
o ~ ~ ~ 40 

FULL CYCLE RMS ON-STATE CURRENT GT'RMS~ - A 
L 192C5-17949 

Fig. 3 - Maximum allowable case temperature VS. on-state current. 

INSTANTANEOUS ON-STATE VOLTAGE (vr)-V 
(POSITIVE OR NEGATIVE) 92CS-17951 

Fig. 5 - On-state current VI, on-state voltage. 

'" 600 

~ 
!, 
0 500 

",i 
>-
E ~400 
... 1-
~!j 
"' ... ~z300 
z'" 
0'" 
~g; 
~O200 

~ 

~ 
100 

Q. 

0 

FULL-CYCLE RMS ON-STATE CURRENT[ITtRMS11-A 
92C5-17950 

Fig. 2 - Power dissipation VI. o~-state current. 

~~~D~~~~~~~'~ECURRENT [IT{RMSJl, RATED VALUE AT 
SPECIFIED CASE TEMPERATURE 

I I I II I I 
GATE CONTROL MAY BE LOST 

I 
I 

\ DURING AND IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAL. 

I\, OVERLOAD MAY NOT BE REPEATED 

'\ 
UNTIL JUNCTION TEMPERATURE HAS 
RETURNED TO STEAOY-STATE 

I' RATED VALUE. 

I:'-.... I I 

"" ~ ........ 
<00 HI 

t....: t-.. ~ J--.:.:..I-
SOH, I 

I I 
468 10 468 102 

SURGE CURRENT DURATION -FULL CYCLES 

92CS-17952RI 

Fig. 4 - Peak surge on-state current vs. surge current duration. 

-20 -10 0 10 20 30 40 
CASE TEMPERATURE ITCI-DC 

92CS-17943 

Fig. 6 - DC holding current vs. case temperature. 
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u 
o 

TR M S:LL 
1008 ENCLFD ~EA INDICATES iOCUS OF 

MINIMUM GATE RESISTANCE 
I I 1 I t I I 

2 ~~~~~G'E'~~~)O~A~~R~b~~~LEI-++---I---1I--H-1 
0.1 DISSIPATION AT RATED CONDITIONS 

0.1 468 1 468 10 

DC GATE-TRIGGER CURRENT UGT)-A 
(POSITIVE OR NEGATIVE) 92CS-I7944 

Fig_ 7 - Gate-trigger charactfJristics and limiting conditions for 
determination of permissible gate-trigger pulses. 

w 

5 
g 50 

-50 -40 -30 -20 -10 0 10 20 30 40 
CASE TEMPERATURE (Tc I-·C 92CS·'7946 

Fig. 9 - DC gate-trigger current vs. case temperature fI- & 111+ 
modes). 

t 
1 
=0. 
w 

'" ... 
9 
z 
'" " ... 
0 
w 
~ 

~ 
~ 

MAXIMUM· 

TYPICAL 

5 
25 50 75 100 125 150 175 200 225 

DC GATE-TRIGGER CURRENT tI.GTI-mA 

Fig. 11 - Turn-on time vs. gate trigger current. 

102 

Fig. 8 - DC gate-trigger current vs. case temperature (1+ & 111- modes). 

w 1111111111111111111 
~ g • 
!i 
~ 3 

" ~. 

92CS-I7942 

Fig. 10 - DC gate-trigger voltage vs. case temperature. 

92CS-13366R2 

Fig. 12 - Relationship between off-state voltage. on-state current. 
and gate-trigger voltage showing reference points for 
definition of turn·on time (tut). 
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10 30 50 70 90 110 130 150 
COMMUTATING di/dt-A/ms 

92CS-17947 

Fig. 73 - Commutating voltage vs. commutating current. 

VD 

oJ-_______________ _ 
, 

f-.- d/ldl 

I 

O.51YSM 

o----L -~---------------
--1 t---tl 9ZCS-17063 

Fig. 15 - Rate of change of on-state current with time (defining 
dildt). 

500 11 RFI FILTER r----' r----' 
RCA I 39 11 I: LF : 

400 Hz 
SUPPLY 

VOLTAGE 

400 Hz 
PRINCIPAL 
CURRENT 

.,' 

92CS-170e .. 

Fig. 14 - Relationship between supply voltage and principal current 
{inductive load} showing reference points for definition of 
commutat;ng 1I0itage (dvldrJ. 

w i i il: ! " i 'I 0 
z 100 

:1:: J-1'I w~ i 
~~ 

80 
" 

I , / 
1-' 

!i VI i ,.'" :: I I C,", 

~ffi ! i!'i l/ I 
t;~ 

60 
"w iii! V o~ 

'" ,/ 1:11 
0- 0 II , i ZI 
wo 40 00- 111 ",. 
wz 
"0 I-"" i i 20 

Ii I ill I i 
0 II I lllii I I 

10-3 • • 8 
10-2 • 10-1 • . • 8 

I 

TIME AFTER APPLICATION OF RECTANGULAR POWER PULSE-SECONDS 
92LS-2263Rr 

TRIAC I I W I I CF I 

10.22~F :: : 

IISV 
400 Hz Fig. 16 - Transient junction-to-case thermal resistance vs. time. 

I 200V I I I 
)-_____ J L ____ J 

SNUBBER NETWORK FOR 
INDUCTIVE LOADS OR WHEN 
COMMUTATING VOLTAGE (dv/dt) 
CHARACTERISTIC IS EXCEEDED. 

Fig. 17 - Typical phase-controJ circuit for operation at 4"0 Hz. 

TERMINAL CONNECTIONS 

No.1-Gate 
No.2-Main Terminal 1 

Case. No.3-Main Terminal 2 

WARNING: 
The RCA isolated·stud package thyristors should be han
dled with care. The ceramic portion of these thyristors con
tains BERYLLIUM OXIDE as a major ingredient. Do not 
crush, grind, or abrade these portions of the thyristors be
cause the dust resulting from such action may be hazardous 
if inhaled. 
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H-1812 

MTI 
r: 

[Rl(]3LJ[] 
Solid State 
Division 

H-1813 H-,S14 

Thyristors 

T8401 T8411 T8421 
Series 

60-A Silicon Triacs 
For Phase-Control and Load-Switching Applications 

Features: ~'! .'" \ ~, - di/dt Capability = 300 A/p.s _ Low On-State Voltage at High Current Levels 
- Shorted-Emitter. Center-Gate Design _ Low Thermal Resistance 

Gate ./ 
Gate '<f tk.t. 

/ 

t·'j...MT2 {'J-MT2 )'f 

- Low Switching Losses 

~ 200 V 400 V 600 V 
Packa 

T8401B T8411B T8421B Press-fit T8401B (41029) T8401D (41030) T8401M (41031) 
T8401D T8411D T8421D 
T8401M T8411M T8421M 
Press-fit, Stud lsolated-Stud 

Stud T8411B (41032) T8411D (41033) T8411M (41034) 

Iso-stud TB421B (41035) T8421D (41036) T8421M (41037) 

Numbers in parentheses (e.g. 41029l are former RCA type numbers 

RCA T8401, T8411, and T8421 series triacs are gate
controlled, full-wave silicon ac switches. They are designed 
to switch from an off-state to an on-state for either 
polarity of applied voltage with positive or negative trig
gering voltages. 

These triacs are intended for control of ac loads in applica
tions such as heating controls motor controls, arc-welding 
equipment, light dimmers, and power switching systems. 
They can also be used in air-conditioning and photocopying 
equipment 

MAXIMUM RATINGS, Absolute-Maximum Values: 
For Operation with Sinusoidal SupplV Voltage at Frequencies 
up to 50/60 Hz and with Resistive or Inductive Load. 

REPETITIVE PEAK OFF-STA!E VOLTAGE:· 
Gate open, T J = -40 to 110 C ..................................... . 

RMS ON-5TATE CURRENT (Conduction angle = 360°): 
Case Temperature 

TC=~~:~ :~:~~-~~:~p.e~).:::::::::::::::::::::::::::::::::::::: 
75 C (lsolated-Stud types) ................................ . 

For other conditions .......................................... . 

PEAK SURGE INON-REPETITIVE} ON·STATE CURRENT: 
For one cycle of applied principal voltage, TC as above 

60 Hz (sinusoidal) ............................................ . 

50 Hz (sinusoidal) ............................................. . 
For more than one cycle of applied principal voltage .................... . 

RATE OF CHANGE OF ON-5TATE CURRENT: 
V OM :::: VOROM.IGT '" 300 rnA, tr = 0.11.15 (See Fig. 13) ............... ' .. 

FUSING CURREN~ (for Triac Protection): 
TJ =-40to 110 C,t=1.25to 10ms ............................... . 

PEAK GATE·TRIGGER CURRENT:· 
For 10p.s max, (See Fig. 71 ........................................ . 

GATE POWER DISSIPATION (See Fig. 7): 
Peak (For 10",5 max .• IGTM <;'7 A (peak) ............................ . 

AVERAGE .................................................... . 
TEMPERATURE RANGE:" 

Storage . ....................................................... . 
Operating (Case) ............................................... . 

TERMINAL TEMPERATURE (During soldering): 
For 10 s max. herminals and casel ................................. . 

STUO TORQUE: 
Recommended . ................................................. . 
Maximum IDO NOT EXCEED) ....................... , ............. . 

IT(RMSI 

di/dt 

T stg 
TC 

T8401B T8401D T8401M 
TB411B T8411D T8421M 
TB421B T8421D T8421M 

200 400 600 

----60---
----60----
----60---
--- See Fig. 3 ---

----600----
----500---
--- See Fig. 4 ---

---- 300 ----

----1800 ----

----42---
----0.75 ----

--- -40 to 150 ---
--- -40 to 110 ---

---- 225 ----

----125----
---- 150----

v 

A 
A 
A 

A 
A 

A'~s 

A 

W 
W 

°c 
°c 

°c 

in-Ib 
in-Ib 

• For either polarity of main terminal 2 voltage (VMT2' with reference to main terminal 1 . 

• For either polarity of gate voltage (V GI with reference to main terminal 1 ... For temperature measurement reference point, see Dimensional Outline. 
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ELECTRICAL CHARACTERISTICS At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

CHARACTERISTIC 

Peak Off·State Current:-
Gate open, V DROM = Max. ratet:l value ............................... . 

Maxjm~m On·State Voltage:- 0 

FOrJT' 100 A (peaJ<). TC' 25 C ................................... . 

DC Holding Current:-
Gate open, Initial princ!pal current"" 500 rnA (de) 

vO'12 V. ~~:~~O\"::::::::::::::::::::::::::::::::::::::::: 
For other case temperatures ........................................ . 

Critical Rate-ot·Rise of Commutation Voltage:-

For YO '" V DROM' 'T(RMS) = 60 A. commutating 
di/dt = 32 Alms; gate unenergized. (See Fig. 14): 

TC: ~~:~ ::;:=':~:~.'.).::::::::::::::::::::::::::::::::::::: 
= 55 C (Isolated-stud types) ............................... . 

Critical Rate-of-Rise of Off-State Voltage:· 
For vo '" VOROM' exponential voltage rise. gate open, TC "" 110°C: 

T8401B. T8411B •• 8421B ...................................... . 
T84Ql O. T8411 O. T8421 0 ...................................... . 
T8401M. T8411M. T8421M ...................................... . 

DC Gate-Trigger Current:·· Mode 

For vo' 12 V (de) 1+ 
RL·30p 111-
TC '25 c 1-

111+ 

Mode 

1+ 
111-

VMT2 VG 

positive positive 
negative negative 
positive negative 
negative positive 

VMT2 VG 
positive positive 
negative negative 

For Vo • 12 V (de) 
RL '30n 
TC' -40oC 1- positive negative 

111+ negative positive 
For other case temperatures ........................................ . 

DC Gate-Trigger Voltage:·· 
ForvO "" 1~ V (de). RL = 30 n. 

TC '25 C ........... ( ...................................... . 
For other case temperatures 

Gate-Controlled Turn-,On Time: 
(Delay Time + Rise Time) 

For vo "" V DROM' I GT "" 300 mAo tr "" 0.1 ,",S, 

iT' 85 A (peak). T C· 2SoC (See Fig •. 11 & 15) 

Thermal Resistance. Junction-to-Case: 
Steady-State 

Press-fit types ................•....................•............ 
Stud types ................................................... . 
Isolated-stud types ...............•............................. 

Transient (Press-fit & Stud types) .................................... . 

SYMBOL 

10ROM 

"TM 

dv/dt 

dv/dt 

IGT 

• For either polarity of main terminal 2 voltage (VMT2, with reference to main terminal t . 
• For either polarity of gate voltage IV G) with reference to main terminal 1. 

LIMITS 
For All Types 

Except as Specified 

MIN. TYP. MAX. 

0.4 4 

1.65 1.8 

20 60 
85 

See Fig. 6 

10 

3 10 
3 10 

50 200 
30 150 
20 100 

20 75 
40 75 
40 150 

100 150 

35 150 
80 150 

100 400 
280 400 

See Figs. B & 9 

15e:·!~g. Il 2.8 

1.2 2.5 

0.3 

0.35 
0.4 

See Fig. 12 

UNITS 

rnA 

v 

rnA 

V/lSs 

VI". 

rnA 

V 

". 
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!' 

~ 110 

i:! 
~ 100 

~ 90 

80 

QUADRANT 
NO. III 

MAIN TERMINAL 2 
NEGATIVE 

+ I QUADRANT 
NO.1 

MAIN TERMINAL 2 
POSITIVE 

92LS-2214R5 

Fig. 1 - Principal voltage-current characteristic. 

COttOUCTLQtI, f.frtGL( 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE ,. 360· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINES 

50 "I +'m 
20 40 60 

F\lI.L-CYCLE RMS ON-STATE CORRENT [ITIRMS.]-> 

92CS-22761 

Fig. 3 - Maximum allowable case temperature V.f. on-state current. 

106 

INSTANTANEOUS ON-STATE VOLTAGE (vT)-V 
(POSITIVE OR NEGATIVE) 

92CS-22763 

Fig. 5 - On-state current VB. on-stlJte voltll!JB. 

25 

~ 

~ 
l'l 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD~ RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE • 360· 

~ 40 00 

o u'O'" 

CONOUCTLON ANGL[ 

"I ·'m 
FULL-CYCLE RMS ON- STATE CURRENT [IT IRMSil-A 

92CS-22760 

Fig. 2 - Power dissipation VS'. on-state current. 

DUR~:~EA~~~~~iD~:,.YE~: ~~t~WINt: 
SURGE CURRENT INTERVAL. 

OVERLOAD MAY NOT BE REPEATED 
UNTIL JUNCTION TEMPERATURE HAS 
RETURNED TO STEADY-STATE 
RATED VALUE. 

~1 

~ ~7~ ~~ ~ "'~ 
~ffi 400 
!i!~ -" 

"0'" ","b-
w U 300 

~I=>= ~ 
~ 
~ 

200 -r-t-
.00 ~~~D~~~~~I:ECURRENT [IT{RMSIl~60A AT 

0 SPECIFIED CASE TEMPERATURE 

10 4 6 8102 

SURGE CURRENT DURATION-FULL CYCLES 

92CS-22762 

Fig. 4 - Peak surge on-stattJ current vs. surge current duration. 

92C5-197LORI 

Fig. 6 - DC holding current n. case temperature. 
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TRIGGERING MODES: ALL 
100 ENCLOSED AREA INDICATES LOCUS OF 

6 POSSIBLE TRIGGERING POINTS. PULSE DURATION . 
> 
t- 2 
;!f_ 
-~ 
~~'O 

~m 

~ !/z • 

~~ 2 

"'~ I/~ 
Z~I F-g- 6 

g . 
2M 

OJ 

OJ 

LIMIT 

'<' .. ~ I I 
SHADED AREA 

~ ::;~('" IS TYPICAL 
RESISTANCE 

.. ?O;; ~ RANGE 

~!7 $}~ ~ 
~ .. i*..t; f!M7 1/ 
'A Y.:tV~ ~" 
+-,y #f-cf"f-c£ 

MAX. REP. RATE 
PULSESI S 

UPPER UMIT10F PERMISSIBLE 
AVERAGE (DC) GATE POWER 
DISSIPATION AT RATED CONDITIONS 

2 . , . 2 . 6 • 2 . 
I 10 

DC GATE-TRIGGER CURRENT tIoT'-A 
IPOSITIVE OR NEGATIVE I 

92CS-22164 

, . 
Fig. 7 - Gate-trigger characteristic and limiting conditions for 

determination of permissible gate-trigger pulses. 

92C5-19712 

Fig. 9 - DC gate-trigger current vs. case temperature 
0"": and 111+ modes). 

100 

DC GATE-TRIGGER CURRENT (lG~-mA 

100 

92C5-19714 

Fig. 11 - Turn on time vs. gate-trigger current. 

~~ 
.. u 
Zl 
~o 
u .. 

ffi~ 
~o 

i 

CASE TEMPERATURE (T C J!C 

Fig.,8 - DC gate-trigger current vs. case temperature 
(1+ and 111- modes). 

CASE TEMPERATURE (Tc )_OC 

92CS-19713 

Fig. 10 - DC gate·trigger voltage vs. case temperature. 

V 
,/ 

40 

~ 
20 

10-3 4 6 8 10- 2 2 4 6 8 10-1 2 4 6 8 I 

TIME AFTER APPLICATION OF RECTANGULAR POWER PULSE-SECONDS 
92LS-2263RI 

Fig. 12 - Transient iunction-to-case thermal resistance vs. time. 
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Yo 

o-L _______________ _ 

IT5M 

I 

f..-- d"d' , 

O.51TSM 

o----L -t----------------
~ 1-', 

Fig. 13 - R8te-of~hange of on-state current with time (defining dildtJ. 
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Fig. 15 - Relationship between off-state voltage, on-state current, 
and gate-trigger voltage showing reference points for 
definition of turn-on time (tgrJ. 

., 

c, 

l.f--....I L.. _____ ..J 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
Idv/dt) CHARACTERISTIC IS EXCEEDED. 

Fig. 16 - Typical phase-control circuit for lamp dimming, heat 
control. and universal-motor speed control. 
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SUPPLY 
VOLTAGE 

---, 
I 

I 

.-' 

Fig. 14 - Relationship between supply voltage and principal cu"ent 
(inductive load) showing reference points for definition of 
commutating voltage (dvldt). 

TERMINAL CONNECTIONS FOR ALL TYPES 

No.1 - Gate 
No.2 - Main Terminal 1 

Case, NO.3 - Main Terminal 2 

WARNING: The ceramic ofthe isolated stud package con
tains beryllium oxide. Do not crush, grind, or abrade this 
part because the dust resulting from such action may be 
hazardous if inhaled, Disposal should be by burial. 

AC 'NPUT 12ilV 240 V 240 V 
VOLTAGE 60Hz 60 Hz 50 Hz 

C1 0.1 "F 0.1 "F 0.1 "F 
200 V 400 V 400 V 

C2 0.1 p.F 0.1 p.F 0.1 jJF 
100 V 100V 100V 

R1 100 kl1 200kl1 2S0kl1 
%W %W %W 

R2 2.2Kr! 3.3Kr! 3.3Kr! 
1/2W 1/2W 1rzw 

R3 1Skr! 1Skl1 1Skl1 
%W %W %W 

SNUBBER 0.18 0.18 0.18 
NETWORK Cs 0.22·"F 0.22 "F 0.22 "F 
FOR 60A 200 V 400 V 400 V 

IRMS)"'N· 330 330 330 
DUCT'VE RS 39011 390r! 39011 
LOAD %W %W %W 

0.1 "F 0.1 "F 0.1 "F 
RFI CF" 200 V 400 V 400 V 
FILTER LF" 100"H 200"H 200p.H 

T8401B T8401D T8401D 
RCA TRIACS T8411B T8411D T8411D 

T8421B T8421D T8421D 

• For other RMS Current values refer to RCA 
Application Note AN·4745. 

• Typical values for Lamp dimming circuits. 
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OOOBLJD Thyristors 
Solid State 
Division T8430 T8440 T8450 

Series 

80-A Silieon Triaes 
Press-Fit, Stud, and Isolated-Stud Packages 
Features: 

T8430 T8450 T8440 
series Series Series 

.. di/dt Capability = 300 A/lls 

.. Shorted-Emitter Center-Gate Design 

.. Low Switching Losses 

~ 200 V 400 V 

Package Types Types 

Pross-fit T8430B T84300 
(40916) (40917) 

Stud T8440B TB4400 
(40919) (40920) 

Isolated-stud T8450B T84500 
140922l (40923) 

.. Low On-State Voltage at High 
Current Levels 

• Low Thermal Resistance 

600 V 

Typos 

T8430M 
(40918) 

T8440M 
(40921) 

T8450M 
(40924) 

Press-"fit Stud Isolated-Stud Numbers In parentheses are former RCA type numbers. 

These RCA triacs are gate-controlled full-wave silicon ac These triacs are intended for contra) of ac loads in applica-
switches. They are designed to switch from an off-state to an tions such as heating controls, motor controls. arc-welding 
on-state for either polarity of applied voltage with positive or equipment, light dimmers, and power switching systems. 
negative gate triggering voltages. They can also be used in air-conditioning and photocopying 

equipment. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 50/60 Hz and with 
Resistive or Inductive Load. 

REPETITIVE PEAK OfF·STATE VOLTAGE:" 
Gateopen,TJ =-40 to 110°C ........................................ . 

RMS ON-STATE CURRENT IConduction Angle' 360'): 
Case temperature 

T C = 75°C (Press-Fit types) .......................•......•.......... 
65"C IStud types) ........................................... . 
55Q C (lsolated-Stud types) .....................................• 

For other conditions •......•...................................... 

PEAK SURGE INON-REPETITIVE) ON·STATE CURRENT: 
For one cycle of. applied principal voltage. TC as above 

60 Hz (sinusoidal) ................................................• 
50 Hz (sinusoidal) ................................................ . 

For more than one cycle of applied principal voltage .......................• 

RATE-Of-CHANGE OF ON-5TATE CURRENT: 
VOM '" VOROM' IGT "" 300 rnA, tr "" 0.1#s (See Fig. 13/ .•.•••...•••••.•••.•. 

FUSING CURRENT Ifor Triac Protection): 
TJ '-40to 1HI'C,t· 1.25 to 10m, ................................... . 

PEAK GATE-TRIGGER CURRENT: • 
For lOps max. (See Fig. 1/ .............•.............................. 

GATE POWER OISSIPATION: 
Peak(For10J,&smax .• IGTM:5:7Alpeak),(SeeFig.11 ..................•...• 
Average ..•........•................................•............. 

TEMPERATURE RANGE:. 
Storage .........................................................• 
Operating (Casel ....•...•.......•.............................. . ... 

TERMINAL TEMPERATURE IDuring,oldering): 
For 10 s max. (terminals and case) ..................................... . 

Formerly RCA Dev. Nos. TA7752-TA7757, and TA7937-TA7939. respectively. 
*For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity of gate voltage (VG) with roference to main terminal 1. 
"For temperatura measurement reference pOint, see Dimensional Outlln~. 

9-74 

ITiRMS) 

ITSM 

di/dt 

12t 

IGTM 

PGM 
PGIAV) 

Tstg 
TC 

TT 

T8430B T84300 
T8440B T8440D 
T8450B T84500 

T8430M 
T8440M 
T8450M 

200 400 600 V 

---- 80 ---- A 
---- 80 ---- A 
---- 80 ---- A 

See Fig. 3 

---850--- A 
----720--- A 

See Fig. 4 

--- 300 ---A/~, 

--- 3600 --- A2, 

A 

40 W 
0.75--- W 

-- -40 to 150 --- 'c 
-- -40 to 110 --- ·C 

--- 225 --- ·C 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 50/60 Hz and with 
Resistive or Inductive Load. (Cont'd.J. 
STUD TORQUE: 

Recommended ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••..••• 
Maximum (DO NOT EXCEED) •••.•••••...••••••.....•...••••••••••.•••••.•••••.••••••. 

T, 

T8430B T8430D T8430M 
T8440B T8440D T8440M 
T8450B T8450D T8450M 

125 in.-lb 
150 in .. lb 

ELECTRICAL CHARACTERISTICS at Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T C) 

LIMITS 
CHARACTERISTIC SYMBOL UNITS 

MIN. TYP. MAX. 

Peak Off·State Current:. 
Gate open, TJ = 110·C, VOROM = Max. rated value •• IOROM 0.4 4 mA 

Maximum On·State Voltage:' 
For iT = 200 A (peak), TC = 25·C ............... VTM 1.7 V 

DC Holding Current:' 
Gate open, Initial principal current = 500 mA (de). 
Vo = 12V: 

TC=25·C ............................... IHO 20 60 mA 
= -4O·C ............................... 85 

For other case temperatures .................. See Fig. 6 

Critical Rate-of·Rise of Commutation Voltage:' 
For vo = VOROM, IT(RMS) = 80 A, commutating 

dUdt = 42 A}ms. gate unenergized. (See Fig. 14): 
T C = 75·C (Press·fit types) .................. 3 10 

= 65·C (Stud types) .................... dv/dt 3 10 V/p.s 
= 55·C (lsolated·stud types) .............. 3 10 

Critical Rate-of·Rise of Off·State Voltage:' 
For vO = VOROM, exponential voltage rise. gate 
open, TC = 110·C: 

T8430B, T8440B, T8450B .................. 50 200 
T84300, T84400, T8450D .................. dv/dt 30 150 V/p.s 
T8430M, T8440M, T8450M .................. 20 100 

DC Gate-Trigger Current:" Mode VMT2 VG 
For vo = 12 V (de) 1+ positive positive 20 75 

RL = 30 n 111- negative negative 40 75 
TC = 25·C 1- positive n~ative 40 150 

111+ negative positive 100 150 

IGT mA 

Mode VMT2 VG 
For vo = 12 V (de; 1+ positive positive 35 150 

RL = 300 111- negative negative 80 150 
TC = -40·C 1- positive negative 100 400 

111+ negative positive 280 400 
For other case temperatures .................... See Figs. 8& 9 

DC Gate-Trigger Voltage:" 
For Vo = 12 V (de), RL = 30 n, 

TC=25·C .............................. 
VGT 

1.35 2.5 
V 

For other case temperatures .................... SeeFig. 10 

Gate-Controlled Turn-On Time: 
(Delay Time + Rise Time) 
For vo = VOROM, IGT = 300 mA, tr = 0.1 p.s, 
iT=112A(peak),TC=25·C(SeeFigs.ll& 15) tgt 1.2 2.5 p.s 

Thermal Resistance, Junction-to-Case: 
Steady·State 

Press-fit types ............................. 0.3 
Stud types ..........•......... , ........... ROJC 0.35 ·C/W 
lsolated·stud types ......................... 0.4 

Transient (Press-fit & Stud types) ................ See Fig. 12 

'For either polarity of mairo terminal 2 voltage (VMT2) with reference to main terminal 1. 
tFor either polarity of gate voltage (VGI with reference to main terminal 1. 
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QUADRANT 
NO. III 

MAIN TERMINAL 2 
NEGATIVE 

'I QUADRANT 
NO.1 

MAIN TERMINAL 2 
POSITIVE 

921.S-2214R5 

Fig. 1 - Principal VoltagB-current characteristic. 

92C5-19701 

Fig. 3 - Maximum allowable case temptlrature VS. on-state current. 

INSTANTANE.OUS ON-STATE VOLTAGE (vrl-V 
(POSITIVE OR NEGATIVE) 

Fig. 5 - On-state current VI. on-state voltage. 

92CS-19709 
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CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE • 360· 

t-r' • 
f+r ~.::: 

I:±:~: 
~ .. 
, --

"''t 
'j.' 

. ;.: ~~f'~r;~l: 
t" " •.• 1-:-: ° "0",) 1''''1 

-".;.1... -.~t~. '-.j p ... __ .. CCNDUCTiDNANGL[ 

.'-'+"1" "l +'m 
20 40 60 eo 

FULL-CYCLE RMS ON-STATE CURRENT ~TtRMSiJ-A 
92CS-19106 

Fig. 2 - Power dissipation VS. on-state current. 

GATE CONTROL MAY 8E LOST 
DURING AND IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAL. 

OVERLOAO MAY NOT BE REPEATED 
UNTIL JUNCTION TEMPERATURE HAS 

"- RETURNEO TO STEADY-STATE 
RATED VALUE. 

....... ~fu 
~' ~~~ 

~~ 
......... 

~~~D~!~~~~'lECURRENT [ITIRMSll.80A AT 
SPECIFIED CAS,E TEMPERATURE 

............ t--. 

, . •• , . . . 
10 102 

, 4 .. 
10' 

SURGE CURRENT DURATION-FULL CYCLES 
9;>r:S-J9708 

Fig. 4 - Peak surge on~tate current VS. surge current duration. 

CASE TEMPERATURE (TC)-OC 
92C5-L97LO 

Fig. 6 - DC holding current VI. case temperature. 
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100 
TRIGGERING MODES: ALL 
ENCLOSED AREA INDICATES LOCUS, OF 

6 POSSIBLE TRIGGERING POINTS. PULSE DURATION 

• UMIT 

> JJ~ -I:. 
f6,~ "'. ~ .. 

f--~~~J ~~rJ6 

~ '~fB 6 ~~0""J~ !/ z • 
ffii5 ~~~J .:::rl7 II 
~~ 2 ~~¥<.1U $' ~~ 18 F-If-~. Of 0: W- 6 MAX. REP. RATE 

'" .t----J I- MINIMUM GATE RESISTANCE 
PlR..SES/S 

g 

2~ UPPE~ U~ITlo~ ~ISSIBL~ AVERAGE (OC) GATE POWER 

".I 
DISSIPATION AT RATED CONDtTlONS . 2 . • 8 2 . • 8 2 • 8 

OJ I 10 100 
DC GATE-TRIGGER CURRENT UoT'-A 

{POsmVE OR NEGATIVE 1 
92CS-I98&O 

Fig. 7 - Gate-trigger characteristics and limiting conditions ,for 
d6termination of permissible gate-trigger pulses. 

-40 -20 0 20 
CASE TEMPERATURE (Te) _·C 

92CS-I9712 

Fig. 9 - DC gattJ.trigger current VS'. case temperature (1- & /1/+ 
mods,). 

FiD. 11 - Turn~n time v.f. gats-trigger current. 

112 

92CS-19711 

Fig. 8 - DC gate-trigger current vs. case temperature (J+ & 111-
modes). 

CASE TEMPERATURE (TC )_DC 

92C5-19713 

Fig. 10 - DC gate-trip' voltage V.f. case temperarurrl. 
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"'~ 1iffi / 1;; .. 
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I .. , , 
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n I 
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TIME AFTER APPLICATION OF RECTANGUlAR POWER PULSE-SECONDS 
92LS-2263RI 

Fig. 12 - Transient junction-toG'S thermal resistance VB. time. 
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SUPPLY 
VOL.TAGE 

'--, 
I 

I 

"-

CONNUTATING 
dw/dl 

PRINCIPAL 
VOLTAGE 

'Q,"'d+'r 

--' 

~2rS'I"f;6R2 

Fig. 13 - Rate-of-change of on-state current 
with time (defining di/dt). 

Fig. 14-ReJationship between supply voltage 
and prinicpal current (inductive load) 
showing reference points for definition 
of commutating voltage (dvldr), 

Fig. 15-Relationship between off-state voltage. 
on-state current, and gate-trigger volt
age showing reference points for defi
nition of turn-on time (tgt). 

c, SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
Idv/dt) CHARACTERISTIC IS EXCEEDED. 

ACINPUT 120V 240 V 
VOLTAGE 60 Hz 60 Hz 

Cl O.lI'F O.lI'F 
200 V 400 V 

C2 O.lI'F O.lI'F 
100V 100V 

Rl 100kn 200kn 
%W IIW 

R2 2.2kn 3.3 kn 
%W IIW 

R3 15kn 15kn 
IIW IIW 

SNUBBER 0.18 0.18 
NETWORK Cs 0.221'F 0.221'F 
FOR 80 A 200 V 400 V 
(RMS)OIN 330 330 
OUCTIVE RS 390n 390n 
LOAD %W IIW 

O.lI'F O.lI'F 
RFI CFo 200 V 400 V 
FILTER LF- 100l'H 200l'H 

T8430B T8430D 
RCATRIACS T8440B T8440D 

T8450B T8450D 

• For other RMS Current values refer to RCA 
Application Note AN-4745 . 

• Typical values for Lamp dimming circuits. 

240 V 
50 Hz 
O.lI'F 
400 V 
O.lI'F 
100V 
250kn 
IIW 
3.3 kn 
IIW 
15kn 
IIW 
0.18 
0.221'F 
400 V 
330 
390n 
IIW 
O.lI'F 
400 V 
200l'H 

T8430D 
T84400 
T8450D 

Fig. 16 - Typical phase-control circuit for lamp dimming, hear 
control, and universal-motor speed control. 

TERMINAL CONNECTIONS FOR ALL TYPES 

No.1 - Gate 
No.2 - Main Terminal 1 

Case, No.3 - Main Terminal 2 

WARNING: The ceramic of the isolated stud package con
tains beryllium oxide. Do not crush, grind, or abrade this 
part because the dust resulting from such action may be 
hazardous if inhaled. Disposal should be by burial. 

113 



114 



Technical Oata-SCR's 

115 



File No. 96 

[Rlcn3LJ1] 
Solid State 
Division 

Thyristors 
2N681-
2N690 

All-Diffused Types for Power-Control and Power-Switching Applications 

Cathode RCA-2N681 through 2N690 con- • 
trolled-rectifiers are all-diffused, 

three-junction, silicon devices for use 

Symmetrical gate-cathode construction - pravides 
uniform current density. rapid electrical con
ductian, and efficient heat dissipation 

in power-control and power-switching • 

applications requiring blocking-volt

age capabilities to 600 volts and • 
forward-current capability of 16 am-

Direct-soldered internal construction - assures 
exceptional resistance to fatigue 

Each unit aged at maximum ratings to assure 
dependable performance 

peres (average value) or 25 amperes • All-welded construction and hermetic sealing 
(rms value). 

• Shorted emitter gate-cathode construction 
JEDEC T0-48 

H-1601 

• Low leakage currents, both forward and reverse 
FEATURES 

• Low forward voltage drop at high current levels 
• All-diffused construction - assures exceptional 

uniformity and stability of characteristics • Law thermal resistance 

• Multi-diffusian process - permits precise control • Exceptionally high stud-torque capability through 
of individual junction parameters use of high-strength copper-alloy stud 

----~--------------~--~ 
Absolute·Maximum Ratings, for Operation with Sinusoidal AC Supply Voltage 
at a Frequency between 50 and 400 Hz and with Resistive or Inductive Load 

RATINGS 

Transient Peak Reverse Voltage 

2N681 2N683 
2N682 

2N684 2N686 
2N685 

2N687 2N689 
2N688 

2N690 

(Non·Repetitive), vRM (non·rep) .. . . . . . . . . .. 35 75 150 225 300 350 400 500 600 720 

Peak Reverse Voltage 
(Repetitive), VRM (rep). . . . . . . . . . . . . . . . . . .. 25 50 100 150 200250 300 400 500 600 

Peak Forward Blocking Voltage 
(Repetitive), vFBOM (rep) ................ . 600 --------

Forward Current: 
For case temperature (TC) of +650 C, 

and a conduction angle of 1800 , IFAV ..... . 16 
RMS value, I FRMS ...................... . -----------25 --------
For other case temperatures and 

conduction angles '" .................. . ----------- See Fig. 2 --------

Peak Surge Current, iFM (surge) 
For one cycle of applied voltage, TC = 650 C ----------150 -------

For more than one cycle of applied Voltage ..... ---------- See Fig. 3 --------

Rate of Change of Forward Current: 
VD = VDROM, IGT = 200 mA, tr = 0.5/lS 

(See Fig. 7), di/dt ..................... . ----------- 200 --------

Fusing Current (for SCR Protection): 
Tj = -65 to 1250 C, t = 1 to 8.3 ms, 12 t. ..... . ----------50 --------

Peak Gate Power, PGM .................... . -----------5 
116 
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File No. 96 __________________________ 2N681-2N690 

Absolute·Maximum Ratings, for Operation with Sinusoidal AC Supply Voltage at a 
Frequency between 50 and 400 Hz and with Resistive or Inductive Load (Cont'd.). 

RATINGS 

Average Forward Gate Power, PGAV 

Peak Forward Gate Current, iGKM 

Peak Gate Voltage: 
Forward, vGKM 
Reverse, vKGM 

Temperature: 
Storage, T stg •••.•.....................• 
Operating, Case# , TC ..•..••.•........•... 
Free Air, TFA ..•.•.••••....•.•...•..••.• 

Stud Torque:, Ts 
Recommended •.••••....•....•.•••..••.• 
Maximum (DO NOT EXCEED) .•.•..••.•••.• 

2N681 2N683 2N684 2N686 2N687 2N689 
2N682 2N685 2N688 

0.5 

2 

10 
5 

-65 to +150 
-65 to +125 
See Fig. 4 

35 
50 

Electrical and Thermal Characteristics at Maximum Electrical Ratings 
(unless otherwise specified), and at Indicated Case Temperature, TC. 

2N690 
UNITS 

W 

A 

V 
V 

oC 
oC 

in·lb 
in·lb 

CHARACTERISTICS 2N681 2N683 2N684 . 2N686 2N687 2N689 2N690 UNITS 
2N682 

Minimum Forward Breakover Voltage, VBOO: 
AtTC=+1250C •••.•••...•••••.••.•••..• 25 50 100 

Maximum Average (DC) Forward 
Blocking Current, I FBOAV: 
AtTC=+1250C ......................... 6.5 6.5 6.5 

Maximum Average (DC) Reverse 
Blocking Current, I RBOAV: 
At TC = +1250C. • • . • . • . . . • • . . • • • . . • • • . .. 6.5 6.5 6.5 

Maximum Average Forward 
Voltage Drop, VFAV: 
At a Forward Current of 25 
amperes and a T C = +650C •..•..••..•••..•. 

Maximum DC Gate·Trigger Current, IGT: 
AtTC=+1250C ...••..•.••.•.•..••..•... 

DC Gate·Trigger Voltage, VGT: 

2N685 2N688 

150200 250 300400 500 

6.5 6 5.5 5 4 3 

6.5 6 5.5 5 4 3 

0.86 

25 

3 Maximum at TC = -650 to +1250C .......•.. 
Minimum at TC = +1250C ••............... ----------- 0.25 

Holding Current, iHOO: 
Typical at TC = +1250C ••••.. '.' ..••••.••.• 

Maximum Thermal Resistance 
Junction·to·Case, 0 J.C •.••..•••..••..••... 

TYPICAL E·I CHARACTERISTIC OF SILICON 
CONTROL L ED·RECTI FI ER 

15 

2 

# For temperature measurement reference point, 
see Dimensional Outline. 

TERMINAL CONNECTIONS 

No. I-Gate 
No.2-Cathode 

Case, No.3-Anode 

600 

2.5 

2.5 

V 

mA 

mA 

V 

mA 

V 
V 

mA 

oC/W 
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RATING CHART 

CURRENT WAVEFORM =5INUSOIDAL 
LOAD-RESISTIVE OR INDUCTIVE 

125 

30° 
60° 

5 ~ ~ ~ 

AVERAGE FORWARD CURRENT (I F)-AMPERES 
Fig.2 92CS-1192&R3 

OPERATION GUIDANCE CHART 

15 

~ W ~ ~ 125 
FREE-AIR TEMPERATURE (TFA)--C 

92eS-lie1GRI 
Fig.4 

._oORWARD AND REVERSE LEAKAGE CHARACTERISTICS 

INSTANTANEOUS APPLIED FORWARD OR 
REVERSE BLOCKWG VOLTAGE (YFBO OR vtmo)-VOl.!:CS_II9ISRZ 

Flg.6 
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SURGE CURRENT RATING CHART 

SUPPLV FREQUENCV-60 CPS SINE WAVE 
CASE TEMPERATURE CTc)- 65- C 
LOAD • RESISTIVE 

~~J~'i~~~rl'i~=.mf;:i-~~~ VALUE 

1001\::: 

1205 

11m I'-.... 
-r--. -!t 7. a·o 

2. 

I 2 . • • 2 . • • 10 
SURGE-CURRENT DURAnON-CYCLES 

Flg.3 
VICS-IIIIIRI 

FORWARD CHARACTERISTICS 

1205 

fIl 
~ ." 
~~ 
~5 ~ 

~Ioo 
z1l. i-

o 0.5 I 1.5 
INSTANTANEOUS FORWARO VOLTAGE DROP Cv,-)-VlX.TS 

Flg.5 
UCl-III17 

di/dt CHARACTERISTIC 

Va 

oJ_-- -----_ --_ --__ _ 

Ir5M 

, 
-r---------------

-l f-" 
92CS-1706~ 

Fig. 7 
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OOOBLlD 
Solid State 
Division 

RCA-2NI842A-2N1850A can trolled-recti fiers 
are all-diffused, three-junction silicon 
devices for use in power-control and power
switching applications requiring blocking
voltage capabilities to 500 volts and 
forward-current capability of 10 amperes 
(average value) or 16 amperes (rms value). 

FEATURES-

• all-diffused construction-assures exceptional 
un i form i ty and stab iIi ty of character i sties 

o multi-diffusion process-permits precise control 
of individual junction parameters 

• d i rect-sol.dered internal construction-assures 
exceptional resistance to fatigue 

• shorted emitter gate-cathode construction 

• each unit aged at maximum ratings to assure 
dependable performance 

• symmetrical gate-cathode construction-provides 
uniform current density, rapid electrical con
duction, and efficient heat dissipation 

• designed to meet stringent military environ
mental and mechanical speci fications 

• exceptionally rugged terminals 

2N1842A 
2N1843A 
2N1844A 

Thyristors 
2N1845A 2N1848A 
2N1846A 2N1849A 
2N1847A 2N1850A 

All-Diffused Types 
for Power-Control 
and Power-Switching 
Applications 

• hermetic seals 

Cathode 

JEOECT0-48 
H·1601 

• low leakage currents, both forward and reverse 

• welded construction 

• low forward voltage drop at high current levels 

• low thermal resistance 

• except i onally high stud-torque capabi I i ty through 
use of high-strength copper-alloy stud 

Absolute-Maximum Ratings, jar Operation with Sinusoidal AC Supply Voltage 
at a Frequency between 50 and 400 Hz, and with Resistive or Inductive Load 

RATINGS 2N1842A 2N1844A 2N1845A 2N1847A 2N1848A 2N1850A UNITS 
2N1B43A 2N1846A 2N1849A 

TRANSIENT PEAK REVERSE VOLTAGE 35 
NON·REPETITIVE) 

75 150 225 300 350 400 500 600 volts 

PEAK REVERSE VOLTAGE (REPETITIVE) 25 50 100 150 200 250 300 400 500 volts 

PEAK FORWARD BLOCKING VOLTAGE 
(REPETITIVE) 

600 volts 

AVERAGE FORWARD CURRENT: 
For a case temperature# of +800 C and a 10 amp 
conduction angle of 1800 

For other case temperatures and con- See Fig. 2 
duction angles 

PEAK SURGE CURRENT: 
For one cycle of applied voltage 125 amp 
For more than one cycle of applied voltage See Fig. 3 
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Absolute-Maximum Ratings, for Operation with Sinusoidal AC Supply Voltage 
at a Frequency between 50 and 400 Hz,. and with Resistive or Inductive Load (Cont'd.) 

RATINGS 2N1842A 2N1844AI2N1845A 2N1847AI2N1848A 2N1850A 
2N1843A 2N1846A 2N1849A 

RATE OF CHANGE OF 
FORWARD CURRENT: 
VD = VDROM, IGT = 200 rnA, Ir = 0.1 IlS 200 
(See Fig. 9) 

FUSING CURRENT (for SCR protection): 
TJ = -65 to 1250 C, t = I to 8.3 ms 40 

PEAK GATE POWER 5 

AVERAGE GATE POWER 0.5 

PEAK FORWARD GATE CURRENT 2 

PEAK FORWARD GATE VOLTAGE::: 
FOIWard 10 
Reverse 5 

TEMPERATURE: 
Storage -65 to+125 
Operating (Case)# -6510+125 
Operating (Free-air) See Fig. 4 

STUD TORQUE: 
Recommended 35 
Maximum 50 
(Do not exceed) 

#Measured al the center of any of the six major faces on the perimeter of the hexagonal flange. 

ElectriCilI and Thermal Characteristics at Maximum ElectriCilI Ratings 
(unless otherwise specified), and at IndiCilted Case Temperature, TC 

CHARACTERISTICS TC 2N1842A 2N1844A 
DC 2N1843A 

Minimum FOIWard Breakover Voltage +125 25 50 100 

Maximum Average FOIWard Blocking +125 22.5 19 12.5 
Current 

Maximum Average Reverse Blocking +125 22.5 19 12.5 
Current 

Maximum Average FOIWard Voltage +80 
Drop 

Maximum DC Gate Trigger Current +125 

DC Gate-Trigger Voltage: 

Maximum {-40 
-65 

Minimum {+125 
+100 

Holding Current (Typical) +125 

Maximum Thermal Resistance, -
Junction-to-Case 

2N1845A 2N1847A 
2N1846A 

ISO 200 250 

6.5 6 5.5 

6.5 6 5.5 

1.2 

45 

3.5 
3.7 

0.25 
0.3 

8 

2 

#Measured at the center of any of the SIX major faces on the perImeter of the hexagonal flange. 

120 

2N1848A 2N1850A 
2N1849A 

300 400 500 

5 4 3 

5 4 3 

UNITS 

ampjlls 

amp2s 

watts 

watt 

amp 

volts 
volls 

°c 
°c 

in-I 6 
in-16 

UNITS 

volts 

rna 

rna 

volls 

rna 

volts 
volts 

volt 
volt 

rna 

°C/watt 
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'. 
9ZCS-1I92Oft3 

Fig.! - Typical E-I Characteristic of Silicon 
Control led-Rect ifier. 

!il.FF'-y FREQUENCY.60 CPS SINE WAVE 
CASE TEIFERATURE (Te) "'80- C 

=~sm. REVERSE VOLTAGE .l:m1~.MA'Cl"JI'-RATED VALUE 
AVERAGE FORWARD CURRENT UFAyl· MU -RATED VALUE 

10< 

. 125 

~ ~A! KlO 

ai ~ r-!J.. 75 - f-. 

111 00 

~l .. 
a 

I 2 4 . , 4 . . KlO 
SURGE aJRRENT DURATION-CYCLES 

92CS-II904RI 

Fig. 3 - Surge Current Rating Chart 
for Types 'lN18424 through 'lN1850A. 

INSTANTANEOUS FORWARD" VOLTAGE DROP (v~VOLTS 
92CS-1I91.2R1 

Fig.5 - Maximwn Forward Characteristics 
for Types 'lN18424 through 'lN1850A. 

2' 

CURRENT WAVEFORM -SINUSOIDAL 
LOAO-RESlsnVE OR INDUCTIVE Geo. 

CONDUCTION 
ANGLE 

o , ro ~ ~ 

AVERAGE FORWARD CURRENT C~FAV )-AMPERES 
92CS-II90SRl 

Fig. 2 - Rat ing Chart for Types 'lN18424 
through 'lN1850A. 

NATURAL COOUNG. 
SINGLE-PHASE OPERATION. 

CONTROLLED-RECTIFIER STUD-1l1lil1li111111 'CONDUCTION ANGLE-ISO" 
MOUNTED DIRECTLY ON HEAT SINK. 

HEAT SINK; 11I6--THICK COPPER WITH 
A MAT-BLACK SURFACE AND 
THERMAL EMISSIVITY OF 0.9 

FREE-AIR TEMPERATURE (TFA)-"'C 

92CS-II907R1 

Fig.4 - Operat ion Guidance Chart 
for Types 'lN18424 through 'lN1850A. 

Fig. 6 - Typical Forward andReuerse Leakage Charac
teristics for Types 'lN18424 through 'lN1850A. 
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_ ~ ~ 0 e ~ n ~ ~ ~ 

CASE TEMPERATURE (TC)--C 

.reS-11901RI 92C:S-1I909RI 

Fig. 7 - Gate Trigger-Current Characteristic 
for Types 2N1842A through 2N1850A. 

Fig.8 - GuteTrigger-Voltage Characteristics 
for Types 2N1842A through 2N1850A. 

Vo 

oJ--------- --- -----

-f --- i 

I 
/--01/01 

I 

O.51TSM I 

o----L- -L---------------
--l r-'I 

92CS-17063 

Fig. 9 - Rate of change of on-state current 
with time (defining di/dt). 

TERMINAL CONNECTIONS 

Terminal 1 (Small Lug) - Gate 
Terminal 2 (Large Lug)-Cathode 
Terminal 3 (Stud)- Anode 



File NO. 114 ______________________________ _ 

OO(]5L}[] 
Solid State 
Division 

Thyristors 
2N3228 2N3529 
2N3525 2N4101 
2N3528 2N4102 

All-Diffused SCR's for Low-Cost Power-Control and 
Power-Switching Applications 

RCA 2N322S*, 2N3525*. 2N4101*. and 2N352S-. 
2N3529·, and 2N4102· are all-diffused, three-junction, 
silicon controlled-rectifiers (SCR'sA) intended for use in 
power-control and power-switching applications. 

Types 2N322S, 2N3525, and 2N4101 use the JEDEC 
TO-66 package and have a blocking voltage capability of 
up to 600 volts and a forwa~d current rating of 5 amperes 
(nns value) at a case temperature of 750 C. 
. Types 2N352S, 2N3529, and 2N4102 use the JEDEC 

TO-S package and have a blocking voltage capability of 
up to 600 volts and a forward current rating of 2 amperes 
(nns value) at an ambient temperature of 250 C. 

• Formerly Dev. Types TA1222. TA1225. and TA2773. re
spectively. 

o Formerly Dev. Types TA2597, TA2617, and TA2774, re
spectively. 

A The silicon controlled-rectifier is also known as a reverse
blocking triode thyristor. 

FEATURES 

• Designed especially for high-volume systems 

• Readily adaptable far printed.circuit boords and metol 
heat sinks 

• Low switching; losses 

o High di/dt and dv/dt capabilities 

• Shorted emitter gate. cathode construction 

~ Forword and reverse gate dissipation ratings 

• All-diffused construction -assures exceptianal uni
formity and stobility of characteristics 

• Direct-soldered internal construction -assures ex
ceptional resistonce to fatigue 

• Symmetrical gate-cathode construction - provides uni· 
form current density, rapid electrical conduction, and 
efficient heat dissipation 

• AII.welded construction and hermetic sealing 

o Low leakage currents, both forward and reverse 

• Low forward voltoge drop at high current levels 

• Low thermal resistonce 

9-74 

Anode 

_&~S81 
~.~ 
Ca;:~e~Gate 

~R 
Gate Anode 
(Pin 21 (Pin 3, Casel 

(Pin 21 (Pin 11 

2N3228 
2N3525 
2N4101 H-134D 

JEDEC T0-66 

Current. __ 
Average 
Forward 

Voltage Amperes 

t 3.2 

For 120-Volt 
Line 2N3228 
Operation 

For 240-Volt 
Line 2N3525 
Operation 

For High-
Voltage 

2N4101 
Power 
Supplies 

""" Cathodo 
2N3528 (Pin 1) 

2N3529 
2N4102 

H1015 

JEDEC TO-B 

Average 
Forward 
Amperes 

1.3 

2N3528 

2N3529 

2N4102 

TYPICAL E-I CHARACTERISTIC OF SILICON 
CONTROLLED.RECTIFIER 

iRBO 

'R 

'R 
92CS-11490 
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Abso/ute-Maximum Ratings, lor Operation with Sinusoidal AC Supply Voltage 
ota Frequency between 50 and 400 Hz, and with Resistive or Indudive Load 

RATIMGS COMTROLLED.RECTIFIER TY PES 

2143228 1 2143525 12144101 2143528 1 2143529 12144102 
Transienl Peak Reverse Vollage 
(Non·Repelitive), vRM(non·rep) ••••••••••••••• 330 660 700 330 660 700 

Peak Reverse Vollage (Repetitive), vRM(rep) •••••• 200 400 600 200 400 600 

Peak Forward Blocking Vollage 
(Repetitive), vFBOM(rep) •••••.••••••••••.• 200 400 600 200 400 600 

Forward Current: 

For case temperature (T C) of + 750C, 
and unit mounted on heat sink-

Average DC value at a conduction 
angle of 1800, IFAV .•••••••••••••••••• 3.2 3.2 3.2 - - -

RMS value, IFRMS- •••••.•.•••••••.••••• 5.0 5.0 5.0 - - -
For other conditions, See Fig. 8 

For free-air temperature (T FA) of 250C, 
and with no heat sink employed-

Average DC value at a conduction 
angle of 1800, IFAV •••.•••••.••••••••• - - - 1.3 1.3 1.3 

RMS value, I FRMS ••••••.•.•••••••••••• - - - 2.0 2.0 2.0 

For other conditions, See Fig. 9. 

Peak Surge Current, iFM(surge): 

For one cylce of applied principal voltage. 
60 Hz (sinusoidal), TC = 750 C ••••••• 60 60 
50 Hz (sinusoidal), TC = 750 C ••••••• 50 50 

For more than one cycle of applied vollage •..••••. See Fig. \3 See Fig. 13 
Fusing Current (for SCR protection): 

T J = -40 to 100oC, t = 1 to B.3 ns, 12t 15 15 

Rate of Change of Forward Current, 
di/dt •••.•••••••••••••••••••••••••••• 200 200 

VFB· vBOO(min. value) 
IGT· 200mA, 0.5 JLS rise time 

(See waveshapes of Fig. I) 
Gate Power<: 

Peak, Forward or Reverse, for 10JLs duration, PGM . 13 13 
(See Figs. 5 and 6) 

Average, PGAV •.••••.•.•.•.••••••••.••• 0.5 0.5 

Temperature: 
Storage, Tstg •••••.•••••.•.••.•••••••.•. -40 to + 125 -40 to +125 
Operating (Case), TC -40 to + 100 -40 to +100 

·Any values 01 peak gate current or peak gate voltage to give the maximum gate power IS permissible. 
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UMITS 

volts 

volts 

volts 

amperes 
amperes 

amperes 
amperes 

amperes 
amperes 

ampere2 
second 

amperes/ 
mi crosecond 

watts 

watt 

oC 
oC 
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Characteristics at Maximum Ratings (unless otherwise specified), and at Indicated Case Temperature (T cJ 

CHARACTERISTICS CONTROLLED-RECTIFIER TYPES UNITS 

2N3228, 2N3528 2H3525, 2N3529 2N4101, 2N4102 

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

Forward Breakover Vollage, vBOO: 
At TC = +IOOOC ............................ 200 - - 400 - - 600 - - volls 

Peak Blocking Curren I, at T C = + 10OOC: 

Forward, IFBOM ••••.•.••••••••.••••...•.... - 0.10 1.5 - 0.20 3.0 - 0.40 4.0 mA 

VFBOP = vBOO(min. value) 

Reverse,IRBOM ............................ - 0.05 0.75 - 0.10 1.5 - 0.20 2.0 mA 

VRBOP = vRM(rep) value 

Forward Vollage Drop, vF 
At a Forward Currenl of 30 amperes and a TC = +250C - 2.15 2.8 - 2.15 2.8 - 2.15 2.8 volts 

DC Gate-Trigger Current, I GT 

AtTC= +250C(See Fig. 5) ..................... - 8 IS • - 8 IS - 8 IS mA(dc) 

Gate-Trigger Vollage, VGT 

AtT C = +250C(See Fig. 5) ..................... - 1.2 2.0 - 1.2 2.0 - 1.2 2.0 volls(dc) 
Holding Current, iHOO 

At TC = +250C .••..•••••.•••.••.•..••.•..•. - 10 20 - 10 20 - 10 20 mA 
Critical Rate of Applied Forward Vollage, 

Critical dv/dt •..•..•••••••••..•.•.•...••.•• 10 200 - 10 200 - 10 200 - volls/ 
VFB = veoo (min. value), exponential rise, microsecond 

T C = + 1000C (See waveshape of Fig. 2) 

Turn-On Time, 'on, (Delay Time + Rise Time) .•••..••. 0.75 1.5 - 0.75 1.5 - 0.75 1.5 - microseconds 
VFB = vBOO(min. value), iF = 4.5amperes, 
IGT = 200m A, O.1I1-S rise time, T C = +250C 

(See waveshapes of Fig. 3) 

Turn-Off Time, '0/1. . . . . . . . . . . . .... - IS 50 - IS 50 - IS 50 microseconds 
iF = 2 amperes, 50 I1-s pulse width, dVFeldt = 20v/l1-s, 
dir/dt = 30A/l1-s, IGT = 200mA, TC = +750C 

(See waveshapes of Fig. 4) 
2H3228, 2N3525, 2H4101 2N3528, 2N3529, 2H4102 

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

Thermal Resislance: 
Junction·to-case ............................. - - 4 - - 5 °CIW 
Junction·to·ambient. ....•..•••..•..•..•••..•.• - - 40 - - 40 °C/W 
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WAVESHAPE OF dl/dt RATING TEST 

V,a 

0-1---------------

Fig. 1 

WAVESHAPE OF ton RATING TEST 

92C5-13366R2 

Flg.3 

TERMINAL CONNECTIONS 
FOR TVPES 

2N3228, 2N3525, AND 2N4101 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 

WAVESHAPE OF CRITICAL dv/dt RATING. TEST 

CRITtcAL dv/dt ~ 

" 
/ 

I// 
0- --I~---t-~-~I 

~G.6S~ 
,·Rt 

Fig. 2 

WAVESHAPE OF toH RATING TEST 

.,,,., \ : 
"'\1 

\ I 
I 

I, I 1 

_1. __ 1 -+------1 ------0 
I 1 
1.1 1 

t" 1'1 'I" tgr ----+I 
J, J r--- to'f ~ 92CS-I3367RI 

Fig. 4 

TERMINAL CONNECTIONS 
FOR TYPES 

2N3528, 2N3529, AND 2N4102 

Pin 1 - Cathode 
Pin 2 - Gate 
Case, Pin 3 - Anode 
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FORWARD GATE CHARACTERISTICS 

,O~ ~E ARI "CATES CUI 

~ 1.0~ 
~ 
co 

~T~AG~E~Tit J~e~~~¥fE"P~EN",Ji'i~ii~R~!E~:·IITT J 
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0.001 2 4. 8 0.01 4 6 80.1 II: 1.0 10 100 

GATE - TO-CATHODE CURRENT - AMPERES 92SS-2It8C 

Fig. 5 

REVERSE GATE CHARACTERISTICS 
TURH.QH TIME CHARACTERISTICS 

REVERSE GATE CURRENT - AMPERES 
92LS-II:iSRI 

GATE CURRENT (IGT)-AMPERES 
9255- 3000CRI 

Fig. 6 Fig. 7 
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RATING CHART (CASE TEMPERATURE) FOR TYPES 
2N3228, 2N3525, AND 2N4101 

AVERAGE FORWARD CURRENT C.I.FAy)-AMPERES 

teCS-IZT4IRI 

Flg.8 

POWER DISSIPATION CHART FOR ALL TYPES 

CONDUCTION ANGLE· lao-

o 
AVERAGE FORWARD CURRENT (IFAVJ-AMPERES 

92CS-12750 

Fig. 10 

OPERATION GUIDANCE CHART FOR TYPES 
2N3228, 2N3525, AND 2N4101 

25 

AlION. -'80· 
EeTlY ON HEAT SINK. 

HEAT SINk: 1116 - THICk COPPER 'WITH 
A MAT BLACK SURFACE AND THER
MAL EMISSIVITY OF 0.9, 

50 75 100 
FREE-AIR TEMPERATURE (TFA}-"'C 

92CS-12377 

Fig. 12 

RATING CHART (FREE.AIR TEMPERATURE) F.OR-TYPES 
2N3528, 2N3529, AND 2N4102 

Q 
o 1--,-..1'80. 

CONDUCTION 
ANGLE 

1.75 
AVERAGE FORWARD CURRENT'IIFAyl-AMPERES 

92CS-12749RI 

Fig. 9 

FORWARD CHARACTERISTICS FOR ALL TYPES 

CASE TEMPERATURE ITC)-2S- C 
SUPPLY FREQUENCY-60 Hz SINE WAVE 

30 

0.5 I ~ 2 ~ 
INSTANTANEOUS FORWARD VOLTAGE DROP (VF)-VOLTS 

Fig. 11 

SURGE CURRENT RATING CHART 

4 •• 4 •• 
10 100 

SURGE CURRENT DURATION-CYCLES 

Fig. 13 

92C$-IZ371R1Z 

4 •• 
1000 
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OO(]5LJ[] 
Solid State 
Division 

RCA·2N3650 to 2N3653, inclusive, and the S7430M* are 
all-diffused silicon controlled rectifiers (reverse-blocking 
triode thyristors) intended for high-speed switching applica
tions such as power inverters, switching regulators, and 
high-current pulse applications_ They feature fast turn-off, 
high dv/dt, and high di/dt characteristics and may be used at 
frequencies up to 25 kHz_ 

The 2N3650 to 2N3653 have forward and reverse off-state 
voltage ratings of 100, 200, 300, and 400 volts, respectively~ 
Type S7430M has a forward and reverse off·state voltage 
rating of 600 volts_ 
Formerly RCA Type No. 40735 

FEATURES 

o Fast turn· off time -1511s max. 
o High di/dt and dv/dt capabilities 

o High peak.current capability 
o Shorted·emitter gate.cathode construction 
o Forward and reverse gate dissipation ratings 

o AII·diffused construction - assures exceptional 
uniformity and stability of characteristics 

MAXIMUM RATINGS, Absolute-Maximum Values: 
"NON-REPETITIVE PEAK REVERSE VOLTAGE 

Gate Open ••••••••••••••••••••••••••••••• 

NON-REPETITIVE PEAK FORWARD VOLTAGE 
Gate Open ............................... . 

"REPETITIVE PEAK REVERSE VOLTAGE 
Gate Open ••••••••••••••••••••••••••••••• 

"REPETITIVE PEAK OFF-STATE VOLTAGE 
Gate Open ••••••••••••••••••••••••••••••• 

"PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 
For one cycle of applied principal, voltage (60 Hz, sinusoidal> 

ON-STATE CURRENT: 
For case temperature (TC) = 25 °C 

'" Average DC value, conduction angle of 1800 

RMS value ••••••••••••••••••••••••••••••• 

"RATE-OF-CHANGE OF ON-STATE CURRENT: 
VDM ~ v(BOlO. IGT ~ 200 rnA. t" ~ O.ll's (See Fig. 2) 

FUSING CURRENT (for SCR protection): 
TJ ~ -65 to 1200 C, t ~ J to 8.3 ms _____ . _______ .• _ 

·GATE POWER DISSIPATION 
PEAK FORWARD (for 10 I's max.) ••••••• , •••••••• 
AVERAGE (averaging time = 10 ms, max.) ••••••••••• 

"TEMPERATURE RANGE 
Storage ••••••••••••••••••••••••••••••••• 
Operating (Case) •••••••••••••••••••••••••••• 
Soldering (10 s max. for case) ••••••••••••••••••• 

STUD TORQUE: 
Recommended _ . _ _ _ _ _ _ _ _ _ • _ _ _ _ _ _ _ _ _ _ __ .. _ _ _ _ • 
Maximum (DO NOT EXCEED) . ______________ • ___ _ 

Thyristors 
2N3650 2N3651 
2N3652 2N3653 

S7430M 

35·~ SIUCON 
CONTROLlED 
RECTIFIERS 

Fast Turn-Off Types 

CATHODE 

for Inverter and ANODE H·1601 

~ulse Applications JEDEC TO.48 

o Symmetrical gate.cathode construction - provides 

uniform current density, rapid electrical conduction, 
and efficient heat dissipation 

o Hermetic construction 

o Low thermal resistance 

2N3650 2N3651 2N3652 2N365J S7430M 

VRSOM 150 300 400 500 700 V 

VDSOM 150 300 40() 500 700 V 

VRROM 100 200 300 400 600 V 

VDROM 100 200 300 400 600 V 

ITSM 4 180 I> A 

IT(AV) <I 25 to A 
IT(RMS) 4 35 ~ A 

dildt 4 400 to AIl'S 

.. 165 1:0 A2s 

.. 40 I> W .. W 

.. -65 to 150 to °C .. -65 to 120 .. °C 
225 .. °C 

TS .. 35 I> in·1b .. 50 ... in·lb 
*In accordance with JEDEC registration data format (J~14, RDFl)-

applies to the JEDEC (2N-Series) types only. 
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ELECTRICAL CHARACTERISTICS, At Maximum Ratings and at Indicated Case Temperature (TC) 
Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL 
Type Type Type 

2N3650 2N3651 2N3652 

MIN. TYP MAX. MIN. TYP. MAX. MIN. TYP. 

INSTANTANEOUS FORWARD BREAKOVER 
VOLTAGE: V(BO)O 100 - - 200 - - 300 -

Gale Open, T C = 120 DC 

, PEAK OFF·STATE CURRENT: 
(Gate Open, TC • 120 DC) 100M - - 6 - - 6 - -
FORWARD, VOO - VOROM 

REVERSE, VRO - VRROM IRROM - - 6 - - 6 - -
INSTANTANEOUS ON·STATE VOLTAGE: 

vT - - 2.05 - - 2.05 -For iT - 25 A, TC = 25 DC -
DC GATE TRIGGER CURRENT: 

Vo =6 V (~C}, RL = 40, TC =25 DC - 80 180 - 80 180 - 80 

VO=6 V (DC), RL =20, TC=-li5DC 
IGT 

150 - SOD' - 150 500* - 150 
DC GATE TRIGGER VOLTAGE: 

Vo -6 V (DC), RL =40, TC =25 DC - 1.5 3 - 1.5 3 - 1.5 

Vo • VOROM, RL = 200 n, T C = 120 DC VGT 0.25 - - 0.25 - - 0.25' -

Vo ·6 V (~C}, RL = 20, T C = -liS DC - 2 4.5' - 2 4.5' - 2 

INSTANTANEOUS HOLDING CURRENT: 
Gate Open 
AITC =25 0C 

iHO 
- 75 150 - 75 150 - 75 

AtTC=-li5 0C - 150 350 - 150 350 - 150 

~RITICAL RATE·OF·RISE OF OFF·STATE 
VOLTAGE: 
Voo =VOROM dv/dl 200 - - 200 - - 200 -
Expooential rise, T C = 120 DC, 

(See Fie. 4.) 

CIRCUIT CIJolMUTATED TURN·OFF 
liME (Reclooeular Pulse): 
VOX = VORIJol, iT = 10 A (pulse 
dlnlion • 50 "s), IGl • 200 rnA tq - 11 15 - 11 15 - II 
at tum'on, -dildt = 5 AI"s, 
dv/dt = 200 V/"s, VRX = 15 min., 
VGK = 0 V (al tum'off), 
lC = 120 DC (See Fie. 4 & 5) 

CIRCUIT COMMUlAlEO TURN·OFF 
liME (Half·Sinusoidal Waveform): 
VOX = VOROM, iT = 100 A (pulse 

12 IS' 12 IS' 12 duration· 2 "s), IGT' 200 rnA . tq - - -
dv/d!' 200 VI"s, VRX = 30 V min., 
VGK • 0 V (at tum·off), 
lC -U5 DC (See Fie. 6 & 7) 

lHERMAl RESISTANCE: 
.IoI1ction·tct-ease 8J·C - - 1.7 - - 1.7 - -

'In accudooce with JEOEC reeislration data format (JS·14, RD 1) .. applies 10 the JEOEC 
(2N-Series) types only. 
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TERMINAL CONNECTIONS 
Terminal 1 (Small Lug) - Gate 
Terminal 2 (Large Lug)-Cathode 
Terminal 3 <Stud) - Anode 

Type Type 
2N3653 S7430M 

MAX. MIN. TYP. MAX. MIN. TYP MAX. 

- 400 - - 600 - -

5.5 - - 4 - - 3 

5.5 - - 4 - - 3 

2.05 - - 2.05 - - 2.05 

180 - 80 ISO - 80 180 

SOD' - ISO 500' 150 1500 

3 - 1.5 3 - 1.5 3 

- 0.25' - - 0.25 - -
4.5' - 2 4.5' - 2 4.5 

150 - 75 150 - 75 150 
350 - 150 350 - 150 350 

- 200 - - 200 - -

15 - 11 15 - 11 15 

IS' - 12 IS' - 12 15 

1.7 - - 1.7 - - 1.7 

UNITS 

V 

rnA 

V 

rnA 

V 

rnA 

V/"s 

"s 

"s 

oc/w 
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92SS-l896RI 

Fig. I-Principal voltage+Current characteristic. 

CRITICAL 

f 
'0 T 
1 63"!. OF '0 

o _ - - -"~~/- - - - - - _1 
f--.------j 

~"O.63+ 
t'" RC 92CS-13365R] 

Fig. 3-Rate of rise of off-state voltage with time (defining 
dv/dtl. 

FORWARD CURRENT CIRCUIT 

SUPPLY 

~~GE ~II 

+ 

LINEAR dv/dt CIRCUIT 

Fig. 2-Rate of change of on-state current with time 
(defining dildO. 

Vox 

-------- : ----t-o 

,.... ___ J~ VRX VRXM 
.d;/d'~ 

v-----I--=---.l 
I 
I 

1m I: : 
_l ____ 1-______ ' ______ 0 

I 
I 
I 

' .. -+--+--- '9' ---t 
I 

--l 025S-4374 

Fig. 4-Relationship between off-state voltage, reverse volt
age, on-state current, and reverse current, showing 
reference points defining turn-off time (tgJ, rectan· 
gular pufse. 

+ 

*FDR ADDITIONAL INFORMATION 
ON CAlE TRIGGER CIRCUITS. ETC. 
REFER TO JEDEC STANDARD 
No.1 SECTION 6.204.2. 

SUPPLY 
VOLTAGE 

II~ 

9255-4]75 

Fig. 5-Circuit used to measure turn-off time (tq ). rectangular pulse. 
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IF;g. 6-Relationship berwesn off-statB va/tap, revr1rstJ volt
age. on-state current, and revef'88 current showing 
reference points for.specification of tum -off time (tqJ, 
half sine wave pulse. 

FORWARD CURRENT CIRCUIT 

~rv ~II 
SUPPLY 
VOLTAGE 

RE·APPLIED FORWARD 
BLOCKING VOLTAGE SUPPLY 

DEVICE 
UNDER 
TEST 

*TO GATE TRIGGER CIRCUIT 

92SS-4339 

Fig. 7-Circuit used to measure tum-off time (tq), half sine 
wavepulSB. 

AlBIBIT TEMPERATURE (T A) - CI( 
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Fig. 8-Heat sink guidance. 

S.ITCIIHG LOSSES ARE NEGlECTED WAVEFORM 

'T:JU ~ 
~ 

-!2;----l 

PEAK Qlrl.STATE QlRRENT (lyAll-A 

Fig. 9-Power dissipation VI. on-state current. 

51 rrtHlMG LDSSES ARE NEGLECTED CURRENT WAVEFORM 

'T:JU 

I 
-!2;----l 

, . 
• 

'''' PEAK CJN.STATE CURRENT (tya)-A ....... 
Fig.10-Maximum allowable case-temperature VI. on-state 

cun-ent. 
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.. , 
E 

'III 
PEAK (If-STATE CURRENT «till-A 

Fig. IT-Power dissipation lIS. on-state current. 

CASE 1DPED1.11JRE (YcJ • '250(; 

!ilCO 

! 

ON-STATE VOLTAGE (Yy)-V 

Fig. 13-Variation of on-state current with on-state voltage. 

RATE-OF-RISE OF REAPPlED CFF..sTATE YOLTAGE ("'I")-V1~. 

"""" 
Fig. 15-Typical variation ofturn-off time with rate of rise of 

Tellpplied off-state 1I0/tage (rectangular pulse). 

, 

SWITDlING LOSSES ARE NEGLECTED 

PEAK QN-STA,1E tuRREMTOyiltl-A. 

Fig. 12-Maximum allowable case-temperature vs. on-state 
cu"ent. 

15 

OFf. TAl':. ~,!~T,,!,."-!.'p .?:; 
REAPPUED OFF·STATE VOLTAGE (Vox)· 60Q Y 
RATE-OF-RiSE OF REAPPUED OFF-STATE 

VOLTAGE , .... ,.t). 2Q) VI ... 
CU2RENT PULSE.WIDTH (RECTAHGUUR). 50 II. 
RATE.Qf.DESCENT CF OH-5TATE.aJRREtIT 

(-4/d).ID4I.u 

~Ia 

~ 

i 
;! 5 

50 70 90 110 '50 
JUNCTIDH TEMPERATURE (TJ)-< 

Fig. 14-Typical variation of tum-off time with junction 
temperature (rectangular pulse). 

PEAK QN.STATE QlRREHT (lTXW-A 

Fig. 16-Tvpical variation of turn--off time with peak on·state 
current (half-sinusoidal pulse). 
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PEAK ctI·STATE CURRENT CITXM)-A 

Fig. 17-Typical variation of peak reverse recovery current 
with peak on-state current (half) sinusoidal pulse). 

to " 

REAPPUED OFF·STATE VOLTAGE (YDX). 600 Y 
RECTANGULAR OJRRENT PUUE . 
RATE·Of.DESCENT OF ON·STATE CURREHT 
lodl/ill-1DW.,. 

to 

CASE TEMPERATURE rr: ). 120 ac 

'01'" 

15 2D 25 30 :IS 

Oll-STATE CURRENT Oy)-A 

Fig. 18-Typical variation of peak reverse-recovery current 
with on-state current. 

lit 

RATE·Of-DESCENT OF ON-STATE OJRRENT ,.dI/tilt)-A!1I1 .,.,'" 
Fig. 19-Typical variation of peak reverse recovery current· 

with rate of descent of on-state current. 

GATE CIllllENT {'c;)-A GATE TRIGGER OJRRENT IIGT)- .... 

Fig. 20-Typical forward-biased gate characteristics. Fig. 21-Typical gate trigger characteristics. 

"".., 
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OOCU3LJD 
Solid State 
Division 

Thyristors 
2N3654 
2N3656 
2N3658 

2N3655 
2N3657 
S7432M 

35-A SmCOO1 Contrrolled Rectifiel/'s 
For Inverter Applications 

Features: 

" Fast turn-off time - 10 j1s max. 

" High di/dt and dv/dt capabilities 

" Shorted-emitter gate-cathode construction 
___ contains an internally diffused resistor 
between gate and cathode 

CI Center gate construction ... provides 
rapid uniform gate-current spreading for 
faster turn-on with substantially reduced 
heating effects 

e Low thermal resistance 

JEDECTO-48 H-1601 

These RCA types are all-diffused, silicon controlled rectifiers 
designed for high-frequency power-switching applications such 
as inverters, switching regulators, and high-current pulse 

applications_ These types may be used at frequencies up to 
25 kHz_ 

2N3654 2N3655 2N3656 2N3657 2N3658 S7432M 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"NON-REPETITIVE PEAK REVERSE VOLTAGE:· 

Gate Open - - - -. - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - V RSOM 
NON-REPETITIVE PEAK OFF-STATE VOLTAGE:· 

Gate Open ................................... V DSOM 
·REPETITIVE PEAK REVERSE VOLTAGE:· 

Gate Open .................................... V RAOM 
.REPETITIVE PEAK OFF-STATE VOLTAGE:· 

Gate Open .................................... V DROM 
ON-STATE CURRENT: 

T C = 40°C. conduction angle'" 1800
: 

RMS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ITIRMS) 
* Average ...................................... IT(AVI 
'PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: ITSM 

For one full cvcle of applied principal voltage 
60 Hz (sinusoidal) .......................... . 

"RATE OF CHANGE OF ON-5TATE CURRENT: 
V D = VOROM,IGT = 200 rnA, t, = 0_1 ~,(See Fig_ 15) _ 

FUSING CURRENT (for SeR protection): 
T J = -65 to 120°C, t = 1 to 8.3 ms ................ . 

.GATE POWER DISSIPATION:· 
Peak Forward (for 1 0 ~s max., See Fig. 7) ........... . 
Average (averaging time = 10 ms max.) ............ . 

·TEMPERATURE RANGE:" 
Storage ..................................... . 

Operating (Case) .........•..................... 
TERMINAL TEMPERATURE (During soldering): 

For 10 s max. (terminals and case) ................ . 
STUD TORQUE: 

Recommended ............................... . 
Maximum 100 NOT EXCEEO) ___________________ _ 

di/dt 

75 150 300 400 

75 150 300 400 

50 100 200 300 

50 100 200 300 

35 
25 

180 

400 

165 

40 

-65 to 150 
-65 to 120 

225 

35 
50 

* In accordance with JEDEC registration data format (JS·14, RDF·l) filed for the JEDEC (2N series) types . 

• These values do not apply if there is a positive gate signal. Gate must be open or negatively biased . 

• Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted . 

.& For temperature measurement reference point, see Dimensional Outline. 

10-73 

500 700 

500 700 

400 600 

400 600 

V 

V 

V 

V 

A 
A 

A 

A!~, 

A 2, 

W 
W 

°c 
°c 

°c 

in·lb 
in·lb 
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ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T CJ 

CHARACTERISTIC 

* Peak Off-State Current: 
(Gate open. TC = 120°CI 
Forward Current (lOOMI at Vo = VOROM 
Reverse Current (I ROM) at VR '" VRROM 

2N3654. 2N3655. 2N3656. S7432M .................... . 
2N3657 ....•...................................... 
2N3658 •.......................................... 

* Instantaneous On-State Voltage: 
iT = 25 A (peakl. T C = 25°C ..............•....•......... 

Instantaneous Holding Current: 
Gate open, T C"" 25°C ................................. . 

TC=-65°C ••..•••.••••......•..•......••••. 

• Critical Rate of Rise of Off·State Voltage: 
Vo = V DROM. exponential voltage rise, 
Gate open. TC = 120°C (See Fig. 161 ...................... . 

DC Gate Trigger Current: 
Vo = 6 V (del. RL = 4 n. TC = 25°C .....................•. 
Vo = 6 V (del. RL = 2 n. TC = _65°C 

DC Gate Trigger Voltage: 
Vo = 6 V (del. RL = 4 n. TC = 25°C ..................... . 
VO= VOROM. RL = 200 n. TC= 120°C ................... . 
Vo = 6 V (del. RL = 2n. TC= -65°C ............. · ........ . 

'" Circuit Commutated Turn-Off Time: 
(Rectangular Pulsel 
VOX = VOROM. iT = 10 A. pulse dUration = 50 p.s. 

dv/dt = 200 V/p.s. - di/dt = -5 Np.s. IGT = 200 mAo 

SYMBOL 

100M 
or 

IROM 

vT 

iHO 

dv/dt 

IGT 

VGT 

VRX = 15 V min .• VGK = 0 V (at turn·offl. TC = 120°C tq 
(See Figs. 19 & 201. . ................................ . 

• Circuit Commutated Turn-Off Time: 
(Sinusoidal Pulse) 

VOX = VOROM. iT = 100 A. pulse duration = 2 flS. dv/dt = 
200 V/p.s. VRX = 30 V min .• VGK = 0 V (at turn·offl tq 
TC= 115°C (See Figs. 17&181 ........................ . 

• Thermal Resistance Junction-to-Case: 
Steady·State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RO.JC 

LIMITS 
FOR ALL TYPES 

UNITS 
Except as Specified 

MIN. TYP. MAX. 

6 
mA 

5.5 
4 

2.05 V 

75 150 
mA 

150 350' 

200 V/p.s 

80 180 
mA 

150 500' 

1.5 V 
0.25' 

4.5* 

10 p.s 

10 

1.7 °CIW 

'" In accordance with JEDEC registration data format IJS-14, RDF-1) filed for the JEDEC (2N·series) types. 

LiDO ~ IYDSOM 

Y~ROM 
92SS~ l896A2 

50 100 ISO 200 

PEAK ON·STATE C~RREHT (lTM) - It 92ss-4l1BRI 

Fig. , - Principal voltage-current characteristic. Fig. 2 - Power dinipation V$. peak on-state current. 
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SWITCHING LOSSES ARE NEGLECTED 

~ 
.!.15O 

CURRENT WAVEFORM 

ITM"~ 

-t-',i--I 
·'2·~ 

~ 
w 

E 
~ 
~lDO 

50 100 ISO 

35.'" (RMS) 
LIMIT 

200 
PEAK ON·STATE CURRENT(ITMI-A 

92Ss·ml 

Fig. 3 - Maximum allowable case-temperature vs. peak 
on~tate current. 

SWITCHING LOSSES ARE NEGLECTED 

2S so 7S IDD 

PEAK ON·STATE CURRENT (lTM}-A 
92Ss.tJJ9 

Fig. 5 - Maximum allowable case-temperature vs. peak 
on-state current. 

Fig. 7 - Typical forward-biased gate characteristics. 

a 
i!! 
~ 

SWITCHING LOSSES ARE NEGLECTED 

PEA.K ON-STATE CURRENT (l1M)-A .... '" 
Fig. 4 - Power dissipation vs. peak on-state current. 

CASE TEMPERATURE (Te) • 2SoC 

300 

e!i 100 

ON·STATE VOLTAGE (VT)-V 

Fig. 6 - Variation of on·state current with on'stBte voltage. 

GATE TRIGGER CURRENT UGTI-",A 925H182 

Fig. 8 - Typical gate-trigger characteristics. 
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PEAK ON.STATE CURRENT (llXIII) - A 
92SS-4349RI 

Fig. 9 - Typical variation of peak reverse-recovery cu"ent with 
peak on·state current (half-sine-wave pulseJ. 

CASE TEMPERATURE (Tel. 120 oc 
RECTANGULAR PULSE (ON-STATE CURRENTlWlDTH=50~s 

--:: IS 

~ 

10 20 3D 

RATE·Of·DESCENT OF ON·STATE CURRENT (tdi/c!,)-Al.,s 
92SS-435!RI 

Fig. 11 - Typical variation of peak rel/erse-recovery current with 
rate-of-descent of on-state current (rectangular pulse). 

PEAK ON·STATE CURRENT (lTXM) - A 
W-4JC8 

Fig. 13 - Typical variation of turn-off time with peak on-state 
current (hslkine-walle pulse). 
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.. , .,. 
1;13 

1 , 

REAPPLIED OFF·STATE VOLTAGE (Vox) = 600 V 
RECTANGULAR CURRENT PULSE 
RATE.OF.DESCENT OF ON-STATE CURRENT 
(·eli/dl) = IDAhu 

CASE TEMPERATURE (Tel = 120 oc 

loooe 

10 " 20 " 3D " " " ON-STATE CURRENT {IT)-A " 

Fig. 10 - Typ;call/ariation of peak rel/erse-recol/ery current with 
on·state current (rectangular pulse). 

" 

Off.StATE VOLTAGE (Vo '" so V 
REAPPLIED Off.STATE VOLTAGE (VOX) '" 600 V 
RATE.Of.RISE OF REAPPLIED OFF·STATE 

VOLTAGE (d .. /d,)" 200 VI.,. 
CURRENT PULSE·WIOTH (RECTANGULAR). SO., s 
RATE·Of·OESCENT Of ON·STATE·CURRENT 

(.di/dt)" 10A/.,s ~ ... \Il~.mi++m 
RRE,,1 \\1"#.' r 20 

p£.J,.'f.. 
0l'.');1J,.1£'CU 

so 70 90 110 130 

JUNCTION TEMPERATURE (TJ)-OC 

Fig. 12 - Typical variation of tum-off time with junction 
temperature (rectangular pulse). 

RATE·Of.RISE OF REAPPLIED Off.STATE VOLTAGE (d .. /dt)-V/.,s 
91SS·4341 

Fig. 14 - Typical variation of tum-oH time with rate-of.risfl 
of reapplied off-state voltage (rectangular pulse). 
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92SS-4338 

Fig. 15 - Rate-of-change of on-state current with time 
(defining di/dtJ. 

Vox 

VOLTAGE 
ANODE-CATHODE 

ON.STATE 
OJRRENT 

I 
I 
1 
1 VRXM I 
"'--tq~ 
I 
I 

CRITICAL dv/dt ~ 

/ 

*"O.63~ 
t" Re 92CS-1336SR3 

Fig. 16 - Rate-ol-rise of off-state voltage with time 
(defining dv/dt). 

FORWARD CURRENT CIRCUIT 

DEVICE 
UNDER 
TEST 

*10 GATE TRIGGER CIRCUIT 

RE.APPLIED FORWARD 
BLOCKING VOLTAGE SUPPLY 

Fig. 17 - Relationship between off-state voltage, reverse voltage, 
on-state current. and reverse current showing reference 
points for specification of turn-off time (ret. half-sine
waVe pulse. 

Fig. 18 - Circuit used to measure turn-off time (tq ). half-sine
wave pulse. 

Vox 

-------- : ----i-O 

---__ ... ~ VRX VRXM -d;/dt~ 
y _____ 1 t 

1 

1 I 
ITX. I I : 
l I I 

- --I--..!..------- 1- -----0 
I 1 1 

IRXM ---,- 1 1 
'rr I • • I • tgr ------t 

I I 
I .. tq ---l 9255-4314 

Fig. 19 - Relationship between off-state voltage, reverse voltage, 
on-stats current, and reverse current showing reference 
points defining turn-off time (tel, rectangular pulse. 
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+ 

140 

fORWARD CURRENT CIRCUIT 

SUPPLY 

§II 

LINEAR dv/dt CIRCUIT 

+ 

*FOR ADDITIONAL INFORMATION 
ON GATE TRIGGER CIRCUITS, ETC. 
REFER TO JEDEC STANDARD 
Mo. 7 SECTION 6.204.2. 

Fig. 20-Circuit used to measure turn-off time (tc/, rectangular pulse. 

30 

2D 

AMBIENT TEMPERATURE ITA) - DC 

Fig. 21 - Heat sink guidance. 

TERMINAL CONNECTIONS 

No.1 - Gate 
No.2 - Cathode 

Case, No.3 - Anode 

92U-4311RI 

SUPPLY 
VOLTAGE 

II~ 
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[RlCJBLJD 
Solid State 
Division 

Thyristors 

2N3668 2N3670 
2N3669 2N4103 

All-Diffused SCR's for Low-Cost Power-Control and Power-Switching Applications 

RCA 2N366S*, 2N3669*, 2N3670*, and 2N4103* are 
all-diffused, three-junction, silicon controlled-rectifiers 
(SCR'sAl. They are intended for use in power-control and 
power-switching applications requiring a blocking voltage 
capability of up to 600 volts and a forward-current capa
bility of 12.5 amperes (rms valuel or S amperes (average 
value) at a case temperature of BoaC. 

The 2N366S is designed for low-voltage power sup
plies, the 2N3669 for direct operation from 120-volt line 
supplies, the 2N3670 for direct operation from 240-volt 
line supplies, and the 2N4103 for high-voltage power 
supplies. 

• Formerly Dev. Types TA2621, TA2598, TA26l8, and 
TA2775, respectively. 

A The silicon controlled-rectifier is also known as are .. 
verse-blocking triode thyristor. 

FEATURES 

o Low switching losses 

o High di/dt and dv/dt capabilities 

o Shorted emitter gate-cathode construction 

o Forward and reverse gate dissipation ratings 

o Designed especially for high·volume systems 

o All-diffused construction - assures exceptional uni .. 
formity and stability of characteristics 

o Direct-soldered internal construction -aS5ures ex
ceptional resistance to fatigue 

• Symmetrical gate-cathode construction - provides uni
form current density, rapid electrical conduction, and 

1efficient heat dissipation 

• All-welded construction and hermetic sealing 

o Low leakage currents, both forward and reverse 

o Low forward voltage drop at high current -levels 

• Low thermal resistance 

9-74 

(Pin 2) (Pin 1) 

JEDEC TO-3 H-1570 

For Low-Voltage 
2N3668 Power 

Supplies 

For 120-Volt 
2N3669 Line 

Operation 

For 240-Volt 
2N3670 Line 

Operation 

For High-Voltage 
2N4103 Power 

Supplies 

TYPICAL E.I CHARACTERISTIC OF SILICON 
CONTROLLED.RECTIFIER 
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Abso/ute.Maximum Ratings, for Operatian with Sinusoiclal AC Supply Voltage 
at a Frequency between 50 ancl 400 Hz, ancl with Resistive or Incluctive Loacl 

RATINGS CONTROLLED.RECTIFIER TYPES 

21'13668 21'13669 21'13670 21'14103 

Transienl Peak Reverse Voltage 
(Non·Repetitive), vRM(non·rep) ................. 150 330 660 700 

Peak Reverse Voltage (Repetitive), vRM(rep) .....••.•• 100 200 400 600 

Peak Forward Blocking Voltage 
(Repetitive), vFBOM(rep) ••.•..•.....•..•.•.•.. 100 200 400 600 

Forward Current: 
For ~ase temperature (T C) of +800 C 

Average DC valueata conduction angle of 1800, IFAV 8 8 8 8 
RMS value, IFRMS •••.•.•.•.•.••••••.•.•.•. 12.5 12.5 12.5 12.5 
For other conditions, see Fig. 8 

Peak Surge Current, i FM(surge): 
For one cycle of applied voltage ....•...•••.••.•• 200 200 200 200 

For one cycle of applied principal voltage 
60 Hz (sinusoidal), TC = 800 C •••••.•••• 200 200 200 200 
50 Hz (sinusoidal), TC = 800 C •••.•••••• 170 170 170 170 

For more than one cycle of applied voltage .........• See Fig. 10 See Fig. 10 See Fig. 10 See Fig. 10 

Fusing Current (for SCR protection): 

TJ = -40 to 1000 C, t = 1 to 8.3 ms, 12t ... 170 170 170 170 
Rate of Change of Forward Current, di/dt ............ 200 200 200 200 

VFB = vBOO(min. value) 
IGT = 200mA, 0.51-'s rise time 

(See waveshapes of Fig. 1) 

Gate Power': 
Peak, Forward or Reverse, for IOl-'s duration, PGM .... 40 40 40 40 

(See Figs. 5 and 6) 

Average, PGAV •.•.•.••.•..•............... 0.5 0.5 0.5 0.5 

Temperature: 
Storage, Tstg- •.....•.......•...•...•••••.. -40 to + 125 -40 10 + 125 ··40 to + 125 -40 to + 125 
Operating (Case), TC ..•..••.•.••..•.•.•..•... -40 to + 100 -40 to +100 -40 to + 100 -40 to + lOG 

'Any values of peak gate current or peak gate voltage to give the maximum gate power IS permissible. 
- Temperature reference point is within 1/8 in. (3.17 mm) of the center of the underside of unit. 

UNITS 

volts 
volt~ 

volts 

amperes 
amperes 

amperes 

amperes· 
amperes 

ampere2 
second 
amperes 
mi crosecond 

walls 

wall 

oC 
oC 

WAYESHAPE OF dl/dt RATING TEST WAYESHAPE OF CRITICAL dv/dt RATING TEST 
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VFS 

0-1---------------
:'--0"01 

....------,1 

Fig. 

CRITICAL dv/dt ~ 

,/ 

*.0.63 Y~B 
t· AC 

Fig. 2 



File No. 116 ---------------_______ 2N3668-2N3670, 2N4103 

Characteristics at Maximum Ratings (unless otherwise specified), and at Indicated Case Temperature (TC) 

CHARACTERISTICS CONTROLLED·RECTIFIER TYPES UNITS 

2N3668 2H3669 2N3670 2N4103 

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

Peak Repetitive Blocking Voltage, 
VOROM 

At T C = + 100°C ................•.. 100 - - 100 - - 400 - - 600 - - volts 
Peak Blocking Current, at T C = + 100°C: 

Forward, 100M .................. - 0.1 1 - 0.15 1.5 - 0.3 3 - 0.35 4 rnA 

Vo = VOROM 

Reverse, t ROM .................. - 0.05 1 - 0.1 1.15 - 0.1 1.5 - 0.3 3 rnA 

VR =VRROM 

Forward Voltage Drop, vF 

At a Forward Current of 15 amperes and 
a TC = +150C (See Fig. 11) ............ - 1.5 1.8 - 1.5 1.8 - 1.5 1.8 - 1.5 1.8 volts 

DC Gate·Trigger Current, IGT: 

At TC = +150C (See Fig. 5) ............ 1 10 40 1 10 40 1 10 40 1 10 40 mA(dc) 
Gate·Trigger Voltage, VGT: 

At TC = +150C (See Fig. 5) ............ - 1.5 1 - 1.5 1 - 1.5 1 - 1.5 1 volts (de) 
Holding Current, iHOO: 

At TC = +150C .................... 0.5 15 50 0.5 15 50 0.5 15 50 0.5 15 50 rnA 
Criticat Rate of Applied Forward Voltage, 

Critical dv/dt ..................... 10 100 - 10 100 - 10 100 - 10 100 - volts/ 
VFB' vBoo(min.value), exponential rise, microsecond 
TC = +1000C 

(See waveshape ot Fig. 2) 
Turn·On Time, ton' (Delay Time + Rise Time) 0.75 1.15 - 0.75 1.15 - 0.75 1.15 - 0.75 1.15 - microseconds 

VFB' vBDo(min. value), iF' 8 amperes, 
IGT = 100mA, 0.1 f.Ls rise time, 
TC' +250C 

(See wave shapes ot Fig. 3) 
Turn·Off Time, toff' (Reverse Recovery Time 

+Gate Recovery Time). " ............. - 10 50 - 10 50 - 10 50 - 10 50 microseconds 
iF' 8 amperes, 50 f.LS pulse width, 
dVFB'dt· 10Vif.LS, 
diridt. 30 A 'f.L s, IGT' 100mA, 
TC' +800C 

(See waveshapesot Fig. 4) 
Thermal Resistance, Junction·to·Case ....... - - 1.7 - - 1.7 

L---. 
- - 1.7 - - 1.7 °C'W 

TERMtNAL CONNECTIONS 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 
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WAVESHAPE OF ton RATING TEST WAVESHAPE OF toff RATING TEST 

lat" td + Ir 

Fig. 3 

I 
I 
I 
I 
I 

dVFB/dt~/ 

l 

-t------ ------0 
I 
I. I 

I" -f"I'E_~' 1""--
I I 

!-- 92CS -13367RI 

Fig. 4 

FORWARD GATE CHARACTERISTICS 

GATE - TO- CATHODE CURRENT-AMPERES 

Fig. 5 
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REVERSE GATE CHARACTERISTICS 

Fig. 6 

RATING CHART (CASE TEMPERATURE) 

AVERAGE R>RWlRO CURRENT (I FAY) - AhFERES 92CM-13B05 

Fig.8 

'" " 
zl 
o 
~ 
~ .. 

0.1 

TURN"()N TIME CHARACTERISTICS 

0.3 0.5 0.7 0.9 1.1 
GATE CURRENT (IGTl-AMPERES 

92CS-13359R2 

Fig. 7 

POWER DISSIPATION 

AVERAGE FORWARD CURRENT (IFAV)-AMPERES 

92CM-I3808 

Fig. 9 
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SURGE CURRENT RATING FORWARD CHARACTERISTICS 

CASE TEMPERATURE-SOO C 
LOAD-RESISTIVE 
REPETITIVE PEAK REVERSE VOLTAGE ~RM(rap~=MAXIMUM-RATED VA LUE 
AVERAGE FORWARD CURRENT (IFAv)-MAXIMUM-RATEO VAlue 

"" ~200 
i '\. Jt 160 

'\.. !i:13 
~~I20 
~., ~~ u .. 
",I ,.,,~ .. 80 0: .;::-.,.. iil 
" I ....... i::::, 
~ 40 

I 
0 I 

2 4 6 • 2 4 6 • 2 4 6 • 
10 100 1000 

SURGE CURRENT DURATION-CYCLES 
92C5-129321'1Z 92CS-/2931 

Fig. 10 Fig. 11 

NATURAL·AIR COOLING OPERATION GUIDANCE CHART FORCED.AIR COOLING OPERATION GUIDANCE CHART 

INCOMING AIR TEMPERATURE - ·c 
9ZCM-I3806 92CM-J3807 

Fig. 12 Fig. 13 

*Dow Corning 340 Silicon Heat Sink Compound, or Equivalent. 
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flIGI! 

OUC03LJD 
Solid State 
Division 

H·1612 H·1G5S 

Cathode C'llhode Features: 

Thyrristors 
2N3870-2N3873 
2N3896-2N3899 

S6400 S6410 S6420 Series 

Cathode \ Gate \ Gate 

Jl" Jl t 
" High di/dt and dv/dt capabilities " Low thermal resistance 
a Low on·state voltage at high current levels .. Shorted-emitter center.gate 

~ " , 

~ 
• ~ '. I . 

~~ 
Anode 

. ~ ! 

construction 

~ 
100V 200 V 400 V 600 V BOO V 

Package Typos Typos Types Types Types 

Press-Fit 2N3870 2N3871 2N3872 2N3B73 56400N 
Anode Anode (56400 Series} (40937} 

2N3870 2N3896 S6420A 
2N3871 2N3897 56420B 
2N3872 2N3898 56420D 

Stud 2N3896 2N3897 2N3B9B 2N3899 56410N 
(56410 Series} (40938} 

2N3873 2N3899 S6420M 
S640DN S6410N S6420N 

Press-fit Stud Isolated-stud 

Isolated·Stud 56420A 56420B 564200 56420M 56420N 
156420 Series} (40680} (406811 (40882) (40683} (40952} 

Numbors in parentheses (o.g., 40937) are formor RCA typo numbors. 

· These RCA types are all·diffused, silicon controlled rectifiers 
(reverse·blocking triode thyristors) designed for power switch· 

ing, power control, and voltage regulator applications and 
for heating, lighting, and motor speed'control circuits. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·NON·REPETITIVE PEAK REVERSE VOLTAGE-
Gate Open ...........•........••....•.....•......... 

NON·REPETITIVE PEAK OFF-8TATE VOLTAGE-
Gate Open ........•....•.............•.•.•......... 

·REPETITIVE PEAK REVER5E VOLTAGE-
Gate Open .•............•.........•................. 

·REPETITIVE PEAK OFF-sTATE VOLTAGE-
Gate Open .....•••....•.....•....•......•.•......... 

ON-8TATE CURRENT: 
TC "" esoC+. conducti~n angle ~ 18ct: 

RMS ..•. : •••.••.••••..•.••...•.••..••..•..•••..•• 
Average .......................................... . 
For other oonditions •.•...........•.•. ~ ..•.....•..••. 

PEAK SURGE (NON·REPETITIVE) ON-8TATE CURRENT: 
For one full cycle of applied principal voltage. TC "" 650 e 

60 Hz (sinusoidaIJ ...•••........•.... _. _ .•......•.. 
50 Hz (sinusoidal) .•.................•..........•.. 

For more than one full cycle of applied principal voltage 

RATE OF CHANGE OF ON-8TATE CURRENT 
Vo = VOROM' IGT = 200 rnA, 'r - 0.5 '" C5 .. F;g. 13} •••••• 

FUSING CURRENT (for SCR protection): 
TJ = -40 to 100°C. t "" 1 to 8.3 ms ••..•...••..•...•..•. 

GATE POWER OISSIPATION ~ 
Peak Forward (for 10 lotS max .• See Fig. 8) ••••••••••••• _ ••• 
Peak Rewrse ...••..•.•.........••..•.•••.•...... _ •. 
Average {averaging time = 10 ms max:' ................. .. 

·TEMPERATURE RANGE": 
Storage •.•.••.•••.•.••••..•..•.....•..•. _ •........• 
Operating (CaseJ .•..••.•..••.•...•..•••.•••.. _ •...••. 

TERMINAL TEMPERATURE COuring soldering): 
For .10 5 max. herminals and casel .•..•.••....•..•..••.•• 

VRSOM 

VOSOM 

VRROM 

VOROM 

ITCRMS) 
ITCAV) 

IT5M 

di/dt 

12, 

PGM 
PRGM 
PGCAVI 

T stg 
TC 

TT 

2N3870 2N3871 2N3872 2N3873 56400N 
2N3896 2N3897 2N3B9B 2N3B99 56410N 
56420A 56420B 564200 56420M 56420N 

150 330 660 700 900 

150 330 660 700 900 

100 200 400 600 BOO 

100 200 400 600 BOO 

35 
22 

See Figs. 3 & 5 

350 
300 

See Fig. 5 ----

200 

300 

40 
See F;g. 9 

0.5 

~o to 125 
0040 to 100 

225 

* I n accordance with JEDEC registration data filed for the JEDEC (2N-series) types. 
• These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 
• T C = 600 tor isolated-stud package types. 
• Anv product of gate current and gate voltage which results in a gate power less than the maximum is permitted. 
• Temperature measurement point is shown on the DIMENSIONAL OUTLINE. 

g.74 

V 

V 

V 

V 

A 

A 

A 
A 

AI", 

A2, 

W 

W 

·C 
·C 

·C 
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ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (TC) 

LIMITS 

CHARACTERISTIC SYMBOL 
FOR ALL TYPES 

UNITS 
Unless Otherwise Specified 

MIN. TYP. MAX. 

Peak Off-State Current: 
(Gate open, TC = 100°C) 
Forward Current (100M) at Vo = VOROM 100M 
Reverse Current (I ROM) at VR = VRROM 

or 
2N3870, 2N3896, S6420A ............ - 0.2 2· 
2N3871, 2N3897, S6420B ............ IROM - 0.25 2.5· mA 
2N3872, 2N3898, S64200 ............ - 0.3 3· 
2N3873, 2N3899, S6420M, 
S6400N,S6410N,S6420N ............ - 0.35 4· 

Instantaneous On-State Voltage: 
iT = 69 A (peak), T C = 25°C .......... vT - - 1.85' V 
iT = 100 A (peak), TC = 25°C .......... - 1.7 2.1 

DC Gate Trigger Voltage: 
Vo = 12 V (de), RL = 30 n, TC = ·'lOoC VGT - 1.5 3' V 
Vo = 12 V (de), RL =30n, TC = 25°C - 1.1 2 
For other case temperatures 0 •••••••••••• See Fig. 11 

DC Gate Trigger Current: 

I ~ I Vo = 12 V (de), RL = 30 n, TC = 40°C - 80· 
Vo = 12 V (de), RL = 30 n, TC = 25°C IGT 1 40 mA 
For other case temperatures 0 •••••••••••• See Fig. 10 

Instantaneous Holding Current: 

0.5 I 30 I Gate open, 
TC = 25°C ....................... iHO 70 mA 
For other case temperatures 0.· .......... See Fig. 7 

Gate Controlled Turn-On Time: 
(Delay Time + Rise Time) 

For Vo = VOROM' IGT = 200 mA, tr = 0.1 {.Is. tgt {.Is 
IT = 30 A (peak!. TC = 25°C (See Fig. 12 & 14.) - 1.25 2 

Circuit Com mutated Turn-Off Time: 
Vo = VOROM' iT = 18 A, pulse duration 
= 50 {.IS, dv/dt = 20 V/{.Is, -di/dt tq J1S 
= -30 AI{.Is, IGT = 200 rnA, TC = 80°C 
(See Fig. 15.) ..................... - 20 40 

Critical Rate of Rise of Off-State Voltage: 
VO= VOROM, exponential voltage rise, dv/dt V/J1S 
Gate open, TC = 100°C (See Fig. 16.) 10 100 -

Thermal Resistance, Junction-to-Case: 
Steady-State 

Press-fit & stud types ............... ROJC - - 0.9" °CIW 
Isolated-stud types ................. - - 1 

-In accordance With JEDEC registration data filed for the JEDEC (2N-series) types. 
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WARNING: The ceramic ofthe isolated stud package con· 
tains beryllium oxide. Do not crush, grind, or abrade this 
part because the dust resulting from such action may be 
hazardous if inhaled, Disposal should be by burial. 

L ___ _ 
I I 
I I 

VRSOW----+-l ~vRROM 

9ZSS·3696R2 

Fig.1-Principal valtage-current characteristic. 

AVERAGE OR RMS ON-STATE CURRENT [ITIAV) OR IT(RMSI] -A 

92CM-20082 

Fig.3-Maximum allowable case temperature 
vs. on-state current tor press-fit and 
stud types. 

AVERAGE ON-STATE CURRENT [.ITIAVIJ -A 91(»'1ll62R2 

Fig.2-Power dissipation vs. on-state current. 

LOAD: RESISTIVE 
RUS ON-STATE CURRENT [ITIRMSI]: 3~ A 

AT SPECIFIED CASE TEMPERATURE 

~i 
GATE CONTROL MAY BE L.OST 
DURING AND IMMEDIATELY 

0-_ "'.. 60", 
FOLLOWING SURGE CURRENT 

~ e 300 
INTERVAL.. 

~H " K ovERLOAD MAY NOT BE 

"'- REPEATED UNTIL JUNCTION 
lO- r--.." TEMPERATURE HAS RETURNED Zz TO STEADY- STATE 
~~ 200 

50C 1'.1' 
RATED VALUE 

~" "u .::::--"'~ ,,0- 100 "'i! ,,", 
"" ~z .. 0 

, . . OK> . . . . .,. 
SURGE CURRENT DURATION-FULL CYCLES 

Fig.4 -Peak surge on-state current vs. surge 
current duration. 
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CURRENT WAVEFORM, SINUSOIDAl 
LOAD, RESISTIVE OR INDUCTIVE 

Fig.5 -Maximum allowable case temperature 
vs. on-state current for isolated-stud 
types. 

1 .. 111111 
o 
~ 
g 

_4D _20 " CASE TEMPERATURE [Tcl-OC 

':ig.7-DC holding current vs. case 
temperature. 

92SS-4116RI 

0.5 I . 
INSTANTANEOUS ON-STATE VOLTAGE I'IT)-V 

Fig.6-lnstantaneous 'on-state current VS. on
state voltage. 

0.1 fl1r-LLl...LJ.LLLlll+-..L...LLl.ll.LLll.l..j-.....l...J 
0.080.1 1.0 10 

POSITIVE GATE TRIGGER CURRENT (IGT)-A 
92SS-411ORI 

Fig.8-Gate pulse characteristics for forward 
triggering mode. 

TERMINAL CONNECTIONS FOR ALL TYPES 

No_ 1 - Gate 
No_ 2 - Cathode 

Case, No.3 - Anode 
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Fig.9-Reverse gate voltage liS. reverse gate 

CASE TEMPERATURE ITcl-·C 

Fig.tt-DC gate trigger 1I0/rage (forward) liS. 

case temperature. 

~ oJ_-- -- ___________ _ 

CASE TEMPERATURE ITe I-·C 

Fig.IO-DC gate trigger current (forward) liS. 

case temperawre. 

0.' 0.4 0.6 0.8 I.Z 1.4 

DC GATE TRIGGER CURRENT IIGT}-A 
UCS-19812 

Fig.12-Gate-controlled turn·on time vs. gate 
trigger curren t. 

1'1M I dod• 

~ ID 

Fig. 15-Relationship between instantaneous 
on-state current and voltage showing 
reference points for definition of 
circuit commutated turn-off time (rq). 

CR'TIC.ALd"/dl~ 

" 

92CS-17063 Fig.14-Relationship between off-state lIoltage. *'063+ 
'"AC 

Fig.13-Rate of change of on-state current on-state current, and gate trigger voltage showing 

with time (defining dildO. reference points for definition of turn-on time (tgt), Fig. 16-~::: (:e~~~na; c~r:i::a~g;/;:)~ge with 
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D\l(]3LJI] 
Solid State 
Division 

Thyristors 
S2060 Series 
S2061 Series 
S2062 Series 

,

AnadO 

4-Ampere Sensitive-Gate 
Silicon Controlled Rectifiers 
For Power Switching and Control Applications 

Gate 

~~/ 

~~ 
Cathode \ 

Anode 

Features: 
• Microampere gate sensitivity 
• Minimum gate current specified for the S2062 series 
• 60[J.V capability 
• 4·A (rms) on·state current ratings 

JEDEC TO·220AB • 35·A peak surge capability 
• Glass'passivated chip for stability 
• Low thermal resistances 
• Surge capability curve 

The 52060, 52061, and 52062 series. are sensitive·gate 
silicon controlled rectifiers designed for switching ac and de 
currents. These SCR's are divided into the three different 
series according. to gate sensitivity. The types within each 
series differ in ~heir voltage ratings; the voltage ratings are 
identified by suffix letters in the type designations. 

variants of the TO·220AB package. For information on these 
package variations, contact the RCA Sales Office in your 
locale. 

All types in each series utilize the JEDEC TO·220AB 
package. Upon request, each type is available in either of two 

These thyristors have microampere gate-current requirements 
which permit operation with low·level logic circuits. They 
can be used for lighting, power·switching, and motor-speed 
controls, and for gate·current amplification for driving larger 
SCR's. 

• Formerlv the RCA106. RCA107. and RCA10B series. 

MAXIMUM RATINGS, Absolute·Maximum Values: 
NON·REPETlTlVE PEAK REVERSE VOLTAGE 

RGK =1000n,Tc =40tOllO"C ........•...... V RSXM } 

NON·REPETITIVE PEAK OFF-5TATE VOLTAGE 
RGK = 1000 n, T C = 40 to 110·C ............... V DSXM 

REPETITIVE PEAK REVERSE VOLTAGE 
RGK =1000n,TC =40toll0·C ......••.•.•... 

REPETITIVE PEAK OFF-5TATE VOLTAGE 
RGK =1000n,Tc =40toll0·C .............. . 

ON-sTATE CURRENT: 
Conduction angle = 1800 • T C = 85°C 

Average ae value ..................••.... 
RMS value •••••••••.••••••••••••••.•. 

DC operation ••••••.••••••...•...••...... 

PEAK SURGE INON·REPETITIVEI ON-5TATE CURRENT: 
For one cycle of applied principal voltage, TC'" 850C 

60 Hz (sinusoidaU ••••••••••••.••••••••.••...•••• 
50 Hz (sinusoidal) ••••••.••••••.•...••••••.•.•••• 

ITIAV) 
ITIRMS) 
ITIDC) 
ITSM 

"SO Hz (sinusoidal) .•..................... ITSM 
For more than one cycle of applied principal \/Oitage ..... 

PEAK GATE CURRENT Ii = 10 !'.ecl . . . . . . . . . . . • . .. IGFM 

PEAK GATE REVERSE VOLTAGE ................ V GRM 
RATE OF CHANGE OF ON-5TATE CURRENT: 

VDM = V DROM, IGT = 1 rnA, tr = 0.5 !", T C = 110·C ... d;/dl 

FUSING CURRENT Ifar SCR protectianl: 

TJ =-40 to 110OC, ,= 1 'oS.3m ..................... 12 , 

152 

Q y F 

25 50 75 

15 30 50 

Suffix Letter 
A B C 0 E M 

125 250 400 500 600 700 V 

100 200 300 400 500 600 V 

2.5 A 

4 A 

2.75 A 

35 A 

28 A 

35 A 

See Fig. 6 

0.2 A 

6 V 

100 AI!'. 

2.6 A2. 

9-74 
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MAXIMUM RATINGS. Absolute-Maximum Values (Cont'd.l: 

GATE POWER OISSIPATlON: 
PEAK FORWARD lIor 10 ~s max.1 
AVERAGE (awraging time = 10 ms max.) ••••••.•••. 

TEMPERATURE RANGE: 
Storage ............................... T 5tg 

Operating (case)· ......................... T C 

TERMINAL TEMPERATURE (During soldering); 
~rl0smax ............................ TT 

*Temperature measuring point is shown in the dimensional outline. 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

PEAK OFF-5TATE CURRENT: 

Forward, V D = VORXM' RGK = 1000 n 
TC =250C .••••.•• 
TC ·,100C ••..•.•. 

Reverse, VcB = VRRXM' RGK = 1000 n 
TC =25 C •••••••• 
TC= 100°C. • . • • . • . 

INSTANTANEOUS ON-STATE VOLTAGE: 
For iT = 4 A and TC = 25°C (See Fig. 161 • 

OC GATE TRIGGER CURRENT: 
VO= 12V (dcl, RL =30n, TC =250C: 

52060 Series 
52061 Se~ies 
52062 Series 

For other case temperatures. 

DC GATE TRIGGER VOLTAGE: 
V O =12V(dcl, RL =30n.TC =250C 

For other case temperatures. . . . 

INSTANTANEOUS HOLDING CURRENT: 
RGK -1000 n, V D = 12 V,IT (lNITIALI = 50 rnA, T C = 25°C: 

52060 Series 
52061 Series 
52062 Series 

LATCHING CURRENT: 
RGK = 1000 n, VD = 12 V, TC = 25°C: 

52060 Series (lGT = 200 jlAI , 
52061 Series (lGT= 500jlAI 
52062 Series (lGT = 2000jlAI • . 

CRITICAL RATE OF RISE OF OFF·STATE VOLTAGE: 
VD = V ORXM' RGK = 1000 n, 
Exponential rise, T C = 1l0oC . • • . 

GATE-CONTROLLED TURN-ON TIME: 

Vo = VDRXM' iT = 1 A, RGK = 1000 n, 

IGT = 1 rnA, rise time:c. 0.1 ~s! T C = 25°C 

CIRCUIT COMMUTATED TURN-QFF TIME: 
V D = VDRXM' iT -1 A, RGK -1000 n, 

Pulse Duration = 50 ~s, dv/dt = 5 V/p,s, 

di/dt = -10A/I'S,IGT = 1 mAetturn on, TC = 110°C 

THERMAL RESISTANCE: 
Junction-to-Case *. . . . . . _ . . . . 
Junction-to-Ambic:i;4.. • . • . • . • . . 

... Temperature measuring poin1: is shown In tho dimensional ou1:line, 

Suffix Letter 
a Y F ABC 0 E M 

SYMBOL 

IDRXM 

IRRXM 

dv/dt 

t9t 

R8JC 

R8JA 

0.5 
0.1 

-40 to +150 
-40 to +110 

250 

LIMITS 

FOR ALL TYPES 
UNLESS 

OTHERWISE 
SPECIFIED 

MIN. TYP. MAX. 

0.1 10 
10 100 

0.1 10 
10 100 

1.25 2.2 

200 
500 

100 2000 
See Figs. 10,11,12 

-I 0.51 DB 
See Fig. 14 

1.7 
3.9 
6 

lB 
2.5 

8 

8 

1.7 

30 

3 
6 
10 

4 
8 

12 

2.5 

100 

3.5 

60 

UNITS 

~A 

V 

~A 

V 

rnA 

rnA 

W 
W 

'c 
·C 

·C 
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92CS-Z1936 

Fig. 1-Typical volt~mpere characteristics for all series. 

0-2 0.4 0.6 0.8 1.2 
ON-STATE CuRRENT tIT.l-A 

,)2C5;19829 

Fig. 3-Maximum allowable ambient temperature VS. on-state current 
for all series. 

Fig. 5-Power dissipation vs. de on-state current for all series. 

154 

Fig. 2-Maximum allowable case temperature V$. on-state-current for 
all series. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONOUCTIVE ANGLE"' 180· 

92CS-19830 

Fig. 4-Power dissipation vs. rmS-Dn-state current for all series. 

40 
CASE TEMPERATURE ITe )~B5.C..l, J ... LJ .J 1. J I II GATE CONTROL MAY BE LOST 

DURING AND IMMEDIATELY 

~1 30 
" FOLLOWING SURGE-CURRENT 

INTERVAL 

E"'i ;"" " 6 OVERLOAD MAY NOT BE REPEATED 
... '" ""::'01 UNTIL JUNCTION TEMPERATURE 

"' ... " .............. r,jT~E~fr~~A~LTt'N STEADY-ft::=. 
", ... 

....... ---,z 
i5::J:! 20 

50", __ 

--.:::" -z'" ::: -:> 
il:" 
"'"' ~a 
"'''' 10 ... ' 
",Z 
0.0 

0 
4 468 10 68 100 4 . 

SURGE CURRENT DURATION-FULL CYCLES 
92CS-19832RI 

Fig. 6-Peak surge on..,taf6 current vs. surge-current duration for all 
series. 
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aDI 2 4 6 80.1 2 4 6 B IO 

SURGE CURRENT PULSE DURATION-ms 
92CS-19633RI 

Fig. 7-SurgB capability without reapplied blocking I/oltage for all 
series. 

10 DC OFF-STATE VOLTAGE (Vo'=12V 
8 LOAD RESISTANCE (RL.)~30.n 
6 CASE TEMPERATURE(TCI~25°C 

0.1 
4 6 8 10 4 6 e 100 

GATE PULSE DURATION - ~s 

Fig. 9-Maximum gatB trigger voltage VS'. gatB pulse duration for types 
in the $2060 series. 

CASE TEMPERATURE(TC)-"C 

Fig. It-DC gate trigger current VS. case temperature for 52061 series. 

IO~ DC OFF-STATEVOLTAGE(VDI~12V 
..: LOAD RESISTANCE tRLI=301l 
;s- CASE TEMPERATURE tTCl a 2SoC 

~ 
~ 

I z" 
" r-.... 
g IO!I-----1---f"'d-++--1---'I-H+-+-+-+-H 
~ 
~ 

~ 
~ 
~ 

~ 
~ 

4 6 8 10 4 6 8 100 

GATE PULSE DURATION-,.,.s 
92CS-19836 

Fig. 8-Maximum gate trigger current vs. gate pulse duration for 
types in the 52060 series. 

CASE TEMPERATURE (Tcl--C 
92CS-19834RI 

Fig. 10-DC gate trigger current vs. case temperature for S2060 series. 

CASE TEMPERATURE (Tcl--C 92CS-21939 

Fig. 12-DC gate trigger current vs. case temperature for 52062 series. 
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12 

"" E 
I 10 

J: 
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Fig. 13-DC holding current vs. gate-cathode resistance for the 52060 
series. Fig. 14-Gate trigger voltage vs. case temperature for 8/1 series. 
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Fig. 15-DC holding current vs. case temperature for the S2060 series. 
Fig. 16-lnstantaneous on-state current vs. on-state voltage for all 

series. 
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TERMINAL CONNECTIONS 

Na. 1 - Cathade 
Mounting Flange, No.2 - Anode 

No.3 - Gate 
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DTICTI5LlD 
Solid State 
Division 

Thyristors 

52400 Series 

~.5 .. ~ SBOBc«»1I'D C«»lJ1Iitll'«»ODed lRecttBffBell's 
[FOil" CapaciU:6ve-Disclhlarge Systems 

<T---' IfRCf 
GATE ANODE (PIN2)~l (PIN3,CASE) 

JEDECTO-8 

\ 
CATHODE 
(PIN 1) 

Features: 
" 200-A surge current 

capabilitv 
a Low switching losses 
" High di/dt and dv/dt 

capabilities 

~ Package 

TO-66 

100V 

Type 

52400A 

1409421 

" Shorted-emitter gate
cathode construction 

a Forward and reverse gate
dissipation ratings 

" Low forward voltage drop 
at high current levels 

200 V 400 V 

Type Type 

52400B 52400D 

1409431 1409441 

600 V 

Type 

52400M 

1409451 

Numbers in parentheses are former RCA type numbers. 

These RCA types are all-diffused silicon controlled rectifiers 
(reverse-blocking triode thyristors! designed for high-peak
current low-average-current applications. Typical applications 
are ignition service, crowbars, and other capacitive-d ischarge 
systems. 

These SCR's have an rms on-state current rating (IT IRMS)) 
of 4.5 amperes and have voltage ratings (VO ROM) of 100, 
200, 400, and 600 volts. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Non-repetitive peak reverse voltage .... 

Gate open ...................................... VRSOM 
Non-repetitive peak forward voltage A 

Gate open .............. . 
Repetitive peak reverse voltage'" 

Gate open. . . . . . . . . . . . . .. . ......... . 
Repetitive peak off-state voltage" 

Gate open .......... . 
On-state current: 

TC = 750 C, conduction angle = 1800 

RMS............ . ......................... . 
Average .................... . 
For other conditions ............................ . 

VOSOM 

VOROM 

'T(RMS) 
IT(AV! 

Peak surge (non-repetitive) on-state current: ITSM 
For one cycle of applied principal VOltage, TC = 750C 

50-Hz, sinusoidal ............................. . 
60-Hz, sinusoidal ................ . 

For more than one full cycle of applied principal voltage. 
Rate of change of on-state current 

S2400A S2400B S24OO0 S2400M 

150 250 500 700 

150 250 500 700 

100 200 400 600 

100 200 400 600 

4.5 
3.3 

See Fig.3 

170 
200 

See FigA 

V 

V 

V 

V 

A 
A 

A 
A 

Vo 0 VOROM, IGT = 200 rnA, tr = 0.5 ps ISee F.g.12! . dildt 200- AIIlS 
Fusing current (for SCR protection): 

TJ = -40 to 1000 C, t = 1.5 to 10ms ........ . 
Gate power dissipation:o 

Peak forward (for 1 ps max.! .. 
Peak reverse .. 
Average (averaging time;:; 10 ms, max.) ." ......... . 

9-74 

150 

40 PGM 
PRGM See Fig.8 
PGIAV! _____ _ 

0.5 

A2s 

W 

W 
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MAXIMUM RATINGS, Absolute-Maximum Values (Cont'd.J: S2400A S2400B S24000 S2400M 

Temperature range:· 
Storage ..........................•.......•.. T stg -40 to 150 oC 
Operating (case) ...•........................... TC -40 to 100 oc 

Pin temperature (during soldering): Tp 
For lOs max. (pins and case) ..••.......••......... 225 oC 

.. These values do not apply if there is a positive gate signal. Gate must be open or negatively bi~sed. 
• Any product of gate current and, gate voltage which results in a gate power less than the maximum is permitted. 
• Temperature measurement point is shown on the OIMENSIONAL OUTLINE. 

ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (TC) 

LIMITS 

CHARACTERISTIC SYMBOL For All Types UNITS 

Min. Typ. Max. 

Peak Off·State Current: 
(Gate open, TC = l000C) 

Forward at Vo = VOROM 100M - '0.2 3 
mA 

Reverse at VR = VRROM IROM - 0.1 2 

Instantaneous On·State Voltage: 
iT = 100 A, TC = 250 C, See Fig.5 vT - 2.5 3 V 

OC Gate Trigger Voltage: 
Vo = 12 V (de), RL = 30 n, TC = 250 C VGT - 1.1 2 V 
For other conditions See Fig.l0 

OC Gate Trigger Current: l 81 Vo = 12 V (de), RL = 30 n, TC = 250 C IGT - 15 mA 
For other conditions See Fig.9 

OC Holding Current: t 9 I Gate open, initial principal current = 150 mA, TC = 250 C IHO - 20 mA 
For other conditions See Fig.6 

Gate-Controlled Turn-On Time: 
(Oelay Time + Rise Time) 
Vo = VOROM, IGT = 200 mA, tr = 0.1 lis, 19t - 1.6 2.5 liS 
iTa 30A (peak), TC = 250 C (See Fig.ll) 

Circuit-Com mutated Turn-Off Time: 
Vo = VOROM, iT = 18 A, pulse duration 
= 50 liS, dv/dt = 20 VIliS, dildt tq - 20 40 liS 
= -30 Alps, IGT = 200 mA, TC = 750 C 
See Fig.14 

Critical Rate of Rise of Off·State Voltage: 
Vo = VOROM, exponential voltage rise, dvldt 10 100 - VIps 
gate open, TC = l000C, See Fig.15 

Thermal Resistance: 
Steady-state 

Junction-to-case ROJC - - 5 
oCIW 

Junction-ta-ambient ROJA - - 40 
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I~~-----
I I 
I vDSOM 

"(BOlO 

7 I~~~~ NT WAVEFORM: SIr.1USOIDAL 
RESISTIVE OR INDUCTIVE Boo. ~ • 

I 
i!i • 

tl~ ~ CONDUCTION 
4,. ...... Q ANGLE ... ....,~~ iii 4 g.~ d1-! 

" '" Q~O ~ A,. 
w 
~ • rt 
~ 

~, 

c. 
w 9-; 0" 
3 2 0'" " 
~ 

I 
VDROM 

I 

9255 - 3B96R2 ON-STAT[ CURR[NT-A 

92C3-19961 

Fig. 1-Principal voltage-current characteristics. Fig. 2-Power dissipation vs. on-state current. 

I ~~~D~R;_S~~~~VEE CURRENT [IT{RMS1]o4. 5Al 
2 

AT CASE TEMPERATURE (TCl-7!5-C I 
w LT!. CIO~TROL IMAy 8~:6J ~ DURING AND IMMEDIATELY 

~ ZOOI': FOLLOWING SURGE CURRENT 
INTERVAL. 

I'-.. 
OVERLOAD MAY NOT BE AE-

~'" . r.... PEAlED UNTIL JUNCTION 
TEMPERATURE HAS RETURNED 51150 Kl'- TO STEADY-SlATE 

~2 RATED VALUE. 
w~ 

"'~ ~Hz 
~t!IOO 

5~ ~ g 
ii! .0 -~ 
c 
w 
~ 0 . . ., 468 468 

10 roo 1000 
ON-STATE CURRENT-A SURGE CURRENT DURATION - FULL CYCLES 

Fig. 3-Maximum allowable case temperature Vi. on·state current. Fig. 4-Peak surge on-state current vs. surge current duration. 

INSTANTANEOUS ON-STATE VOLTAGE IvTI-V 

92CS-199~9 

Fig. 5-lnstantaneous on-state current vs. on-state voltage. 
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CASE TEMPERATURE (Tc}_·C 

Fig. 6-0C holding current vs. case temperature. 

92CS-13:seOR3 

Fig. 8-Reverse gate voltage vs. reverse gate current. 

CASE TEMPERATURE (TC1--C 

Fig. TO-DC gate-trigger volrage (forward) VS. case temperature. 
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'" ~ .. .. 
! '" UPPER LIMIT OF PERMISSIBLE 

• AVERAGE IDC) GATE POWER -1--1---1--1--1-1-
DISSIPATION AT RATED 

0.1 ON ITIONS. 
'" 6 '0.1 2 '" 6 I I 2 '" 6 a 10 

POSITIVE DC GATE TRIGGER CURRENT I%GT1-A 

92SS-4466 

Fig. 7-Gate pulse characteristics for forward triggering mode. 

CASE TEMPERATURE (Tc I-·C 
gZCS-'99!!6 

Fig. 9-DC gate-trigger current (forward) vs. case temperature, 

• I • 
:;~ 

~ 
~ 

9 
~ 
0 
~ 

I I 
~ 

0.1 0.2 0.3 0.4 o.~ 0.6 

GATE TRIGGER CURRENT (lOTI-A 
9ZC5-19964 

Fig. 11-Gate-controlled turn-on time Vi. gate.:.rrigger current. 
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TL o-L -- ------ --- -----

-f - - - : 
O.51TM I 

o----L- -L---------------
~ t-II 

Fig. 12-Rate of change of on-state current with time 
(defining di/dt). 

Fig. 13-Relationship between off-state voltage, on-state current, 
and gate-trigger voltage showing reference points for 
definition of turn-on time {tgt}. 

925S-3881 

CRITICAL dv/dt ~ 

,/ 

*-0.63-+ 
,aRC 92CS-J336:iR3 

Fig. 14-ReJationship·between instantaneous on-state current and 
voltage showing reference points for definition of circuit
commutated turn-off time (rq). 

Fig. 15-Rate of rise of off-state voltage with time (defining 
criitcal dv/dt). 

TERMINAL CONNECTIONS 

Pin 1 - Cathode 
Pin 2 - Gate 

Case. Pin 3 - Anode 
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oornLJD 
Solid State 
Division 

::: If' .~. H .... I Cathode f, 

(~:I ~ \ (Lead 11 ,1\::: 

Gate 
(Lead 21 

Thyristors 

52600 52610 52620 
5eries 

7-Ampere "Low-Profile" 
Silicon Controlled Rectifiers 
For Power Switching, Power Control, Power Crowbar, and 
Ignition Applications 
Features: 
- Forward and reverse gate ratings - High dv/dt capability 
- AII·diffused center gate construction - Low switching losses 
- Low leakage currents, both forward and reverse - Low thermal resistance 
• Low forward voltage drop at high current levels - Sub·cycle surge capability curve 
- High pulse·current capability for capacitor·discharge ignition circuits 

S2620 
Series ~ 

200 V 400 V 

Package Types Types 

"Low-Profile", TO-5 S26008 (406541 S26000 (406551 

"Low-Profile". TO-5 w/radiator 826108 (40658) S26100 (406691 

·'Low-Profile'·. TO-5 w/heat S26208 S26200 
spreader (406561 (406571 

Numbers In parentheses are former RCA type numbers. 

600 V 

Types 

S2600M (408331 

S2610M (40835) 

S2620M 
(40834) 

The 52600, 52610, and 52620 series are all·diffused, silicon capacitor·discharge ignition systems (battery or magneto types) 
controlled rectifiers (reverse·blocking triode thyristors) for for internal combustion engines, electronic igniters, and high· 
capacitor·discharge ignition systems, high·voltage generators, voltage generators . .other uses are power-control and power· 
and power·switching and control applications. switching circuits. 

526008, 526000, and 52600M have a three·lead low·profile 526108, 526100, and 52610M have integral heat radiators; 
package (similar to the JEOEC TO-5). They may be used in 526208, 526200, and 52620M have integral heat spreaders. 

MAXIMUM RATINGS. Absolute-Maximum Values: 
For Operation with Sinusoidal Supply Voltage at Frequencies up to 
50160 Hz and with Resistive or Inductive Load. 

NON·REPETITIVE PEAK REVERSE VOLTAGE" 
Gate open . ............................................ VRSOM 

NON-REPETITIVE PEAK FORWARD VOLTAGE" 

Gate open . .•....................•.............. '" .... VOSOM 
REPETITIVE PEAK REVERSE VOLTAGE" 

Gate open .. ........................................... VRROM 
REPETITIVE PEAK OFF-5TATE VOLTAGE" 

Gate open . . ; .......•........... '" .................... VDROM 

RMS ON·STATE CURRENT (Cond~ction angle - 1800 ). •••••••••. IT(RMSI 

PEAK SURGE (NON·REPETITIVEI ON·STATE CURRENT: ITSM 
For one cycle of applied princip I voltage 
60 Hz (sinusoidal! ..........•.......................... 
50 Hz (sinusoidal! .................................... . 
For more than one cycle of applied principal voltage 

PEAK REPETITIVE ON·STATE CURRENTt (See Fig. 211: ITRM 
Duty factor =0.1%, TC "" 750 C 

526008 S26OO0 S2600M 
S26108 526100 S2610M 
S262DB S262DO S262DM 

250 500 700 

250 500 700 

200 400 600 

200 400 600 
See Figs. 7·11 

100 100 100 
85 85 85 

---- See Fig. 12 ----

V 

v 

V 

v 

A 
A 

Pulse duration:: 5 ,",S (min.). 20 ,",S (max.) . . . . . . . . . . . .. . . . . . . . A laO 100 100 
RATE OF CHANGE OF ON-5TATE CURRENT: 

VOM-VDROM.IGT-200mA.tr-0.5~s(SeeFig.ll ...•. , di/dt 200 A/~s 

FUSING CURRENT (forSCR protectionl: 

TJ :: -65 to 100oC, t = 1 to B.3 ms ..•.••••.••••••••••.•••• 12t 40 

Continued on next page. 
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MAXIMUM RATINGS, ICont'd). 

For Operation with Sinusoidal Supply Voltage at Frequencies up to 
50/60 Hz and with Resistive or Inductive Load. 

NON·REPETITIVE SUB-CYCLE SURGE CURRENT: 

TC '" 250 C, single pulse,lGT:::I 50 rnA, 
10 ,",5 square pulse •••••••••••••••••••••••••.•••••••.••••• 

GATE POWER OISSIPATION·: 
PEAK FORWARO (for 1 ~s max.) .......................... PGM 

PEAK REVERSE ....................................... PRGM 
AVERAGE (averaging time = 10 ms, max,) .................. PGICAV) 

TEMPERATURE RANGE': 
Storage . • . . . . . . . . . • • • . • • • . . . . . • . . . . . . • . . . . . . . . . . . .. T 5t9 
Operating lcasel .••. .• . • . .•. . . .. . . . . . .. . . . . .• . . . . . •. . .. TC 

LEAD TEMPERATURE (During soldering)-: 
For 105 max. for case or leads .....•.••..•................ 

S2600B 
S2610B 
S2620B 

S26000 
526100 
S26200 

S2600';' 
S2610M 
52620M 

---- See Fig. 20 ----

40 40 40 

--- See Fig. 14 ---
0.5 0.5 0.5 

---·65to+150 --
--- ·65 to +100 --

---225 

t When rms current exceeds 4 amperes (maximum rating for the anode leadl, connection must be made to the case. 

-These values do not apply if there is a positive gate signal. Gate must be open, terminated, or have negative bias. 
AAny values of peak gate current or peak gate voltage that yield the maximum gate power are permissible. 
'For information on the reference point of temperature measurement, see dimensional outlines. 

W 

W 

oC 
°C 

°C 

·When these devices are soldered directly to the heat sink, a 60/40 solder should be used. Case-heating time should be a minimum ... sufficient 
to allow the solder to flow freely. 

Vo 

oJ--- _____________ _ 

0.5 JTM 

o-- __ L __ :. ______________ _ 
-: r-tl 

92.CS-G363R4 

Fig. I-Rate of change of on-state cu"ent with time (defining di/dtJ. 

CRITICAL dv/dt ~ 

" 
f 

'0 T 
1 63% OF '0 

0- __ ,(~:/ _______ l ___ 
t~ 

*"O.63 -iL 
t· RC 92CS-1336SR3 

Fig. 3-0scilloscope display of critical raUl of rise of off-state 1I0ltage 
(critical dtI/dtl. 

92SS-3896R2 

Fig. 2-PrincipalllOltage-current characteristics. 

TERMINAL CONNECTIONS 

S2600 SERIES 

Lead 1 - Cathode 
Lead 2 - Gate 
Case, Lead 3 - Anode 

S2610 SERIES 

Lead 1 - Cathode 
Lead 2 - Gate 
Heat Radiator, Lead 3 - Anode 

S2620 SERIES 

Lead 1 - Cathode 
Lead 2 - Gate 
Heat Spreader, Lead 3 - Anode 
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ELECTRICAL CHARACTERISTICS, At maximum ratings and at indicated case temperawre (TC) unless otherwise specified-

LIMITS 

CHARACTERISTIC SYMBOL S2600 Serias 
S2610 Series 

UNITS 
S2620 Series 

MIN. TYP. MAX. MIN. TYP. MAX. 

PEAK OFF-STATE CURRENT: 
(Gate Open, TC = +1000 C) 
FORWARD, VD = VDROM •. .... . ... IDOM - 0.1 0.5 - 0.2 1.5 mA 

REVERSE, VR,= VRROM .. .... . . .. IROM - 0.05 0.5 - 0.1 1.5 

INSTANTANEOUS ON·STATE VOLTAGE: 
For iT = 30 A and TC = +250 C ..... ...... . vT - 1.9 2.6 - 1.9 2.6 V 

DC GATE TRIGGER CURRENT: 
VD = 12 V (DC) 
RL = 30 n IGT 
TC = +250 C ... ......... . ... . .. - 6 15 - 6 15 mA 
For other case temperatures. • . . . .... . . See Fig. 16 

DC GATE TRIGGER VOLTAGE: 
VD = 12 V (DC) 
RL=30n VGT 
TC = +250 C ... ............... . . - 0.65 1.5 - 0.65 1.5 V 
For other case temperatures • • . . • • . • . • .. See Fig. 17 

INSTANTANEOUS HOLDING CURRENT: 

20 J -Gate Open and TC = +250 C .......•.. ..... iHO - 9 9 20 mA 
For other case temperatures. . . . . . . . . . ..... See Fig. 18 

CRITICAL RATE·OF·RISE OF OFF·STATE VOLTAGE: 

VD = VDROM 
EXP9nentiai rise, TC = +1000 C ..... ....... . dv/dt 20 200 - 20 200 - V/p.s 
(See Fig. 3) 

GATE CONTROLLED TURN'()N TIME: 
VD =VDROM ,iT =4.5 A 
IGT = 200 mA, 0.1 p.s rise time tgt - 1 2 1 2 - p.s 
TC = +250 C 
(See Fig. 4) 

CIRCUIT COMMUTATED TURN·OFF TIME: 
VO= VDR~, iT=2A 
Pulse Duration = 50 p.s 
dv/dt = 20V Ip.s, di/dt = -30A/p.s tq - 15 50 - 15 50- p.s 
IGT = 200 mA at turn on, TC = +750 C 
(See Fig. 5) 

THERMAL RESISTANCE': 
Junction·to·Case. . . . . ........... . .... ROJC - - 5 - - 5 

Junction·to·Ambient (See dImensional outlines) . ... ROJA - - 120 - - 30 
(S261 0 Series) °CIW 

Junction·to·Heat Spreader (See dimensional outline) . ROJHS - - - - I - I 7 
(S2620 Series) 
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0.' 
I I 

0.3 0,4 0.5 0,6 0.7 
DC GATE TRIGGER CURRENT IIGT)-A 

0.8 0.9 

92CS-17304RI 

Fig. 4-Gate controlled tumoOn time (tgt) vs. gate trigger current. 

Ei 
" 2. x 
~ 

, 
AVERAGE ON-STATE CURRENT ~T(AVB- A 

92LM-1I54R2 

Fig. 6-Power dissipation VI. on~tate current. 

4 

ON-STATE CURRENT-A 

92SS-3S83R2 

Fig. a-Maximum allowable case temperature vs. on~tate current for 
S2600series. 

I In Idi/.ll 

~ '0 

I ''''.. M'· I 
I --I r'n v 
I I-t-- 'q --J ,-,,;D=--__ 

--~ vT ~d'/d' 

92SS-3881 

Fig. 5-Osci/loscope display for measurement of circuit commutated 
tum-off time ftg}. 
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li 
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I-

"'u 
~·180 

~~o 
1D-60 

~ 

~ 40 

" :0 

" 20 x 
< 
" 

o 

CURRENT WAVE FORM: SINUSOIDAL ~ HEAT SINK 
LOAD: RESISTIVE OR INDUCTIVE MOUNTING 
CONDUCTION ANGLE. 180· ARRANGEMENT 

f8J·c~l5·C/WJ 

tt:SO'o':,'R 
EPOXY 
ADHESIVE 

HEAT PO'~~~i~ SINK TEM 

~it . 
OUT 

ON-STATE CURRENT-A 

925S-3B82.R2. 

Fig. 7-Maximum allowable case temperature VB. on·state current for 
S2600 series. 

CURRENT WAVE FORM: SINUSOIDAL I CIRCUIT-BOARD 
LOAD: RESISTIVE OR INDUCTIVE MOUNTING 
CONDUCTION ANGLE· IBO· ARRANGfMENT 

BJ_A"75·C/W 

~--L 
L .062.5111.MA)(. 

(I.587rnrn) 

0.5 1.5 
ON-STATE CURRENT-A 

92.55-38804R2 

Fig. 9-Maximum allowable ambient temperature II'$. on·state current 
for 2600 series. 
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c(:::E 50 

~~ 
" " 25 .. 
" 

CURRENT WAVE FORM: SINUSOIDAL. I, HEAT~f.~~~~FDE;R~~f LOAD: RESISTIVE OR INDUCTIVE ~~~~ AL 
CONDUCTION ANGLE· 180· RESISTA ION· 

TO-HEA R = 
NOTE: 7.0·C/WI 
FOR TEMPERATURE MEASUREMENT, 
ATTACH THERMOCOUPLE TO SPREADER, ~ " _ " .. ~ HEAT SPREAOER. THROUGH A 
SMALL HOLE DRILLED IN THE 
HEAT $INI(. 

EPOXY OR 
SOLDER POINT OF TEMPERATURE 

MEASUREMENT 

ON-STATE CURRENT-A 
9ZSS-3B85RZ 

Fig. 10-Maximum allowable heaNpeader temperature VI. on-state 
current for 52620 series. 

SUPPLY FREQUENCY· 50/60 Hz (SINE WAVE) 
LOAD: RESISTIVE 
REPETITIVE PEAK REVERSE VOLTAGE (VRRM)-MAXIMUM-RATED VALUE 
AVERAGE ON-STATE CURRENT [IT(AV»)-MAXIMUM-RATED VALUE 

~« 100 
'\. ~l '\ ~ ~ 80 

" !!i~ 

~ffi 60 
0", 
3", 
~ "", 40-~'" ~~ 

~;! 

"'~ 20 <t' "'z ~O 

0 

GATE CONTROL MAY BE LOST DURING 
AND IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAl. 
OVERLOAD MAY NOT BE REPEATED 

" 
UNTIL JUNCTION TEMPERATURE HAS 
RETURNED TO STEADY-STATE RATED 

1"\ 
VALUE. 

GO Hz 

I-- 50H~ 
-......;::~ 

-..;: t;:::, 
r-

, 6 , 
10 

4 68 100 

SURGE CURRENT DURATION-CYCLES 

, 6' 
1000 

92C5-19037RI 

Fig. 12-Peak surge on-state current vs. surge current duration forall 
types. 

MAXIMUM f\tf"tfMINIMUM GATE RESISTANCEt:± -1'!i0 
SHORT CIRCUIT 
CURRENT r..;tt~ ~~~~A~6wER '! -10 > 

I (.s'~ ~-!;.~ LIMIT' 0.2 W /:f 
-20~ 0"-9"'" < i£ '" "'1': O..q ffo ~ 

'0", 0 <~ fl": ;! 
, off. I~~f ;rt; -30 g 
~~.~ ~ '" ""; I-

-40(5 

'" MAXIMUM ~ 

OPEN-CIRCUIT -SO~ 
VOLTAGE 

-60 

-400 -300 - 200 -100 

REVERSE GATE CURRENT {IGR1-mA 

nSS-38S1RI 

Fig. 14-Reverse gate voltage vs. reverse gate current. 
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CURRo ENT WAVE FORM: SINUSOIDAL I 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE· 180· 

THYRISTOR WITH INTEGRAL 
HEAT RADIATOR MOUNTED 
ON A CIRCUIT SOARD 
9J-A = 30· C/W 

ON-STATE CURRENT-A 

-0 ... 

925$-3886R2 

Fig. II-Maximum allowable ambient temperature vs. on·state current 
for 52610 sr'ries. 

. . . 
INSTANTANEOUS ON-STATE VOLTAGE (vTI-V 

92LS-H50RI 

Fig. 13-lnstantaneous on·state current vs. on-state voltage for all 
types. 

ENCLOSED AREA DEFINES PERMISSIBLE 
TRIGGERING POINTS 

UPPER LIMIT OF PERMISSIBLE 
2 AVERAGE (OC) GATE POWER 

DISSIPATION AT RATED 
0.' CON tTlONS. (SEE FIG. 16 817) 

4 6 8 0 .1 2 4 6 8 I 2 4 6 8 10 2 

POSITIVE GATE-TO-CATHODE TRIGGER CURRENT (IGTI-A 

92SS-3889111 
Fig. 15-Gate pulse characteristics for forward triggering mode. ~ 
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CASE TEMPERATURE ITc )_·c 

Fig. 16-DC gate-trigger current (forward) VI. case temperature. 

CASE TEMPERATURE ITC)-OC 
92SS-3e91R2 

Fig. t8-DC holding current (positiVtlJ VI. case temperature. 

IO,o008~ .SINGLE HALF-SiNE-WAVE PULSE INON-REPETITlVE) 
6 NO REAPPLIED BLOCKING VOLTAGE 

\.oJ "I- ~ IGT -SOmA SQUARE PULSE,IOi's DURATION 
~ ~ I CASE TEMPERATURE (TC)oZ5°C 

~ IPO;:~~ ILJ 1 .1 L 
\.oJ 81-- UN~AFE OPERATION 

gj 6f-~ ~ ~ 
~~ 4r~ I Q~EST,IOTNATBLE ~~ 
.~~ 21-~1-_I--IHI+_+-fl ~ 
~~ IOOr-~ I I I II AFE bPE~A~ldN 1""'1=::: 
~~ 81-~1 ~ 
;ie:. 61- fi 1 PEAK ----r\ 
; 4r-~lc8~:l~T~ 
'" OJ .--.. 'r- j I -I PULSE I 

,n I I OURATiOIr"" 

10... 2 4 6 IOCf'S Z 4 6 8 Ims 2 "6 8 JOms 

SURGE CURRENT PULSE DURATION <SEC,.tMEASURED AT-rJ'CURRENT) 

Fig. 2O-5ub-cvc/e surpe capability. 

CASE TEMPERATURE (Te )_·C 

92SS-3690RI 

Fig. 17-DC gate-tri9fI'J' voltage VI. case temperature . 

100 

!C 
90 

!;i"" 80 
~I 

~170 
i=!;: 60 

~~ SO 
"'~ "'U 40 
~ 

'" 30 

10 

10 

0 

0.01 

.. VARY AS REQUIRED TO OBTAIN CURRENT 
LEVEL AND PULSE DURATION 

lGT 
(SEE FIG.20 
FOR VALUES) 

Fig. 19-5ub-cycle surge capability test circuit. 

'\ 
1\ 

DUTY FA.CTOR ("l'" PUUEDURATION x I~" 
REPETITION INTERVAL 

I III I II 
I II I II 
I III I II 

6 8 0•1 • '1 
4 6 1 10 

DUTY FACTOR - PER CENT 

Fig. 21-Derating curve for peak pulse current (repetitive) vs. duty 
factor for the ignition circuit. 
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ml(1§LJ[] 
Solid State 
Division 

Thyristors 

S2710 Series 

1.7-Ampere 
Silicon Controlled Rectifiers 
For Low-Cost Power-Control and Power-Switching Applications 

JEOECT0-66 
With integral 
heat radiator H-1470A 

~ Package 

TO-66 with 
Heat Radiator 

200 V 

Type 

82710B 
(40504) 

400 V 600 V 

Type Type 

82710B 82710M 
(40505) (40506) 

Numbers in parentheses are former RCA type numbers. 

52710B. 52710D, and 52710M are all-diffused, three
junction silicon controlled-rectifiers having integral heat 
radiators. They are variants of the 2N322B, 2N3525, and 
2N41 0 I, respectively.' 

The 52710 series is designed to meet the needs of many 
power-control and power-switching applications in which 
heat sinks are required but where the design of special 
cooling systems to achieve the full current rating of the 
thyristor is not warranted_ 

The radiator design of these devices has tabs to allow 
printed-circuit board mounting and holes to allow chassis 
mounting if desired. 
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Features: 
• Forward and reverse gate ratings 

• All-diffused center gate construction 

• Low leakage currents, Doth forward and reverse 

• Low forward voltage drop at high current levels 

• High di/dt and dv/dt capability 

• Low switching losses 

TERMINAL CONNECTIONS 

Pin 1: Gate 
Pin 2: Cathode 
Radiator. Case: Anode 

Thyristor Thyristor 

with without 

Heat Radiator Heat Radiator 

82710B 2N3228 

S2710D 2N3525 

82710M 2N4101 

.. Ratings and characteristics given for the 2N3228. 2N3225. and 
2N4101 in RCA data bulletin File No. 114 are also applicable 
to the devices in the 52710 series. 

AVERAGE ON-STATE CURRENT [IT( AV TI- A 
92LS-ZOSORI 

Fig. 1- Maximum allowable ambient temperature vs. on-state current. 
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ffilOBLm 
Solid State 
Division 

a-Ampere Silicon 
Controlled Rectifiers 

Thyristors 

52800 Series 

ANODE 

~"GATE 
For Power Switching, Power Control, and Ignition Applications 
Features: 

II High dv/dt capability • Low thermal resistance 

~~'" 
• Low on·state voltage at high current levels "Center gate construction ••• provides 

a Shorted-emitter gate-cathode construction rapid uniform gate-current spreading for 
CATHODE "'-, ANODE ... contains an internally diffused resistor 

between gate and cathode 

faster turn-on with substantially reduced 

heating effects 

~ 
lODV 200 V 400 V 

Packagl Tv .. Tv .. Tv .. 

JEDEC TO-220 AB TO-220AB 
S2BOOA S2800B S28000 
(40861) (40868) (408691 

Numbers in parentheses ere formar RCA typo numbers. 

S2800A, S28008. and S2800D are medium-power silicon 
controlled rectifiers designed for switching ac and dc 
currents. These reverse-blocking thyristors switch from the 
off-state to the on-state when both the anode and gate 
volt· ,es are positive. Negative anode voltages make these 
devices revert to the blocking state regardless of gate-voltage 
polarity. 

The unique plastic package design provides easy package 
mounting and low thermal resistance, allowing operation at 
high case temperatures and permitting reduced heat-sink size. 
These SCRs can be used in lighting and motor-speed control, 
capacitor-discharge ignition circuits. high-voltage generators. 
automotive applications, and power-switching systems. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

NON·REPETITIVE PEAK REVERSE VOLTAGE" 
Gate Open ........................................ . 

NON·REPETITIVE PEAK FORWARD VOLTAGE" 
Gate Open ........................................ . 

REPETITIVE PEAK REVERSE VOLTAGE" 
Gate Open .............................. , ......... . 

REPETITIVE PEAK OFF·STATE VOLTAGE" 
Gate Open ........................................ . 

RMS ON·STATE CURRENT 
ForTe of +80oC and Conduction Angle of 1800, ..•........ 

PEAK SURGE INON·REPETITIVE) ON·STATE CURRENT, 
For one cycle of 400-Hz applied principal voltage., TC == Boac 
For one cycle of 60·Hz applied principal voltage, TC '" 80aC 
For one cycle of 50·Hz applied principal voltage, TC = BOaC 
For more than one full cycle of applied principal voltage ..... 

RATE OF CHANGE OF ON·STATE CURRENT 

VD = VDROM. IGT ;:; 80 mA, tr;:; 0.5 llS (See Fig. 3) .......• 

FUSING CURRENT (for SCR protection): 
TJ = -65 to 1000C, t = 1 to 8.3 ms •.••.••...••.•....•.•• 

GATE POWER DISSIPATION'&': 

PEAK FORWARD ffor 10 /-IS max,) ..•...•.•...•....... 
PEAK REVERSE .....................•...........•. 
AVERAGE (averaging time;:; 10 ms max.l. ...........•... 

TEMPERATURE RANGE', 
Storage ......••................•........•.......•. 
Operating (Case) .•.................................• 

Soldering (10 sec. max,) ......•...•........• 

VDSOM 

VDROM 

ITIRMS) 

ITSM 

di/dt 

S2800A 

125 

125 

100 

100 

200 
100 
85 

100 

40 

16 

0.5 

"These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 

'&'Any values of peak gate current or peak gate voltage which result in an equal or lower power are permissible. 

'For information on the reference point of temperature measurement, see Dimensional Outline. 
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S2800B 52800D 

250 500 V 

250 500 V 

200 400 V 

200 400 V 

A 

200 200 A 
100 100 A 
85 85 A 

See Fig. 7. 

100 100 A//-Is 

40 40 A2, 

16 16 W 
See Fig. 13. 

0.5 0.5 W 

·65 to +150 DC 

·65 to +100 DC 

250 DC 
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ElECTR ICAl CHARACTER ISTICS, At Maximum Ratings and at Indicated Case Temperature (T C) 
Unless Otherwise Specified. 

LIMITS 

CHARACTERISTIC SYMBOL S2800A S2800B 

MIN. TYP. MAX. MIN. TYP. MAX. 

J'EAK OFF·STATE CURRENT: 
!Gate Open, TC = +100oCI 
FORWARD. VD = VDROM IDOM - 0.1 2 - 0.1 2 

REVERSE (REPETITIVE), VR = VRROM IROM - 0.1 3 - 0.1 3 

INSTANTANEOUS ON·STATE VOLTAGE: 
For iT = 30 A and TC = +250 C vT - 1.7 2.0 - 1.7 2.0 

DC GATE TRIGGER CURRENT: 
VD = 12 V (DCI 
RL = 30 n IGT - 8 15 - 8 15 
TC = +250 C .................................. 
For other case temperatures .. . . . . . . . . . . . . . . . . . See Fig. 9. 

DC GATE TRIGGER VOLTAGE: 

0.911.51-1 0.911.51 

VD = 12 V (DCI 
RL = 30 n VGT 
TC = +250 C .................................. -
For other case temperatures .... ............ ...... See Fig. 10. 

INSTANTANEOUS HOLDING CURRENT: 

- 1 101201-1 10 1 20 1 Gate Open and T C = +250 C ...................... iHO 
For other case temperatures ...................... See Fig. 11. 

S28000 

MIN. TYP. MAX. 

- 0.1 2 

- 0.1 3 

- 1.7 2.0 

- 8 15 

-I J 1.5 

- 10 20 

CRITICAL RATE·OF·RISE OF OFF-STATE VOLTAGE: 

3001 3001- 130 
VD = VDROM 
Exponential rise, TC = +100oC (See Fig. 2,) dv/dt 75 - 50 200 -

For other case temperatures ................... See Fig. 14. 

GATE CONTROLLED TURN-ON TIME: 
VD = VDROM, iT = 4.5 A, iT = 2 A 
IGT = 80 rnA, 0.1 J.LS rise time tgt - 1.6 2.5 - 1.6 2.5 - 1.6 2.5 
TC = +250 C 
(See Fig. 5.1 

CIRCUIT COMMUTATEO TURN-OFF TIME: 
VD = VD ROM, iT = 2 A 
Pulse Duration = 50 J.LS 
dv/dt = 200V//1', di/dt =-10 A//1' tq - 10 35 - 10 35 - 10 35 
IGT = 200 rnA at turn on, TC = +750 C 
(See Fig. 4.1 

THERMAL RESISTANC~: 
Junction-to·Case ............................. ROJ-C - - 2.2 - - 2_2 - - 2.2 

Junction·to·Ambient .......................... ROJ-A - - 60 - - 60 - - 60 
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UNITS 

mA 

mA 

V 

mA 

V 

mA 

V//1' 

/1' 

/1' 

°C/W 
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92SS-3896R2 

Fig. 1-Principal voltage-cU"Bnt characteristic. 

Vo 

oJ--- ------ --- -----, 
I--"/dt 

I 

O.51TM 

o----L -:----- __________ _ 
-1 1-11 92CS-I3363R4 

Fig. 3-Rate of change of on-state current with time fdBfining dildr). 

';. 

! 
~ 

'" " ~ 
'i' 
z 
!5 
>-

~ 
0 
a: 
>-z 
8 
'" !< .. 

0 
0 50 100 150 

DC GATE TRIGGER CURRENT (lGT)-A 
92CS+19058RI 

Fig. 5-Typical gate-controlled tum-on time VI. gate trigger current. 

CRITICAL dv/dt ~ 

,/ 

*=O.63~ 
t· RC 92CS-1336!iR3 

Fig. 2-Rate of riSB of off-state voltage with time (defining critical 
dv/dtl. 

:~'TM I'"'' 
I SO"'TM- I 10 

~IR I 
I -f t-- I" YD 
1 f-t- 'q --j r--=---

--~ vT i==i M, 

"'''''' 

Fig. 4-RBlationship between instantaneous on-state current and 
voltage, showing reference points for definition of circuit
commutated tum.aff time (tgJ. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: 180· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINE 

AVERAGE OR RMS ON-STATE CURRENT [IT(AV) OR IT(RMS)]-A 

92SS-3982RI 

Fig. 6-Maximum allowqble case temperature vs. on-state current. 
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4 •• 
10 

4 •• 
100 ••• 1000 

NUMBER OF FULL CYCLES IN SURGE DURATION 
g2LS-1351R5 

Fig. 7-Allowable peak surge on-state current vs. surge duratiun. 

CASE TEMPERATURE CTC )_·C 92SS-39B3RI 

Fig. 9-DC gate-trigger current (forward) VI. case temperature, 

CASE TEMPERATURE (Tcl-OC 92SS-3985RI 

Fig. II-Holding current (positive) vs. case temperature. 
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I 

INSTANTANEOUS ON-STATE VOLTAGE (VT)-V 

9255- 4164RI 

Fig. 8-lnstantaneous on-stste current VI. on-state voltage. 

CASE TEMPERATURE (Tcl_oC 92SS-3984RI 

Fig. to-DC gate-trigger voltage (forward) vs. case temperature. 

ENCLOSED AREA DEFINES PERMISSIBLE 
TRIGGERING POINTS 

Fig. 12-Typical forward-biased gate characteristics, 
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O~ 

REVERSE GATE CURRENT ( I GR I - A 
Q4 

MINIMUM GATE 
RESISTANCE 

30,,1 

PULSE OURATION 
LIMIT 

0.3 02 0.1 

~~~RE~GEt~:;:E---fl+-+lII 

ImS 

1001" 

MAXIMUM GATE RESISTANCE 

I' 
~ J 
IS 

~ 
~ 

20 
g 

~ 
25 ~ 

;:; 
",0: 

1500 

u.~ 
~I 1250 
"'= 
'f~ 
~~ 
0_ 1000 
.:.~ 
t-C> ",,,, 
o:!:; 750 
-,0 
",> 
u~ 
t-t- 500 
0:'" 

u~ 
~ 

250 ~ 
0 

0 
.0 40 60 80 1001 

CASE TEMPERATURE {TCI-ec 92SS-39B7RI 

Fig. 13-Reverse gate voltage vs. reverse gate current. Fig. 14-Critical rate of rise of off-state voltage vs. case temperature. 

'" I I 

RMS ON-STATE CURRENT [ITIRMSU-A92SS-4163AI' 

Fig. 15-PoloWf dissipation vs. on-state current. 

TERMINAL CONNECTIONS 

No.1 - Cathode 
Mounting Flange, No.2 - Anode 

No.3 - Gate 
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[Rl(]5LJ[] 
Solid State 
Division 

Thyristors 

S3700 Series 

Anode 
(C ... ) 

-../ 

5-Ampere All-Diffused 
Silicon Controlled Rectifiers 
for Inverter Applications 

:~-~ 
Cathode ""'-- Gate 
(Pin 2) (Pin 1) 

~ 
200 V 400 V 600 V 

Package Type Type Type 
JEDEC TO-66 

TO·66 
S37008 S37000 S3700M 
(405531 (405541 (405551 

Numbers in parentheses are former RCA type numbers. 

S37008, 537000, and 53700M* are all-diffused three
junction silicon controlled rectifiers intended for use in 
inverter applications such as ultrasonics and fluorescent 
lighting_ They feature fast turn-off, high dv/dt, and high di/dt 
characteristics, and may be used at frequencies up to 25 kHz. 

Features: 

• RMS On· State Current -

5 Amperes at TC =. + 600 C 

• Fast Turn.Off Time -

6 ","S maximum 

• High dv/dt Capability -

100 VII's minimum 

•. High di/dt Capability -

200 AIl's 

• Shorted. Emitter and Center· Gate Design -

Removes restrictions on forward and 
reverse gate voltllge and peak gate 
current 
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Each of these devices has an rms on-state current rating of 5 
amperes at a case temperature of +600 C. The 537008, 
537000, and 53700M have forward and reverse off·state 
voltage ratings of 200, 400, and 600 volts, respectively. 

• Formerly Developmental Types TA2653. TA2654, and TA2666, 
respectively. 

PRINCIPAL VOLTAGE·CURRENT CHARACTERISTIC 

r '00 I ~:. "00" _______ b _________ , 
92 S s· 3896R2 

Principal voltage is the voltage between the main ter
minals. Principal voltage is called positive, or forward. 
when the anode potential is higher than the cathode potential, 
and called negative when the anode potential is lower than 
the cathode potential. 

Principal current is the current flowing between anode 
and cathode. 
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Absolute·Maximum Ratings, for Operation with Sinusoidal AC Supply 
Voltage At Low to Ultrasonic Frequencies, and with Resistive or Inductive Load 

RATINGS MAXIMUM VALUES 

S3700B S37000 S3700M 

Non.Repetitive Peak Reverse Voltage, 

VRSOM 

Gate Open .•..•.•.••......•..• 330 660 700 

Repetitive Peak Reverse Voltage, 

VRROM 

Gate Open ................... 200 400 600 

Repetitive Peak Off.State Voltage, 

VOROM 

Gate Open .......•............ 200 400 600 

On·State Current: 

For case temperature of +600 C and 60 Hz 

Average DC value at a conduction 

angle oflSOo, IT(AV) ....•.•... 3.2 3.2 3.2 

RMS value, IT(RMS) ............ 5 5 5 

For other conditions ...•........ See Fig.9 

Peak Surge (Non.Repetitive) On·State 

Current, ITSM 

For one cycle of applied voltage, TC = 600C 
60 Hz (sinusoidal) ................... 80 80 80 
50 Hz (sinusoidal) ................... 65 65 65 

For more than one cycle of applied 

voltage ..•..•...•...••..•... See Fig.lI 

Fusing Current (for SCR protection): 

TJ = -40 to 100OC, t = I to 8.3 ms, 12 t .. 25 25 25 

Critical Rate of Rise of On-State Current, 

Critical di/dt 

VDX = V(BOIO rated value, 

IGT = 50 rnA, O.ll's rise time ...... 200 200 200 

Gate Power Dissipotion* 

Peak, Forward or Reverse, for 10 I'S 

duration, P GM .•...•.•.•.•..•. 13 13 13 

Average, PG(AV) ............... 0.5 0.5 0.5 

Temperature:· 

Storage, T stg' •....•.......•.•• -40 to +150 -40 to +150 -40 to +150 

Operating (Casel, T C ••.•.•.....• -40 to +100 -40 to +100 -40 to +100 

*Any values of peak gate current or peak gate voltage to give the maximum gate power are permissible. 

"For information on the reference point of temperature measurement, see Dimensional Outline. 

UNITS 

V 

V 

V 

A 

A 

A 
A 

A2s 

AIl's 

W 

W 

°c 
°c 
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Characteristics at Maximum Ratings (unless otherwise specified), and at Indicated 
Case Temperature (TC) 

CHARACTERISTICS LIMITS 

S3700B S37000 S3700M 

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

Peak Repetitive Blocking Voltage, vOROM 
Gate Open 
AtTC = +1000 C .•...••.•..... 200 - - 400 - - 600 -

Peak Off. State Current: 
Gate Open 
At TC = +1000 C 
Forward, 100M 

VD=VDROM' .... - . - - 0.5 3 - 0.5 3 - 0.5 
Reverse, IRROM 

VRO= VRROM .••.•......... - 0.3 1.5 - 0.3 1.5 - 0.3 
Instantaneous On. State Voltage, vT 

For an on-state current of 30 A and 
TC = +250 C .......••....... 
(See Fig.13) 

- 2.2 3 - 2.2 3 - 2.2 

DC Gate Trigger Current, IGT 
At TC = +250 C ...•....•...... - 15 40 - 15 40 - 15 

(See Fig.5) 
DC Gate Trigger Voltage, V GT 

At TC = +250 C •.............. - 1.8 3.5 - 1.8 3.5 - 1.8 
(See Fig.5) 

Holding Current, IH 
At TC = +250 C .............. - 20 50 - 20 50 - 20 

Critical Rate of Rise of Off· State 
Voltage, Critical dv/dt 
VD = VDROM, linear rise, and 

TC = +80oC ................... 100 250 - 100 250 - 100 250 
(See wave shapes of Fig.2) 

Gote·Controlied T ur~.On Time, tgt 
<Delay Time + Rise Time) 

VDX = VDROM, ITM = 2 A, 
IGT = 300 rnA, O.llls rise time, 
and TC = +25OC ............•.... - 0.7 - - 0.7 - - 0.7 
(See wave shapes of Fig.3) 

Circuit.Commutoted Turn·Off Time, tq 
(Reverse Recovery Time + Gate 

Recovery Time) 
VDX = V(BQ)O rated value, 
I~ = 2 A, 50 IlS min: pulse 
WI th, VRX = 80 V mill., 
rise time = O.llls, dv/dt = 
100 V/IlS, diR/dt = 10 A/IlS, 
~T = 100 rnA at tum-on, 

GT = 0 V at tnm-off, and 
4 TC = +800 C. '.' ...........• - 4 6 - 4 6 -

(See wave shapes of Fie.4) 

Thermal Resistance: 
Junction·ta-case, ROJC ••••••• 0 ••• - - 8 - - 8 - -
Junction·to.ambient, RilJA . . . . . . . . . . - - 40 - - 40 - -
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UNITS 

Max. 
) 

- V 

3 rnA 

1.5 rnA 

3 V 

40 mA(dc) 

3.5 V(dc) 

50 rnA 

- V/~s 

- ~s 

6 ~s 

8 OCjW 
40 OCjW 
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VDX 

DJ----____________ _ 
I 

f--"/dt 
I 

f. 

Fig. 1-Waveshape of di/dt rating test. 

tgt ~ td + tr 

92CS'I3363R2 

r---j[-----'9Q%POINT 

Vox 

J--1D~' PDlNT - ------ ~~=r- ---
~.~ dt I 

92LS-2~4RI 

Fig. 2-Waveshape of critical dvldt rating test (Jinear rise). 

1 
'---I 1 • 
I 

I .v/dt---......,' 
I 

- - - - ---0 

92CS-13366R2 92CS-13367R2 

Fig. 3-Waveshape of tgt rating test. Fig. 4-Waveshape of tq rating test. 

TERMINAL CONNECTIONS 

Pin 1 - Gate 
Pi n 2 - Cathode 
Case, Mounting Flange - Anode 
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i , 
W 

~ 
~ 
Q 

~ 
" 
~ 

100 SHADED AREA INDICATES LOCUS . OF POSSIBLE TRIGGERING POINTS , FOR VARIOUS TEMPERATURES. 

4 

2 

to = ~:~MA~~ ~~lRE,~~:~:~:D · = JUNCTION TEMPERATURE iT)1 
6- Tj=_400 C 

4_. 
-t-

+250C 

......-
2 

f·· .1000 e 
1.0 

• , 
4 

:: V 
2 

",AXIMUM VOLTAGE AT WHICH 
NO UNIT WILL TRIGGER FOR 

OJ TJ" +100oC 

0.001 
, . 

0,01 

=== PERMlnED PULSE "OlH 5 
FOR INDICATED PEAK 
FORIliARiJ GATE POWER -

I=-

\~ [7<.,. 

I). ..... '" MAXIMUM GATE I 
RESISTANCE IDp.s 

100,..5 

"- 1m. "' :;:.:0 "'- I" "'- / 

~ 
/' r-----I". 

~~ AVERAGE GATE 
DISSIPATION LIMIT 

O.SWAn 

MAXIMUM GATE TRIGGER 
CURRENT FOR INDICATED 
JUNCTION TEMPERATURE {Tj} 

+l°Oi C 
'tIC 

Tj = _40°C 

Ii 

I III , , 
0.1 1.0 

GATE'TO-CATHODE CURRENT - AMPERES 

Fig. 5-Forward gate characteristics. 

AVERAGE GAT 
POWER LIMIT 

PERMITTED PUlSE WIDTHS 
FOR INDICATED PEAK . 
REVERSE GATE POWER 

MINIMUM GATE 
RES1S'P.NCE 

0.5 0.4 0.3 0.2 

"''' 

w 
2O~ 

Ii! 
25 ~ 

MAXIMUM GATE _ 
RES1STA~CE 30 

OJ 

,/ 

r'\. 1~. /' 
¢'~'<. 

~~-$-
~"'~,'<.'!' 

~"'\C# 

10 

REVERSE GATE CURRENT-AMPERES DC GATE-TRIGGER CURRENT IIGT)-A 

Fig. 6-Reverse gate characteristics. Fig. 7- Turn-on-time characteristics . 
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FORWARD CURRENT CIRCUIT 

~II + II~ 

9I2LS-234!UU 

LINEAR dv/d. CIRCUIT 

Fig. 8-Conventional turn--off·time test circuit. 

100 

'" r--

~ 80", 
i!i 
;;; \ > 
~160 l"-.. '" \i11!! \ ~~ 40 
-'" ",,,, .. '" ",:> 
ij!u 

~ 
20 

REPETITION RAT'E-PPS 
9ZCS-24983 

Fig. 10- Dissipation V.f. repetition rate, 

AVERAGE ON-STATE CURRENTllIT(AVliJ.-A 
92LS-2340RI 

Fig. t 2-Power dissipation versus BvefBgII on-state current. 

ON·STATE CURRENT [IT- J--A 

92L5-2342R1 

Fig. 9-Rating chart (case temperature). 

CASE TEMPERATURE PRIOR TO SURGE"60·C 
lOAD-RESISTIVE 
REPETITIVE PEAK REVERSE VOLTAGE IVRROM)-

AVER"1~~I~~~sfA'\_TEE8u':r"RLEuNET [ITCAV1]-MAXIMUM 
RATED VALUE 

f\,. 

" '" .... 
I' ..... ~ 
~ -

, 4 •• , 4 .. 
10 100 

, 4 •• 
SURGE CURRENT DURATION-CYCLES 

9ZLS-1I49R2 

Fig. t 1-Surge current rating. 

INSTANTANEOUS OrHTATE VOLTAGE (ryl-voLn 
S2:LS-Zl44 

Fig. 13-0n-state characteristics. 
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180 

c, c, 

SIX BO-WATT 
LAMPS CON-
NECTED IN 
PARALLEL 

CIt C2: 0.01 J-IF, 1200 V (Ballast Capacitors) 
C3: O.OlIlF. SOO V 

C4• C5: 0.02 IlF. SOO V 
0 1, D2: Fast-Recovery Diodes, 6 A, 600 V 
D3• D4: IN574 
L 1• L 2: 321lH 

", 
", 
", 
". 
"s 

"6 

La: 131 Turns of No.I5 Magnet Wire on 
Arnold Engineering Core No.A4-04117, 
or equivalent 

+ISOV DC 

D, 

D, 

-DC 

R1• R2: 1.2 ill. 5 W 
R3: 200Q. 10 W 
T: Core, 8 pieces of Indiana General No. 

CF-602 Material 05, or equivalent. 
Cross Section, 8 cm2 
NI , NS -' 30 Turns of No.IS Magnet Wire 
N2• NS - 13 Turns of No.IS Magnet Wire, 

2 Strands 
Nat N4 - 52 Turns of No.IS Magnet Wire, 

2 Strands 

Fig. 14-Typical inverter circuit for SOo-watt. 8·kHz fluorescent-light control. 

TO GATE 
OF SCRI 

Ql: RCA-40438 
Q2' Q3' ~: RCA-2N3053 

C1• C2: 0.003IlF. 100 V 
C3• C4: 0.02 IlF. 100 V 

C5: 25 "IJ.F, 25 V I electrolytic 
D1• D2• D3: Transitron type TIG, or equivalent 

D4: Motorola type IM20Z10, or 
equivalent 

Neon Lamp:, GE type NE-83, or equivalent 
Rl' R3: 1 ill. 114 watt 

R2• RIO: 180 ill. 1/4 watt 

...150 II 
00 

", 
" 

", 
'13 ",. 

1" 
'" 

"20 

R4• R12• R15' R17' R18: 22 ill. 114 watt 
R5 • R11: 10 kQ potentiometer 

RS: 10 kQ. 114 watt 
~: 1.5 ill. 114 watt 

R8• R9' R13' R 14• R16: 680 Q. 2 watts 
R19: 5.6 ill. 114 watt 
R20: 33 ill. 114 watt 

R21• R22: 10 Q. 1/4 watt 
TIl T2: Sprague Pulse Transformer type 

42Z109. or equivalent 

Fig. 15-Typical trigger pulse generator for 500-watt, 8-kHz fluorescenNighr control inverter circuit. 
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OO(]5LJ[J 
Solid State 
Division 

Thyristors 

S3701M 

5- Ampere Silicon 
Controlled Rectifier 

Anode 
(Case) 

....... /. .. 
\ .. >o~~ 

For Applications in Pulse Power Supplies 
To Drive GaAs Laser Diodes 

Features: 

Cathode ~---Gato 
II High peak-current capability 

(Pin 2) (Pin 1) 
a Good current-spreading attributes 
II Symmetrical gate-cathode construction for uniform current 

density, rapid electrical conduction, and efficient 
heat dissipation 

JEDECTO-66 
" Controlled minimum holding current 
CI Hermetic construction 
a Low thermal resistance 

Type S3701 MO is a silicon controlled rectifier intended for 
use in circuits which generate pulses to drive injection laser 
diodes. A simplified circuit of a laser pulser is shown in Fig. 

. 1. Detailed information on circuits of this type is given in 
RCA Application Note AN-4469, "Solid-State Pulse Power 
Supplies for RCA GaAs Injection Lasers_" 

The conventional SCR turn-on time, turn-off time, and 
on-state voltage do not correlate with circuit performance in 
a laser pulser operating with extremely short, high-current 

o Formerly RCA type 40768. 

MAXIMUM RATINGS,Absolute·Maximum Values: 
Case temperature (TC) = 250 C, unless otherwise specified 

REPETITIVE PEAK OFF-5TATE VOLTAGE: 

Gate open ....•.••••••.•.•.• VDROM 
RMS ON-STATE CURRENT (Conduction 

600 V 

angle = 180°) - - . - - - - . - . - - - .. - - IT(RMSI 
REPETITIVE PEAK ON-5TATE CURRENT 

(0.2 JJ. s Pulse Width): •..... 
Free-air cooling, f = 500 Hz ..•..••. 
Free-air cooling, f = 5000 Hz ...... . 
Infinite heat sink, f = 10,000 Hz. 
Infinite heat sink, f = 1,000 Hz. 

GATE POWER DISSIPATION: 
PEAK (For 10 j.lS pulse) . 

TEMPERATURE RANGE: 
Storage • • • • . . • . • . T stg 
Operating (Case) . • • . . T C 

TERMINAL TEMPERATURE (During soldering): TT 
For 10 s max. herminals and case) 

11-73 

A 

75 A 
40 A 
40 A 
75 A 

25 W 

-40 to 1250 C 
-40 to 1000 C 

225°C 

pulses_ Therefore, a functional test in a simulated pulser 
circuit is used to control the S3701 M for laser pulser appli· 
cation . 

The S3701 M SCR is designed for the good current-spreading 
and delay-time characteristics necessary to provide high·peak
current pulses to drive the laser diode_ An additional 
significant characteristic of this device is its well controlled 
holding current, which assures operation only at currents 
sufficiently high to meet the circuit requirements. 

GATE 
TRIGGER 
CIRCUIT 

PROTECTIVE 
DIODE 

CHARGING 
RESISTOR 

0-600V DC 
SUPPLY 

* NON -INOUCTIVE RESISTOR 

ADJUST RESISTANCE VALUE TO OBTAIN o 2010's 
PULSE WIOTH AT 50 % CURRENT POINTS 

Fig. 1-Simplified laser pulser circuit. (See AN-4469 for specific 
c;rcuits.) 

181 



S3701M ____________________________ File No. 476 

ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (Tcl Unless Otherwise Specified 

CHARACTERISTIC 

Peak Off-State Current: 
Gate open. vD = VDROM, TC = 25°C. 

TC = 75°C . 

DC Gate-Trigger Current: TC = 25°C 

DC Gate'frigger Voltage: TC = 25°C .. 
DC Holding Current: 

Gate open. TC = 25°C . . . . . . . . . 
Tr. = 75°C ......... 

Critical Rate-of-Rise of Off-State Voltage: 
For VD = VDROM. exponential voltage rise, gate open, TC = 75°C 

Source Voltage for Functional Test (See Fig. 2): 
ID = 75A, C = 0.022j1F, Rs = 2,Q, f = 60Hz, pulse duration = 0.2J1S, TC = 25°C 

Thermal Resistance: 
Junction-to-Case 
Junction-to-Ambient. 

182 

NOTE: 

2n" 
1/2W 

34K 
lOW 

2.7K 
IW 

0-550 V 
VARIABLE 
DC 
SUPPLY 

TO 
CURRENT 
DETECTOR 

"NON-INDUCTIVE RESISTOR 

ADJUST RESISTANCE VALUE TO OBTAIN O.20l's 
PULSE WIDTH AT 50% CURRENT POINTS 

Fig. 2-Functional test circuit. 

TERMINAL CONNECTIONS 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 

SYMBOL 

IDROM 

IGT 

VGT 

IHO 

dv/dt 

Vs 

ROJC 
ROJA 

92cs-r16B6 

LIMITS 
UNITS 

Min. Max. 

0.65 mA 
1.2 

35 mA 

4 V 

15 
mA 

10 

200 VIps 

550 V 

7 
°C/W 

40 
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mlQBLJ[] 
Solid State 
Division 

JEOEC 00·1 

Cathode 

JEOECTO·66 
Anode 

ICase) 

\~~ ~ '* ,it 
Cathode Gate 

H-1340 

537025 
S3703SF 

I Anode I (Case) 

021015 
021035 
02103SF 

H-967 

Thyristors/Rectifiers 
S3702S D2101S 
S3703SF 021035 

D2103SF 

seR's and Rectifiers for 
Horizontal-Deflection Circuits 
For 1100 Large·Screen Color TV 

Features: 

a Operation from supply voltages between 150 and 270 V (nominal) 
• Ability to handle high beam current; average 1.6 mA dc 
a Ability to supply as much as 8 mJ of stored energy to the deflection 

yoke, which is sufficient for 29·mm·neck and 36.5·mm·neck picture 
tubes operated at 31 kV (nominal value) 

D Highly reliable circuit which can also be used as a low·voltage power 
supply 

~ 700 V 750 V 
Package Types Types 

TO·66 537025 537035F 
(40889) (40888) 

00·1 021015021035 021035F 
(40892) (40891) (40890) 

Numbers on parentheses are former RCA type numbers. 

These RCA types are designed for use in a horizontal output 
circuit such as that shown in Fig. 1. 

The 021018 silicon rectifier may be used as a clamp to protect 
the circuit components from excessively high transient voltages 
which may be generated as a result of arcing in the picture tube 
or in a high·voltage rectifier tube. 

The 537035F silicon controlled rectifier and the 021035F 
silicon rectifier are designed to act as a bipolar switch that 
controls horizontal yoke current during the beam trace interval. 
The 837028 silicon controlled rectifier and the 021038 silicon 
rectifier act as the commutating switch to initiate trace-retrace 
switching and control yoke current during retrace. 

HIGH-VOLTAGE 

~ __ ~_cleR ____ ~~TrR_A~N~-,~~~~ 

" II 
:: LR 

II 
II 
II 
II Lee 
II 
II 
II 

TRACE 
CA ~~~~H l Ly 

S3703SF I 

" I I I 

I 
D2103Sr 

L __ _ 

I 

: Cy 
~ 

To facilitate direct connection across each silicon controlled 
rectifier, 837028 and 837038F, the anode connections of 
silicon rectifiers 021038 and 021038F are reversed as com· 
pared to that of a normal power·supply rectifier diode. 

TO 
PICTURE 

TUBE 

II 
II 

VRSOM--I ""-VRROM 

92SS-3896R2 

CLAMP CIRCUIT 
(OPTIONAL) 

92CS-17419R3 B+ 

Fig. 1 - Simplified schematic diagram of 
horizontal output circuit. 

Fig. 2 - Principal voltage-current characteristic for 
537025 and 537035F. 

9-74 183 



S3702S,S3703SF 
File No. 522 D2101S,D2103S,D2103SF 

SILICON CONTROLLED RECTIFIERS 
S3703SF S3702S 

MAXIMUM RATINGS, Absolute-Maximum Values: TRACESCR COMMUTATING SCR 
NON-REPETITIVE PEAK OFF-STATE VOLTAGE:· 

Gate Open •..••••.•.•.••...•..•.••.........•.... V OSOM 800' 750' V 
REPETITIVE PEAK REVERSE VOLTAGE:· 

Gate Open ........•..•...•..••....•.........•••• VRROM 25 25 V 
REPETITIVE PEAK OFF-STATE VOLTAGE:· 

Gate Open ...................................... V OROM 750 700 V 
ON-sTATE CURRENT: 

T C = SOoC. 50 Hz sine wave, conduction angle = 1800 : 

RMS __ •• _._. ___ ......... _ .... _ ....... _ ...... IT(RMSI 5 5 A 
Average OC ...•••.•......•••••.•....•••.•.••.. IT(AVI 3.2 3.2 A 

PEAK SURGE (NON-flEPETITIVEI ON-5TATE CURRENT: ITSM 
For one full cycle of applied principal voltage 

50 Hz (sinusoidal), TC = SCOC ................... 65 65 A 
For one--half sine wave, 3 ms pulse width .............. 130 130 A 

RATE OF CHANGE OF ON-5TATE CURRENT: 
VD = VDROM,IGT= 50 rnA, t,= O.I~' .............. dildt 200 200 AI~' 

FUSING CURRENT (fo, SCR protectionl: 
TJ = -40 to BOoC, t = 1 to 10 ms .................... 12t 20 20 A2, 

GATE POWER DISSIPATION:· 
Peak (forward or reverse) for lOllS duration, max. 

PGM 

negative gate bias = -35 V (S3703SF) •...••••••...••.. 25 W 
= -10 V (S3702SI .................. 25 W 

TEMPERATURE RANGE:· 
Storage ........................................ Tstg -40 to 150 -40 to 150 °c 
Operating (Case) ................................. TC -40 to 80 -40 to 80 °c 

PIN TEMPERATURE .(During soldering): 
At distances ~ 1/32 in. (0.8 mm) from seating plane 
for las max. ................................... Tp 225 225 °c 

*Protection against transients induced by arcing or other causes must be provided. 

"'hese values do not apply jf there is a positive gate signal. Gate must be open or negatively biased. 

-Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted, provided that the maximum 
reverse gate bias (as specified) is not exceeded. 

A For temperature measurement reference point, see Dimensional Outline. 
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1"'4 
v. __ _ 

RECTIFIER 
CURRENT 

V. 

I I I 

• ~" I -3.5V~1 
~II 

T I I I I 
: I I : 

L25V 
MIN. 

__ v, 

I COMMUTATING S~ITCH
I ANODE VOLTAGE 
I (SEE NOTE) 

I 
I 

h: ., 
: COMMUTATING SWITCH
I GATE VOLTAGE 

I 
92CS-24044 

NOTE: "Commutating Switch·Anode Voltage" oscilloscope display has 
been modified graphically to enhance the measurement points 
of dv/dt. 

ITM'" 15 A, Va;;; 180 V max"Vb = 500 V max., Vc = VDROM' Gate 
voltage = 12 V positive from 15 V supplv. Gate current should rise to 
100 mA within 0.2 ps. Minimum duration of gate current pulse"" 3ps. 
Minimum amplitude of gate current pulse'" 200 mAo Negative gate bias 
at turn-off '" -3.5 V minimum, negative gate bias at 2nd reapplied 
voltage (dv/dt)2 '" -2.5 V minimum. 

(dv/dtl1 :::: 400 V/ps(measured tangent to waveform from a to 0.8 of Va) 
(dv/dtl2 '" 1000 VIps (measured tangent to waveform from a to 0.3 of Vb) 
(dv/dd 3 '" 700 VIps (measured tangent to waveform from a to O.S of Vb) 

Fig. 3 - Oscilloscope display of commutating switching (537025) 
showing circuit-commutated turn-off time (tq). 



File No. 522 837025. 537035F 
--------------------- 021015,021035,02102 

SILICON CONTROLLED RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T C) 

LIMITS 

S3703SF S3702S 
CHARACTERISTIC SYMBOL TRACESCR COMMUTATING SCR UNITS 

TYP. MAX. TYP. MAX. 

Peak Forward Off·State Current: 
Gate open, VD=VDROM TC=85°C .. IDOM 0.5 1.5 0.5 1.5 rnA 

Instantaneous On·State Voltage: 
iT = 30 A (peak), T C = 25°C ........ vT 2.2 3 2.2 3 V 

Critical Rate of Rise of Off·State Voltage: 
VD = VDROM, exponential voltage rise, 700 (min.) 
Gate open, T C = 70°C (See Fig.3) ..... dV/dt - - (dv/dt)3 VIp.' 

DC Gate Trigger Current: 
VD = 12 V (de), 
RL = 30 n, TC = 25°C ............ IGT 15 32 15 45 rnA 

DC Gate Trigger Voltage: 
VD = 12 V (de), 
RL = 30 n, TC= 25°C ............ VGT 1.8 4 1.8 4 V 

Circuit Commutated Turn·Off Time:. 
T C = 70°C, minimum negative gate 
bias during turn·off time = -20 V 
(S3703SFI and -2.5 V (S3702SI, 
rate of reapplied voltage (dv/dtl 

= 175 V/p.s (See Fig. 4) ....... tq - 2.4 - - p.s 
= 400 V /p.s (See Fig. 3 ....... - - - 4.2 p.' 

Thermal Resistance, Junction·to·Case ... ROJC - 4 - 4 °C/W 

tThis parameter, the sum of reverse recovery time and gate recovery time, is measured from the zero crossing of current 
to the start of the reapplied voltage. Knowledge of the current, the reapplied voltage, and the case temperature is 
necessary when measuring tq• In the worst conditions (high line, zero-beam, off·frequency, minimum auxiliary load, etc,), 
turn--off time must not fall below the given values. Turn-off time increases with temperature; therefore, case temperature 
must not exceed 70De. See Figs. 3 and 4 . 

. , 
I I 11 
1--25", -----I H-2.4~' 
I .!.-II--,q 

175V/,..s 
REAPPLIED 
dv/dt 

II I 
II 

-0.63 VTM 

ITM '" 8 A. VTM ;; V OROM' reapplied dv/dl := 175 V/p.s (measured 
from 0 to 0.630f VTM). negative gate voltage source :: -24 V. source 
impedance'" 15 n. 

92CS-24045 

Fig. 4 - Oscilloscope display of trace switching (S3703SF) showing 
circuit-commutating turn-off time (tq). 

INSTANTANEOUS ON-STATE VOLTAGE ("TI-V 

Fig. 5 - Instantaneous on-state current vs. on-state voltage for 
S3702S and S3703SF. 
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53702S,537035F 
021015,021035, 021035F ---------------------

SILICON RECTIFIERS 

MAXIMUM RATINGS, Absolute-Maximum Values: 

REVERSE VOLTAGE:·· 
Repetitive Peak ....•........•...•........•................... 

Non-Repetitive Peak·· ....................................... . 
FORWARD CURRENT (operating in 15 kHz deflection circuit): 

RMS ..................................................... . 
Peak Surge INon·Repetitive)·· .......... " ...................... . 
Peak (Repetitive) •................•..................•....... 

TEMPERATURE RANGE 
Storage .................................................... . 
O"perating (Casel ............................................. . 

LEAD TEMPERATURE lOuring Solderingl:'" 
for 10 s maximum ...................•....................... 

*. "For ambient temperatures up to 4SoC . 

Tstg 
TC 

•• For a maximum of 3 pulses, each less than 10 ~s duration, during any 64-ps period . 

D2103SF 
TRACE 

750 
800 

3"" 
70·· 
7 

D2103S 
CDMMUTATING 

700 
800 

3"" 
70" 
12 

-30 to 150 
-30 to 80 

225 

File No. 522 

02101S 
CLAMP 

700 V 
800 V 

1·· A 
30·· A 

0.5 A 

°c 
°c 

°c 

•• Maximum current rating applies only if the rectifier is properly mounted to maintain junction temperature below 150°C. See Fig.15 and Fig.16 . 

.u. At distances no closer to rectifier body than points A and B on outline drawing . 

.. See Fig. 9 for I FSM value for 60 Hz. 

SILICON RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static 
For V R RM = max. rated value, IF = 0, T C = 25° C ..... 
For VR = 500 V, TC = 100°C ................... 

Instantaneous Forward Voltage Drop: 
At iF = 4 A, TA = 25°C .......................... 

Reverse Recovery Ti me: 
For circuit shown in Fig. 8: 

At IFM = 3.14 A, -diF/dt = -10 A/p.s, 
pulse duration = 0.94 p.s, T C = 25° C .............• 

In Tektronix type "S" plug-in unit (or equivalent): 
At IF = 20 rnA, IR = 1 rnA TC = 25°C ............ 

Peak Forward Voltage Drop (at turn-on): 
In Tektronic type "S" plug·in unit (or equivalent): 

At IF = 20 rnA, TC = 25°C ..................... 
Thermal Resistance (Junction-to-Case)+ ...•............. 

+ Measured at point as indicated on Dimensional Outline. 
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SYMBOL 

IRM 

vF 

trr 

VF(pk) 

ROJC 

LIMITS 

02103SF TRACE 02101S 
UNITS 

02103S COMMUT. CLAMP 

MAXIMUM MAXIMUM 

10 10 
p.A 

250 250 

1.4 1.5 V 

0.5 0.7 p.s 

1 1.5 

5 6 V 

10 10 °CIW 



File No. 522 

SUPPLY FREQUENCV~50 HI SINE WAVE 
CASE TEMPERATURE PRIOR TO SURGE =60°C 
LOAD· RESISTIVE 

w" REPETITIVE PEAK REVERSE VOLTAGE [VRROM'- MAXIMUM 
RATED VALUE 

~I AV~:t8f ON-STAlE CURRENT [IT(AVI] '"MAXIMUM RATED 

~'i 80 
... ., ...... 
~!j , .... 
~f5 60 

\ 3~ 
... " "'u 
~~ 40 

"-"l;; .. , 
f"""'o ... z 

Q.o 20 -- -

837028,837038F 
021018,021038,021038F 

4 6 8 10 4 6 8 100 4 6 81000 

SURGE CURRENT DURATION -CYCLES 
9ZCS-24046 

Fig. 6 - Peak surge on-state current vs. surge current duration for 
537025 and 53703SF. 

1/4AJi. 
250 V 

220E:':=J11 

RCA OIAC 
D3202Y 

REPETITION RATE-PP5 
9ZCS-Z4983 

Fig. 7-Dissipation vs. repetition rate for 537025 and S3703SF 

RCA 
IN3194 

OR 
RCA 

DI20lM 

0-130 V 
AC 

0.05 
.F 

RCA 
a220lN 

l RECTIFlER t UNDER TEST 

saiNI) 
RM 
CJINI) 

] 

50-n OUTPUT 
TO OSCILLOSCOPE ** 
(WITH RISE 
TIME ~ 0.01 Jl-S) 

'--"\IV\,---------f"l--<] TRIGGER --- I K SIGNAL TO 
OSCILLOSCOPE 

NOTES: 

ALL RESISTANCE VALUES ARE IN OHMS. 

* - ADJUST FOR CURRENT WAVEFORN SHOWN AT LEFT 

** UNITS INTERCONNECTED WITH RG -58U CABLE WITH 
50·n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE . 

... FOR 120- V OPERATION, PRIMARY OF TRANSFORMER 
SHOULD BE 120 V, FUSE SIZE SHOULD BE 112 A. 

92CM-24047R1 

Fig .. 8 - Oscilloscope display and test circuit for measurement 
of reverse·recovery time for D21015. D21035, and 
D21035F. 

TERMINAL CONNECTIONS 
FOR TYPES 

S3702S AND S37D3SF 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 

TERMINAL CONNECTIONS 
FOR TYPES 

02101S, 02103S, AND 02103SF 

Case, Lead No.1 - Anode 
Lead No.2 - Cathode 
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83702S, S3703SF File No. 522 
D2101S, D2103S, D2102SF 

,JUNCTION TEMPERATURE (TJ I -150·C 

-of-;;; .. 60 

~I 
t:7E50 IOms ... ., ........... .. ~ 
Q.H 

~;:: 40 .......... ·z 
.......... Z .. 

00: 
3~ 30 

t--~ .. u 

§~ 20 

:1 ~ ~f 10 

"'I'-0 
6 8 10 6 8roo 

SURGE - CURRENT DURATION - -CYCLES 

92CS-24048 

Fig. 9 - Peak surge (non-repetitive) forward current II'. surgtH:urrent 
duration for 021015, 02103$, and D2103SF. 
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0<.0 
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QI 

PEAK FORWARD CURRENT tlFMl = IDA 
RECTANGULAR-PULSE DURATION Itpl"30p.s 

W - ~ JUNCTION TEMPERATURE ~ 

0.1 

IT,I·,.O·C ___ 

~ 

..;.; 50· 

~Iir 
~Oo -I 

10 100 
RATE OF DESCENT OF FORWARD CURRENT (-diF/dll-Alfls 

92CS-11527 

2 JUNCTION TEMPERATURE ITJ)025°C 
Q. 

~ ... ., 
~ 

I.' / g ./ ./ iii> "/ 
~! 

021015 7' "''' ~.!: V 
~ -' F/ ""io--D2103S 

~ I 7 
D2103SF 

~ .-
i'! V ./ 
~ V 

0.5 . 6 6 • . 
0.01 • 0.1 • • 

fNSTANTANEOUS FORWARD CURRENT (IF)-A 

92CS-24049 

Fig. 10 - ForwarcJ.voltage drop vs. forward current for 021015, 
027035. and 02103SF. 
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... 
15 
::! 
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>~ 

/51 
i;rrr 
~$ 
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ffi~1 

~ 

~ 
o. 

0.1 

RECTANGULAR-PULSE DURATION Upl- 30~' 

JUNCTION TEMPERATURE ITJl -1!:sO·C 

I 
~ .. I 
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fI.<; 
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~ 

10 100 
RATE OF DESCENT OF FORWARD CURRENT l-dlF/dtl-A/fL' 

92CS-1752B 

10 

Fig. 11-Typical peak reverse recovery current VS. rate of descent of 
forward current for 02101S, 02103S, and D2103SF. 

Fig. 12-TypicBI peak reverse recovery current VI. rate of descent of 
forward current for 021015, D21035, and 021035F. 

188 

10 RECTANGULAR-PULSE DURATION lip) =30 fLS 

JUNCTION TEMPERATURE tTJ )"ISO"C 

0.01 
0.1 10 100 

RATE OF DESCENT OF FORWARD CURRENT(-dlF/dll - A/JLS 

92CS-17529 

Fig. 13-Typical reverse recovered charge vs. rate of descent of 
forward current for 021015,021035, and 021035F. 
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OO(]5LJD Thyristors 
Solid State 
Division 

83704, 83714 8eries 

Anode 

, f. ~--:::.iII\ ' .:: (Case) 
)~ __ ~I 

5-A Silicon Controlled Rectifiers 
For Inverter Applications 
Features 

Cathod~ ..... Gate 

S3704A.B.D.M.S 

• Fast turn·off time-S jlS max. 
a High di/dt and dv/dt capabilities 

" Center gate construction .... provides 
rapid uniform gate-current spreading for 

JEDECTO·66 H-1340 • Shorted'emitter gate-cathode construction faster turn-on with substantially reduced 

l~' ,§/.-

~!7~~~. 

JEDEC TO-66' ;3714A.B.D.M.S 

With Integral Heat Radiator H·1470A 

_ .. contains an internally diffused 
resistor between gate and cathode 

~ 100V 200 V 
Package Types Types 

T0-66 83704A S37048 

TO-66 with 
S3714A 837148 

Heat Radiator 

heating effects 

400 V 600 V 700V 
Types Types Types 

837040 83704M 837048 

S37140 83714M S3714S 

RCA-S3704 and S3714-series types are all-diffused. silicon con- power supplies. induction heaters. cycloconverters.and fluo
trolled rectifiers (reverse-blocking triode thyristors) designed for recent lighting. These types may be used at frequencies up to 
inverter applications such as ultrasonics. choppers. regulated 25 kHz_ 

MAXIMUM RATINGS. AbsoluttrMaximum Values: 

NON-REPETITIVE PEAK REVERSE VOLTAGE:· 
Gate Open ......................................... V RSOM 

NON-REPETITIVE PEAK OFF-STATE VOLTAGE:· 
Gate Open ......................................... V DSOM 

REPETITIVE PEAK REVERSE VOLTAGE:· 
Gate Open ........................................ VRROM 

REPETITIVE PEAK OFF-STATE VOLTAGE:· 
Gate Open ..... ................................... . 

ON-STATE CURRENT: 
T C '" 60°C, conduction angle'" 180°: 
RMS .•• __ ... __ • ___ . __________ • ____ ........ _ •. __ ._. 

Average .......................................... . 
For other conditions 

PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 
For one full cycle of applied principal voltage, Te '" 600 e 

60 Hz (sinusoidal) ................................ . 
50 Hz (sinusoidal) ................................ . 

For more than one full cycle of applied principal voltage 
RATE OF CHANGE OF ON-STATE CURRENT 

V D = VDROM.IGT = 50 rnA. Ir = 0_1 ~s (See Fig. 111 ___ . _ . di/dl 
FUSING CURREN~ (for SCR protection): 

TJ=-4010100 C.I=l 108.3ms . __ . ______ .. _. ___ ._.__ 121 

GATE POWER DISSIPATION:· 
Peak Forward Ifor 10 IlS max., See Fig. 9) ................ . 
Peak Reverse (for lOlls max., See Fig. 8) ................. . 
Average (averaging time'" 1 0 ms max.) .................. . 

TEMPERATURE RANGE:~ 
Storage ........................................... T stg 
Operating (Case) ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . T e 

PIN TEMPERATURE IDuring solderingl: 
At distances;;;;:' 1/32 in. (0.8 mm) from seating plane 

forl0smax. ................................... Tp 

53704A S3704B 53704D S3704M S37045 
S3714A S3714B 53714D S3714M 537145 

150 300 500 700 800 

150 300 500 700 800 

100 200 400 600 700 

100 200 400 600 700 

• 
..4r------ 3_2 ------. 
..4>------ See Figs. 2. 3. 4 ----I .. 

",. 

II> 
+_----- 80 -----_ 

65-----..... 

... 4>------See Fig_ 5 -----..... ~ 

• _---------200----------~ 

~4~------ 25-------.~ 

..._----------13----------. 
4----------13----------. 
..._----- 0.5 ------

V 

V 

V 

V 

A 
A 

A 
A 

A/~s 

A 

W 
W 
W 

.. 4>------ -4010 150 -----i.. °c 
40 to 100 ., °e 

+_------ 225 -------i... °c 
• These values do not apply if there is a positive gate signal. Gate must be open or negatively biased . 
• Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted . 

... For temperature measurement reference point. see Dimensional Outline. 
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ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (TC) 

LIMITS 

CHARACTERISTIC SYMBOL FOR ALL TYPES 
Except as Specified 

MIN. TYP. MAX. 

Peak Off·State Current: 
(Gate open. TC = 100°C) 

Forward Current (100M) at Vo = VOROM ........ 100M 
Reverse Current (lROM) at VR = VRROM ........ IROM 

Instantaneous On·State Voltage: 
iT = 30 A (peak). T C = 25°C .................. vT 
For other conditions ......................... 

Instantaneous Holding Current: 
Gate open, TC = 25°C ........................ iHO 

Critical Rate of Rise of Off·State Voltage (See Fig. 12): 
Vo = VOROM, exponential voltage rise, 
Gate open, TC = BO°C ........................ dv/dt 

DC Gate Trigger Current: 
Vo = 12 V (de), RL = 30 n, TC= 25°C .......... IGT 
For other conditions ......................... 

DC Gate Trigger Voltage: 
VO= 12 V (de), RL = 30 n, TC= 2SoC ........... VGT 
For other conditions .......................... 

Gate Controlled Turn·On Time: 
(Delay Time + Rise Time) 
For VOX = VOROM, I GT = 300 rnA, tr = 0.1 /1.', 
IT= 2 A (peak), TC = 2SoC (See Fig. 10) .......... Igt 

Circuit Commutated Turn·Off Time: 
VOX = VOROM, iT = 2 A, pulse duration = SO "s, 
dv/dt = 100 V/"s, -di/dt = -10 A/"s, IGT = 100 rnA, 
VGT = 0 V (at turn·offl. TC = BO°C (See Fig. 13) ... to 

Thermal Resistance: 
Ju·nction·to·Case ...........................•.• ROJC 
Junction·to·Ambient •......................... ROJA 

r~~-----
Li OO : IVoSOM 

I 
VDROM 

-
-

-

-

100 

-

-

-

-

-
-

925S - 3896R2 

Fig. 1 - Principal IIoltage-current characteristic. 
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0.5 3 
0.3 1.5 

2.2 3 
See Fig. 7 

20 50 

250 -

15 40 
See Fig. 9 

1.B 13.5 
See Fig. 9 

0.7 -

4 B 

4 B 
- 40 

UNITS 

mA 

V 

rnA 

V//1.s 

rnA 

V 

ItS 

", 
oCIW 
oCIW 
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ON-STATE CURRENT [IT- J--A 

92LS-2342RI 

Fig. 2 - Maximum allowable case temperature VS. on-state current. 

CURRENT WAVEFORM. SINUSOIDAL 
LOAD & RESISTIVE OR INDUCTIVE 
CONOUCTION ANGLE. 180' 

AVERAGE ON-STATE CURRENT [IT(AVB-A 
92LS-2050RI 

Fig. 3 - Maximum allowable ambient temperature VI. average 
on-state current. 

AVERAGE ON-STATE CURRENTITIT(AVIU-A 
92LS-2340RI 

Fig. 4 - Power dinlpar/on VS'. average on-state current. 

100 
CASE TEMPERATURE PRIOR TO SURGE=60·C 

'" r-- LOAD"RESISTIVE 
I- REPETITIVE PEAK REVERSE VOLTAGE (VRROM1~ 

~ BO r- AVER~~~~~~S:A~lEEgu~ARLEUN\ [ITIAVJ]-MAXIMUM z o / RATED VALUE 

~ \ ~i 60 

1\ i\ "'-.. ,. 
\;!I!! \ " ~~ 40 
-'" "'- ..... 
",'" "", 

~ 
",=> I ........... ;;:" 

20 
II -~ r--
~ -

0 
2 4 • 8 2 4 • 8 2 4 • 8 

10 100 
SURGE CURRENT DURATION-CYCLES 

1000 
REPETITION RAT£-PPS 

92CS-24983 
92LS-1I49R2 

Fig. 5 - Peak surge on-state cU"ent V$. surge cu"ent duration. Fig. 6 - Dissipation VS'. repetition rate 
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PERMITTED PULSE WIDTHS 
FOR INDICATED PEAK 
REVERSE GATE POWER 

MINIMUM GATE 

AVERAGE GATE 
POWER LIMIT 

1m. 

RESISTANCE 300JoLs 

20 ~ 

'" 
25 ! 

MAXIMUM GATE _ 
RESISTANCE 30 

0.' 0.4 0.3 0.2 0.1 
I I 

INSTMTMEOUS ON'STATE VOLTAGE I'Y .... V REVERSE GATE CURRENT (IGR)-A 

92LS-2344RI 

Fig. 7 - Instantaneous OlHtate current VI. on-state voltage. Fig. 8 - Reverse gate voltage VI. reverse gate current. 

6 8 6 8 
0.1 1.0 

GATE-TO-C;ATHODE CURRENT IIGT)-A 

Fig. 9 - Gate trigger characteristics and limiting conditions for 
determination of permissible gate-trigger pulses. 

TERMINAL CONNECTIONS 

Pin 1 - Gate 
Pin 2 - Cathode 
Heat Rad., Case, Mtg. Flange - Anode 

• 8 
10 

92LS-235IRI 

• 8 
100 

92LM-2341RI 
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+ 

DC GATE-TRIGGER CURRENT CIGT)-A 
92L.S-Z3i50R2 

Fig. 10 - Turn-on time VI. gate-trigger current. 

r --][ -------'90% POINT 

'DX 

J--ID% POINT - ------ ~:=r----

~.!Im. 
dt t 

92LS-23S4RI 

Vo 

oJ--- ------ --- -----

I 
I 

I 
J,..- dlldt 

I 

a.SI TM : 

o----L- -L---------------
-l r-- tl 9ZCS-I3363R4 

Fig. 11 - Rate-of-change of on-state current with time 
(defining di/d.). 

-di'dl~ 

Fig. 72 - Rate-al·rise of off-state IIoltage with time 
(defining <lv/d.). 

1------0 

I 
I 

fORWARD CURRENT CIRCUIT 

SUPPLY 

~II 

LINEAR "v/d, CIRCUIT 

-1--1---- '" ---I 
I 1---., -----I 92SHl14 

Fig. 13 - Relationship between off-state voltage. reverse vo/rage, 
on-stare current. and ,ellerse current showing reference 
points defining turn-off time (tel. 

+ 

*FOR "COITIONAL INFORMATION 
ON GATE TRIGGER CIRCUITS, ETC. 
REFER TO JEDEC STANDARD 
MG. 7 SECTION 6.2(14.2. 

92SS-437!) 

SUPPLY 
VOLTAGE 

IltS 

"Fig. 14 - Circuit used to measure turn-off time (tel, 
rectangular pulse. 
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SIX SO-WATT 
LAMPS CON
NECTED IN 
PARALLEL 

C1• C2: O.OIIlF. 1200 V (Ballast Capacitorsl 
Ca : O.OlIlF. 600 V 

C4• C5: 0.02 IlF. 600 V °1, 02: Fast-Recovery Oiodes, 6 A, 600 V 
0a' 04: 1N574 
L1, L2: a21lH 

La: 1a1 Turns of No.15 Magnet Wire on 
Arnold Engineering Core No.A4-04117, 
or equivalent 

+150VDC -DC 

L, SCR2 

/I 
L_ 

o. 
c. 

R, 
c. R_ 

cs R2 

L2 D. 

--

92LS-2353 

RI , R2: 1.2 kQ, 5 walt 
Ra: 200 Q, 10 walt 
T: Core, 8 pieces of Indiana General No. 

CF-602 Ma.terial 05, or equivalent. 
Cross Section, 8 cm2 
N1, N6 - ao Tums of No.1S Magnet Wire 
N2, N5 - 1a Tums of No.1S Magnet Wire, 

2 Strands 
Na, N4 - 52 Tums of No. IS Magnet Wire, 

2 Strands 

Fig. '6 - Typical int/emr circuit for Sao-w.. 8-kHz fluorescent->lIf1Jt 

TO GATE 
OF seR, 

Q1: RCA-40438 
Q2' Qa' Q4: RCA-2N3053 

C1, C2: 0.0031lF, 100 V 
Ca, C4; 0.021lF, 100 V 

C5: 25 IlF, 25 V, electrolytic 

control. 

D1• D21 D3: Transitron type TIG, or equivalent 
04: Motorola type.IM20Z10, or 

equivalent 
Neon I.;amp: GE type NE-83, or equivalent 

R1' Ra: I kQ, 114 walt 
R2' RIO: ISO kQ, 114 watt 

+ISOV 
DC 

" . . , 
"g 

",. 

" .. 
92LM-2341 

R4, R12' R15' R17' R1S: 22 kQ, 1/4 watt 
R5, R11: 10 kQ potentiometer 

Rs: 10 kQ, 1/4 watt 
~: 1.5 kQ, 114 walt 

IJs' ~, R13' R14' R16: 680 Q, 2 walts 
R19: 5.6 kQ, 114 walt 
R20: a3 kQ, 1/4 watt 

R21 , R22: 10 Q, 1/4 walt 
TIl T2: Sprague Pulse Transformer type 

42Z109, or equivalent 

Fig. 16 - Typiclll trigger-pulse generator for Sao-w, B-kHz fluorescent
light control Inverter circuit. 
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DDJ]3LlD 
Solid State 
Division 

JEOECTO-66 

Anode 
ICasel 

~ 
Win 21 IPin 1) 

S3705M 
S3706E 

JEOEC 00·26 

~ Anode 

,I'~:' 
Cathode 
ILead 1) 

~ (Case) 

D2600M 
D2601E' 
D2601M 

L-391 

Thyristors/Rectifiers 
S3705M D2600M 
S3706E D2601E 

D2601M 

selR's and Rectifiers foil' 
Horizontal-Deflection Circuits 
For Large-Screen Color TV 

Features_-

• Ability to handle high beam current; average 1.6 mA dc 
a Ability to supply as much as 5 mJ of stored energy to the deflection 

yoke, which is sufficient for'29-mm-neck and 36.5-mm-neck picture 
tubes operated at 29 kV (nominal value) 

D Highly reliable circuit which can also be used as a low-voltage power 
supply 

~ 
600 V 500 V 

Package Types Types 

TO-66 S3705M S3706E 

0()"26 02600M, 02601 M 02601E 

These RCA types are designed for use in a horizontal output 
circuit such as that shown in Fig. 1_ 

rectifier act as the com mutating switch to initiate trace-retrace 
switching and control yoke current during retrace. 

The S3705M silicon controlled rectifier and the 02601 M 
silicon rectifier are designed to act as a bipolar switch that 
controls horizontal yoke current during the beam trace interval. 
The S3706E silicon controlled rectifier and the D2601E silicon 

The D2600M silicon rectifier may be used as a clamp to protect 
the circuit components from excessively high transient voltages 
which may be generated as a result of arcing in the picture tube 
or in a high-voltage rectifier tube. 

9-74 

D260DM 

I 
I 
I 

R I 
I 
I 

-l 

CLAMP CIRCUIT 
IOPTIONALI 

B+ 

HIGH-VOLTAGE 
CR TRANSFORMER 

r--~~I~--~~-~~-,----' 

LCC 

CA ~:'f$gH 1"---
S3705M ..... 

I 

I 
I 
I 
I 
I 
I 
L 

" II 
II 
II 
II 
II 

Fig. t - Simplified schematic diagram of 
horizontal output circuit. 

TO 
PICTURE 

TUBE 

92SS-3896R2 

Fig.2 - Principal tloltage-current characteristic-lor 
S3705M snd S3706E •. 
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S3705M, S3706E 
02600M, 02601 E, 02601 M 

File No. S39 

SILICON CONTROLLED RECTIFIERS 

MAXIMUM RATINGS,Absolute-Maximum Values: 

NON-REPETITIVE PEAK OFF-5TATE VOLTAGE:· 
Gata Open •......•••••••..•. ,", ••.••.....••••.... 

REPETITIVE PEAK REVERSE VOLTAGE:· 
Gat. Open •••••••••••••..•••.•••.••••••••••••••• 

REPETITIVE PEAK OFF-sTATE VOLTAGE:· 
Gate Open ••.•.••••••..•....•...•••••.••••.•..•• 

ON-sTATE CURRENT: 
Tc'" &ODe. 60 Hz sine wave, conduction angle IZ 1800: 

RMS •...•..•.......•.•••.•.....•.••••..••... 
Average DC ••..•••••••••••••••••••••••••••••.• 

PEAK SURGE (NON-REPETITIVE) ON-5TATE CURRENT: 
For one full cycle of applied principal voltage 

&0 Hz (sinusoidall, TC ~ &OoC .................... . 
50 Hz (sinusoldall, TC ~ &OoC .................... . 

For one·half sine wave. 3 ms pulse width ..•...••..••.• 
RATE OF CHANGE OF ON·STATE CURRENT: 

VOROM 

IT(RMS) 
IT(AVI 
ITSM 

S3705M 

TRACESCR 

700* 

25 

600 

6 
3.2 

80 
65 

150 

S3706E 

COMMUTATING SCR 

600* V 

25 V 

600 V 

5 A 
3.2 A 

80 A 
65 A 

150 A 

VO-VOROM,IGT=50mA,tr=0.I1's .............. dildt 200 200 AII" 
FUSING CURRENT (for SCR protection): 

TJ--40t0800C,t~1 tol0ms .................... 12t 20 20 A2s 
GATE POWER OISSIPATION:· PGM 

Peak (forward or reverse) for lOps duration, max. 
negative gate bias = -35 V (S3705M) ................ . 25 W 

=-10V (S3706E) ................ . 25 W 
TEMPERATURE RANGE:· 

Storage ••..•...•...•..••..•..•••.••..•..••.•••• T stg -40 to 150 -40 to 150 ·C 
Operating (Case) ......•.••.•....••....•.••....•.. T C -40 to 80 -40 to 80 'c 

PIN TEMPERATURE (Ouringsoldering): 
At distances;> 1/32 in. (0.8 mm) from seating plane 
for 10srnax. .. .••...•...•. ••••.•••....•........ Tp 225 225 'c 

·'Protection against transients above these values induced by arcing or other causes must be provided. 

--rhese values do not apply if there is a ~sitjve gate signal. Gate must be open or negatively biased . 

• Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted, provided that the maximum 
reVerse gate bias (as specified) is not exceeded. 

AFar temperature measurement reference point, see Dimensional Outline. 

V. I"/l 
V. __ _ 

RECTIFIER 
CURRENT 

I I I 

i ~" I -3.li~i 
~II 

T Iii i 
: I I I 
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L2 .. V 
MIN. 

__ Vc 

I COMMUTATING S~ITCH
I ANODE VOLTAGE 
I (SEE NOTE) 

) 
I 

h: .t 

)1 COMMUTATING SWITCH
GATE VOLTAGE 

) 
I 

92CS-24044 

NOTE: "Commutating Switch-Anode Voltage"oscilloscope display has 
been modified graphically to show the measurement points of 
~v/dt more effectively. 

'TM-15A,Va""100Vma)("Vb=250Vma)(.,Vc= 400., Gate 
voltage = , 2 V positive from 15 V supply. Gate current should rile to 
100 mA within 0.2 ps. Minimum duration of gate current pulse = 3ps. 
Minimum amplitude of gate current pulse = 200 mAo Negative gate bias 
at turn-off = -3.5 V minimum, negative gate bias at 2nd reapplied 
voltage (dv/dd2 = -2.5 V minimum. 

(dv/dtl1 = 400 V/IJS (measured tangent to waveform at 0.8 of Va) 
(dv/dd2 = 1000 Vl"s (measured tangent to waveform at 0.3·of Vbl 
(dv/dtl3 = 700 VII'S (meosured tangent to wave10nn at 0.8 of Vb) 

Fig.3 - Oscilloscope display of commutating 'witching (S3706E) 
showing circult-commutated turn-oH time Itq). 



File No. 839 S3705M, S3706E 
----------------------------------------D2oo0M'D2~1E,D2001M 

SILICON CONTROLLEO RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T C) 

LIMITS 

S370SM S3706E 

CHARACTERISTIC SYMBOL TRACESCR COMMUTATING SCR UNITS 
TYP. MAX. TYP. MAX. 

Peak Forward Off-State Current: 
Gate open, VO=VOROM TC = 85°C ._ 100M 0.5 1.5 0.5 1.5 mA 

Instantaneous On-State Voltage: 
iT= 30 A (peak), TC = 25°C ........ vT 2.2 3 2.2 3 V 

Critical Rate of Rise of Off-State Voltage: 1000 (min.) 
Vo = VOROM, exponential voltage rise, 175 (min.) (dv/dt)2 
T C = 700 C .. '- ....• '. : ............ dv/dt (See Fig.4) (See Fig.3) V/p.s 

OC Gate Trigger Current: 
Vo = 12 V (de), 
RL =30n, TC=25°C ............ IGT 15 32 15 45 mA 

OC Gate Trigger Voltage: 
VO= 12V (de), 
RL=30n,TC=2SoC ............ VGT 1.8 4 1.8 4 V 

Circuit Commutated Turn-Off Time:. 
T C = 70° C, minimum negative gate 
bias during turn-off time = -20 V 
(S3705M) and -2.5 V (S3706E), 
rate of reapplied voltage (dv/dt) 

= 175 VlJ.ls (See Fig. 4) ....... tq - 2.5 - - p.s 
= 400 V Ip.s (See Fig. 3 ....... - - - 4.5 p.s 

Thermal Resistance, Junction-to-Case ... ROJC - 4 - 4 °C/W 

• This parameter, the sum of reverse recovery time and gate recovery time, is measured from the zero crossing of current to the 
start of the reapplied voltage. Knowledge of the current. the reapplied voltage, and the case temperature is necessary when 
measuring t q• In the worst conditions (high line, zero-beam, off-frequency. minimum auxiliary load, etc.), turn-off time must 
not fall below the given values. Turn-off time increases with temperature, therfore, case temperature must not exceed 70De. 
See Figs. 3 and 4. 

~rr 
!-----25"------j 1'+-2,4" 

I ~ 1--., 

175V/~s 
REAPPLIED 
dv/dl 

II I 
II 

.. 

ITM " 8 A. Vn.," VOROM ' reappheddv/dt .. 175 V/jl.s(measured 
from 0 to 0.6301 VTM l,l'Iegallvegatevoltage $Curee .. -24 V, source 
imped8nc:e" 15n. 

92CS-24045 

Fig.4 - Oscilloscope display of trace switching (S3705M) showing 
t:ircu/~ommutating turn-off rime (rqJ. 

INSTANTANEOUSON-STATE VOLTAGE I...,.I-V 

Fig.5 - Instantaneous on-state current vs. on-state IIO/tage for 
S3705M and S3706E. 
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S3706M, S3706E 
02600M,D2601E, D2601M -------------------

SILICON RECTIFIERS 
D2601M D2601E. 

MAXIMUM RATINGS, Absolute·Maximum Values: TRACE COMMUTATING 
REVERSE VOLTAGE:" 

Repetitive Peak ............................................. . 600 500 
Non-Repetitive Peak·· ....................................... . 700 600 

FORWARD CURRENT loperating in 15 kHz deflection circultl: 
RMS ..................................................... . 1.9·· 1.6·· 
Peak Surge INon-Repetitive)·· ................................. . 70" 7()o1oA 

Peak (Repetitive) •••••••••.•......•••••.•.•..•..•......•.•••• 6.5 6 
TEMPERATURE RANGE 

Storage .••..••••••••••.•.•..••••••••••...•.••............... -30 to 150 
Operating lCasa). ............................................ . -30'080 

LEAD TEMPERATURE lOuring Solderingl: 
MooIurad 1/8 in. 13; 17 mml from case for 10 • maximum ............. . 225 

•• For ambient temperatures up to 45°C . 

•• For a maximum of 3 pulses, each less than 10,",5 duration, during any 64-ps period • 

•• Maximum current rating applies only if the rectifier is properly mounted to maintain junction temperature below 150°C . 

... See Flg.9 for IFSM value for 60 and 60 Hz operation. 

SILICON RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL 
D2601M 
D2601E 

LIMITS 

TRACE D2600M 
COMMUT CLAMP 

FileNo. 839 

D2600M 
CLAMP 

600 V 
700 V 

0.5*· A 
30 .. A 
0.5 A 

°c 
°c 

°c 

UNITS 

MAXIMUM MAXIMUM 

Reverse Current: -',...gj 

Static 
Fo~ VRRM = max. rated value. IF = O. TC = 25°C ..... 10 10 

/lA 
For VR= 500 V, TC= 100°C ................... IRM 250 250 

Instantaneous Forward Voltage Drop: 
At iF = 4 A, T A = 25°C .......................... vF 1.9 2 V 

Reverse Recovery TIme: 
For circuit shown in Fig. 8: 

At IFM = 20 A, -diF/dt = -20 A//ls, 
pulse duration = 2.8 /lS, T C = 250 C .............. trr 0.5 0.7 /ls 

In Tektronix type "s" plug·in unit (or equivalent): 
At IF = 20 mA, IR = 1 mA, TC = 250 C ............ 1.2 1.5 

Peak Forward Voltage Drop (at turn·on): 
In Tektronic type "s" plug·in unit (or equivalent): 

At IF = 20 mA, TC = 25°C ..................... VF(pk) 5 6 V 

Thermal Resistance (Junction-to-Lead~ (See Fig.14) ..... R6JL 45 45 °CIW 

• Measured on anode lead 118 in. (3.18 mm) from case. 
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File No. 839 S3705M, S3706E 
--------------------D2600M, D2601E, D2601M 

100 SUPPLY FREQUENCY-SO/SO Hz SINE WAVE 

f--
CASE TEMPERATURE PRIOR TO SURGE-60·C ... LOAD- RESISTIVE 

~ 80 
REPETITIVE PEAK REVERSE VOLTAGE (YRROM). r- AYE~~I~~sfA~~lEEgu':i'kfNET [ITlAVl]-WAX'NUM 

~ RATED VALUE 

~ \ fIe 1\ \. .. ,. 
"'Je \ ...... i~40 _ ... 

""- i' ..... .... .. " ...... 1"- .....~ au 
20 

1I ~ r-... .. -
z . • • z . • • 10 100 

z . • • 1000 
SURGE CURRENT DURATION-CYCLES 

92LS-1I49R2 

Fig.6 - Peak surge on-statfl current VI. ,urge current duration for 
S37CJ5M and S3706E. 

112A ISOLATION 
125V TRANSFORMER 

REPETITION RAn:-PPS 
92CS-24983 

Fig.7 - Dissipation ... repatitlon nits for S3705M and S3706E. 

1.3 I4H * 

I~II RCA 

NESI 
IN3194 

OR f RECTIFIER 
117 V 
AC 

Q39,..F 

7.5 K 
2W 

• NEON 
LAMP 

AMPLITUDE 

lOOK 

RCA alAe 
03202Y 

RCA UNDER TEST 
DI20lM 

O.~ ] 50·n OUTPUT 
TO OSCILLOSCOPE *M-

0-130 V ,F 
saiNI) «WITH RISE AC RM 

RCA O.I(NI) 
a220lN 

I K 

NOTES: 

ALL RESISTANCE VALUES ARE IN OHMS. 

TIME:!: 0.01 pS) 

] 
TRIGGER 
SIGNAL TO 
OSCILLOSCOPE 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

** UNITS INTERCONNECTED WITH RG -58U CABLE WITH 
50-n TERMI NATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM-2498!5 

Fig. 8 - Oscilloscope display and ten circuit for measurement 
of reverse-recovery time for D2600M, 02601~, and 
D260iM. 

TERMINAL CONNECTIONS 
FOR TYPES' 

S3705M AN 0 S3706E 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 

TERMINAL CONNECTIONS 
FOR TYPES 

o2600M, o2601E. AND o2601M 

Case, Lead 1 - Cathode 
Lead 2 - Anode 
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S3705M. S3706E File No. 839 
D2600M. D2601E. D2601M --------------------

.JUNCTION TEMPERATURE (T" ) -I,O·C 

we 80 

~I 

~HZ) ~150 
"H 
~;: 40 ~ 'Z f'-.. IOmsC50Hzl z'" 
i~ 30 
-:> I"""::f:::::.... Il/u 
§~20 
'1'1 ..... r--:; t::::t- t-!.!> It. ~f 10 

50Hz ~ 

0 ro-
4 . . 2 4 • • 2 rn ~ 

SURGE - CURRENT DURATION --CYCLES 

92CS-17519RI 

FIg.9 - Peak-surge .fnon-repetitive} forward current vs. surge-current 
duration for 02600M, 02601 E, Bnd 02901 Mj 

100 PEAK FORWARD CURRENTCIFM)aIOA 
RECTANGULAR-PULSE DURATION (lp)a30,u' 

... 
z ... .. a 10 .... 
ffil l-I- ,JUNCTION TEMPERATURE ~ iii!"' >-= 
Olij IT,"'50'C _ 

~~ l:I ..... 
ffi~' 
> 
I!! h :.- SO" 

~ ~OO" J 

01 ~I'I' I J 
0.1 I 10 100 

RATE Of DESCENT Of FORWARD CURRENT (-dlF/dU-A/p.& 

92CS-17527 

Fig. t, - Typical peak reverse-recovery current VI. rate of descent of 
forward current for D2600M, 02601 E, and 02601 M. 

10 RECTANGULAR-PULSE DURATION (fp)a30 ,u.s 
JUNCTION TEMPERATURE (T .. '-150·C 

J J ! 
~ gf I J U ~~ ~'2f 
~ ~ ~~ 

IA ffi § ~~ ,.- r- 1 1; :I. 

~.J., ~v I 
l&I ~O.l 0.1 
II! -... .. 
;:;.2.. .. 

nnl 
OJ I 10 100 

RATE OF DESCENT OF FORWARD CURRENT(-dlF/dtl- A/po_ 
92CS-17521 

FIg. 13 - Typical nwe,..recovenKl charge n. rate of descent of 
forward cummt for 02600M, 02601 E, and 02601 M. 
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• JUNCTION TEMPERATURE (TJ}-25-C 

luu 

... 
i:'i 
~ 
a 10 .. .. 
ffil 
~'rr 
~~ 

" ..... 
~~I 
I!! 

~ 
n.l 

2 4 6 80 •1 2 4 6 8 4 6 8'0 

INSTANTANEOUS FORWARD CURRENT (iF)-A 

92CS-24986 

Fig. 10 - Forward-voltage drop VI. forward current for 
02600M, 02601E, and 02601M. 

RECTANGULAR-PULSE DURATION (tpl- 3OP.1 
JUNCTION TEMPERATURE ITJ) -150·C 

J 

& .. 1. .' 
~~~~ 

rI-~ 
",,"~7V O\~ 

"'~ V ~r§' 
",>*" . ....: 

~ 

0.1 10 100 
RATE OF DESCENT OF FORWARD CURRENT (-diF/dtJ-A/p.' 

92CS-175i8 

Fig. 12 - Typical peak reverse-recofl8ry current·l'r,. rsfrl of descent of 
forward-current for 026OOM, 02601E, and 02601M. 
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i 0.625 
l>! 
I 
_ 0.5 
% 
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o .. 
~ 0.25 

0.25 

REFERENCE POINT 
FOR MEASUREMENT 
OF THERMAL 1!:ESISTANCE 

~ 1--/=1 1-1-1 HEAT 
SINK 

010203040 506010 
THERMAL RESISTANCE. JUNCTION-TO- LEAD (RSJL)--t/W 

92CS-24987 

Fig. 14 - Junction-to-lesd thetmlll resi$tJlnce VI. lead length for 
02600M, 02601E, and 02601M. 



File No. 639 

OO(]5LJ[] Thyristors / Recl ifiers 
Solid State 
Division 

53800 Series 

JEOEC TO-66 
nlR's (Integrated Thvristor/iRectifiers) 

Anode 

Anodo h - .. ~ I (Case) 

:~ ... .-,~ Power Integrated Circuits for Color and 
Monochrome TV Horizontal Deflection 

Cathode'/. H·1340 

(Pin 21 'I 
Gate Gate 
(Pin II 

Cathode ~ 
400 V 500 V 550 V 600 V 650 V 700 V 

Package Type Type Type Type Typo Typo 

TO-66 
S38000 S3800E S3800EF S3800M S3800MF S3800S 
(410231 (410191 (410221 (410211 (410181 (410201 

Numbers in porenthesos oro former RCA type numben. 

The 53800 series are all-diffused power integrated circuits 
that incorporate a silicon controlled rectifier and a silicon 
rectifier on a common pellet. 538005F, 53800MF, and 
53800E are used as bipolar switches to control horizontal 
yoke current during the beam trace interval; 538005, 53800M, 
53800EF, and 53800D are used as commutating switches to 
initiate trace-retrace switching, 

Application Features: 
a Operation from supply voltages between 150 and 

270 V (nominal) 
a Ability to handle high beam current (average 

1.6 rnA del 
a Ability to supply as much as 7 mJ of stored 

energy to the deflection yoke, which is sufficient 
for 29-mm-necl' picture tubes and 35-mm-neck 
picture tubes operated at 25 kV (nominal valuel 

750 V 

Type 

S3800SF 
(41017) 

.. Highly reliable circuit that can also be used as a low
voltage power supply 

9-74 

COM MUTATING 
SWITCH 

CLAMP CIRCUIT 
(OPTIONAL) 

B+ 

LCC 

TRACE 
SWITCH 

92CS-21896RI 

Fig. I-Simplified schematic diagram of horizontal output circuit. 

TO 
PICTURE 

TUBE 
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~SMiH __________________________________________________ __ 
File No. 639 

MAXIMUM RATlNGS,Absolute-Maximum Values: 

Non-Repetitive Peak Off.state Voltage: 
Gatlopsn • • • . • . 

Repetitive Peak OIN!tete Voltage: 
Gate open • • • • . • 

TC .so<>C _ . • . . 

Repetitive Peak Reverse Voltage: 
Gate open . . • . • . . 

On-8tate Current: 
T C III SOOC, 50 Hz sine wave, conduction angle = 1S00: 

AverageOC • • • • . 

RMS •••••••••.. 

Peak Surge INon-Repetitive): 
For one cycle of applied voltage, 50 Hz 

Critical Rate of Rise of On-State Currerit: 
For VO'" VOROM rated value. IGT F 50 rnA, 0.1 1-1' rise time 

Fusing Current (lor ITR protection): 
TJ - -40to80"C, t = 1 to 8.3ms • • • • • • • • 

Gate Power Dissipation: 
Peak (Iorward or ...... no) for lOllS duration; max. reverse gate 
bias - -36 V for S3800sF, MF, E; -a V forS3800s, M, EF, 0 

Temperature Range-: 
Storage • • • 

Operating (case) • 

VOSOM 

VOROM 

VRROM 

ITIAV) 

ITIRMS) 

ITSM 

dildt 

12, 

... ... 
§ i '" I 5 5 I In 

800· 700· 550* 750· 

750 650 500 700 

0 0 0 0 

3.2 3.2 3.2 3.2 

5 5 5 6 

... 
i '" 
III I 
In In 

650· 600· 

600 550 

0 0 

3.2 3.2 

5 5 

I 
500· 

400 

0 

3.2 

5 

V 

V 

V 

A 

A 

50 50 50 50 50 50 50 A 

200 200 200 200 200 200 200 AI", 

6 A2s 

25252525252525 W 

-40 to 160 ---- °c 
-40 to 80 °c 

·Protectlon against transients above this value must ba provided. Transients generated by arcing may persist for.s long 8S '0 cycles. 

-.Tanparature measurement point Is shown on the DIMENSIONAl:. OUTL.INE. 

ELECTRICAL CHARACTERISTICS, At Maximum Ratings and at Indicated Case Temperature (T C) 

CHARACTERISTIC 

Peak Forward Off--5tate Current: 
Gate open. VOO - Rated VOROM 

TC = 85°C . . . . . . 

Instantaneous On-5tate Voltage: T C = 25°C 

SCR, IT-lOA 

Rectifier. IF - 3 A 

OC Gate Trigger Current: 
TC =250C •.. 

DC Gate Trigger Voltage: 
TC =250C ... 

Critical Rate of Rise of Off-5tate Voltage: 
TC=700C .•..•.. 

Circuit-Commutated Turn-Off Timet: 
TC =700C 

Minimum negative bias during turn-off time = -20 V. 
rate of reapplied voltage (dv/dd ." 175 V/lls. . . . 
Minimum negative bias during turn-off time = -2.5 V. 
rate of reapplied voltage (dv/dd '" 400 V 1,,5 • 

Thermal Resistance: 
Junction·to·Case. . . • . • . . • . 

SYMBOL 

100M 

VT 

VF 

IGT 

VGT 

dv/dt 

tq 

ROJC 

... Up to 500 V max. (with negative bias from -2.5 V to -4.0 V). 

LIMITS 
S38OOSF. S3800MF S3800s. S38OOM. 

S3800E S3800EF. S3800D 
TYP. MAX. TYP. MAX. 

0.5 1.5 0.5 1.5 

2.2 3 2.2 3 

1.6 1.6 

15 40 15 45 

1.8 4 1.8 4 

850IMIN.)& 850IMIN.)& 

2.4 

4.2 

4 4 

UNITS 

mA 

V 

mA 

V 

VII" 

1" 

°C/W 

t This parameter, the sum of reverse recovery time and gate recovery time. is measured from the zero crossing of current to the start of the 
reapplied voltage. Knowledge of the current, the reapplied voltage, and the case temperature Is necessary when measuring tq . In the 
worst conditions (high line, zero-beam, off-frequency, minimum auxiliary load, etc.), turn-off time must not fall below the given values. 
Turn-off time Increases with temperature; therefore. case temperature must not exceed 700e. 
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File No. 639 _________________________ _ 83800 Series 

UPPER TRACE: CURRENT (5 A/eMI 
lOWER TRACE: VOLTAGE (100 VlCM) 

92CS· 21073RI 

Fig. 2- Circuit-commutated turn-off time in commutating ITR. Fig. 3- Typical deflection-circuit waveforms for commutating ITR.. 

UPPER TRACE: CURRENT (2 A/eM) 
LOWER TRACE: VOL rAGE 1100 VlCM} 

92CS-2101ZRI 

Fig. 4- Circuit-commutated tum~ff time in trace ITR. Fig. 5- Typical dsflection-circuit waveforms for trace ITR. 

TERMINAL CONNECTIONS 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 
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File No. 757 

OO(]3LJ[] 
Solid State 
Division 

Cathode 

Thyristors 

S5210 Series 

10-A Silicon Controlled Rectifiers 
For I nverter Applications 

Features: 
• Fast turn-off time - 8 IlS max. • Low thermal resistance 

• High di/dt and dv/dt capabilities 
• Shortad-emittar gate·cathode construction 

••• contains an internally diffused resistor 
between gate and cathode 

• Center gate construction ••• provides 
rapid uniform gate-current spreading for 

faster turn·on with substantially reduced 
heating effects 

Anode 

~ 200 V 400 V 600 V 
Package 

Stud H·1612 
Stud 56210B 562100 S5210M 

RCA·S5210 .. eries types are all·diffused, silicon controlled 
rectifiers designed for high·frequency power·switching appli· 

cations such as inverters, switching regulators, and high· 
current pulse applications. These types may be used at 
frequencies up to 25 kHz. 

MAXIMUM RATINGS, Abso/ute-Msl(imum Values: 

NON·REPETITIVE PEAK REVERSE VOLTAGE:· 
GateOpen ....••.••....••..•.................... 

NON·REPETITIVE PEAK OFF-lITATE VOLTAGE:· 
Gate Open .•••••.••..•.••.•••..••••....••••••... 

REPETITIVE PEAK REVERSE VOLTAGE:· 
Gate Open •.•••••••••..•••.•••...•.•••.....•.•.. 

REPETITIVE PEAK OFF-lITATE VOLTAGE:· 
Gate Open •..••..••....••.••.........•.......... 

ON-lITATE CURRENT: 
T C ;;; 8SoC. conduction angle II 1S00: 

RMS .......................................... . 

Average •••••••••.••••••••••.••.•••....•••••...• 

PEAK SURGE (NON·REPETITIVEI ON·STATE CURRENT: 
For one full cvcle of applied principal voltage 

60 Hz (sinusoidal! ............................ . 

RATE OF CHANGE OF ON-lITATE CURRENT: 

VO'" VOROM' IGT '" 50 mAo tr = 0.1 ps (See Fig. 61 ••••. 

FUSING CURRENT 'for SCR pratltCtian): 
TJ - -40 to l000C. t - 1 to 8.3ms ......•........... 

GATE POWER DISSIPATIDN:· 
Peak Forward (for lOps max.) ••••.•••••••..•••.••.. 

Average (averaging time'" 10 ms max.1 ••.............. 

TEMPERATURE RANGe~" 
Storage ...•••••••••..••.•......•................ 

Operating (Case) .•••••••.•••••••••....••••.....•. 

TERMINAL TEMPERATURE (During Soldering): 
For 10 I max. herminals and case) •••••••••••••.•...• 

STUD TOROUE: 

Recommended •••••••••••••••••...••••.••••.•••• 
Maximum 100 NOT EXCeeD) ..................... . 

VOSOM 

VOROM 

'TIRMSI 

'TiAVI 

diJdt 

--rhese varun do not applv if there is 8 positive gate signal. Gate mUll be open or negativelv biased. 

S52tOB S52tOD S5210M 

200 400 600 

250 500 700 

200 400 600 

200 400 600 

_---- 10 -----•• 

_---- 6.3 ----•• 

_-----90----~·· 

_--- 200 ----. 

4-------35------+ 

_----13----· 
_----0.5 ----•• 

4----- -40 to 150 _________ 

___ -40 to 100 _______ 

_--- 225 ----.... 

...----- 35 ----•• 
-----50----·· 

-Anv product of gata currant and gata voltage which results in a gate power leu than the maJlimum is permitted. 

A For temperatura measurement reference point, see Dimansional Outline. 
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File No. 757 55210 Series 

ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (TC) 

CHARACTERISTIC SYMBOL 

Peak Off·State Current: 
(Gate open, T C = lOOOC) 

Forward Current (100M) at Vo = VOROM ........ 100M 

Reverse Current (I ROM) at V R = V R ROM' ........ IROM 

Instantaneous On·State Voltage: 
iT= 30 A (peak), TC = 250 C ................... vT 

For other conditions ......................... 
Instantaneous Holding Current: 

Gate open, T C = 250 C ........................ iHO 

Critical Rate of Rise of Off·State Voltage (See Fig. 7): 
Vo = VOROM' exponential voltage rise, 

Gate open, T C = BOoC ........................ dv/dt 

OC Gate Trigger Current: 
VO;;' 12 V (de), RL = 30 n, TC = 250 C .......... IGT 

OC Gate Trigger Voltage: 
VO= 12V (de), RL =30n, TC=250 C .......... VGT 

Gate Controlled Turn·On Time: 
(Oelay Time + Rise Time) 
For VOX = VOROM, IGT = 300 mA, tr = 0.1 p.s, 
IT = 2 A (peak), T C = 250 C (See Fig. 5) ....•...... ~gt 

Circuit Commutated Turn·Off Time: 
VOX = VOROM, iT= 10 A, pulse duration = 50p.s, 

dv/dt = 100 V/p.s, -di/dt = -10 A/p.s, IGT = 100 mA, 

VGT = 0 V (at turn·off), TC = BOoC (See Figs. B & 9) .. tq 

Thermal Resistance, Junction·to·Case ................ ROJC 

'T 
tHO '1(8010 

92SS-5896R2 

Fig. 1- Principal voltiJge-current characteristic. 

LIMITS 
FOR ALL TYPES 

Except as Specified 

Min. Typ. 

- -
- -

- 2.2 

See Fig. 4 

- 20 

100 250 

- 15 

- 1.B 

- 0.7 

- -
- -

CURREHT IAVEFORU ,. SINUSOIDAL 
LOAD .. RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE. 1800 

Max. 

3 

3 

3 

50 

-

40 

3.5 

-

B 

1.5 

AVERAGE OH-sTATE CURREIIT[7(AV)l-A 

UNITS 

mA 

V 

mA 

V/p.s 

mA 

V 

I1S 

p.s 

°CIW 

92LS-234OR1 

Fig. 2- Power dissipation vs. average on-state current. 
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55210 Series 

206 

REPETITION RAT'E- PPS 
92CS-2"983 

Fig. 3- Dissipation VB. repetition rate. 

OC GATE-TRIGGER CURRENT (IGT)-A 
92LS- 23~ORI 

Fig. 5- Turn~n time vs. ga~trigger current. 

CRITICAL 

f 
·0 T 
1 / 63% OF vD 

0- __ --"~~ _______ l __ _ 
~t-----.J 

*-O.63.!.p-
t-RC 

Fig. 7- RatHJf-r;ge of off-rtate voltags with time 
(defining dtI/dt). 

FileNo. 757 

I 

ON·STATE VOLTAGE !YT1-V 
92LS-2344R2 

Fig. 4- Instantaneous on-state current VI. on-state voltage. 

fL oj --------- --- -----

-r --- i 

I 

/..-dlldl 

I 

O.51TM L 

o ____ L_ -~---------------
~ r-tl 

Fig. 6- Rate-of-change of on--state current with time 
(defining dlldt). 

-dl/dl~ 

--- 1- -----0 
I 
I 

-i_..-j--- 'tr ------t 
I 

I---tq ~ 

Fig. 8- Relationship between off-state VO/tagel reverse lIolrage, 
on-state current, and rellSfSB current showing reference 
poinrs defining wrn-off rime (taJ. 



File No. 757 ___________________________ _ 

SUPPLY 

~II 

+ 

FORWARD CURRENT CIRCUIT 

+ 

*FOR ADDITIONAL INFORMATION 
ON GATE TRIGGER CIRCUITS, ETC. 
REFER TO JEOEC STANDARD 
No. 7 SECTIOH 6.204.2. 

Fig. 9- Circuit used to measure turn-off time (tel, 
rectangular pulse. 

TERMINAL CONNECTIONS 

No.1 - Gate 
No.2 - Cathode 
No.3-Anode 

SUPPLY 
VOLTAGE 

II~ 

85210 Series 

207 



_________________________________ File No. 418 

OO(]8LJD 
Solid State 
Division 

Thyristors 

S6200 S6210 S6220 
Series 

I:'''' , '::,NODE 

PRESS-FIT 
S6200 
Series 

tCATHODE 

-GATE 

'" .,' . "-II., 
-ANODE 

CATHODE 

'

GATE ra~l~ 
-ANODE Series 

ISOLATEO-STUO 
",... S6220 

L __ -=~---.:::Se:::r.!!ies::... ____ _.JI 

20-Ampere Silicon 
Controlled Rectifiers 
Press-Fit, Stud, and Isolated-Stud Packages 

~ 
100V 200 V 400 V 

Package Types Types Types 

Press-fit 86200A 862008 862000 
(407491 (407501 (407511 

Stud 
86210A 862108 862100 
(407531 (407541 (407551 

lsoleted- 86220A 862208 86220D 
Stud (407571 (407581 (407591 

600 V 

Types 

86200M 
(407521 

8621 OM 
(407561 

86220M 
(407601 

Numbers in perentheses are former RCA type numbers. 

These RCA types are all-diffused, silicon controlled rectifiers 
(reverse-blocking triode thyristorsl designed for power 
switching and voltage regulator applications and for heating,. 
lighting and motor speed-control circuits. 

These SCRs have an RMS on-state current rating (IT IRMS] 1 
of 20 A and have voltage ratings (VOROMI of 100, 200, 400, 
and 600 volts. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
NON-REPETITIVE PEAK REVERSE VOLTAGE 

Gate Open ••••• 0' •••••••••••••••••••••••••••• 

NON-REPETITIVE PEAK FORWARD VOLTAGE 
Gole Open •••••••••••••••••••••••••••••••••• 

RF..PETITIVE PEAK REVERSE VOLTAm: 
Gnte Open •••••••••••••••••••••••••••••••••• 

REPETITIVE PEAK OFF-STATE VOLTAGE 
r.ntE' Open •••••••••••••••••••••••••••••••••• 

pgAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 
For one cye,i{" of Ilpplied principal voltage TC = 7SOC 

50-H z. (sinusoidal)......................... . . 
60-H z, (sinusoidal),................. ........ . 

For more thun one full cycle of applied principal voltage •••• 
ON-STATE CURRENT: 

For CHse temperature (Te) = 75° C. conduction angle of 180° 
Avernge DC valUE' •••••••••.••••••••••••••••• 
RMS value •••••••••••••••••••••••••••••••• 

RATF ... OF-CIIANGE OF ON-STATE CURRENT: 
VDM = 'HIOlO.IGT = 200 rnA, tr = 0.5 p.s (See Fig. 2.) ••••• 

FUSING CURRENT (for SCR protection): 
TJ =-6StolOOOC,t=lto8.3ms ..................... .. 

GATE POWER DISSIPATION: 
PEAK FORWARD «(or 10 p's max.) •••••••••••••••••• 
AVIo~R"AGR (averoging timE' = 10 ms, max.) ••••••••••••• 
PEAK REVERSE ••••••••••••••••••••••••••••• 

208 

Features: 
• Low switching losses 
• High dildt and dw/dt capabilities 
• Shorted-emitter pte-cathode 

construction 
• Forward and reverse gate dissipation 

ratings 
• All-diffused construction_urn 

exceptional uniformity and stability 
of characteristics 

S6200A S6200B 
S6210A S62108 
S6220A S62208 

VRSOM 1.50 250 

VDSOM 150 250 

VRROM 100 3)0 

VDROM 100 200 

ITSM 
170 
200 

• Symmetrical ga'bH:llthoda 
construction-prowides uniform 
current density. rapid electrical 
conduction. and efficient h .. t 
dissipation 

• Low leakage currents, both forward 
and reverse 

• Low forward woItaga drop at high 
current levels 

• Low thermal mistan.ce 

S6200D S62OOM. 
S6210D S6210M 
S6220D S6220M 

SUU 700 V 

500 700 V 

400 600 V 

400 6110 V 

A 
A 

See Fig. 10 

ITlAV) 12.5 A 

IT(RMS) 20------ A 

di/dt 200 Alp.. 

IZt 170 A2• 

PGM 40 W 
PGlAV) 0.5 W 
PRGM Sec Fig. 5 
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File No. 418 ______________________ 86200.6210.6220 Series 

MAXIMUM RATINGS. Absolu/e-Maximum Values: (Cont'd) 

TEMPERATURE RANGE: 
StorRIE." •••••••••••••••••••••••••• " •••••••••• 

Opernting (elise} ••••••••••••••••••••••••••••••• 

Soldering (10 • mux. for tenninels) •••••••• ~ •••••••••• 

ELECTRICAL CHARACTERISTICS 

86200A 
86210A 
86220A 

S6200B 
86210B 
86220B 

86200D 
86210D 
86220D 

86200M 
86210M 
86220M 

------6500100------
--------6500100---------

----- 225 ------

At Maximum Ratings and at Indicated Case Temperature (Tcl Unless Otherwise Specified 

CHARACTERISTIC SYMBOL 
LIMITS - ALL TYPES 

UNITS 
Min. Typ. Max. 

Ipstantaneous Forward Breakover Voltage: 
(Gate open. T C = 100 DC) 

56200A. 56210A. 56220A ...... .. ...... .... ,.,. ' .. '" 100 - .-

56200B.56210B.56220B ... · ............ : ......... · . 200 - -

562000.562100.562200 ......... ...... - ..... . ... vIBO)O 400 - - V 

56200M. 5621(IM. 56220M ....... .................... 600 - -
Peak Off-State Current: 

(Gate open, TC = iOO 0 Cl 

Forward. VOO· VOROM .................. ... ......... 100M - 0.2 3 
mA 

Reverse, VRO = VRROM •.• ............. ...... . . . . . . . . . IRROM - 0.1 2 

Instantaneous On·State Voltage' 
For iT = 100 A, TC = 25 0 C ... , •.•..••.•..•.•.•......•.•.• vT - 1.9 2.4 V 

DC Gate Trigger Current: 
Vo = 12V (DC). RL =30n, TC =25 DC •.••••.•••..•..•••••..• 

IGT 
- 8 15 mA 

At other case temperalures •••••.•••••.••.••••••.•••••••••• See Fig. II 

DC Gate Trigger Voltage: l l.l I VO=12V(DC1, RL=30Ii. TC=25 0C .•••.••..•••.••••••••• 
VGT 

2 
V 

At other case temperatures .•.•••••...•.••••.•••.•......••. See Fig. 12 

Instantaneous Holding Current: I 9 i Gate open, T C= 25 0 C ••..•.....•.•.•...•...•..•••.••••. iHO . 20 rnA 
At other case temperatures .••..•...•...•.•..•••.......••.. See Fig. 15 

Criticat Rate-ol-Rise of Off-State Voltage: 

(VOO = v{BO)O Min. value, Exponential rise, TC • lOOoC, See Fig 5) 

56200A.562000.56210A.562100.56220A.562200 ....... dv dt 10 100 - V/,'S 

56200B. 56210B. 56220B , ........................... 10 150 -
56200M. 5621 OM. 56220M ........................... 10 75 -

Gate Controlled Turn-On Time: 
Vo = V{BO)O Min. value, ir 30A,tGr=200mA, O.1!'s rise time, TC o250C tgt - 2 - f-Ls 
See Fig. 9 

Circuit Commutated Turn-Off Time: 
VD =VF(BOlO Min. vatue, iT = 18A, Pulse Duration' 50 !'s, 

Iq 20 40 dv/dt = 20 V I/JS. di/dt = -30 AlIJS. T C = 750 C - f-LS 
See Fig. 4 

Thermal Resistance: 
Junction·to-Case (press-fit. stud packages) ••••••••••••••••• 0 ROJC - - 1.2 

°C'W Junction-te-tsolated Stud (Isolated-stud package) ••••..••••••••• ROJIS - - 1.4 
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S6200, 6210, 6220 Series 

92S5-S"IRI 

Fig. 1-Principal voltage-current characteristic. 
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Yo 

1 " 63'4 OF Vo 
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~t----192CS'13365R3 

Fig. 3-RBtB of rise of off'ltate IIoltage With time (defining dr/drJ. 
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l 
~ 
!! 
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! 

REVERSE GATE CURRENT (IRG) _ A 
92CS·Ul60R2 

Fig. 5-ReveIW gate voltage II'. reverse gate current. 
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Fig. 2-Rate of change of on-statB cunvnt with time (defining di/dt). 
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for dlJfinition of tum-off time (tgl. 
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CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE Q.~ 
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DC DPERATlDN 

,.. 

COfDUCTION ANGLE· ISOO 
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" AYERAGE ON-STATE CURRENT ITCA¥) - It. 

Fig. 6-Power diuipation liS. on-state currwnt 
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Fig. 

CURRENT WAVEFORM:SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 

100 

95 

.. 

, .. 
, .. 

70 

.. , 
10 " 

Q8~ 
CONDUCTION 

ANGL..E 

2D 

AVERAGE ON·STATE CURRENT 'YIAY) _I. 9lS11-U68 

7-Maximum allowable case temperature vs. average forward 
current for stud and press-fit. 

0.2 0.4 0.6 D.S T 1.2 

GATE TRIGGER AMPERES (IGY) 
92SS-Ul3RI 

Fig. 9-Gate controlled turn-on time (fgt) VI. gate-trigger current. 

Fig. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESlmVE OR INDUCTIVE 

100 

95 

.. 

, .. 

, 
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S6200, 6210, 6220 Series 

-t-

" 

Q8~ 
CONDUCTION 

ANGL.E 

" AVERAGE ON·STATE CURRENT 'TIAY) - It 
92911-4469 

8-Maximum allowable case temperature vs. average forward 
current for isolated stud. 

INSTANTANEOUS FORWARD VOLTAGE ("Fl - v 
92CS-Il3SIR2 

Fig. 10-lnstantaneous on-state current VS. on-state voltage. 

211 



86200,6210,6220 Series _______________________ File No. 418 

.. CASE TEMPERATURE· 750C , LDAD • RESISTIVE 

~ 
REPETITIVE PEAK REVERSE VOLTAGE ("RROM] • M..,XIMUM RATED YALUE 
AVERAGE ON·STATE CURRENT ClnAW • MAXIMUM RATED VAlUE 

~ 
.,. 

~ 

! ... 
i "" 
l :::::-.. 1.t"'H. 

I 100 51{. ~ ::::: 

i 0 . . , 1 10 61 102 

PEAK SURGE CURREMT DURATION-FULL CYCLES 

Fig. 11-Peak surge on-state current vs. surge current duration. 
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CASE TEMPERATURE 1Tc)-OC 
92SS·4IISRI 

Fig. 13-0C gate-trigger voltage vs. case temperature. 

CASE TEMPERATURE (TC'--C 
92S5-4467 

Fig. 15-DC holding current vs. case temperature. 

.. 
I .. 
~ 

CASE TEMPERATURE lTe I-·C 
cr.~SS-446!1 

Fig. 12-0C gate-trigger current (forward} vs. case temperature. 

ENCLOSED AREA DEFINES PERMISSIBLE 
TRIGGERING POINTS 

" ,6 8 0 .1 2 4 6 B I 2 "6 8 10 2 

POSITIYE GATE-YO-CATHODE TRIGGER CURRENT II GT1-A 

9255-4466 

Fig. 14-Typical forward-biased gate trigger characteristics, 

TERMINAL CONNECTIONS 

No.1 - Gate 
No.2 - Cathode 
No.3-Anode 
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CRlClBLJD 
Solid State 
Division 

Cathode 

JEDEC T0-48 H·1601 

Thyristors 

S6431M 

Silicon Controlled Rectifier 
for High-Current Pulse Applications 
Features: 

• Up to 900 Amperes Peak Forward Current Pulses 

• 30 Wam Maximum Average Dissipation 

• Forward Current of 35 Amperes (rms value) 

• Shorted·E mitter Design 

a AII·Diffused Construction - Assures Exceptional Uniformity and Stability 

• Direct Soldered Internal Construction - Assures Exceptional Resistance to 
Fatigue 

The S6431M (formerly RCA type 40216) is an all-diffused, 
three-iunction silicon controlled rectifier (SCR) designed 
especially for use in radar pulse modulators, inverters, 
switching regulators, and other applications requiring a large 
ratio of peak to average current. 

It is especially constructed for rapid spread of forward cur
rent over the full junction area to achieve a high rate of 
change of forward current (di/dt) capability and low switch
ing dissipation. 

Abso/ute·Maximum Ratings 

RATINGS 

Transient Peak Reverse Voltage (Non-Repetitive), vRM 
(non"'!'ep):' '" •••••••••••••••••••••••••••••• 

Peak Reverse Voltage (Repetitive), vRM (rep) ••••••••••• 
Peak Forward Blocking Voltage (Repetitive), vFBOM 

(rep)' •••••••••••••••••••••••.•..•.••••.• 
Forward Current: 

For CBse temperature of +650 C, RMS value, IFRMS 
Peak Pulse Current (See Fig.7) •••••••••••••••••••• 
Rate of Change of Forward Current, di/dt .•••••• 0" ••••• 

Dynamic Dissipation: 
For case temperature of +650 c .................. . 

Gat~o~:!:~~:case temperatures ••••••••••••••••••••• 

Peak, Forward or Reverse, for 10 ~s duration. PGM 
(See Figs.lO and III •••••••••••••••••••••••• 

Average, PGAV •••••••••••••••••••••••••••• 
Temperature : 

Storage, T stl! ••••••••••••••••••••••••••••••• 
Operating Wase), T C. • • • • • • • • ••••••••••••••••• 

CONTROLLED.RECTIFIER TYPE 

S643tM 

720 
600 

600 

35 
900 

See Fig.7 

30 
See Fig.4 

40 
0.5 

-65 to +150 
-65 to +125 

• Any values of peak gate current or peak gate voltage to give the maximum gate power is permissible. 

9-74 

UNITS 

volts 
volts 

volts 

amperes 
amperes 

watts 

watts 

watt 
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S6431M File No. 247 

Characteristics at Maximum Ratings (unless otherwise specified), 
and at Indicated Case Temperature (TC) 

CHARACTERISTICS 

Fonvard Breakover Voltage, vBOO 
At TC = +1250 C •••••••••••••••••••••••••• 

InstantaneoU8 Blocking Current, 
At TC = +1250 C 

Forward, iFBO ••••••••••••••••••••••••• 
Reverse, iRaO ••••••••••. " •••••••••••••• 

Fonvard Voltage Drop, vF' ••••••••••••••••••••• 
DC Gate.Trigger Current, IGT' : 

At TC = +250 C .(See Fig.lO) •••••••••••••••••• 
DC Gate-Trigger Voltage, V GT'" : 

At TC = +250 C (See Fig.lO) •••••••••••••••••• 
Holding Current, iHOO": 

At TC = +250 C ••••••••••••••••••••••••••• 
Critical Rate of Applied Forward Voltage, Critical 

dv/dt'". ••••••••••• •••••••••••••••••••••• 

VFB = vBQO (min. value). exponential rise, and 
TC = +1250 C 
(See waveahape of Fig.ll 

Tum-On Time, tOD~', (Delay Time + Rise Time) ...•••••• 
VFB = vBOO (min. value), iF = 30 A, IGT = 200 mA, 

O.11J8 min. rise time, and TC = +25° C 
(See waveahapse of Fig.2) 

Turn-Off Time, tofr". (Reverse Recovery Time + Gate 
Recovery Time) • • • . . • • • • • • • • • • . • • • . • •••••• 
iF = 18 A, 50 ",a pulse width, dVFB/dt = 20 V I",a, 

di"/dt = 30 AI",a, IGT = 200 mA, and TC = +800 C 
(See wave shapes of Fig.3) 

Thennal Resistance, Junction ... t,o.Case •.••••..•••.•• 

... 
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TYPICAL E.I CHARACTERISTIC OF SILICON 
CONTROLLEO.RECTIFIER 

iRBO 

92CS-13490 

CONTROLLEO.RECTIFIER TYPE UNITS 

Min. 

600 

0.5 

20 

15 

S6431M 

Typ. Max. 

volts 

10 mA 
10 rnA 

See Fig.5 

25 80 mA(dc) 

1.1 2 volta(dc) 

20 70 rnA 

50 voltal 
microsecond 

1.25 microsecond 

20 40 microseconds 

2 OCIW 

CRITICAL dv/dt ~ 

,/ 

*~O.63 V~B 
t= Re 92C5-I3365R1 

Fig. '-Wsveshspe of critical d.,/dt raring test. 
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dl,/dl \ 

"-..\ 
\ 

t" 

Fig. 2-Wawshape of ton rating test 

I 
I 
I 

: vFB 

;---+-0 
I YRB 

,, _____ : ---.i 
I 
J 
J 

_-!. ______ ",1-=_::-:_=-"'-""--0 

I J 

I I 
J 'I' t., --+l 
I I J 

r---tOff~ 
J I 

92CS- tl]67Rt 

Fig. 3-Waveshape of t off rating rest. 

TC • 65·C 
GATE PULSE. SCOmA 
TIMES INDICAT ED ARE MEASURED FROM 
BEGINNING OF CURRENT PULSE. 

III jill \ 
.. 1000 i-Jl~~L I ... .. !it~ ... ~ .. ~.,~ .,~ ... 
!l; .I."~ .. 800 .... 
]. 
;: 

i 600 

u I 
Ii! 400 

l! 
~ 

200 V 
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140 

120 
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J .... 
~ 80 
~ 

~ 60 

... 40 

~ 
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o 

NOTE: FORWARD AND REVERSE LOSSES INCWDED. 

:--.. --:--.. -
:--.. 

r-;; 

4 12 16 20 24 28 32 

MAXIMUM DYNAMIC POWER DISSIPATION-WATTS (AVERAGE) 

92LS-1893 

Fig. 4-Maximum average total power di,,;pation as a function of 
case temperature. 

.. " 
,tJ·" 

~ 
-I I 
-II 

0.5).1$ 

III 
40 50 

FORWARD VOLTAGE (vFl-VOLTS 

Fig. 5-Forward voltage-current characteristics as a function of time. 92lM-1B94 215 
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U /1.511' 
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~ NOTE: nMES INDICATED ARE MEASURED r 

FROM BEGINNING OF CURRENT 
pum. 

zoo 400 600 800 1000 
INSTANTANEOUS FORWARD CURRENT-AMPERES 

HLU-I8H 
Fig. 6-lnstantsneous forward dissipation-forward current character

istics as a function of time. 
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Fig. 7-Maximum current as a function of time. 
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Fig. 8-Peak current as a function of maximum repetition rate for 
sine-wave pulse shapes. 
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Fig. 9-Peak current as a function of mMimum repetition rate for 
square-wave pulse shapes. 
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100 

• SHADED AREA INDICATES LOCUS 
OF POSSIBLE TRIGGERING POINTS 
FOR VARIOUS TEMPERATURES. 

PERMITTED PULSE WIDTHS 
FOR INDICATED PEAK 

FORWARD GATE POWER 

100us 

o MAXIMUM GATE TRIGGER 1m. 
VOLTAGE FOR INDICATED MAXIMUM GATE 
JUNCTION TEMPERATURE (TJI RESISTAHC 

w~ 
IOms cl:= TJ'-65'_C - - N'.5. 

t#~ - - - _+3:'·: ~~I' - - ---tl!5°C ~ -.. ' 
" . III 

AVERAGE GATE 
DISSIPATION UMIT 

+125·C 
MAXIMUM GATE TRIGGER 

MAXIMUM VOLTAGE AT WHICH ~ 
NO UNIT WilL TRIGGER FOR 

.~5;~ ~_ 
aJRRENT FOR INDICATED 

T~~~~~~~ IT'riiil"RE IITJ!' 
TJ-+125° C I 111:1 lUI I1UI I 

2 • 2 • • • 2 • • 2 
O. 

O. 001 • • o.b, 0.1 • I!O 
GATE-lO-CATHODE CURRENT-AMPERES 

Fig. to-Forward gate characteristics. 

w ,. 
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zl 
o 
I 

~ 

I., r-
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~y"~\?1.~ 

• • • 2 
10 

92LM-1911 

S6431M 

).B REVE,:'; GATE CURR~"T-AMPERES 
o 
0.1 ~ U ~ M U 

92CS-13360 

Fig. l1-Rell8rstJ gate characteristics. 

TERMINAL CONNECTIONS 

No.1 - Gate 
No.2 - Cathode 
No.3-Anode 

GATE CURRENT {lGT)-AMPERES 
92CS-13359RI 

Fig. 72-Turn·on time characteristics. 
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OOCTI3LJI] 
Solid State 
Division 

App II cat ions: 
In power supplies formobiie equipment, 

dc-to-dc converters, battery chargers, 
dynamic .braking system~, aircraft and 
missile power supplies, high-power trans
mitter and rf-generator power supplies, 
machine-tool controls, dc-motor power 
supplies, and in other hea.;y-duty in
dustrial and military equipment. 

HALF-WAVE RECTIFIER SERVICE 

Maximum Ratings: 
Absolute-Nax .... " .. Values tor SuPPly fl"equency at 

60 cps 'a~;7~:~;~h~~e I~~~~~~nto~ with 

PEAK INVERSE 
VOLTS. 55 110 220 300 400 500 600 

RMS SUPPLY 
VOLTS. 39 77 154 212 284 355 424 

DC BLOCKING 
VOLTS. 50- 100 200 300 400 500 600 

FORWAIID 
AMPERES: 
Average DC: 

At 1500 C 
case tem-
perature. 20 20 20 20 20 20 20 
At other 
temperatures See Rating Chart 

PEAK RECURRENT 
AMPERES. 901 901 90 1 901 901 901 90 

P~~p~~~~7' 
(One-half 

cycle, sine 
wave) ••• 350 I 350 I 350 1 350 I 350 1 350 1 350 

(For more 
than one 
cycle) • See Rating Chart IV 

CASE TEMPERA-
TURE: 
Operating 
and Storage -65 to +175 0 C 

STUD TORQUE: 
30 In-lb Recommended • 

Maximum (DO 
NOT EXCEED). SO in·lb 

, Superimposed on device operating within the 
maximum specified voltage, current, and temper
ature ratings and may be repeated after suf
ficient time has elapsed for the device to 
return to the pres urge thermal equilibrium 
condi t ions. 
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Rectifiers 
1N248C 1N249C 1N1196A 

1N250C 1N1197 A 
1N1195A 1N1198A 

Stud-Mounted 

Types for 

Industrial and 

Military Power 
Supplies 

Forward-polarity Reverse-polarity 

JEDEC DO·5 

• available In reverse-polarity versions: 
I N2118-RC, I N2119-RC, I N2S0-RC, IN 119S-RA, 
IN II 96-RA, IN 1197-RA, IN II 98-RA 

• designed to meet stringent military mechanl~ 
cal and envl ronmental specifications 

• dlffused-junctl'on process - exceptional uni-
formity of characteristics 

• hermetic seals • welded construction 

• low thermal resistance • low leakage current 

• low forward voltage drop • JEOEC 00-5 outline 

• high output cu rrent: up to 

8'1 amperes - 6 rectifiers in 3-phase, 
full-wave bridge cl rcult 

60 amperes - 'I rectifiers In slngl8-
phase full-wave bridge ci rcult 

Characteristics at 1500 C Caae Temperature 
Max. Forward 

Voltage Drop. 
(Volts) •• 0.6 10.610.6 10.610.610.6 I 0.6 

Max. Reverse 
Currente 
(Ma. ) 3.8 13.613.413.2 I 2.5 12.211.5 

• At ma'Ximum peak inverse voltage. average for ... 
ward amperes = 20. and averaged over one com ... 
plete cycle. 

9·74 
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MAXIMUM AVERAGE FORWARD AMPERES 

9ZCS-I0746 

Fi{f.l - Ratin{f Chart 1 for Types IN248-C, 
IN249-C. IN250-C, INl195-A, INl1 96- A, 
INl197-A, 1Nl198-A, and correspondin{f 

reverse-poLarity versions. 

NATURAL COOLING. 
SINGL£-PHASE OPERATION. 
RE&1.FI~A,r~~ STUD-MOUNTED DIRECTLY 

HEAT SINK: V.6"-THJCK COPPER WITH A MAT 
BLACK .suRf'ACE AND Tt£RMAL EMISSIVITY 
OF 0.9. 

.. 

~ 100 150 
AMBIENT TEMPEAATURE-·C 

200 

FORCED-AIR COOLING:AIR VEl..()QTV= 1000 FEET PE 
MINUTE PARALLEL TO PLANE OF HEAT SINK. 

SINGLE-PHASE OPERATION. 
RECTIFIER TYPE IS .STUD-MOUNTED DIRECTLY ON 

HEAT SJNK. 
HEAT SINK: V!6"-TH&CK COPPER WITH A MAT 

BLACK SURFACE AND THERMAL EMISSIVITY 
OF 0.9. 

INCOMIIIG-AIR TOFERAT\I'£: MEASURED "AT A POINT 
IN SPACE ~. AWAY FROM TI-£ CASE AND 
~. BELOW Tt£ HEAT SINK. 

30 

2. 

" ~ 
~ 20 

a a: 
'" '" a: e 
tl 

,. 
c 
:i 
;;; 

" " 10 

" ~ 
" 

.. 100 "0 
INCOMING-AIR TEMPERATURE-o C 

200 

9201-10741 

Fi{f.2 -Ratin{f Chart II for Types iN248-C, 
1N249-C,· IN250-C, INl195-A, IN119 6- A, 
INl197-A, INl198-A, and correspondin{f 

reverse-poLarity versions. 

92CM-I074.5 

Fi{f. 3 - Ratin{f Chart III for Types IN248-C, 
1N249-C, IN250-C. INl195-A. INl1 96-A. 
INll"97-A. INl198-A, and correspondin{f 

reverse-poLarity versions. 
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1N248C-1N250C.1N1195A-1N1198A 

....... v 60CPS lINE WtI.YE 
CASE =I5O"C 
AElllSTrn: ....... 
........... v aMAJelMlAl RATED VALUE 
DC 0UTI'IIf =MAXMAI RATED VALUE 

~ 

~300 ~ "" ~200 t-.... 

I-I~ 
....... - -
. . 

• • 10 
• . • • I~ 

SURGE.-aJRRENT DURATION-CYCLES 

nCS-IOIIOQ 

Fie.4 - Ratine Chart IV for Types IN248-C. 
IN249-C. IN250-C. INl195-A. INl196-A. 
INl197-A. INl198-A. and correspondine 

reverse-pol~rity·versions. 

INSTANTANtous rORWARD \IOLTS 

92CS-I0768 

Fie.6 - Typical Forward Charactenstics 
for Types IN248-C. 1N249-C. 1N250-C. 
IN1195-A. IN1196-A. IN1197-A. 1Nl198-A. and 
correspondine reverse-polarity versions. 

222 

FiIe-No,& 

92.CS-I0910 

Fie.5 -Chart V for Types IN248-C. 1N249-C. 
INa50-C. IN119'i-A. INl196-A. INH97-A• 
.lN~198-A. and correspondine r.e.verse

polarity versions. 

INSTANTANEOUS INVERSE VOLTS 

1J2CS-I0767 

Fie.7 - Typical Reverse Characteristics 
for Types IN248-C. 1N249-C. IN250-C. 
IN1195-A. IN1196~A. IN1197-A. INl198-A. and 
correspondine reverse-pol~rity versions. 
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OOcrdLJD 
Solid State 
Division 

RCA-IN440B, IN44IB, IN442B, IN443B,lN444B, 
and lN445B are herrootically sealed silicon rectifiers of 
the diffused-junction type, designed for use in power 
supplies of magnetic amplifiers, radio receivers, dc 
blocking circuits, power supplies, and other military 
md industrial applications. 

These devices have dc forward-current ratings 
to 0.75 ampere at an ambient temperature of 25°C, 
and peak reverse voltage ratings of 100, 200, 300, 400, 
500 and 600 volts, respectively. 

The IN440B through lN445B feature (1) sturdy 
and compact mount structure, (2) axial leads for flexi
bility of circuit connections, (3) welded hermetic seals
every unit is pressure-tested to assure protection 
against moisture and contamination, (4) superior junc
tion formation made possible by a diffusion process 
with very precise controls. In addition, these devices 
are designed to meet the following stringent environ
mental, mechanical and life requirements of prime 
importance in military applications: (a) special temper
ature-cycling tests to assure stable performance over 
the entire operating temperature range, (b) special 
coating to provide protection against the effects of se
vere environmental conditions, 

Rectifiers 
1N440B 1N443B 
1N441B 1N444B 
1N442B 1N445B 

DIFFUSED· JUNCTION 
SILICON RECTIFIERS Anode 

FLANGED-CASE AXIAL-LEAD TYPES 

For Power-Supply Applications 
In Industrial and Military 
Electronic Equipment 
FEATURES: 

Cathode 
(Case) 

. H-967 
JEDECDO-! 

• stringent environmental and mechanicar tests to 
insure dependable performance in industrial and 
military applications 

• hermetically sealed J EDEC 00·1 package 

RECTIFIER SERVICE 

Absolute-Maximum Ratings, for a Supply Frequency of 60 Hz: 

PEAK REVERSE VOLTAGE ...•.•.. 
RMS SUPPLY VOLTAGE 

For resistive or inductive loads ..•.• 
DC REVERSE (BLOCKING) VOLTAGE. 
FORWARD CURRENT:a 

DC: 
atTA =500C •.•.. , ......•..• 
at TA = 1000C .•......•..•..• 
at TA = 1500C ....•.....•..•. 

Peak, Repetitive •••....•••••.• 
Surge, One-Cycle .•..•..•...••. 

TEMPERATURE RANGE (Ambient): 
Operating ................... . 
Storage ................... .. , 

IN440B IN441B 

100 200 

70 140 
100 200 

750 750 
500 500 
250 250 
3.5 3.5 
15 IS 

165 165 

IN442B IN443B IN444B IN445B 

300 400 500 600 

210 280 350 420 
300 400 500 600 

750 750 650 650 
500 500 425 400 
250 250 0 0 
3.5 3.5 3.5 3.5 
15 IS IS IS 

165 165 150 150 
·65 to +175 

a For maximum de forward current values at ambient temperatures other than those specified, See Rating Chart Fig.1. 

11-73 

UNITS 

V 

V 
V 

rnA 
rnA 
rnA 
A 
A 

°c 
°c 
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1N440B-1N445B ________________________ File No.5 

Characteristics, at Ambient Temperature (T A) • 2SaC 

~375 

~ 
~25 
g 
~ 125 ,. 
~ 

CHARACTERISTICS lN440B lN441B 

Maximum Forward Voltage Drop (DC) 
at full load current. .•........ 1.5 1.5 

Maximum Reverse Current (DC) 
at maximum peak reverse voltage 0.3 0.75 

Maximum Reverse Current 
(averaged over 1 complete cycle 
of supply voltage): 

at maximum rated PRV, TA = 1500C 100 100 

50 100 150 200 
AMBIENT TEMPERATURE CTA)--C 

92CS-14118 

lN442B lN443B lN444B lN44SB UNITS 

1.5 1.5 1.5 1.5 V 

1 1.5 1.75 2 j.iA 

200 200 200 200 j.iA 

AMBIENT TEMPERATURE=2S· .. 
10 

oS 1.0 LS 2.0 
INSTANTANEOUS roRWAAD VOLTS 

~2CS-I0063 

Fig.l • Rating Chart lor RCA.lH440B through lH44SB. 
Fig.2. Typical Forward Vo/ta!Je and Current Charac· 

teristic lor RCA.lH440B through lH44SB. 
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IO~ AMBIENT TEMPERATURE ee) = 1.50 
-DO NOT EXC£ED UAXIMUM · PEAK REVERSE-VOLTAGE 

RATING. · '" 3 .. 
a: I-
~ • --" I-0( --0 I-a: --~ 10 

" · .. ., · a: .. 
~ · a: · 

2 

400 000 .0 

92CS-I0064RI 

Fig.3. Typical Dynamic Reverse CharacteristiC 
lor RCA.lH440B through lH44SB. 



File No.3 --------------------'---------------

ffilm3LJlJ 
Solid State 
Division 

* 
Anode. ~ 
11. 

Cathode 

JEDEC 00-1 

Rectifiers 

1N5361N5381N540 
1N5371N5391N5471N1095 

Diffused-Junction Silicon Rectifiers 
Flanged·Case, Axial·Lead Types 
For Power·Supply Applications 

Features: 
• Wide operatin!ttemperature range : ·65 to +65oC. 
• Stringent environmental and mechanical tests to insure 

dependable performance in industrial and military 
applications. 

a Peak reverse voltages from 50 to 600 V. 

• Max. de forward current = 250 mA at T A = 1500 C. 
• Hermetically sealed JEDEC 00·1 package. 

RCA·1N536. lN537. lN538. lN539. lN540. lN547, and 
lNl095 are hermetically sealed silicon rectifiers of the 
diffused·junction type. They are specifically designed for 
use in power supplies of industrial and military equipment 
capable of operating at dc forward currents up to 750 
milliamperes and temperaturos ranging from .650 to +16SOC. 

microamperes at rated peak reverse voltage and ambient 
temperature of 250 C. 

These silicon rectifiers are designed to meet such stringent 
environmental, mechanical, and life requirements of prime 
importance in military applications as: (1) sturdy and 
compact mount structure, (2) axial leads for flexibility of 
circuit connections, (3) welded hermetic seals, and (4) special 
temperature cycling tests to assure stable performance over 
the entire operating temperature range. 

These silicon rectifiers have peak reverse voltage ratings from 
50 to 600 volts, and a maximum reverse current of 5 

RECTIFIER SERVICE, ABSOLUTE-MAXIMUM RATINGS, for a Supply Frequency of 60 Hz: 

lN536 lN537 lN536 lN539 

PEAK REVERSE VOLTAGE. ••••••••• 50 100 200 300 

RMSSUPPLYVOLTAGE 
For resistive or 
inductive loads .......... ........ 35 70 140 210 

DC REVERSE - IBLOCKING) 
VOLTAGE ••••••••••••••••••••• 50 100 200 300 

FORWARD CURRENT·: 
DC, for resistive or inductive loads: 

TA=500C ••••••••••••••••••••• 750 750 750 750 

SURGE, one cycle ................. 15 15 15 15 

OPERATING FREQUENCY •••.•••••• 100 100 100 100 

TEMPERATURE RANGE IAmbient!: 
Operating .............•.•..... . ·65 to +165 
Storage ..•.. ..•................ -65 to +175 

lN540 lNl095 

400 500 

280 350 

400 500 

750 750 

15 15 

100 100 

·For maximum de forward current values at ambient temperatures other than those specified, see Rating Chart, Fig. 1. 

5-72 

lN547 

600 V 

420 V 

400 V 

750 mA 

15 A 

100 kHz 

°c 
°c 
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1N536-1N540, 1N547, 1N1095 --------....,...------------ File No.3 

CHARACTERISTICS, at Ambient Temperature (TAl = 250 C: 

lN536 lN537 lN538 lN539 lN540 lN547 lNl095 

Maximum Forward Voltage Drop 
(DCI at a load current of 
500mA ............................. . 

Maximum Reverse Current (DCI 
at maximum peak reverse voltage ........ . 

Maximum Reverse Current 
(Averaged over 1 complete 
cycle of supply voltagel: 

at maximum rated PRV, 
TA=1500C .................... . 

1.1 

5 

0.4 

~~~~ 

.00 

375t::::::-:--:"::§!clAREA OF C:r::::r: PERMISSIBLE: 
~_OPERATION 

250 . 

'2' 

. --~ 

50 100 150 200 
AMBIENT TEMPERATURE-·C 

1:12C5-10082 

1.1 1.1 1.1 1.1 1.2 1.2 

5 5 5 5 5 5 

0.4 0.3 0.3 0.3 0.35 0.3 

AMBIENT TEMPERATURE (-C)=25 ~ '_4 .. 
ri-

0.5 , I.~ 
INSTANTANEOUS FORWARD VOLTS 

q2eS-10083 

Fig.1- Rating chart. 
Fig.2- Typical forward voltage and current 

characteristic • 

IO~ 

': 

226 

.. DO NOT EXCEED PEAK REVERSE
VOLTAGE RATING. 

UNCTION TEMPERATURE (OC)=I!JO 

100 200 300 400 500 600 
INSTANTANEOUS REVERSE VOLTS" 

Fig.3- Typical dynamic reverse character
istics. 

92CS-IOI37RI 

V 
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File No. 38 ________________________________ _ 

[Rl(]5Lm 
Solid State 
Division 

Rectifiers 

1N1183A 1N1184A 
1N1186A-1N1190A 

40-Ampelf'e Silicon Rectifiers 
_. Stud-Mounted Types for I ndustrial and Military Power Supplies 

Features: 
Ii Low thermal resistance • Welded construction 

• Low forward voltage drop a Low leakage current 
• JEDEC DO-S'Outline • High output current: 

up to 160 amperes - 6 rectifiers in 3-phase, full-wave bridge circuit 
up to 120 amperes - 4 rectifiers in single-phase, full-wave bridge circuit 

a Available in reverse-polarity versions: 

Forward-polarity Reverse-polarity 
1N1183RA, 1N1184RA, 1N1186RA,1N1187RA, 1N1188RA,1N1189RA, 
1N1190RA 

JEOEC 00·5 
a Extra-high-strength zirconium-alloy mounting stud - withstands installation 

torque of up to 50 inch-pounds 
a Designed to meet stringent military mechanical and environmental 

specifications. 

RCA-1Nl183A, lNl184A, lNl186A, lNl187A, lNl188A, 
lNl189A, and lNl190A are 40-ampere, diffused-junction 
silicon rectifiers 'suitable for use in generator-type power 
supplies for mobile electrical and electronic equipment, in 
dc-to-dc converters and battery chargers,' and in power 
supplies for aircraft, marine, and missile equipment, trans
mitters, and rf generators. They are also extremely useful in 
power supplies for dc motors, in welding and, electroplating 
equipment, in dc-blocking applications, in magnetic ampli
fiers, and in a wide variety of other applications in 
heavy-duty'industrial and military equipment. 

a Diffused-junction process - exceptional uniformity and 
stability of characteristics 

IJ Hermetic seals 

These rectifiers,are conservatively rated to permit continuous 
operation at maximum ratings in applications requ iring high 
reliability under severe operating conditions., In addition, 
they utilize a special zirconium-alloy mounting stud which 
can withstand installation torques of up to 50 inch-pounds -
a feature of" significant value in applications involving 
mechanical shock and vibration. 

HALF-,WAVE RECTIFIER SERVICE, AesOLUTE-MAXIMUM,RATINGS, for Supply Frequency of 60 cps. Single-phase Operation, 
and with Resist;ve or Inductive Load 

PEAK REVERSE VOLTS ................... . 
RMS SUPPLY, VOLTS, •••••••••••••••••••... 
DC BLOCKING VOLTS •• " ••••••••••••.••• 
AVERAGE FORWARD AMPERES: 

At 1500 C case temperature ... ............ . 
At other case temperatures . .............. . 

PEAK SURGE AMPERES:' 
One41alf cycle, sine wave ............. ... . 
For more than one cycle ................ . 

PEAK RECURRENT AMPERES .•.••••••.•••. 
CASE TEMPERATURE RANGE: 

Operating and storage . .................. . 
Charactoristics: 
Max. Forward Voltage Drop (Volts)b ....... ... . 
Max. Reverse Current (mA): 

Dynamicb ............................ . 
StaticC ••••••••••••••••••••••••••••••• 

Max. Thermal Resistance. 
Junction~to·Case .....••....•.......... ( .. 

STUD TORQUE: 

lNl183A lNl184A lNllBBA 
50 100 200 
35 70 140 
50 100 200 

2.5 2.5 2.5 

lNll87A lN1188A lN1189A lNl190A 
300 400 500 600 
212 284 355 424 
300 400 500 600 

40 
See Fig. 1 

800 
See Fig. 5 

195 

-65 to +2000 C 

0.65 

2.5 2.2 2 1.8 
0.Q15 

10 C/W ------------

Recommended . ......................... . 
M,ximum (DO NOT EXCEED) •••••...••.••. =========- 30 in-Ib ========:: 50in-lb 

a Superimposed on device operating within the maximum specified 
voltage. current, and temperature ratings and may be repeated after 
sufficient time has elapsed for the device to return to the presurge 
thermal-equilibrium conditions. 

11·73 

b Average value for one complete cycle, at maximum peak reverse 
voltage. maximum average forward amperes = 40. and case 
temperature (OC) = 150. 

C DC value. at maximum peak reverse voltage and case temperature 
IOC)·25. 
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lNl183A-1Nl190A ______________________ _ File No. 38 

TYPE OF OPERATION'I 
A-DIRECT CURRENT 
R-SINGLE PHASE 
C-THREE PHASE 
D-SIX PHASE 

CASE TEMPERATURE: MEASURED 
WITH A THERMOCOUPLE AT 
CENTER OF FLAT OF HEX 
FLANGE. 

LOAD: RESISTIVE OR INDUCTIVE 

9ZCS-1134ZRI 

Fig.1- Rating chart for all types and corresponding reverse-polaritY 
·versions •. 

40 

3l> 

i 25 

I 
I? 
w 20 

~ 
~ 

~ 15 

i 

10 

50 

NAT'U1AL COOJNG. 
SINGLE PHASE OPERATION. 
RECTIFIER TYPE IS STUD-MOUNTED 

DIRECTLY ON HEAT SINK. 
HEAT SIM(:IIIS"-THICK COPPER 

WITH IS. MAT BLACK SURFACE AND 
THERMAL EMISSIVITY OF 0.9. 

~ 
<!l 
't 

'!l 

'" 
cr. 

P, ~ 

'P, 

100 150 

FREE-AIR TEMPERATURE-·C 
92CM-1I348 

Fig.3- Operation guidance chart for all types and corresponding 
reverse-polarity versions. 
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CONDUCTION ANGLE-DEGREES 

92CS-I09tO 

Fig.2-' Current-multiplying-factor chart for polyphase and de opera
tion for all types and corresponding reverse-polarity versions. 

FORCED-AIR COOLING:AIR VELOCITY~ 
1000 FEET PER MINUTE PARALLEL 
TO PLANE OF I£AT SrM<. 

4 

35 

30 

10 

50 100 150 
INCOMING-AIR TEf.FERATURE-oC 

200 

92CM-11346 

Fig.4- Operation guidance chart for all types and corresponding 
reverse-polarity versions. 



File No. 38 ------------------------ 1N1183A-1N1190A 

~;E WAVE CASE TEMPERATlJRE·,OO" C 

M-RATED VALUE 
• MAXIMUM-RATED VALUE 

~w600 
1\ 

'!i d '\,. 
':'~ '-.... ~'" 
~!e400 r--.. ". r-I~ -r-.-t--i~ 200 

6 8 100 6 8 10 

SURGE-CURRENT DURATION-CYCLES 
92CS-113~ 

t.1STANTANEOUS FORWARD VOLTS 
92CS-II340 

Fig.5- Surge-current rating chart for all types and corresponding Fig.6- Typical forward characteristics for all typel and corres-
reverse-polarity versions. ponding revel'$s-polariry versions. 

Fig.7- Typical reverse characteristics for all types and corresponding 
reverse-polarity versions. 

229 



_______________________________ "File No. 20 

OOcn5LJD 
Solid State 
Division 

1N1199A 
Rectifiers 

1N1200A 1N1204A 
1N1202A 1N1205A 
1N1203A 1N1206A 

Used in generator-type power supplies for Stud-Mounted 
mobile equipment; in dc-to-de converters, 
battery chargers, and machine-tool controls; 

e Cathode 

in power supplies for aircraft, marine, and Types for 
missile equipment, for de motors, trans- *-A~ mitters, rf generators, welding equipment, and Industrial and 
electroplating systems; in dc-blocking 
service, and in a wide variety of other appli-

Ca1hodel Anode cations in military and industrial equipment. Military Powe,r 
HALF-WAVE RECTIFIER SERVICE 

Absolute-Maximum Ratings tor SuPPly frequency ot Supplies 
60Hz. Single-Phase Ope1"ation, and with 

Resistive 0'- Inductive Load 

Forward-polarity Rev.1rse-polarity 

PEAK REVERSE 
VOLTS ••• 

TRANSIENT RE
VERSE VOLTS, 
NON-REPETI -
TIVE (5 -ma.c 
max. duration 
and case tem-

~frO·tt~r2000n~) 
lUIS SUPPLY VOLTS 
DC IlLOCKING 

VOLTS •••• 
AVERAGE FORWARD 

MIPERES: 
At 1500 C caa. 
temperature • 
At ot.her case 
temperatures. 

PEAK IIECUIUU:NT 
AMPERES •• 

PE~p~~~~~' 
One .. half cycle, 
sine wave • . • 
For one or more 
than one eye Ie • 

CASE-TEMPERATUiE 
RANGE: Operating 
and Storage . . 

STUD TORQUE: 
Recommended. . . . . 
Maximum (DO 
NOT EXCEED) .••• 

Characteri stics: 

MaV~l i:~:aD~op. 
(Volta) 

Max. Reverse 
Current.('da.) : 
Dynamic ••• 
Static· ••• 

Max. Thermal 
Resistance. 
,Junction-to-
Case ••••• 

230 

hifl1J0'£'/)'/tY 3}§~~~~~ 
~~~~~~~ 
~~~~~~~ 

JEOEC 00-4 

H·1167 

50 100 200 300 400 

100 200 350 450 600 
35 70 140 212 284 

50 100 200 300 400 

12 12 12 12 12 

S •• Fig. 1 

50 I 50 I 501 501 501 

240 I 240 I 240 I 240 I 240 I 
See Fig.4 

-65 to +200° C 

15 in-Ib 

25 in·lb 

0.55 0.55 0.55 0.55 0.55 

3 2.5 2 1.75 1.5 
0.004 0.004 0.004 (1004 (1004 

2°C/Watt 

500 600 

700 800 
355 424 

500 600 

12 12 

50 I 50 

240 I 240 

0.55 0.55 

1.25 1 
(1004 0.004 

• available in reverse-polarity versions: 
I 
I 

.d 
a 

.d 
f 

• h 
• I 
• I 
• h 

'5 
m 
a 
• 

N II 99-RA, IN 1200-RA, IN 1202-RA, IN 1203-RA, 
NI201l-RA, INI,205-RA, IN1206-RA 

esigned to meet stringent mil ihry mechanical 
nd environmental specifications 

Inused-junctlon process - exceptional unl
omity and stabil ity of characteristics 

emetic seals • welded construction 

ow thermal res i stance • low I eakage current 

ow forward vol tage drop • JEDEC DO-II out! ine 

igh output current: 
up to 30 amperes - 6 rectifiers in 3-phase, 

full-wave bridge circuit 

up to 211 amperes - II rectifiers In single
phase full-wave bridge ci rcuit 

uperimposed on device operating within the 
aximum voltage. current. ana tem~erature ratings 

t 
l:p::l fbo~ ~~~ed!:tc:fttoerre~~~!l~!e:hte tpir~esu~~: 
hermal-equilibrium conditions. 

"A 
p 
a 

• a 

verage value for one complete cyc le at case tern
erature of 1500 C and at maximum rated voltage 
nd average forward current. 

11·73 



File No. 20 _______________________ 1N1199A-1N1206A 

TYPE OF OPERATION; 
A-DIRECT CURRENT 
B-SINGLE PHASE 
C-THREE PHASE 
Q-sue PHASE 

CASE TEMPERATURE: MEASURED WITH A 
THERMOCOUPLE AT 
CENTER OF fLAT 
OF HEX flANGE 

LOAD: RESISTIVE DR 
INDUCTIVE 

CASE T£MP£RATLAE-"c 

92CS-II065R1 

Fig.! - Rating Chart for all Types. 

NATURAL COOLING. 
SINGLE-PHASE OPERATION. 
RECTifiER TVPE IS STUD MOUNTED DIRECTLY 

ON HEAT SINK. 
HEAT $INK= 1/16- THICK COPPER WrYH A MAT 

BLACK SURFACE AND THERMAL EMISSIVITY 
OF 0." 

12 

FORCED-AIR COOLINOIAIR YELOCITY-IOOO FEET PER 
MINUTE PARALLEL TO PLANE OF HEAT SINK. 

SINGLE-PHASE OPERATION. 
RECTIFIER TYPE IS STUD-MOUNTED DIRECTLY ON 

HEAT SINK. 
HEAT SINK IIJI6--THICK COPPER WITH A MAT BLACK 

SURFACE AND THERMAL EMISSIVITY OF 0.9. 
INCOMING-AIR TEMPERATURE I MEASURED AT A POINT 

IN SPACE 114-AWAY FROM THE CASE AND 114-
BELOW THE HEAT SINK. 

12 

10 

+' 

... 

SO 100 150 200 
INCOMING-AIR TEMPERATURE-·C 

10 92CM-1I067RI 

I· 

.0 

~. ': ~ 
~~~ 

I~ 

'" .. 

100 1.0 
FREE-AIR TEMPERATURE-·C 

. 
" !" 

200 

9ZCM-II068R1 

Fig.2 - Operation Guidance Chart for all 
Types and corresponding reverse

polarity versions. 

Fig.3 - Operation Guidance Chart for all 
Types and corresponding reverse

polarity versions. 

SUPPLY FREQUENCY-6Q CPS SINE WAVE 
CASE TEMPERATURE-ISO· C 
RESISTIVE OR INDUCTIVE LOAD. 
RUS SUPPLY VOLTAGE - MAXIMUM-RATED VALUE 
AVERAGE FORWARD CURRENT-UAXIMLN-RATED VAlUE 

200 

~~200 "'" jil!! 

~ilOO 
~m 100 

~i 50 

"-

r--. 
........... 

---
2 4 . . 2 10 
SURGE-CURRENT DURATION-CYClES 

4 . . 100 

92CS-II066RI 

Fig. q - Peak-Surge-Current Rat ing Chart for 
all Types and corre·sponding reverse

polarity versions. 
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lNl199A-1N1206A ________________________ File No. 20 

1 
CONDUCTION ANGLE -DEGREES 

92CS-IQ910 

o 0.2 0.4 0.6 O.B I 
INSTANTANEOUS FORWARD VOLTS 

1.2 1.4 

92CS-II063 

Fig.5 - Current-Multiplying-Factor Chart for 
Polyphase andDC operation for all Types and 

corresponding reverse~polarity versions. 

Fig.6 - Typical Forward Characteristics for 
all Types and corresponding reverse

polarity versions. 
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CASE TEMPERATURE-200· C 

~ 
~2.5 

3 
" 2 

~ 

200 400 600 
INSTANTANEOUS INVERSE VOLTS 

A 
RA 

INIZQbA 
IN1206RA 

BOO 

92CS-II0&,4R2 

Fig. 7- Typical Reverse Cha·rac·teristics for 
all Types and corresponding reverse

polarity vers'ions. 



FileNo. 58 ______________________________ _ 

rn1(]5LlD 
Solid State 
Division 

These silicon rectifiers are intended for use in 
generator-type power supplies for mobile equipment; in 
dc-to-de converters, power supplies for de motors, trans
mitters, rf generators, welding equipment, and elec
troplating systems; in dc-blocking service, magnetic 
amplifiers, and in a wide variety of other applications 
in industrial equipment. 

HALF-WAVE RECTIFIER SERVICE 
Abso/uf8.Maximum Ratings for Supply Frequency of 60 Hz. 

Single-Phas8 Operation with Resistive or Inductive Load 

PEAK HEVEIlSE 
VOLTS ••• 50 100 200 300 400 500 600 

Rectifiers 
iN134iB iN1342B 

1N13448 
1N13458 

Stud-Mounted 

iNi346B 
1N13478 
1N13488 

Types for 
Industrial 
Power Supplies 

Forward-polarity Raverse-polarity 

JEOEC 00-4 

H-1167 

o Available in reverse-polarity versions: 
INISqlRB, INISq2RB, INISqqRB, INISqSRB, INISq6RB, 
INISq7RB, INISqSRB 

TRANSIENJ' HE
VERSE VOLTS. 
NQII-REPETI
TIVE (S-msec 
max. duration 
and case tem
perature range 
of 0 to 2000 C. 100 200 350 450 600 700 800 0 Designed to meet stringent mechanical and 

RMS SUPPLY VOLTS 
OC BLOCKING 

VOLTS. _ •••• 

35 70 140 212 284 355 424 environmental specifications 

AVERAGE FORWARD 
AMPERES: 
At 1500 C case 
t"emperature .• 
At other case 
temperatures • 

PEAK HEaJRRENT 
AMPERES •••• 

~J~~a 
One·hal£ cycle, 
sine wave •.•. 

CASE -TEMPERATURE 
RANGE: Operating 
and Storage. • . 

STUD TORQUE: 
Recommended. . . . 
Maximum (DO 

NOT EXCEED) •. 
Characteri sties: 

MaV~I~:;:aO~opb 
(Volts) •••• 

Max. Reverse 
Currentb(Ma.) : 
DynamiC ... 
Static ••.• 

50 100 200 300 400 500 600 

666 

.. See Fig.l 

25 I 25 1 25 1 25 I 25 1 25 I 25 

160 1160 1160 1160 1160 1 160 1160 

.... 0----- -65 to ~2000 C ----_" 

15 in-Ib -----~" .. 

~4f_----- 25 in·lb -----_" 

0.6510.65 0.65 0.65 0.65 0.65 0.65 

0.45 0.45 0.45 0.45 0.45 0.45 0.45 
0.004 0.0040.0040.0040.0040.0040.004 

a Superimposed on device operating within the maximum volt· 

:f~~r c~~ffr~ie:~dtit;:Phe:sateyaepsrendtitogrs th~d d:~1c~e t~e~:~~~~ 
to the presurge thermal-equilibrium conditions. 

b Avera e value for one complete cyc Ie at case temperature of 
1500 (! and at maximum rated voltage and average forward current. 

C OC value, at maximum peak reverse voltage, and case tem
perature (DC) = 25. 

11-73 

o Diffused-junction process - exceptional uni-
form i ty and stab iii ty of characteri st i cs 

o Hermet i c sea 1s 0 We I ded construct i on 

o Low thermal resistance 0 Low leakage current 

o Low forward voltage drop 0 JEDEC DO-q outl ine 

• High output current: 
up to IS amperes - 6 rectifiers in S-phase, 

full-wave bridae circuit 
up to 12 amperes - q rectifiers in single

'phase full-wave bridge circuit 
RATING CHART 

92CS-U065R2 

Fig.l 
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--------------------------------- FileNo. 89 

ffi1(]3LJO 
Solid State 
Division 

RCA-IN1763A and IN1764A are hermetically 
sealed silicon rectifiers of the diffused-junc
tion type, designed for use in power supplies of 
color and black-and-white television receivers, 
radio receivers, phonographs, high-fidelity 
amplifier systems, and other electronic equipment 
for commercial and industrial applications. 

RCA-IN1763A and IN1764A supersede and are 
unilaterally interchangeable with RCA-IN1763 and 
IN1764, respectively. The new rectifiers in
corporate all of the superior performan~e and 
reliability features which have gained industry 
acceptance for their RCA prototypes, and, in 
addition, offer substantially higher dc-output
current capabilities, lower reverse (leakage) 
currents, lower forward voltage drop, and a wider 
operating-temperature range. 

Both devices have dc forward-current ratings 
of 1 ampere -- resistive or inductive load, and 
0.75 ampere -- capacitive load at free-air tem
peratures up to 75°C (natural convection cooling). 
They can provide de output currents of up to 2 
amperes to capaciti ve loads when attached to simple 
heat sinks .. 

RCA-IN1763A has a peak-reverse-voltag"" rating 
of 400 volts, and is intended for applications in 
which the rectifier operates directly from an ac 
power line supplying up to 140 volts rms for 
capacitive loads, or up to 280 volts rms for 
resistive or inductive loads. 

RCA-IN1764A has a peak-reverse-voltage rating 
of 500 volts, and is· intended for applications in 
which the rectifier operates from an Be line 
through a step-up transfonner supplying up to 175 
volts rms for capacitive loads, orup to 350 volts 
rms for resistive or inductive loads. 

RCA-INI763A and IN1764A have an operating
temperature range of _650C to +135OC. They utilize 
the JEDEC 00-1 flanged-case, axial-lead package 
which provides flexibility of installation in 
both hand-wired and printed-circuit equipment 
designs. These new rectifiers, like their RCA 
prototypes, are conservatively rated and incor
porate the following design features: (1) welded, 
hennetically sealed case for protection against 
moisture and contamination; (2) superior junction 
characteristics made possible by a precisely con
trolled diffusion process; (3) extensive and 
rigorous quality-control procedures. 
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Rectifiers 
1N1763A 
1N1764A 

DIFFUSED· JUNCTION 
SILICON RECTIFIERS 
Flanged·Case Axial·Lead Types 

Anode 

Cathode 
(Case) 

For Power·Supply Applications 
In Commercial and Industrial 
Electronic Equipment 

H-967 
JEDEC 00-, 

Features: 

• high dc-out put-current capabil ity: 
a) with natural convection 

I ampere - res i st i ve or 
inductive load 

cool i ng: 

3 N ampere - capac i t i ve 
load 

1 to 7SOC 
TFA 

b) with simple heat sinks: 
2 amperes - } to 

capacitive load 

up to 2 amperes - } 
capacitive load 

• low dc reverse (leakage) currents: 
S ~a max. at 2SoC; 100 ~a max. at 7SoC 

• low forward voltage drop: 
1.2 volts max. at a dc forward current 
of I ampere 

• wide operating-temperature range: 
-6SoC to +13SoC 

• hermetically sealed JEDEC DO-I .package 

• unilaterally interchangeable with Types 
INI763 and IN176~ . 
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RECTIFIER SERVICE 

Absolute-Maximum Ratings, for a SuPPly frequency of 60 cps: 

PEAK REVERSE VOLTAGE. 

RIdS SUPPLY VOLTAGE: 

For operation with resistive or 
inductive loads .••••• 

For operation with capacitive loads 

FORWARD CURRENT: 

For operation with resistive 
inducti ve loads: 

AVERAGE (DC) •••••••• 

For operation with capacitive loads: 

AVERAGE (DC). • 

PEAK RECURRENT. 

SURGE, for -turn-on- transient of 
2 mi Iii seconds dura tion 

TEMPERATURE RANGE (FREE-AIR): 

Operating 

Storage •••• 

92CS-13087 

Fig.1 - Rating Chart for RCA-1N1763A and 1N1764A 

Type 
IHI763A 

400 

280 
140 

At Free-Air 
Temperatu.res 

Up to Above 
75°0 75°0 

See fig.1 

0.75 

1 See rig.1 

35 

-65 to +135 

-65 to +150 

Type 
IHI76~A 

500 

350 
175 

A t Free-A ir 

Temperatures 
Up to Above 
75°0 75°0 

See fig.1 

'," 1 
See Fig.1 

35 

-65 to +135 
-65 to +150 

SUPPLY VOLTAGE: SINUSOIDALj FREQUENCY (CPS)a60 ., 
40 

~ 3,1\ 

." 30 , w 
~ 
w I'--. ~ 

25 ~ 

i' ~ 

201\ "~12 w 
~ <'4/~ ~ 

iil 

volts 

vol ts 

max. volts 

max. amp 

max. .mp 

max. amp 

amp 

°c 
°c 

,,'" r'-!<MPCIlA 
~ ........ 

t- ~'25 
~ 10 
~ t--- 75 

• II 
468ro 2 6 8100 

CYCLES OF SUPPLY VOLTAGE 

92CS-13081 

Fig.2 - Repetitive Surge Current Rating Chart for 
RCA-1N1763A and 1N1764A 
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Characteri st ics, at a free-Air Temperature at .2500: 

Type Type 
INI763A INI7611A 

Maximum Instantaneous Forward Voltage at an 
Instantaneous Forward Current of 1 ampere. 1.2 1.2 volts 

Maximum DC Re;v-erse Current; 

At a Peak Reverse Voltage of 400 volts p'a 
At a Peak Reverse Voltage of 500 vol ts p.a 

Character i st i cs, at a !'ree-Ai.,. Tempera tU1'"e at 75 00: 

Maximum DC Reverse Current: 

At a Peak Reverse VC?ltage of 400 volts 0.1 rna 
At a Peak Reverse Voltage of 500 volts 0.1 rna 

Typical Performance Character i st i cs, at a l-ree-A i.,. Temperature at 25°0: 

Type Type 
INI763A INI7611A 

Half-Wave Rectifier Service: 
RMS Supply Voltage. 117 117 117 150 150 150 vol ts 

Filter-Input Capacitor (e). 100 200 350 100 200 350 p.E 
Surge-Limiting Resistance~. 5.6 5.6 5.6 6. B 6.B 6.B ohms 

DC Output Voltage at Input 
to Fi 1 ter (Appro •• ): 
At half-load current of 375 rna. 1110 1115 150 180 185 190 vol ts 

At full-load current of 750 rna. 125 130 1110 155. 160 170 volts 

Voltage Regulation (Approx.): 
Half-load current to full-load current. 15 15 10 25 25 20 volts 

Half-Wave Voltage-Doubler Service: 
RMS Supply Voltage. 117 117 117 150 150 150 vol ts 
Filter-Input Capacitor (C#. 100 200 350 100 200 350 p.F 
Surge-Limiting Resistance. 5.6 5.6 5.6 6. B 6. B 6.B ohms 
DC Output Voltage at Input 

to Fi Iter (Appro •• ) : 
At half~load current of 375 rna. 255 265 275 325 3110 350 volts 
At full~load current of 750 rna. 225 2110 255 285 305 325 vol ts 

Voltage Regulation (Approx.): 
Half-load current to full-load current. 30 25 20 110 35 25 volts 

Full-Wave Voltage-Doubler Service: 
RMS Supply Voltage. 117 117 117 150 150 150 volts 

Filter ··Input Capacitor (Cj. 100 200 350 100 200 350 p.F 
SUFge~Limiting Resistance. 5.6 <.6 5.6 6.B 6.B 6.B ohms 
DC Output Voltage at Input 

to Filter (Appro •• ): 
At half-load current of 375 rna. 275 280 290 350 355 365 volt" 
At full-load current of 750 rna. 250 260 275 320 330 3115 volts 

Voltage Regulation (Approx.): 
Ha:lf~load current to full~load current. 25 20 15 30 25 20 volts 

g. 
The transformer series resistance or other res~stance in the rectifier supply circuit may.be deducted from the 
value shown. 
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DC FORWARD AMPERES (IF'-I 

'00, 

::l )"75 ·C 
a: 
~ 
~ 

~ 21081111l1li ::; , 
lTFA)=2 ·c 

INI764A 

'" 6 
a: 
'" . ~ ~t 

2 

50 100 150 200 250 300 350 400 450 500 
PEAK REVERSE VOLTS (PRV) 

92CS-130BO 

Fig.3 - Typical Dynamic Reverse Current Character
istics for RCA-tNt763A and tN1764A. 

. , ESlsnVE,OR INDUCTIVE 
SUPPLY FREQUENCY (CPSI'"SO 

2.5 

o 
-75 -50 -25 a 25 50 75 

CASE TEMPERATURE (TCI-ac 
100 125 150 

92CS-130B3 

Fig.S - Forward-Current Capabi I i ties of RCA-tN1763A 
and tN1764A for Operation with Heat Sink at 

Case Temperatures from -6SOC to +13S0 C. 

LOAD: ,cAPACITIVE, RESISTIVE, OR INDUCTIVE 
SUPPLY FREQUENCY (cPSI=so 
HEAT SINK: ALUMINUM, t/IS" THICK, 2-1/2" X 2-1/2" 

2.5 

- _ _ 0 ~ ~ n ~ ~ ~ 

FREE-AIR TEMPERATURE (TFA)-OC 

92CS-130B6 

b) 2-1/2" x 2-1/2" Heat Sink. 

INSTANTANEOUS F'ORWARD VOL 'IS (VF) 

92CS-973OR3 

Fig.4 - Typical Forward Voltage and Current Char
acteristics for RCA-tN1763A and tN1764A. 

LOADI CAPACITIVE, RESISTIVE, OR INDUCTIVE 
SUPPLY FREQUENCY (CPS)=60 
HEAT SINK: ALUMINUM, IllS" THICK, 3" X 3" 

2.5 

75 50 -25 a 25 50 75 100 125 150 
FREE-AIR TEMPERATURE (TFAI-OC 

a) 3" x 3" Heat Sink. 

LOADl CAPACITIVE, RESISTIVE, OR INDUCTIVE 
SUPPLY FREQUENCY (CPS)-SO 
HEAT SINK: ALUMINUM, IllS" THICK, 2" X 2" 

2.' 

o 

92CS-13080 

_ _ _ 0 ~ ro n ~ ~ 00 

FREE-AIR TEMPERATURE (TFA)-OC 

92CS-13084 

c) 2" x 2" Heat Sink. 

Figs.6a,6b"md 6c - Forward-Current Capabilities of RCA-1NI763A and lN1764A for Operation with Heat Sinks. 
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lOAO: C.APACITIVE. RESISnVE, OR INDUCTIVE 
SUPPLY FREQUENCY (CPS}-SO 
HEAT SINk: AWMINUM 1/16" THICK 1-1/2" X 1-1/2" 

2.' 

- _ ~ 0 ~ ~ ~ ~ ~ ~ 
FREE-AIR'TEMPERATURE (TFA)-.C 

92CS-13082 

d) 1-1/2" x 1-1/2" Heat Sink. 

FREE-AIR TEMPERATURE CTFA)-"C . 

St2CS-1308;9 

e) 1" x 1" Heat Sink. 

Figs.6d and 6e - Forward-Current Capabi I ities of RCA-1N1763A and 1N1764A for Operat ion wi thHeat Sinks. 

DC OUTPUT VOLTS 
92CM-9723RI 

Fig.7- Typical Operation Characteristics for RCA-
1N1763A in Half-Wave Rectifier Sen'ice. 
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DC OUTPUT VOLTS 
92CM-9722RI 

Fig.8 - Typical Op~r.ation Characteristics for RCA-
1N1764A in· Half-Wave Rectifier Service. 
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DC OUTPUT VOLTS 92CM-9120RI 

Fig:9· Typical Operation Characteristics of RCA-
1N1763A in Half-Wave Voltage-Doubler Service. 

DC OUTPUT VOLTS 92CM-9717RI 

Fig. 10 . Typical Operation Characteristics of RCA-
1N1764A in Full-Wave Voltage-Doubler Service. 
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oornLJD 
Solid State 
Division 

RCA-1N2858A, IN2859A, lN2860A, lN2861A, 
IN2862A, IN2863A, and IN2864A are hermetically 
sealed silicon rectifiers of the diffused-junction 
type, designed for use in a variety of applica
tions in industrial and commercial electronic 
equipment. 

0CA-IN2858A through IN2864A supersede and are 
unilaterally interchangeable with RCA-IN2858 
through IN2864, respectively. The new rectifiers 
incorporate all of the superior performance and 
reliability features which have gained industry 
acceptance for their OCA prototypes, and, in ad
dition, offer substantially higher dc output-cur
rent capabilities, lower reverse (leakage) 
currents, and a wider operating-temperature range. 

All seven of these new rectifier types have 
maximum dc-forward-current ratings of 1 ampere 
for resistive or inductive loads and 0.75 ampere 
for capacitive loads at free-air temperatures up 
to 750C (natural convection cooling). They are 
also capable of providing dc output currents of 
up to 2· amperes with capacitive loads when attach
ed to simple heat. sinks •. 

RCA-IN2858A through lN2864A differ only in 
peak-reverse-voltage ratings (see Maximum Ratings 
chart). They are rated for operation at free-air 
temperatures from _65 0 to +135°C, and utilize 
the JEIEC 00-1 flange-type, axial-lead rectifier 
package which provides flexibility of installation 
in both hand-wired and printed-circuit equipment 
designs. 

These new rectifiers, like· their RCA proto
types, are conserv~tively rated, and incorporate 
the following design features and special tests 
which contribute to their outstanding performance 
and reliability: (1) junctions of extremely high 
uniformity produced by a special, precisely con
trolled diffusion process, (2) rugged internal 
mount structure, (3) hermetically sealed cases, 
(4) prolonged treatment at high temperatures to 
stabilize characteristics, (5) pressure tests of 
seals for protection against moisture Bnd con
tamination, (6) tests for forward and reverse 
characteristics at 25OC, and (7) high-temperature 
dynamic tests under full-load conditions. 
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1N2858A 
Rectifiers 

1N2859A 1N2862A 
1N2860A 1N2863A 
1N2861A 1N2864A 

DIFFUSED-JUNCTION 
SILICON RECTIFIERS 
Flanged·Case 
Alial·Lead Types For 
General·Purpose Applications 
In Industrial And Commercial 
Electronic Equipment 

Anode 

Cathode 
(Case) 

Features: H-967 
JEOEC 00-1 

• high dc-output-current capabilitb: 
inductive load with natural 

I ampere -resistive or 1 to 75 e 

sN ampere - capac i t i ve convect i 6n 
load cool ing 

up ~0.2 amperes -capa- with simple ~ to 1050 e 

cltlve load heat sinks 

• low dynamic reverse current: 
0.1 ma max. at 500e 
O.S ma max. at 750 e 

• low dc forward voltage drop: 
1.2 volts max. at 250e with I ampere 

dc forward current 

• wide operating-temperature range: 
_65° to +IS5°t: 

• hermetically sealed JEDEe DO-I package 

• unilaterally interchangeable with Types 
IN2858 throughlN2861i 

• specially processed and tested for high 
re I i ab iii ty and stab iii ty of character
istics 
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RECTIFIER SERVICE 

Absol ute-Maximum Rati "gs, fM a SuPPly freqUllncy of 60 cps: 

IN2858A IN2859A IN2860A IH286IA IH2862A IH2863A IH286~A 

PEAK REVERSE VOLTAGE. • • • • • • • 50 100 200 300 400 500 600 max. volts 

R.lS SUPPLY VOLTAGE: 

For resistive or inductive loads. 35 70 140 210 280 350 420 max. volts 
For capacitive loads •••• 17 35 70 105 140 175 210 max. volts 

DC REVEl1SE (BLOCKING) VOLTAGE ••• 50 100 200 300 400 500 600 volts 

FUIIWARD OJRRENT: 
For resistive or inductive loads: 

{At TFA up to 75°C. max. amp 
AVERAGE (DC) At TFA above 75°C. .. See fig.1 

For capacl. tl ve loads: I 0.75 I 0.75 {At TFA up to 75°C. 0.75 0.75 0.75 0.75 0.75 max. amp 
AVERAGE (DC) At TFA above 75°C. 'C See fip.1 ~ 

PEAK {~t TFA up to 75°C. I I max. amp 

REOJRRENT At TFA above 75°C. See Fig.1 ~ 

SURGE, for "turn~on" transient of 

I I I I I I 2 milliseconds duration: 

At TFA up to 75°C •• 35 35 35 35 35 35 35 max. amp 

At TFA above 75°C •• .. See Fig.1 

SURGE, repetitive, at TFA = 25°C: 

I I I I I I For one cycle of supply voltage 40 40 40 40 40 40 40 max. amp 

For more than one cycle of 
supply vol tage. • • • • • .. See fig.2 _ 

TEMPERo\1URE RANGE (FREE-AIR) I I 
Operating ... -65 to +135 °C-

Storage •••••••••• .. -65 to +150 OC 

Characteristics: 

IN2858A 1N2859A IN2860A IN2861A IN2862A IN2863A IH286~A 

Maximum Forward Voltage Drop (OC) 
at IF = 1 Ampere, TFA = 25°C. 1.2 1.2 1.2 1.2 1.2 1.2 1.2 volts 

Maximum Dynamic Reverse Current 
(Averaged over 1 Complete Cycle 
of Supply Voltage): at Maximum 
Rated PRV: 

TFA = 50°C. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

TFA = 75°C. 0.3 0.3 0.3 0.3 0.3 0.3 0.3 ma 
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SUPPLY VOLTAGE: SINUSOIDAL; FREQUENCY (CPSI-60 

4 6 8 10 2: .6 B 100 
CYCLES OF SUPPLY VOLTAGE 

92CS-t3087 
92CS-1308r 

Fig. t - Rating Chart for RCA-tN2858A through tN2864A 
Fig.2 -Repetit.ive Surge Current Rating Chart for 

RCA-tN2858A through tN2864A . 

• gg ~'b~w::&~~~';Ju PEAK-

IO~ 

REVERSE VOLTAGE RfTlNG( 
I 

· " · FREE-AIR TEMPERATURE ·c =75 

~ ,1--I-- .. ",eo"" 
:> ...... ~ 
~ 10 · ~ · · w 

5 2 

LU~:~~ ~ I lN28blA lN28b2A lN28b3A lN26b4 
a: · · · 

2 
REE-AlR TEMPERATU EOC =2 

0.1 I 
100 200 300 400 500 600 

INSTANTANEOUS REVERSE VOLTS· 

92CS-I0477RI 

Fig.3 - Typical Dynwnic Reverse Characteristics for 
RCA-1N2858A through tN2864A. 

, • ESISTIV ,0 INDUCTIVE 
SUPPLY FREQUENCY (CPS)~60 

2.5 

o _ _ _ 0 ~ 00 ~ ~ ~ ~ 

CASE TEMPERATURE (TC)-Oc 

INSTANTAN£OUS F"ORWARD VOLTS ('IF) 92CS-13083 

92CS-973OR3 

Fig.4 - Typical Forward Voltage and Current Char
acteristic for RCA-tN2858A through 1N2864A. 

Fig.5 - Forward-Current Capabi Ii ties of RCA-1N2858A 
through 1N2864A for Ope rat ion wi th Heat Sink 
at Case Temperatures from -650 C to +1350C. 
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LOAD! CAPACITIVE, RESISTIVE, OR INDUCTIVE 
SUPPLY FREQUEr~cy (CPS1~60 
HEAT SINK: ALUMINUM, 1116" THICK, 3" X 3" 

2.5 

LOAD: CAPACITIVE, RESISTIVE, OR INDUCTIVE 
SUPPLY FREQUENCY (CPS)-60 
HEAT SINK: ALUMINUM, 1/16" THICK, 2-I/Z" X 2_1/2" 

2.5 

o 
-75 50 -25 a 25 50 75 100 125 150 

~ _ ~ 0 ~ ~ ~ _ ~ _ 

FREE-AIR TEMPERATURE (TFA1-"C FREE-AIR TEMPERATURE (TfA)-OC 

92C$-13096 

a) 3" x 3" Heat Sink. 

LOADI CAPACITIVE, RESISTIVE, OR INDUCTIVE 
SUPPLY FREQUENCY (CPS):60 
HEAT SINK: AL.UMINUM. 1116" THICK, 2" X 2" 

2.5 

o 

b) 2-1/2" x 2-1/2" Heat Sink. 

_ _ _ 0 B ~ ~ ~ ~ ~ 

LOAO: CAPACITIVE, RESISTIVE. OR INDUCTIVE 
SUPPLY FREQUENCY (CPS)z60 
HEAT SINK: ALUMINUM 1/16" THICK 1-1/2" X 1-112" 

2.5 

o 

FREE-AIR TEMPERATURE (TFA)-OC 

c) 2" x 2" Heat Sink. 

75 -50 -25 0 25 50 75 100 125 150 
FREE-AIR TEMPERATURE (TFA)-OC 

92CS-13052 

d) 1-1/2" x 1-1/2" Heat Sink. 

92CS-13054 

I I 
FREE-AIR TEMPERATURE (TFA)_ac 

92CS-13059 

e) 1" x 1" Heat Sink. 

Figs.6a, 6b, 6c, 6d, and 6e-Forward-Current Capabilities of RCA-1N2858A through 1N2864A 
for Operation with Heat Sinks. 
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ffil(]3LJ[J 
Solid State 
Division 

Anode I 

* , 
Cathode 

I 

JEDEC DO·26 

Rectifiers 
1N3255 

1N3193 1N3195 1N3253 1N3256 
1N3194 1N3196 1N3254 1N3563 

Diffused-Junction 
Silicon Rectifiers 
For Industrial and Consumer·Product Applications 

Features: 
a Cylindrical design with axial leads for simple handling and installation 

" Compact, hermetically sealed metal case (0.405" max. length; 
0.240" max. dia.) 

" Insulated types 1N3253, 1N3254, 1N3255, 1N3256, and 1N3563 
have transparent, high·dielectric-strength plastic sleeve over metal 
case 

RCA·1N3193, lN3194, lN3195, lN3196, lN3253, lN3254, 
lN3255, lN3256,and lN3563 are hermefically sealed silicon 
rectifiers of the diffused·junction type utilizing small cylin· 
drical metal cases and axial leads. Types lN3253, lN3254, 
1 N3255, and 1 N3256 are insulated versions oftypes 1 N3193, 
lN3194, and lN3196, respectively. Type lN3563 is an 
insulated rectifier which does not have an uninsuhited 
equivalent. 

a High maximum forward·current ratings - up to 750 milli· 
amperes at 75 ·oC 

a Peak·reverse-voltage ratings - 200 to 1000 volts 

• Maximum free-air operating temperature - 100 °C 

a Designed to meet stringent temperature·cycling and 
humidity requirements of critical industrial and con· 
sumer-product applications 

RECTIFIER SERVICE (For a supply·line frequency of Hz) 
MAXIMUM RATINGS, Absolute-Maximum Values: 

For resistive or inductive load ror capacitor-input filter 

:=:::=::=::=1~~::===:~= lN3563 

PEAK REVERSE VOLTAGE ..... .. 
RMSSUPPLY VOLTAGE •.......•. 
FORWARD CURRENT: 

200 400 600 800 1000 200 400 600 
140 280 420 560 700 70 140 210 

lN3196 
IN3256 

800 
280 

1000 volts 
350 volts 

For free-air temperatures up to 
7SoC. For free-air temperatures 
above 7SoC, see Rating Chart. 
DC ..•••••.••.•••••.••••.•.• 750 
PEAK RECURRENT .....••.•.. 
SURGE - For "turn-on" time 

of 2 milliseconds . ...•••..... 
FREE·AIR·TEMpERATURE RANGE: 

Operating ................... . 
Storage .••.................. 

LEAD TEMPERATURE: 
For 10 seconds maximum ...... . 

750 

Characteristics, At a Free-Air Temperature of 2!1'C: 

lN3193 
lN3253 

Maximum Instantaneous Forward 
Voltage Drop at de forward current 

750 500 

lN3194 
1N3254 

of 0.5 ampere. . • . . . • . . . . . . . . . . • . . . . . . 1.2 1.2 
Maximum Reverse Current: 

Dynamic, at TFA = 750 C* . . . .•. . . .. .. . . 0.2 02 
Static, at TFA = 250C*- ............... 0.005 0.005 

400 600 
6 

35 

-65 to +100 
-65 to +175 

255 

IN3195 
IN3255 

1.2 

0.2 
0.005 

500 500 400 300 
6 6 5 4 

35 35 35 35 

1N3196 IN3563 
IN3256 

1.2 1.2 

0.2 0.2 
0.005 0.005 

* At max. peak reverse voltage and max. dc forward' current. **At max. peak reverse voltage and zero forward current. 
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amp 

amp 

DC 
DC 

DC 

volts 

rna 

ma 
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SUPPLY FREQUENCY-60 CPS 

" "," 

"ti ~a::~ 

;ffi! ... ", . 
o~~ ,..U'" ,,10. 
",0 • 
u"'u 0<0 "',.-"'''' o.~ 

100 

15 

50 

25 

-75 -50 -25 0 25 50 75 100 
FREE-AIR TEMPERATURE-·C 

92CS- 9727R2 

Fig.l- Rating chart for types lN3193 to lN3196, lN3253 to 
lN3256, and lN3563 • 

• DO NOT EXCEED MAXIMUM PEAK-REVERSE-VOLTAGE RATING. 
$OLID-LINE aJRVES: DYNAMIC CHARACTERISTICS 

MEASURED AT FREE-AIR TEMPERATURE-7S· C AND AT 
MAXIMUM DC FORWARD-CURRENT RATING 

DASHED LINE CURVES: STATIC CHARACTERISTICS 
MEASURED AT FREE-AIR TEMPERATURE - 2S· C 

100 · , 

· -:..~ 
-~~., 
~ ~ , i>I~2~':,. \t.~!)!1 IN3196 

IN3256 
IN~.3 

10 
~ 

· , 

· 
, 

I !="'~; -~\~~~ ~~f!)~~ ~*~;~ · "'~'" \t'''''''::' \~., 

, 

· 
, 

0.1 
100 200 300 400 500 600 100 800 900 1000 

REVERSE VOLTS. 

92CM-10921R2 

Fig.3- Typical reverse characteristics for types lN3193 to lN3196, 
lN3253 to lN3256, and lN3563. 

INSTANTANEOUS roRWARD VOL 15 

Fig.2- Typical forward characteristics for types lN3193 to lN3196, 
lJV325,3 to 1 N3256, and 1 N3563. 

DC LOAD AMPERES 
92CS-ld919Ri 

Fig.4- Typical operation characteristics of types 1 tv3194 and 1 N3254 
in full-wave voltage-doubler service. 

DC LOAD AMPERES 

92CS-I0918RI 

Fig.5- Typical operation characteristics of types IN3194···lIl1d 
lN3254 in full-wave voltage-doubler service_ 

245 



1N31.93-1N3196. 1N3253-1N3256. 1N3563 ---------------- File No. 41 

DC LOAP AMPERES 
92CS-10917RI 

Fig.6- Typical operation characteristics of types lN3t94 and 
, N3254 in half-ware rectifier UNice. 

92CS-I0916RI 

Fig.7- Typical operation characteristics of types 7N3194 and 
lN3254 in half-wave IIOltage..(/oubler service. 

92CS-I09I5RI 

Fig.8- Typical operation characteristics of types IN3796 and 
t N3256 in half-wave rectifier service. 

100 

DC LOAD MILLIAMPE~ES 
92CS-1I649 

Fig.9- Typical opelation characteristics of type 1 N3563 in half· 
walM rtJCtifier service. 

246 

a tOO 200 300 400 500 600 700 
DC LOAD MILLIAMPERES 

92CS-11650 

Fig. 10-Typical operation characteristics of type 1 N3563 in full
wave rectifier service. 
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ffilOBLJD Rectifiers 

Solid State 
Division 

Cathode 

~nOde<~ + 
t I)l-f( ~ 

Cathode I c=: Anode 

Forward-polarity Reverse-polarity 
(lN3879-1 N3B83) (lN3879R-l N3BB3R) 

JEOEC 00-4 

H·'167 

1N3879-1N3883 
1N3879R-1N3883R 

6-A, 50-to-400-V, 
Fast-Recovery Silicon Rectifiers 
General-Purpose Types for High-Current Applications 

Features_' 
a Available in reverse-polarity versions: a Low reverse-recovery current 

1 N3879R, 1 N3880R, 1 N3881 R, • Low forward-voltage drop 
1 N3882R, 1 N3883R • Low.thermal-resistance hermetic 

• Fast reverse-recovery time (trr) - package 
200 ns max. (I F = 1 A, I RM = 2 A max., see test circuit Fig. 2) 

For data on other RCA fast recovery rectifiers. refer to the following RCA 
data bulletins: 6-A File No. 663 (02406 Series) 

12-A File No. 664 (02412 Series) 
20-A File No. 665 (02520 Series) 
40-A File No. 580 (02540 Series) 

RCA types 1 N3879 - 1 N3883 and 1 N3879R - 1 N3883R are All types feature fast reverse-recovery time of 200 ns max_ 
diffused-junction silicon rectifiers in a stud-type hermetic These devices are intended for use in high-speed inverters, 

package. These devices differ only in their voltage ratings. choppers, high-frequency rectifiers, "free-wheeling" diode 
circuits, and other high-frequency applications 

MAXIMUM RATINGS. Absolute-Maximum Values: 

REVERSE VOLTAGE, 
*Repetitive peak 

Non-repetitive peak 
*OC (Blocking) .......................... . 
FORWARD CURRENT (Conduction angle'" 1800

, 

half sine wave): . 

RMS (T C '" lDO°C): .. 
* Average (T C '" 1 00 C) 
* Peak-surge (non-repetitive): 0 

At junction temperature IT J) = 150 C: 
For one cycle of applied voltage. 60 Hz 
For ten cycles of applied voltage, 60 Hz 

Peak (repetitive) 
'STORAGE-TEMPERATURE RANGE 
'OPERATING (JUNCTION) TE'MPERATURE 
STUO TOROUE, 

*Recommended . 
Maximum (DO NOT EXCEED) .. 

*In accordance with JEDEC registration data. 

lN3B79 lN3880 lN3881 lN38B2 lN38B3 
lN3879R lN38BOR lN3881R lN3882R lN38B3R 

50 

75 
50 

100 200 300 
200 300 400 
100 200 300 

400 

500 
400 

75 -------
35------
25------

-65 to 175 ------
-65 to 150 ------

---------15-----------
----------25----------

"Case temperature is measured at center of any flat surface on the hexagonal head of the mounting stud. 

11-73 

V 

V 

V 

A 
A 

A 
A 
A 
'c 
'c 

in-Ib 
in-Ib 
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lN3879, lN3879R, lN3883, lN3883R _______________ _ File No. 726 

ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL ALL TYPES UNITS 

MIN. MAX. 

• Reverse Current: 

Static 
For VRRM = max. rated value, IF = D, Te = 25De ............... . IRM 15 p.A 

Te = 100De .••..•.•....... rnA 

Dynamic 
For single phase full cycle average, 10 = 6 A, TC = 100De IR(AVI 3 rnA 

• Instantaneous Forward Voltage Drop: 
At iF = 6 A, VRRM = rated value, TJ = 100DC ...............•.. VF(PKI 1.5 V 

At iF = 6 A, TJ = 25DC .........•...........•...•.......... vF 1.4 V 

* Reverse Recovery Ti me: 
For circuit shown in Fig. 2, at 

IFM = 1 A, IRM = 2 A max., Te = 25De 

Thermal Resistance (Junction·to·Casel 

*In accordance with JEDEC registration data. 

CASE TEMPERATURE CTC)_·C 
92CS-22187 

Fig. 1 - Average forward cur:rent vs. case temperature, 
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trr 

ROJC 

'Dn , .. 
tNII 
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2.5 

:;O-Q OUTPUT TO 
OSCiLLOSCOPE ... • 

(WITH RISE . 

f-~,N."'"n -e-'_IMES 0.01 ,.51 
R21NIl 

ns 

De/W 

... UNITS INTERCONNECTED WITH FlG-SSU CABLE WITH 
50-0 TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE 

'~RI SELECT£DTOGIVEMAICIMUM 
IRM NO GREATER THAN Z A 
(APPROXIMATELY 1.4.0.) 

IF tn Fl2 I n,lOW NOfHNOUCTIVE OR TEN 
o 10 n, I W,'% CARBON COMPOSITION RESISTORS 

CONNECTED IN PARALLEL 

9lCIol-Z2179RI 

I"RM-

'. OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

Fig. 2 - Test circuit (pulsed de) for measurement of 

revene·recovery time. 



File No. 721 ,..-------------------------------

[J\lcraLj[] 
Solid State 
Division 

*-~a~-* 
Ca.hode I Anode. 

Forward-polarity Reverse-polarity 
I1N3889-1N38931 I1N3889R-1N3893RI 

JEDEC DQ.4 

H-1167 

Rectifiers 

1N3889-1N3893 
1 N3889R-1N3893R 

12-A,. 50-to-400-V, 
Fast-Recovery Silicon Rectifiers 
General-Purpose Types for High-C'Jrrent Applications 

Features: 
• Available in reverse-polarity versions: 

1 N3889R, 1 N3890R, 1 N3891 R, 
1 N3892R, 1 N3893R 

II Low rovdrse-recovery current 
a Low forward·voltage drop 
• Low-thermal-resistance hermetic 

a Fast reverse·recovery time (trr) - package 
200 ns max. (I F = 1 A, I RM = 2 A max., see test circuit Fig. 2) 

For data on other RCA fast recovery rectifiers, refer to the following RCA 
data bulletins: 6-A File No. 663 (02406 Series) 

12·A File No. 664 (02412 Series) 
2CJ.A File No. 665 (02520 Series) 
4CJ.A File No. 580 (02540 Series) 

RCA types 1 N3889 - 1 N3893 and 1 N3889R - 1 N3893R are 
diffused-junction silicon rectifiers in a stud-type hermetic 
package. These devices differ only in their voltage ratings. 

All types feature fast reverse-recovery time of 200 ns max. 
These devices are intended for use in high-speed inverters 
choppers. high-frequency rectifiers, "free-wheel ing" diode 
circuits, and other high-frequency applications 

lN3889 lN3890 lN3891 lN3892 lN3893 
• lN3889R lN3890R 1N3891R lN3892R1N3893R 

MAXIMUM RATINGS. Absolute-Maximum Values: 

REVERSE VOLTAGE: 
*Repetitive peak ..................................... . 50 100 200 300 400 V 

Non-repetitive peak ................... , , ' , ... , , , . 75 200 300 400 500 V 
·OC (Blocking) "",., ... " ............ ,.0 ... . 
FORWARD CURRENT (Conduction angle = 180 . 

50 100 200 300 400 V 

half sine wave): 
RMS (T C = 100°C)" •.•................•... 

• AverageITC= 100°C)· ,. . ........... . 
18 A 
12 A 

* Peak·surge (non·repetitive): 
At junction temperature ITJI '" 150°C: 
For one cvcle of applied voltage, 60 Hz 150 A 
For ten cycles of applied voltage, 60 Hz ........ , .. 70 A 

Peak (repetitive) ... , ............. , ................. . 50 A 
'STORAGE-TEMPERATURE RANGE ........ . -65 to 175 °c 
'OPERATING (JUNCTION) TEMPERATURE .............. . -65'0150 °c 
STUD TORQUE: 

·Recommended ........................ . 15 in-Ib 
Maximum (00 NOT EXCEEOI ...................... . 25 in-Ib 

*In accordance with JEOEC registration data. 
"Case temperature is measured at center of any flat surface on the hexagonal head of the mounting stud. 

11-73 249 



lN3889, lN3889R, lN3893, lN3893R File No. 727 

ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL ALL TYPES UNITS 

MIN. MAX. 

• Reverse Current: 

Static 

For VRRM ~ max. rated value. IF ~ 0, TC ~ 25°C ............... . IRM 25 /lA 

TC~100°C .............. . 3 mA 

Dynamic 
For single phase full cycle average, 10 ~ 12 A, TC~ 100°C IR(AV) 5 mA 

. * Instantaneous Forward Voltage Drop: 

At iF ~ 12 A, VRRM ~ rated value, TJ ~ 100°C ................. . VF(PK) 1.5 V 

AtiF~12A, TJ~25°C ................................... . vF 1.4 V 

• Reverse Recovery Time: 
For circuit shown in Fig. 2, at 

IFM ~ 1 A, IRM ~ 2 A max., TC ~ 25°C 

Thermal Resistance (Junction·to·Case) 

*'n accordance with JEDEC registration data. 

CASE TEMPERATURE CTC)_·C 
92CS-22788 

Fig. 1 - Av~rage forward ~urrent v.s. case temperature. 
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~~P~t~~"",y~'_O_LT_AO_E---J~~_06_,_!-__ "-__ 'o_'O_~-I-~_:~_R:..o::~~f!::IF'ER 
•• UNITS INTERCONNECTED WITH RG-'BU CABLE WITH 

50-A TERMINATING RESISTOR AT INPUT 
• TERMINALS OF OSCILLOSCOPE 

'~RI SELECTED TO GIVE MAXIMUM 
rRM NO GREATER THAN 2 A 
IAPPROXIMATELY 1.401 

If" I.. R2 L A,LOW NON-INDUCTIVE OR TEN 
o 10 n, I W.I"t. CARBON COMPOSITION RESISTORS 

CONNECTED IN PARALLEL 

ne .... ·ulnAI 
lAM-I. 

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

Fig.2 - Test circuit (pulsed del for measurement of 
reverse-recovery time. 



File No. 728 ________________________________ _ 

mrnLJD 
Solid State 
Division 

f·I~~~* 
~tho~ 

Forward-polarity Reverse-polarity 
11 N3899·1N39031 (1 N3899R·lN3903Rl 

JEOEC 00-5 
H·1113R1 

Rectifiers 

1N3899-1N3903 
1 N3899R-1N3903R 

20-A. 50-to-400-V, 
Fast-Recovery Silicon Rectifiers 
General-Purpose Types for High-Current Applications 

Features: 
• Available in reverse-polarity versions: 

1N3899R,1N3900R,1N3901R, 
1 N3902R, 1 N3903R 

• Low reverse-recovery current 
• Low forward·voltage drop 
• Low-thermal-resistance hermetic 

• Fast reverse·recovery time (t,,) - package 

200 ns max. (I RM = 1 A, I RM = 2 A max., see test circuit Fig. 2) 

:I=or data on other RCA fast recovery rectifiers, refer to the following RCA 
data bulletins: 6-A File No. 663 (02406 Series) 

12-A File No. 664 (02412 Series) 
20-A File No. 665 (02520 Series) 
40·A File No. 580 (02540 Series) " 

RCA types 1 N3899-1 N3903 and 1 N3899R-1 N3903R are 
diffused-junction silicon rectifiers in a stud-type hermetic 
package. These devices differ only in their voltage ratings. 

All types feature fast reverse·recovery time of 200 ns max. 
These devices are intended for use in high-speed inverters, 
choppers, high·frequency rectifiers, "free·wheeling" diode 
circuits, and other high·frequency applications 

MAXIMUM RATINGS. Absolute-Maximum Values: 

REVERSE VOLTAGE: 
*Repetitive peak ',' ..... ................................ . 

Non-repe.titive peak .. ............................... . 

;~~~~~~i~g~R~E'NT '(C~~~~~~i~~'a'n'gi~ ~'180o:"""" ... . 
half sine wave): 

RMS IT C· lOOoC)" ................................ . 
* Average (TC = 100°C)," ............................. . 

* Peak·surge (non·repetitive): ° 
At junction temperature (T JI "" 150 c: 
For one cycle of applied voltage, 60 Hz ............... . 
For ten cycles of applied voltage, 60 Hz .............. . 

Peak (repetitive) ................................... . 
·STORAGE·TEMPERATURE RANGE .................... . 
'OPERATING IJUNCTIONI TEMPERATURE .............. . 
STUD TOROUE: 
*Recommende'd ...................................... . 

Maximum (DO NOT EXCEED) . ........................ . 

*In accordance with JEDEC registration data. 

IFIRMS) 
10 
IFSM 

lN3899 lN3900 lN3901 lN3902 lN3903 
lN3899R lN3900R lN3901R lN3902R lN3903R 

50 100 200 300 400 
75 200 300 400 500 
50 100 200 300 400 

30 
20 

225 
120 
100 

-65"to "175 
-65 to 150 

30 
50 

~Case temperature is measured at center of any flat surface on the hexagonal head of the mounting stud. 

11·73 

V 
V 
V 

A 
A 

A 
A 
A 

°c 
°c 

in·lb 
in·lb 
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lN3899, 1 N3899R, 1 N3903, lN3903R _______________ _ File No. 728 

ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL ALL TYPES UNITS 

MIN. MAX. 

• Reverse Current: 

Static 

For VRRM = max. rated value. IF = O. TC = 25°C ................ IRM 50 IlA 
TC= 100°C .............. . 6 mA 

Dynamic 

For single phase full cycle average, 10 = 20 A, T C = 100°C IR(AV) 10 mA 

* Instantaneous Forward Voltage Drop: 
At iF = 20 A, VRRM = rated value, TJ = 100°C ............•..... VF(PK) 

vF 

1.5 V 

At iF = 20 A, TJ = 25°C ................................... . 1.4 V 

* Reverse Recovery Time: 
For circuit shown in Fig. 2, at 

IFM= 1 A,IRM = 2A max., TC= 25°C 

Thermal Resistance (Junction·to·Case) 

* In accordance with JEDEC registration data. 

CASE TEMPERATURE 1Tc)-OC 
92CS-22789 

Fig. 1 - Average forward current VS. case temperature. 
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lRM NO GREATER THAN 2. A 
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Fig. 2 Test Circuit (pulsed dc) for measurement of 
reverse-recavery time. 
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OOm3LJlJ 
Solid State 
Division 

r Cathode 

Anode l~ 

*7 * Cathode Anode 

Forward-polarity Reverse-polarity 
(lN3909·1N3913l (lN3909R·1N3913Rl 

JEOEC 00-5 

H·1113R1 

lRectniiell's 

1I1N13909-1I N39113 
11 N3909!R-1I fNI39131R 

aO-A, 50-io-400a V, 
lFasft-lRecovell'V smcoll'U !RectifieR's 
General·Purpose Types for High-C .. ment Applications 

Features: 
1:11 Available in reverse-polarity versions: a Low reverse-recovery current 

1N3909R, 1N3910R, 1N3911R, a Low forward-voltage drop 
1N3912R, 1N3913R a Low-thermal-resistance hermetic 

a Fast rever.se-recovery time (trr) - package 

200 ns max. (I RM = 1 A, I RM = 2 A max., see test circuit Fig. 2) 

For data on other RCA fast recovery rectifiers, refer to the following RCA 
data bulletins: 6-A File No. 663 (02406 Series) 

12-A File No. 664 (02412 Series) 
20-A File No. 665 (02520 Series) 
40-A File No. 580 (02540 Series) 

RCA types lN3909 - lN3913 and lN3909R -lN3913R are 
diffused-junction silicon rectifiers in a stud-type hermetic 
package. These devices differ only in their voltage ratings. 

All types feature fast reverse-recovery time of 200 ns max. 
These devices are intended for use in high-speed inverters, 
choppers, high-frequency rectifiers, "free-wheeling" diode 
circuits, and other high-frequency applications 

MAXIMUM RATINGS. Absolute-Maximum Values: 

REVERSE VOI_TAGE: 
*Repetitive peak '.' 

Non-repetitive peak ........... . 

*DC (Blocking). . . . . .. ° 
FORWARD CURRENT (Conduction angle <= 180 , 

half sine wave): 
RMS IT C" 100o C)* _. 

* Average (T C '" 100°C)," 
* Peak-surge (non·repetitivel: ° 

At junction temperature IT Jl '" 150 c: 
For one cycle of applied voltage, 60 Hz 
For ten cycles of applied voltage, 60 Hz 

Peak (repetitivel ........... . 
'STORAGE-TEMPERATURE RANGE __ . 
'OPERATING IJUNCTIONl TEMPERATURE 
STUO TOROUE: 
*Recommended 

Maximum (DO NOT EXCEED) 

*In accordance with JEDEC registration data . 

'FIRMS) 

'0 
' FSM 

1N3909 1N3910 1N3911 1N3912 1N3913 
1N3909R 1N3910R 1N3911R 1N3912R 1N3913R 

50 100 200 300 400 
75 200 300 400 500 
50 100 200 300 400 

45 
30 

300 
160 
125 

-65 to 175 
-65 to 150 

30 
50 

.... Case temperature is measured at center of any flat surface on the hexagonal head of the mounting stud. 
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V 
V 
V 

A 
A 

A 
A 
A 

°c 
°c 

in-lb 
in-Ib 
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1N3909, 1N3909R, 1N3913, 1N3913R _________________ File No. 729 

ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL ALL TYPES UNITS 

MIN. MAX. 

* Reverse Current: 

Static 

For V RRM = max. rated value, IF = 0, Te = 25°e IRM 80 fJ.A 

Te= 1000 e .............. . 10 mA 

Dynamic 

For single phase full cycle average, 10 = 30 A, T e = 1000 e IR(AV) 15 mA 

* Instantaneous Forward Voltage Drop: 

At iF = 30 A, VRRM = rated value, TJ = 1000 e ................ .. VF(PK) 
vF 

1.5 V 

At iF = 30 A, T J = 25° e ................................... . 1.4 V 

* Reverse Recovery Time: 
For circuit shown in Fig. 2, at 

I FM = 1 A, I RM = 2 A max" T e = 25°e 

Thermal Resistance (Junction-ta-Case) 

* I n accordance with JEDEC registration data. 
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Fig. 1 - Average forward current vs. case temperature. 
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File No. 245 ______________________________ _ 

DDJIBLJD 
Solid State 
Division 

RCA-1N5211. IN5212. IN5213. IN5214. 1N5215. 
1N5216. IN5217. and IN5218* are hermetically sealed 
silicon rectifiers of the diffused-junction type utilizing 
small cylindrical metal cases and axial leads. Types 
IN5215. IN5216. IN5217. and IN5218 are insulated 
versions of types IN5211. IN5212. IN5213. and IN5214. 
respectively. These rectifiers feature de forward cur
rent ratings of up to 1 A. a surgEH!urrent rating of 50A. 
low forward voltage droP. low leakage currents. and an 
operating-temperature range of -650 C to + 1750 C. 

• Formerly Dev. Nos. TA2845C, TA2845B, TA2845A, TA2845, 
TA7048C, TA7048B, TA7048A, and TA7048, respectively. 

Ocylindrical design with axial loads far simple handling 
and installation 

o compact, hermetically sealed metal case 
(0.405" max. length; 0.240" max. dia.) 

Otypes 11'15215 through 11'15218 have transparent, high. 
dielectric-strength plastic sleeve over metal case 

1N5211 
1N5212 

SILICON 
RECTIFIERS 

Rectifiers 
1N5213 1N5216 
1N5214 1N5217 
1N5215 1N5218 

Anode 

DlFFUSED·JUNCTION TYPES 

. For Industrial and 
Consumer ·Product 
Applications 

Cathode 

L·391 
JEOEC 00·2S· 

o high maximum forward-current ratings - up to 1 ampere 
DC at 75°C 

o peak·reverse.voltage ratings from 200 to 800 volts 

Ooperation at ambient temperatures to +175°C 

RECTIFIER SERVICE (F.r. supply·line frequency.f 60 Hz) 

Maximum Ratings, Absolute-Maximum Values: 

FOT resistive or inductive load For capac it~r-input filter 
lN5211 lN5212 lN5213 lN5214 lN5211 lN5212 lN5213 lN5214 
lN5215 lN5216 lN5217 lN5218 lN5215 lN5216 lN5217 lN5218 

PEAK REVERSE VOLTAGE ••••• 200 400 SOO 800 200 400 600 800 max. V 
RMS SUPPLY VOLTAGE ••••••• 140 280 420 560 70 140 210 280 max. V 
FORWARD CURRENT: 

For ambient temperatures up to 
75°C. For ambient temperatures 
above 750 C, see Rating Chart. 
DC ••••••••••••••••••••• 0.75 0.75 0.75 0.75 0.6 max. A 
PEAK RECURRENT ••••••••• 6 6 6 5 max. A 
SURGE - For "turn-on"" time 

of 2 milliseconds •••••.••••• 50 50 50 50 max. A 
AMBIENT-TEMPERATURE RANGE: 

°c Operating •••••••••••••••• -65 to +175 
Storage •••• , •••••••••••••• -65 to +175 °c 

LEAD TEMPERATURE: 
For 10 seconds maximum •••••• 255 max. ·C 

Characteristics: lN5211 lN5212 lN5213 lN5214 
lN5215 lN5216 lN5217 lN5218 

Maximum Instantaneous Forward 
Voltage Drop at dc forwa!S current 

1.2 1.2 1.2 1.2 V of 1 ampere and T.A..$. 75 C •••• max. 
Maximum Reverse Current: 

Dynamic, at TA = 750 C** •••••• 0.2 0.2 0.2 0.2 max. rnA 
Static, at TA = 250 C*** •••••• 0.005 0.005 0.005 0.005 max. rnA 

**At max. peak reverse voltage and max. dc forward current. ***At max. peak reverse voltage and zero forward current. 

2·67 255 



1N5211-1N5218 
_________________________ File No. 245 
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File No. 478 ______________________________ _ 

0008LJD Rectifiers 
Solid State 
Division 

1N5391--1N5399 

JEOECDO-15 

1 N5391-1 N5399 

1.5-A,50-1000-V 
Silicon Rectifiers 
. Plastic·Packaged, General-Purpose 
Types for Low·Power Applications 

Features: 

• High surge-current capability 

" Low junction·to·lead thermal impedances 
.. -65 to +170· operating temperature range 

RCA-1N5391--1N5399, inclusive, are diffused·junction type 
silicon rectifiers in an axial·lead plastic package. These de· 
vices differ only in their voltage ratings. 

Their small size and plastic package of high insulation resis· 
tance make these rectifiers especially suitable for those appli· 
cations in which high packaging densities are employed. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

REVERSE VOLTAGE: 

REPETITIVE PEAK
NDN·REPETITIVE PEAK'" 
WORKING PEAK'" 
DC BLOCKING (At TA = 1500 CI 
RMS 

FORWARD CURRENT: 

VRRM 
VRSM 
VRWM 
VR 
VR(RMS) 

c;; 
M 

'" :!: 
50 
100 
50 
50 
35 

.... M 

'" '" M M 

'" '" :!: :!: 
100 200 
200 300 
100 200 
100 200 
70 140 

AVERAGE RECTIFIED, ...................................... 10 

Single-phase, half-wave operation with 6O-Hz sinusoidal voltage 
and resistive load. and 1/2-inch leads; for other lead lengths, 
see Fig. 1. T A"" 70De 

PEAK SURGE ......... '. . .. . . • • . . . . . . . . .. . . . . . . . . . . . . . . . • . .. IFSM 

For one-half cycle of applied voltage,. 50 Hz (10 ms) 

• 60 Hz {8.3 m,l 

400Hz {l,25m,I, TA = 70°C 

for other durations 
TEMPERATURE RANGE: 

;!; 
M 

'" :!: 
300 
400 
300 
300 
210 

III :g 
M M 

'" '" :!: :!: 
400 500 
525 650 
400 500 
400 500 
280 350 

All Type, 

1.5 

45 

50 

100 

See Fig. 4. 

Storage .......•...•.........................................•......... -65 to +175 

Operating ...................•.•.....•........•...........•...•....•.•. -65 to +170 

'LEAD TEMPERATURE (During Solderingl: 

Measured 1/8 inch from case for lOs max. .........•.•..........................• 240 

.... !!! '" M M 

'" '" :!: :!: 
600 800 
800 1000 
ruo 800 
600 800 
420 560 

• For single-phase. half-wave sinusoidal pulse of 100-I's duration with a repetition rate of 60 pulses per second . 
... For one single-phase. half-wave. GO-Hz sinusoidal pulse with this peak value • 

'" !Il 
'" :!: 

1000 
1200 
1000 
1000 
700 

V 
V 
V 
V 
V 

A 

A 

A 

A 

... Maximum input-voltage ~ating that can be continuously applied (with the maximum current rating) over the normal operating 
temperature rangel. For single-phase. half-wave operation with a 6o-Hz sinusoidal supply and a resistive load. 
In accordance with JEDEC registration format JS.l RDF-3. 
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1N5391-1N5399 ________________________ File No. 478 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 
*Static 

For VR = rated value & TJ = 250 C 
For VR= rated value & TJ = 1500 C 

*Dynamic 
Full-cycle average, for VRWM = rated 
value, 10 = 1.5A, T A = 700C 

*Instantaneous Forward·Voltage Drop: 
At iF = 1.5A, TA = 700C, see Fig. 3. 

Reverse·Recovery Time: 
At IFM =30A, pulse duration =3.1IJS, TA = 250 C 

(See Fig. 7; for other conditions, see Fig. 8.1 

*Thermal Impedance: 
Steady·State 
Junction·to-anode-lead 
Junction·to·cathode·lead 

Anode·Lead }F . r 
Cathode.Lead ree convection coo IRg 

Transient 
Heat·sink mounting with O-to·1%" leads, and 
with a pulse duration of 0.6 s. 
For other pulse durations, see Fig.S. 

* In accordance with JEDEC registration .data format JS·1 RDF-3 

'" 1.5 

.!" 
H 

~ 
il1 a 1.0 

c 

'" ~ 

LOAD:RESISTIVE 
CIRCUIT: SINGLE-PHASE t±t 
VRWM '" MAX. RATING ~ ~, i1'E 
~ 

INFINITE 
HEAT SINK 

25 50 75 100 125 150 175 
AMBIENT TEMPERATURE (TAI--C 

92CS-I7312 

Fig. 1 . Average-forward-curmnt delating ,curves for types 
1N5391-1N5399 for several lead lengths. 
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LIMITS 
SYMBOL A" Types UNITS 

Min. Typ. Max. 

IR - 0.001 0.01* mA - 0.100 0.3* 

IR(AVI - 0.080 0.3* mA 

vF - 1.1 1.4* V 

trr - 1.5 - j.IS 

8J'La - - 100 °CIW 
8J.Lk - - 100 
- - - 148 °CIW/in 
- - - 148 

8J.HS(tl - 10 - °CIW 

., 
",I 
~~5,~-----t------~----~~----~--~~ .. -
~~4~-----t------~ .. .., 
~~ 
~i 3,~-----t-----,~----~ 

~~ 
~~ 2 

;; 

I 2 3 
PEAK FORWARD CURRENT (IFMI-A 

92CS-I7305 

Fig. 2 . Variation of peak forward·power dissipation with 
peak forward current. 
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Fig. 3 . Peak forward·voltage drop vs. peak forward cu"ent 
for types 1N5391-1N5399. 
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92C5-17310 

Fig. 5 • Variation of steaciy-6tate thermal resistance with lead 
length (for different mounting methods) for types 1N5391·· 
7N5399. 
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Fig. 7 . Oscilloscope display & test cirr:uit for measurement 
of TfJWHlIIN"ecoverv time. 

100 ~ AMBIENT TEMPERATURE (TAl· TO·C 

• ......... 
~<C 6 ............ 
;1 t---r--.......... ;::: .... :::E 

~ ~It .. " .. u. 
.. ~ 4 ....... 0:;: R ...... r---.. 

f:::::~o" 
'z 

........ r-. z .. 
00: 
zo: t---~~ -:0 "u ..... r......:::·.o "-~o 
:00: $0 • 
':'; 2 
"0: 
«0 
~u. 

~ ~ ;:::~ 
10 

2 4 . • 10 
2 4 • • '00 
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92CS-1730b 

Fig. 4· Peak-surge (non·repetitive) forward current vs. surge· 
cummt duration for types 1 N5391-1 N5399. 
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Fig. 6· Variation of transient thermal impedance with pulse 
duration for several lead lengths for types 1N5397··1N5399. 
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Fig. 8 . Variation of reverse-recoverY time with ratio of re
verse-to-forward current for types 1N5391-1N5399. 
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____________________________ ~ File No.495 

ffilCIBLJD 
Solid State 
Division 

,/ ANODE 

i-A, 50-to-i000-Y 
Silicon Rectifiers 

Plastic· Packaged, General·Purpose 
Types for Low·Power Applications 

Feawres: 

Rectifiers 

D1201 Series 

• Electrically identical to JEDEC types lN4001-1N4007 

• High surge-c:urrent capability 

• Low junction·to·lead thermal impedances 

• -65 to +17s"C oparating temparature range 

RCA 01201 seriest devices are diffused·junction type silicon 
rectifiers in an axial·lead plastic package. These devices differ 
only in their voltage ratings. 

tance make these rectifiers especially suited for those appli· 
cations in which high packing densities are desirable. 

t Types 01201 A. B. C, D. M, and N were formerly RCA Dey. NOl. 
Their small size and plastic package of high insulation resis· 

MAXIMUM RATINGS. Absolute·Maximum Values: 

TA7996 and TA7802-TA7806. "respectively. 

REVERSE VOLTAGE: 

REPETITIVE PEAK' 
NON·REPETITIVE 
PEAK· 

WORKING PEAK'" 

DC BLOCKING 
RMS 

FORWARD CURRENT: 

AVERAGE·RECTIFIED: 

VRSM 
VRWM 
VR 

VR(RMSI 

'01201F 01201A· 
(440011· (44002'· 

50 100 

100 150 
50 100 
50 100 

35 70 

Single· phase, half·wave operation with 60·Hz sinusoidal 

01201B 
(44003'" 

200 

300 
200 
200 
140 

voltage and resistive load; with 1" leads. T A = 75°C 

'012010 0120111<1 
(44004" (44005'· 

400 600 

525 BOO 
400 600 
400 600 
2BO 420 

for other lead lengths .................................................... . 

01201N D1201P 
(44006'· (44007'· 

BOO 1000 

1000 1200 
800 1000 
800 1000 
560 700 

All Type. 

See Fig. 1 

PEAK·SURGE (NON·REPETITIVE,: IFSM 
For one-half cycle of applied voltage, 50 Hz (10 ms) ................. _ ........... . 2B 

60 Hz (B.3 ms' ............................ . 30 
400 Hz (1.25 msl ............................ . 60 

For other durations. _ ........................ _ ............................ . See Fig. 3 

TEMPERATURE RANGE: 

With 1-inch leads & infinite-heat-sink mounting (both leads): 

S~~rage & Operating. _ ..................... _ .... _ ................ _ ......... . -65 to 175 

lEAD TEMPERATURE (During Solderingl: Tl 

Measured 3/8 in. (9.52 mm) from case for 10 s max.- _ ............................ . 350 

V 

V 
V 

V 
V 

A 

A 
A 
A 

°C 

°C 

• Number In parentheses Is. f.ormer RCA type number. 

, For Single-phase, half-wave sinusoidal pulse of 100-ps duration and 
a repetition rate of 60 pulses per second. 

• For one single-phase, .half-wave. 6O-Hz sinusoidal pulse with this 
peak value. 

.. Maximum input voltage that can be continuously applied (with the 
maximum current ratingl 'over the normal operating-temperature 
range. For single-phase, half-wave operation with a 6O-Hz . slnusoCtal 
supply and a resistive load • 

• Measured on anode or cathode lead. 
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ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL All Types UNITS 

Min. Typ. Max. 

Reverse Current: 

Static 

IR 
0.01 

mA 
0.05 

For V R = rated value & T J = 250 e .............................. . 
For VR = rated value & T J = 1000 e ............................ . 
Dynamic 

Full·cycle average, for VRWM = rated value, 10 = 1 A, T A = 750 e IIR(AVI 0.03 mA 

Instantaneous Forward-Voltage Drop: 

At iF = 1 A, TJ = 250 e, see Fig. 2 ............................... . vF 0.95 1.1 V 

Reverse·Recovery Time: 

At I FSM = 30 A, pulse duration ='3.1 j.lS, T A = 250 e, see Fig. 6 trr 1.5 IJS 
For other conditions ......................................... . See Fig. 7 

hermal Impedance (Junction-to-Heat Sink): 

8J.HS(t) 
50 55 oe!W 

Steady-Stare 

Heat-sink mounting with 1-inch leads. For other mounting methods 
and other lead lengths, see Fig. 4 ........•...••................•. 

Transient 

Heat-sink mounting with 0 to 1" leads, and with a pulse duration of 8 J-HS(t) 7.5 0.3 s. For other pulse durations, see Fig. 5 ........................ . 

a?R'JlJ,~~~:~~L~: PHASE ..., 1 ~ 1 J r-
(VRWM )· MAX. RATING RECT. 

ei PfAK·REVERSE WORKING VOLTAGE ~ 
o 

"z 1.0 INFINITE ._'-t HEAT SINK 
ll1 (~~~'It- lX';.'j 
~ 0.8 ~o~~ H\:" 
~ <t"4-G' 

'" -':s. ! 0.6 ~ .. ,'+.,+ 
~ 
1&1 0.4 .. 
e 
'" ~ 0,2 
e 

w ~ ro 00 ~ ~ ~ ~ ~ 

AMBIENT TEMPERATURE (TA)--C 

92CS-I7334RI 

Fig. l-AvsrBgB-forward-current derating ··curves for $8V11ral IB~d 
lengths. 

> 
I 
-", 

?;'" .. 
~ 
~ 
e 
~ 

~ 
~ 
~ 

" e 
~ 

6 

5 

4 
AMBIENT TEMPERATURE / CTA)-25-C (MAXIMUM) 

• 25-C (TYPICAL) r--. 
150·C (TYPICAL.), 

~ 0 2 

~ 
I 

0.1 2 4 6.8 2 4 6 • I 10 2 4 • 8 

PEAK FORWARD CURRENTUFSM)-A 

92CS-1133' 

Fig. 2-Peak forward-voltage drop v,s. peak forward cUmint. 
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100 AMBIENT TEMPERATURE (TAI-175·C 
CURRENT 1 WAVEFORJ 1 • 

.... 6--- ~ 
oJ\.K.FSM 

El ~ 
U-ICYCLE ... '" • -"''' ..... 

~!:! 

~~ :~~~ .... i"-
... !!i 

............... r-. ~~ I "C~('I. :::::::: 0011, 

*1 :::::~ 
~e 10 

~ • 
7 6 , 

4 . 2 8 10 

SURGE-CURRENT DURATION-HALF CYCLES 

4 • 60 

92CS-11250R2 

Fig. 3-Peak-surge (non-repetitive) forward current VI. surge-current 
duration. 

100 

~ 
~·I 
."", 0_ 

~ ;; 10 
;! 7 
-' , .... 
",,-, 

;~ 
... " 
!z!i 
~~ I 
z· 
.. 0 

~* ; 
QI 
0.001 0.01 0.1 

~A 
60~ 

c <> 

'11' 
,<~'y RECT. ~ ~ ~ 

~ITE ~Nrri PC 80ARD" HEAT SINK D 

1/4 1/2 3/4 
LEAD LENGTH ('21 -INCHES 

92CS-11336RI 

Fig. 4-Typica/ steady-state thermal resinance with lead length (for 
different mounting methods). 

LEAD LENGT" 111,: 

~~ r}1, IA· 3/4" 

-Pi1'l-
~ 

INFINITE 
HEAT SINK 

11 II I I 
II II, I I 

10 100 
PULSE DURATION Itpl-I 92CS-I7337 

Fig. 5-Typical rariarion of transient therma' impedance with pulse 
duration for several lead lengths. 

92CS-17306 

Fig. 6-0scil/O$cope display and test circuit for measurtlment of 
reverse-tflCOVfJfy time. 
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Igg AMBIENT TEMPERATURE (TAl- 25°C 

60 -----.r'FSM ;. 
140 

~.I ! 
20"--!l! 

;:: "- '-- trr >- i'-ffi 10 OSCILLOSCOPE DISPLAY ON 
> 8 TEKTRONIX TYPE !541-A (WITH 

§ 
6 

TYPE ·S· PLUG-IN UNIT) 

" 1",.,o/,0 

~ 4 ~( 

i:; ...... 
" 2 

t"-
I 
0.1 0.2 0.4 0.6 O.B I 2 4 6 8 10 

RATIO OF REVERSE-TO-FORWARD CURRENT [IRM(REC)/IFSM] 

92CS-I7249RI 

Fig. 7-Typical reverse-recovery time with ratio of revene-to·forward 
current. 
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mlm5LJTI 
Solid State 
Division 

Rectifiers 

D1300 Series 

R 
O.25-A, 100-to-400-V 
Silicon RectifierF 

II 
I' 

General·Purpose Types for Low·Power Applications 

Features: 
I' 

ANODE 
ILead No.2) 

• Hermetically sealed metal case, leads insulated from case -
modified TO·l 

CATHODE 
(Lead No.1) I 

a Operation at ambient temperatures to 1250 C 
oil Single·ended for ease of handling and installation 

"Modified TOa1" ~ Package 

H-1026 "'Modified TO·l,"' 

RCA D1300·series devices are diffused·junction silicon rec· 
tifiers in a hermetically sealed ("modified TO·l") 2·lead 
case. These devices differ from each other in their volt· 
age ratings. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

REVERSE VOLTAGE: 

Repetitive Peak'. . 
Non-Repetitive Peak. 

Working Peak" 

DC Blocking . . . 

RMS ••.•• 

FORWARD CURRENT: 

Average Rectified (T A = 65°C): 

Single-phase, half-wave operation with 60-Hz sinusoidal 
voltage and resistive load . . . . . 

For other temperatures. . . . . . . . . . 

Peak Surge (Non-Repetitive) (T A "" 12S0C): 

For one-half cycle of applied voltage, 50 Hz (10 ms.1 . 
60 Hz (8.3 ms). 

400 Hz (1.25 ms) 

For other durations. . 

TEMPERATURE RANGE: 

Storage. . . . . . 
Operating . . . . . 

LEAD TEMPERATURE (During Soldering): 

Measured 3/8 in. (9.52 mm) from case for 105 max .. 

• For single-phase, half-Wave sinusoidal pulse of 100-1'5 duration and 
a repetition rate of SO pulses per second. 

• For one single-phase, half Wave, SO-Hz sinusoidal pulse with this 
peak value. 

5·74 

100 V 200V 400 V 

D1300A 013008 013000 

The D 1300·series types are intended for use in amplifiers as 
compensating diodes (temperature and voltage), low·current 
bridge circuits, and other low-power service in industrial, 
consumer·product, and military applications. 

01300A 01300B 013000 

VRRM 100 200 400 V 

VRSM 150 300 525 V 

VRWM 100 200 400 V 

VR 100 200 400 V 

VR(RMS) 70 140 280 V 

10 

0.25 A 

See Fig. 1 

IFSM 

28 A 

30 A 

60 A 

See Fig. 2 

Tstg -6510 175 °c 
Toper. --65 to 125 °c 

TL 255 °c 

... Maximum input voltage that can be continuously applied (with the 
maximum current rating) over the normal operating temperature 
range. For single'phase half-wave operation with a SO-Hz sinusoidal 
supply and 8 resistive load. 
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ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL All Types UNITS 

Min. Typ. Max. 
Reverse Current: 

Static 
For VR = rated value & T J = 250 C - - 0.01 

For VR = rated value & TJ = 1250 C . 
IR 

0.1 
rnA - -

Dynamic 

Full·cycle average, for VRWM = rated value, 10 = 0.25 A, TA = 650 C IR(AV) - - 0.06 rnA 

Instantaneous Forward·Voltage Drop: 
At iF = 0.25 A, TA = 250 C (See Fig.4) 

Reverse·Recovery Time: 
At IFSM = 20 mA,lRM = 2 rnA, TA = 250 C 
For other conditions . 

Thermal Impedance (Junction·to·Air): 
Steady-State 

LOAD:RESISTIVE 
CIRCUIT: SINGLE -PHASE 1. 300 r::;;~:~~~~~A~::'NG VOLTAGE 

!j 250 
!z 
~ 
~ 200 

" 
150 

100 

50 

o 
.40 so 60 10 eo 90 100 110 120 130 

AMBIENT TEMPERATURE (TA)-·C 
92CS-23968 

Fig. 1 - Aversge-forward-current derating curve. 

'~~ AMBIENT TEMPERATURE (TA). 25°C 
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---E"IFSM 

~.I ~ 
20
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~ 6 
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RATIO OF REVERSE-TO-FORWARD CURRENT [IRM(REC)/IFSM] 

9ZCS-I'7249RI 

FIg.3 - Typical reverse-recovery time VB. ratio of reverse-to..fotward 
current. 
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VF - 0.88 1 V 

trr - 30 - p.s 
See Fig. 3 

(}J.A - - 250 °C/W 
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~~ 1O 

~ 
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10 
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60 

Fig.2 - Peak-surge (non-repetitive) forward current VI. surge-current 
duration. 
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[JClOBLJD 
Solid State 
Division 

JEOEC 00·1 

Cathode 

JEOECTO·66 
Anode 

_ (Case) 

\~~ 
) 

Cathode Gate 

H-1340 

53702S 
S3703SF 

;R~ * ,....---
, Anode 

I (Case) 

02101S 
02103S 
02103SF 

H-967 

Thyristors/Rectifiers 
S37025 D2101S 
S3703SF D21035 

D2103SF 

seR's and Rectifiers for 
Horizontal-Deflection Circuits 
For 1100 Large·Screen Color TV 

Features: 

• Operation from supply voltages between 150 and 270 V (nominal) 
• Ability to handle high beam current; average 1.6 mA dc 
• Ability to supply as much as 8 mJ of s10red energy to the deflection 

yoke. which is sufficient for 29·mm·neck and 36.5·mm·neck picture 
tubes operated at 31 kV (nominal valuel 

" Highly reliable circuit which can also be used as a low·voltage power 
supply 

~ 700V 750 V 
Package Types Types 

TO·66 83702S S3703SF 
(408891 (408881 

00·1 
02101 S 02103S 02103SF 
(408921 (408911 (408901 

Numbers in parentheses are former RCA type numbers. 

These RCA types are designed for use in a horizontal output 
circuit such as that shown in Fig. 1. 

The S3703SF silicon controlled rectifier and the 02103SF 
silicon rectifier are designed to act as a bipolar switch that 
controls horizontal yoke current during the beam trace interval. 
The S3702S silicon controlled rectifier and the 02103S silicon 
rectifier act as the com mutating switch to initi.ate' trace-retrace 
switching and control yoke current during retrace. 

The 02101 S silicon rectifier may be used as a clamp to protect 
the circuit components from excessively high transient voltages 
which may be generated as a result of arcing in the picture tube 
or in a high·voltage rectifier tube. 

HIGH-VOLTAGE 

r-_~~el~R--~~T~R_A~N~~~~~~ 

" II 

II LR TRACE 
:l CA IS!,!!~H 
II S3703SF 
II Lee 'j 

I III~ _-1--111+' i .II 
R I II 

I 
I 

.J 

I 
D2103Sr 

L __ _ 

Ly 

ey 

To facilitate direct connection across each silicon controlled 
rectifier. S3702S and S3703SF. the anode connections of 
silicon rectifiers 02103S and 02103SF are reversed as com· 
pared to that of a normal power·supply rectifier diode. 

TO 
PICTURE 

TUBE 

II 
II 

YRSOW--i r--VRROM 

92SS-3B96R2 

CLAMP CIRCUIT 
(OPTIONAL) 

92CS-17419R5 B+ 

Fig. 1 - Simplified schematic diagram of 
horizontal output circuit. 

Fig. 2 - Principal voltage-current characteristic for 
537025 and 537035F. 
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S37028,83703SF 
021018,021038, 021038F ---------------------File No. 522 

SILICON CONTROLLED RECTIFIERS 

MAXIMUM RATINGS, Absolute-Maximum Values: 

NON-REPETITIVE PEAK OFF-STATE VOLTAGE,' 
Gate Open ............................•......... 

REPETITIVE PEAK REVERSE VOLTAGE,' 
Gate Open ..................................... . 

REPETITIVE PEAK OFF-STATE VOLTAGE:' 
Gate Open ..................................... . 

ON-STATE CURRENT, 
T c;::; SOCC, 50 Hz sine wave, conduction angle:::: 180°: 

RMS ....................................... . 
Average DC .................................. . 

PEAK SURGE INON-REPETITIVE) ON-STATE CURRENT, 
For one full cycle of applied principal· voltage 

50 Hz (sinusoidal). TC '" 60aC ••.••.•.•.•••.•••.• 
For one-half sine wave, 3 ms pulse width ............. . 

RATE OF CHANGE OF ON-STATE CURRENT: 

VOSOM 

ITIRMS) 
ITIAV) 
ITSM 

S3703SF 53702S 

TRACE SCR COMMUTATING SCR 

800· 750· V 

25 25 V 

750 700 V 

5 5 A 
3.2 3.2 A 

65 65 A 
130 130 A 

V D = VDROM.IGT= 50 rnA. t,= 0.11" ............. . di/dt 200 200 A/Jls 
FUSING CURRENT (for SeR protection): 

TJ"" -40 to 80°C, t = 1 to 10 ms ................... . 20 20 A 2, 
GATE POWER DISSIPATION:' 

Peak (forward or reverse I for 10,.,,5 duration, max. 
negative gate bias = -35 V (S3703SF) ................ . 25 W 

= -10 V IS3702S) ................. . 25 W 
TEMPERATURE RANGE,-

Storage ....................................... . Tstg 
TC 

-40 to 150 -40 to 150 °c 
Operating (Case) ............................. . -40 to 80 -40 to 80 °c 

PIN TEMPERATURE (During soldering): 
At distances~ 1/32 in. 10.8 mm) from seating plane 
for 10 s max. . ............................ . 225 225 °c 

·Protection against transients induced by arcing or other causes must be provided. 

-These values do not apply if there is a positive gate signat. Gate must be open or negatively biased. 

D Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted, provided that the maximum 
reverse gate bias (as specified) is not exceeded. 

"For temperature measurement reference point, see Dimensional Outline. 
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RECTIFIER 
CURRENT 

I I I 

j ~" I -'.5V-~1 
~" 1 : I I i 

I I I I 

t -2.5V 
MIN 

__ v, 

I COMMUTATING S~ITCH
I ANODE VOLTAGE 
I (SEE NOTE) 

I 
I 

• t 

I
I COMMUTATING SWITCH
GATE VOLTAGE 

I 
I 

92CS-24Q44 

NOTE: "Commutating Switch·Anode Voltage" oscilloscope display has 
been modified graphically to enhance the measurement points 
of dv/dt. 

ITM = 15 A, Va = lBO V max"Vb = 500 V max., Vc >0; VDROM' Gate 
voltage = 12 V positive from 15 V supply. Gate current should rise to 
100 mA within 0,2 "'s. Minimum duration of gate current pulse'" 3'J,ls. 
Minimum amplitude of gate current pulse = 200 rnA. Negative gate bias 
at turn·off '" -3.5 V minimum, negative gate bias at 2nd reapplied 
voltage (dv/dt)2 = -2.5 V minimum. 

Idv/dtl 1 = 400 V/",s(measured tangent to waveform from 0 to 0.8 of Va) 
(dv/dt)2 = 1000 V/",s (measured tangent to waveform from 0 to 0.3 of Vb) 
{dv/dd 3 = 700 V/",s (measured tangent to waveform from a to 0.8 of Vb) 

Fig. 3 - Oscilloscope display of commutating switching (537025) 
showing circuit-commutated turn-off time (tq), 



File No. 522 S3702S,S3703SF 
02101S,02103S,02102 

SILICON CONTROLLEO RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated case Temperature (T CI 

LIMITS 

S3703SF S3702S 
CHARACTERISTIC SYMBOL TRACESCR COMMUTATING SCR UNITS 

TYP. MAX. TYP. MAX. 

Peak Forward Off·State Current: 
Gate open. VD=VDROM TC=85°C .. IDOM 0.5 1.5 0.5 1.5 rnA 

Instantaneous On·State Voltage: 
iT = 30 A (peakl. TC = 25°C ........ vT 2.2 3 2.2 3 V 

Critical Rate of Rise of Off·State Voltage: 
VD = VDROM. exponential voltage rise. 700 (min.) 

Gate open. T C = 70°C (See Fig.31 ..... dv/dt - - (dv/dtl3 V/l1s 

DC Gate Trigger Current: 
VD = 12 V (del. 
RL=30n.TC=25°C ............ IGT 15 32 15 45 rnA 

DC Gate Trigger Voltage: 
VD = 12 V (de). 
RL =30n. TC=25°C ............ VGT 1.8 4 1.8 4 V 

Circuit Commutated Turn·Off Time:. 
T C = 70·C. minimum negative gate 
bias during turn·off time = -20 V 
(S3703SFI and -2.5 V (S3702SI. 
rate of reapplied voltage (dv/dt) 

= 175 VIps (See Fig. 41 ....... tq - 2.4 - - ps 
= 400 VIps (See Fig. 3 ....... - - - 4.2 ps 

Thermal Resistance. Junction·to·case ... ROJC - 4 - 4 °CIW 

tThis parameter, the sum of reverse recovery time and gate recovery time, is measured from the zero crossing 0' current 
to the start of the reapplied voltage. Knowledge of the current, the reapplied voltage, and the case temperature is 
necessary when measuring tq• In the worst conditions (high line, zero-beam, off-frequency, minimum auxiliary load, etc.), 
turn-off time must not fall below the given values. Turn-off time increases with temperature; therefore, case temperature 
must not exceed 70oC. See Figs. 3 and 4 . 

I I IT 
\---.5.,------\ H-•. 4., 
I -!J 1-" 

II I 
II 

175V/"s I 
REAPPLIED 
dv/dt 

. , 

ITM = 8 A. VTM '" VOAOM' reapplied dv/dt ;;: 175 V/JJS (measured 
from 0 to 0.630' VTM), negalive gate voltage source;;: -24 V. source 
impedance;;: 15 n. 

92CS-24045 

Fig. 4 - 08ci/loscope displav of trace switching (S3103SF) showing 
circult-commutating turn-off time (tq). 

INSTANTANEOUS ON·STATE VOLTAGE I...,-I-V 

Fig. 5 - Instantaneous on-state current VS. on-state voltage for 
537025 and 537035F. 
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83702S,S37038F 
02101S, 021038, 021038F --------------------

SILICON RECTIFIERS 

MAXIMUM RATINGS, Absolule-Maximum Values: 

REVERSE VOLTAGE:·· 
Repetitive Peak ••.•..•........•....••••.......•......•...•... 
Non-Repetitive Peak·· ••.................•...........•........ 

FORWARD CURRENT (operating in 15 kHz deflection circuit): 

RMS ........•............................................. 
Peak Surge (Non-Repetitive)·· ................................. . 
Peak (Repetitive) ....•....•.•....••..•..•.•...•.•....••.....• 

TEMPERATURE RANGE 
Storage ....•.•.••••.•..•.........•...••.•..•••..••..••••.•.. 
Operating lCese). ............................................ . 

LEAD TEMPERATURE lOuring Soldering}:" 
For 10 s maximum .... ~ . •. . ..••.....•••..............•...... 

•• For ambient temperatures up to 4SoC . 

•• For a maximum of 3 pulses, each less than 10 IJS duration, during any 64-ps period • 

02103SF 
TRACE 

750 
800 

3"" 
70·· 

7 

02103S 
COMMUTATING 

700 
800 

3"" 
70·· 
12 

-30 to 150 
-30 to 80 

225 

File No. 522 

021015 
CLAMF 

700 V 
800 V 

1·· A 

30·· A 
OS A 

°c 
°c 

°c 

•• Maximum current rating applies only if the rectifier is properly mounted to maintain junction temperature below 150°C. See Fig.15 and Fig.16 . 

.. At distances no cl.oser to rectifier body than points A and B on outline drawing . 

.. See Fig. 9 for JFSM value for 60 Hz. 

SILICON RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static 
..... For VRRM = max. rated value, IF =0, TC= 25°C 

ForVR= 500V,TC= 100°C ...••..•........... 

Instantaneous Forward Voltage Drop: 
AtiF=4A,TA=25°C .......................... 

Reverse Recovery Time: 
For circuit shown in Fig. 8: 

At IFM = 3.14 A, -diF/cIt = -10 A/fls, 
pulse duration = 0.94 IJS, T C = 25°C ........•..•.. 

In Tektronix type "s" plug-in unit (or equivalent): 
AtIF=20mA,IR=1mA TC = 25°C ......•..••. 

Peak·Forward Voltage Drop (at turn-on): 
In Tektronic type "s" plug-in unit (or equivalent): 

At IF = 20 rnA, TC = 25°C ..................... 
Thermal Resistance (Junction-to-Case)+ •.••........•..•. 

+ Measured at point as indicated on Dimensional Outline. 

268 

SYMBOL 

IRM 

vF 

trr 

VF(pk) 

ROJC 

LIMITS 

02103SF TRACE 02101S 
UNITS 

02103S COMMUT. CLAMP 

MAXIMUM MAXIMUM 

10 10 
flA 

250 250 

1.4 1.5 V 

0.5 0.7 fls 

1 1.5 

5 6 V 

10 10 °C/W 



File No. 522 

SUPPLY FREQUENCY· 50 Hz SINE WAVE 
CASE TEMPERATURE PRIOR TO SURGE -SO·C 
LOAC-RESISTIVE 

we REPETITIVE PEAK REVERSE VOLTAGE (VRROM)· MAXIMUM 
RATED VALUE 

2:1 Av~:t&i ON-STATE CURRENT (IT(AVJ)-MAXIMUM RATED 
~'i 80 ",., 
.. 0-
",H 
c-
,0-
~~ 60 

\ 31 
"," .. u 

!~ 40 

"'-"I;; c, ,...... 
"'z Q.o 20 -r-- -

S3702S,S3703SF 
D2101S,D2103S,D2103SF 

4 6 B 10 4 6 8 100 4 6 81000 

SURGE CURRENT DURATION -CYCLES 
92CS-24046 REPETITION RATE- PPS 

92CS-249B3 

Fig. 6 - Peak surge on-state current VI. surge current duration for 
537025 and 53703SF. 

Fig. '-Dissipation VI. repetition rate for 53702S and S3703SF 

1/4 Ali. 
.so V 

220E==J11 

iF 

Q39,..F 

7.5 K 
2W 

lOOK 

AMPLITUDE 

RCA alAe 
D32Q2Y 

RCA 
IN3194 

OR 
RCA 

0120lM 

0-130 V 
AC 

RCA 
0220lN 

I K 

NOTES: 

l RECTIFIER f UNDER TEST 

5O(HI) 
RM 
C.HNII 

] 

50-n, OUTPUT 
TO OSCILLOSCOPE ** 
(WITH RISE 
TIME S 0.01 }LS) 

] 
TRIGGER 
SIGNAL TO 
OSCILLOSCOPE 

ALL RESISTANCE VALUES ARE IN OHMS. 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

** UNITS INTERCONNECTED WITH RG -!SBU CABLE WITH 
!So·n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE . 

• FOR 120-V OPERATION, PAIMARY OF TRANSFORMER 
SHOULD BE 120 V, FUSE SIZE SHOULD BE 1/2 A. 

92CM-24047R1 

Fig. 8 - Oscilloscope displav and test circuit for measurement 
of revene·recovery time for D2101S. D2103S. and 
D2703SF. 

TERMINAL CONNECTIONS 
FOR TYPES 

S3702S AN 0 S3703SF 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 

TERMINAL CONNECTIONS 
FOR TYPES 

02101S, 02103S, AND 02103SF 

Case, Lead No.1 - Anode 
Lead No.2 - Cathode 
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837028,837038F _____________________ File No. 522 
021018, 02103S, 021028F 

w" 60 

2:1 
t:"'iso ..... ..... .... 
~;: 40 
'z z" 0 .. 
~~ 30 
.. u 

~i 20 .. ;: 
~~ 10 

0 

JUNCtiON TEMPERATURE tTJ) .I~O·C fV'l. 
~. 

IOms 

"'::::: 
.......... 

.......... 

r---.... 
............... 

I"--r-. 
2 4 6 B 2 4 10 
SURGE-CURRENT OURATION--CYCLES 

6 8100 

92CS-24048 

Fig. 9 - Peak surge (non·repetitive) forward current vs. surge-cu"ent 
duration for 021015,021035, and D2103SF. 

100 

.. 
~ 
ili a 10 ,. .. 
ell 
>-= 
8 til .... 
"'i .... 
~~I 

lI! 

~ 
QI 

PEAK FORWARD CURRENT IIFMI z IDA 
RECTANGULAR-PULSE CURATION (lp).30p-s 

r;' - f- JUNCTION TEMPERATURE ~ 

0.1 

ITJ'."O'C _ 

~ 

h 50" 

~OO" I 
:;.- -j I 

10 100 

RATE OF DESCENT OF FORWARD CURRENT(-dlF/dll-Al,us 

92C5-17527 

2 JUNCTION TEMPERATURE ITJ}.2S G C .. 
~ .. 
co 

~ I.. V g /1/ 
0> /7 ~I '"- 021015 ::,..-"'''-~.! ~ 
"l ~/ 021035 

~ I :;....-- D2103SF 

~ /" 

~ ./' /' 
17 

0.5 
4 6 B 

0.01 
4 6 B 

0.1 
4 6 B 

INSTANTANEOUS FORWARD CURRENT IiFI-A 

92CS-24049 

Fig. 10,.... Forward·voltage drop vs. forward current for 021015. 
021035. and D21035F. 

luO 

~ 
a 10 

" .. 151 
i)'TI' 
u'" 
~5 

'" '" '" ffi'!::!"'l 

~ 

~ 
0.1 

0.1 

RECTANGULAR-PULSE DURATION IIp)'' 30p.s 
JUNCTION TEMPERATURE ITJ1" 150·C 

I 
~~I 

i-' r.~~' ~ 
~.,~YV 

0'\" 
~'" v ~o'l' 

r.~" 
"/.; 

~ 

10 100 

RATE OF DESCENT OF FORWARD CURRENT l-diF/dti-Alp.s 

92CS-17528 

10 

Fig. 11-Typical peak reverse recovery current vs. rate of descent of 
forward current for D21015, 021035, and D2103SF. 

Fig. 12-Typical peak reverse recovery current vs. rate of descent of 
forward current for 021015. D21035. and 021035F. 
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10 RECTANGULAR-PULSE DURATION Up) -30 pos 
JUNCTION TEMPERATURE (T J I" 150·C 

III I. 
~ III I 

111,1,'\.j)!* 
i5 ~ .. ~~ 
ffi 5 ~",'I' 

I A 
'" 0 .. ~ 
'" u ~~ ~ f-> "-
§ 1 ~V "'--::! 
w ~O.I 0.1 A &! .5 
ou .. 
G:;....!!. .. 

0.01 
0.1 I 10 100 

RATE OF DESCENT OF FORWARD CURRENTI-diF/dl J - AIl'S 

92CS-17529 

Fig. 13-Typical reverse recovered charge vs. rate of descent of 
forward current for 021015. 021035. and 021035F. 



File No. 629 

OOCIBLJD Rectifiers 
Solid State 
Division 

102201 Series 

lI-A, 50-to-800-V 
fast-lRecovery Silicon Rectifiers 
General-Purpose Types for Medium-Current Applications 
Features: 
" Fast turn-off: 0.5 f.ls max. from 3.14-A peak 

a low overshoot current • Low forward voltage drop 

~ 
50V 100 V 200 V 400 V 600 V 

Package Type Type Type Type Type 

800V 

Type 
ANODE 

JEOEC 00·15 00-15 
02201F 02201A 022018 022010 02201M 0220,N 
(44933) (449341 (44935) (44936) (44937) (44938) 

ti-1695 
Numbers in parentheses are former RCA type numbers. 

RCA 02201 Series devices are diffused·junction silicon 
rectifiers in an axial·lead package. These devices, which differ 
only in their voltage ratings, feature fast recovery times (0.5 
f.ls max. from 3.14 A peak) without the "snap" type of 

turn·off which could result in the generation of transients. 

The 02201 series are intended for use in high·speed inverters, 
choppers, high·frequency rectifiers, "free·wheeling" diode 
circuits, and other high·frequency applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

REVERSE VOLTAGE: 

REPETITIVE PEAK. 

NON·REPETITIVE PEAK 

FORWARD CURRENT:* 

RMS 

AVERAGE: 

IFIRMS) 

For 1800 conduction angle, half sine wave. . . . . . 10 

PEAK SURGE (NON·REPETITIVE):. 

At junction temperature (T J) ::: 150°C 

02201F 02201A 022018 022010 

50 100 200 400 

100 150 300 SOO 

1.5 

For one-half cycle of applied voltage, 60 Hz (8.3 ms) IFSM ---------- 50 

For other durations. . . . . See Fig. 3 

PEAK (REPETITIVE~ . . . . . • 

STORAGE·TEMPERATURE RANGE 

OPERATING (JUNCTION) TEMPERATURE 

LEAD TEMPERATURE lOuring Soldering): 

IFRM -'--------- 6 

-4010+ 165 

150 

Measured 1/8 in. (3.17 mm) from case for lOs max. 255 

OAt.lead temporature of 100°C (measured at point on anode lead 1/32 In. (0.8 mm) from the case). 

11·73 

02201M 02201N 

600 800 V 

700 1000 V 

A 

A 

A 

A 

°c 
°c 

°c 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static: 

For VRRM = max. rated value, IF = 0, 

TJ = 250 C 

TJ = 1000 C 

Instantaneous Forward Voltage Drop: 

AtiF=4A, TJ = 250 C See Fig. 4. 

Reverse Recovery Time: 

For circuit shown in Fig. 1: 

At IFM = 3.14 A, -diF/dt = 10 AllIs, 
pulse duration = 0.94 /15, TC = 250 C 

In Tektronix type "s" plug·in unit: 

At IF = 20 rnA, I R = 1.0 rnA 

(DCvaluesl TC= 250 C 

Thermal Resistance (Junction· to· Lead)" 

See Fig. 14 

* Measured on anode lead 1/8" (3.18 mm) from case, 

1/2A ISOLATION 
125 V TRANSFORMER 

111 E==J11'~cv 
117 V 
AC 

NE51 
• NEON 

LAMP 

lOOK 

AMPLITUDE 

RCA OIAC 
D3202Y 

SYMBOL 

IRM 

vF 

trr 

ROJL 

RCA 
IN3194 

OR 
RCA 

DI20lM 

0-130 V 
AC 

1.5p.H* 

0.05 
.F 

RCA 
D220lN 

LIMITS 

All Tvpes 

Min. 

-
-

-

-

-

-

1 RECTIFIER t UNDER TEST 

5OtHI) 
RM 
C.IINU 

UNITS 

Max. 

15 IlA 
250 IlA 

1.9 V 

0.5 lIS 

1.5 /15 

20 °C/W 

TO OSCILLOSCOPE ** 
(WITH RISE 

] 

50-n OUTPUT 

TIME s: 0.01 fl.S) 

NOTES: 
ALL RESISTANCE VALUES ARE IN OHMS. 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

**UNITS INTERCONNECTED WITH RG-5aU CABLE WITH 
50-n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM-21657R2 

Fig.' - Oscilloscope display and test circuit for measurement 
of reverse-recovery time for all types. 
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REFERENCE POINT 
FOR MEASUREMENT 
OF LEAD TEMPERATURE 

~ 1-/:) 1-1-1 HEAT 
~IIIII( 

". 
0. 
W ~ W ~ ~ ~ ~ ~ ~ 

ALLOWABLE LEAD TEMPERATURECTL)-OC 

9ZCS-Z1660 

Fig.2 - Average forward power dissipation vs. lead temperature for 
all types. . 

2.5 JUNCTION TEMPERATURE ITJ) ~25°C 

c .• 
0.0.1 0.1 1 10 

INSTANTANEOUS FORWARD CURRENT (L f 1- A 

92CS-17520 

Fig.4 - Forward voltage drop vs. forward current for all types. 

~ ~g~T~~I: W&TRHO~AXIMUM FORWARD CURRENT WAVEFORM 

;: SWITCHING LOSSES NEGLECTED a ~ IFM 

~~IIII-ti"'I~~. ~ 
~ 2 
15 

i .o~ 
\,r", ol'f 1.5-A 

~ ~, ,,~ (RMS) LIMIT J I o~ .... 
~ ~¥ 
I ~ 
lIo 

o 

a.' 

2 3 4 5 6 
PEAK FORWARD CURRENT (IFM,-A 

92CS-17522 

Fig.6 - Average fOlW{lrd power dissipation (maximum) as a function 
of duty factor for all types. 

JUNCTION TEMPERATURE CTJ I -ISO·C .fV\.. 
;;; .. 60 

~ ::1 
!::':50 

8.3m. 
... ., 

--........... "''' ..... 
~;: 40 

........... 'z 
........... ~~ 

3§ 30 

..... -........... "'u 
~~ 20 .,., 

~ "or 
~~ 10 

0 
:-""r-. 

2 4 • . 10 2 4 . • lao 
SURGE - CURRENT DURATION --CYCLES 

92C5- 2L6~8 

Fig.3 - Peak surge (non·repetitiveJ forward current vs. surge~u"ent 
duration for a/l types. 

., 
FOR UNIT WITH TYPICAL FORWARD , 
VOl.TAGE DROP 

~ SWITCHING LOSSES NEGLECTED 

~ CURRENT WAVEFORM 
Z 

tW 
IFM Q 

i 
in 
is 2 

ffi ., 
~ 
c o~ or 
;! I " ~~ 1.5-A e ~ (RMSIUMIT 

~ 
'1-.... 0 8:;. ~ o.'/. 

~~ 0.1 ~ .... 
'I a 

PEAK fORWARD CURRENT (IFM1-A 
92C5-L7521 

Fig.5 - Average forward power dissipation (typical} as a function of 
duty factor for all types. 

FOR UNIT WITH TYPICAL FORWARD 
VOl.TAGE DROP 
SWITCHING LOSSES NEGLECTED 

CURRENT WAVEFORM 

L5-A(RMSll.IMIT 

23456 
PEAK FORWARD CURRENT (IFM1-A 

92C5-L7523 

Fig.7 - Average forward power dissipation (typicalJ as a function of 
duty facror for all types. 
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'" I FOR UNIT WITH MAXIMUM FORWARD 
VOLTAGE DROP 
SWITCHING LOSSES NEGLECTED 

CURRENT WAVEFORM 

0·\ 

1.5-A 
-IRMS} LIMIT 

6 
PEAK FORWARD CURRENT (IFM) - A 

92CS-17524 

Fig.8 - Average forward power dissipation (maximum) as a function 
of duty factor for all types. 

REFERENCE POINT FOR MEASUREMENT OF LEAD 
TEMPERATURE: 1/8" FROM CASE 

2 PULSE' REPETITION RATE=60 PULSES/s 

25 

Fig. 10 - Peak reverse recovery current liS. lead temperature for all 
types. 
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~ 
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RATE OF DESCENT OF FORWARD CURRENT l-diF/dll-A/p.s 

92CS-17528 

Fig. 12 - Peak reverse recovery current vs. rate of descent of forward 
current for all types. 
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350 REFERENCE POINT FOR MEASUREMENT 
OF LEAD TEM PERATURE: liS- FROM 
CASE, PULSE REPETITION RATE -60 

~ 325 PULSES/s 

I 
~300 

'" ::I: 275 
I-

ffi 
~ 250 

~ 
~ 225 

> 
~ 200 

175 

-diF Idt-IO A I". S '".~:. 
10%IRM 

o (RICI 

IRM t.f' (REcr-
-9.4".s- trr 

25 50 75 100 125 ISO 

LEAD TEMPERATURE tTL l_oC 
92CS-21663 

Fig.9 - Typical variation of reverse recovery time with lead temperature 
for all types. 
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Fig. 11 - Peak reverse recovery current vs. rate of descent of forward 
current for all types. 
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F;g.13 - Reverse recovered charge vs. rate of descent of forward 
current for all types. 
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OOCD5LJ1] Rectifiers 

Solid State 
Division D2406 Series 

D2406-R Series 

6-A, 50-to-600-V, 
Fast-Recovery Silicon Rectifiers 
General·Purpose Types for Medium-Current Applications 

Available in reverse-polarity versions: 

D240SA-R, D240SB·R, D240SC·R, D240SD·R, D240SF-R, D240SM·R 

Forward-polarity 
(02406 sarias) 

Roverso-polarity 
(D2406·R soriosl ~ Package 

50V 

Types 

100V 200 V 300 V 

Types Types Types 
JEDEC 00·4 

DO-4 
D240SF D240SA D240SB D240SC 

H·1167 
(43879) (43880) (43881) (4.3882) 

Numbers in parentheses are former RCA type numbers. 

RCA D240S series and D2406-R series are diffused· 
junction silicon rectifiers in a stud-type hermetic package. 
These devices differ only in their voltage ratings. 

Features: 
a Fast reverse· recovery time (trr) -

0.35)1' max. (lFRM = 19 A peak, see 

test circuit Fig. 1) 

400 V 

Types 

D240SD 
(43883) 

All types feature fast reverse-recovery time, with "soft" reo 
covery characteristics that reduce the generation of R F I and 
voltage transients. 0.2)1s max. (IF = 1 A,IRM = 2 A max., 

These devices are intended for use in high·speed inverters, 
choppers, high·frequency rectifiers, "free-wheeling" diode 
circuits, and other high·frequency applications. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

see test circuit Fig. 2) 

BLow reverse· recovery current 

a Low forward·voltage drop 

• Low·thermal-resistance hermetic package 

SOOV 

Types 

D240SM 
(43884) 

D2406F D2406A D2406B D2406C 024060 D2406M 

REVERSE VOLTAGE: 
Repetitive peak 
Non-repetitive peak . . . . . . . . . 

FORWARD CURRENT (Conduction angle =: 180°, 
half sine wave): 

RMS (Tci = 1000 CI

Average (TC = l00~CI· 
Peak-surge (non-repetitive): 

At junction temperature IT J) =: 150°C: 
For one-half cycle of applied voltage, 60 Hz (8.3 ms) 
For other durations 

Peak (repetitive) . . . . . . . . 

STORAGE·TEMPERATURE RANGE . . 
OPERATING (JUNCTION) TEMPERATURE 
STUO TORQUE: 

Recommended . . . . . 

Maximum (DO NOT EXCEEDI . 

D2406F·R D2406A·R D2406B·R D2406C·R D2406D·R D2406M·R 

VRRM 50 

VRSM 100 

IF(RMSI 

10 

IFSM 

IFRM 

100 
200 

200 
300 

------------- 9 
6 

300 
400 

400 
600 

600 
800 

--------------125--------------
--------5 •• Fig.3 --------

25 --------------
------- -40 to 165 -------

150 --------

15-------------
--------------25--------------

V 
V 

A 
A 

A 

in-Ib 
in-Ib 

• Case temperature I, measured at center of any flat surface on the hexagonal hood of the mounting stud. 

11·73 
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ISOLATION 
TRANSFORMER 

7.5 K 
2W 

100 K 

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

15 
5W 

RCA 
IN3194 

OR 
RCA 

012019 

0.5 p.H* 

AMPLITUDE 
0-130 V 0.47 p.F 

1 RECTIFIER t UNDER TEST 

TO OSCILLOSCOPE ** 
(WITH RISE 

] 

50-n OUTPUT 

AC 

NOTES: 

RCA 
0260lN 

5O(NI) 
RM 
O.1(NIJ 

] 
TRIGGER 
SIGNAL TO 
OSCILLOSCOPE 

ALL RESISTANCE VALUES ARE IN OHMS. 

RM : MONITORING RESISTOR 

TIME ~ 0.01 fLS) 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

** UNITS iNTERCONNECTED WITH RG -58U CABLE WITH 
50-n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM- 20469 R2 

Fig. 1 - Test circuit (pulsed sine wave) for measurement of 
reverse-recovery time. 

117 V 
60 Hz 

10 K 
2W 

RCA 
0120lS 

30 V DC 
(CONSTANT VOLTAGE 
SUPPLY I 

R1 

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

30n 
50 W 

(N II 

'.F 
300 V 

CONSTANT 
VOLTAGE SUPPLY 
(ADJUST FOR I A DC 
THROUGH RECTIFIER 
UNDER TEST-APPROX, 30 v) 

* UNITS INTERCONNECTED WITH RG-58U CABLE WITH 
50-n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE 

RI: SELECTED TO GIVE MAXIMUM 
lRM NO GREATER THAN 2 A 
(APPROXIMATELY 1.4 n) 

R2: I n.IOW NON-INDUCTIVE OR TEN 
10 n. I W.l'"/o CARBON COMPOSITION RESISTORS 
CONNECTED I N PARALLEL 

92CM-22179RI 

Fig.2 - Test circuit (pulsed dc) for measurement of reverse-recovery time. 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static 

For VRRM::: max. rated value, IF::: 0, TC::: 2SoC 

TC=100oC 

Instantaneous Forward Voltage Drop: 

Ati F 6A.TJ=250C 

Reverse Recovery Time: 

For circuit shown in Fig. 1, at 

'FM = 19 A. -diF/dl = 25 AI"" 
pulsed duration::: 2.25 JJS, T C ;; 2SoC 

For circuit shown in Fig. 2, at 

IFM ::: 1 A, IRM '" 2 A max., TC = 2SoC. 

Thermal Resistance (Junction·ta-Case) . . 

JUNCTION TEMPERATURE (TJ )"ISO°C 

J\..f\.. 
150 

;;; .. 
:= I 125 .... -
i=~ 
w~ 

~!:IOO 
"' .... 
~a 
~~ 75 
WU 

~~ 50 
~~ 

~'" 
~e 25 

\ 
"-

.......... 
....... ---

2 4 6 , 10 

SURGE-CURRENT DURATION-CYCLES 

W 
8.3ms 

6 e 100 

92CS-22232 

Fig.3 - Peak surge (non-repetitive) forward 
current vs. surge-current duration. 

FOR UNIT WITH TYPICAL FORWARD 
VOLTAGE DROP 

CURRENT WAVEFORM 

o~"FM SWITCHING LOSSES NEGLECTED 

9-A tRMS) 
LIMIT 

o· 

20 30 40 50 60 
PEAK FORWARD CURRENT(IFMI-A 

92CS-22234 

Fig.5 - Average forward patNer dissipation 
as a function of peak current and 
duty factor for units with typical 
forward voltage drop. 

.. 
I 
~ 

I 
0 
~ 

~ 
Ir 
~ 

" ~ 
~ 
~ 

1000 
6 
4 

2 

lODe 
6 
4 

2 

10 
8 , 
4 

2 

" 6 
4 

2 

0.1 

LIMITS 

SYMBOL ALL TYPES UNITS 

MIN. MAX. 

'RM 15 "A 
3 mA 

vF 1.4 V 

'rr 0.35 
"' 

0.2 

3 °C/W 

JUNCTION TEMPERATURE (T J) ~ 25°C 

TYPICAL/ /MAX1MUM 

'/ 

II 
'I 

II 
1/ 

I 234 
INSTANTANEOUS FORWARD VOLTAGE DROP (vFl-V 

Fig.4 - Forward current vs. forward 
voltage drop. 

92CS-22233 

CURRENT WAVEFORM 

0-"'---./\.." FM 

~I~~ 

9-A (RMS) 
IMIT 

QP~ 

zo 30 40 50 60 
PEAK FORWARD CURRENT(IFM)-A 

Fig.6 - Average forward power dissipation 
as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 

92C5-22235 
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:: FOR UNIT WITH TYPICAL FORWARD 
~ VOLTAGE DROP 
~ I SWITCHING LOSSES NEGLECTED 

U <U 

ICURRn WAVFl~'F. 
-".1='" -.. ~ 

PEAK FORWARD CURRENT (IFM1-A 92C5-22236 

278 

Fig.7 - AWfBgB forward power dissipation 
11$ II function of peak current and 
duty factor for un;tr with typical 
forward volt~ge drop. 

, 
PEAK FORWARD CURRENT CIFM1-A 

92CS-22238 

Fig.9 - Maximum allowable case temperature 
a, B function of peak current and.' 
duty fllCtor for units with typical 
forward voltage drop. 

PEAK FORWARD CURRENT (IFM) - A 
92CS-22240 

Fig.lt - Maximum allowable case temperature 
as a function of peak current and 
duty factor for units with typical 
forward voltage drop. 

PEAK FORWARD CURRENT (IFM'-A 

Fig.S - Allerage forward power diu/pation 
as a function of peak current and 
duty factor for units with maximum 
forward voltl¥J!1 drop. 

PEAK FORWARD CURRENT (IFM)-A 

92CS-22239 

Fig. to - Maximum allowable case temperature 
as a function of peak current and duty 
factor for units with maximum forward 
voltage drop. 

PEAK FORWARD CURRENT (IFM) - A 

92CS-22241 

Fig. 12 - Maximum allowable case temperature 
as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 
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OO(]5LJD Rectifiers 
Solid State 
Division D2412 Series 

D2412-R Series 

12-A,50-to-600-V, 
Fast-Recovery Silicon Rectifiers 
General-Purpose Types for Medium-Current Applications 

Available in reverse-polarity versions: 
02412A·R. 02412B·R. 02412C·R. 024120·R. 02412F·R. 02412M·R 

Forward-polarity Reverse-polarity ~ 
50V 100V 200 V 300V 

(02412 Series) (02412·R Sories) Package Type Type Type Type 
JEOEC 00-4 02412F 02412A 02412B 02412C 

00·4 (43889) (43890) (43891) (43892) 
H-1167 

Numbers in parentheses are former RCA type numbers. 

RCA 02412 series and 02412·R series are diffused-junction 
silicon rectifiers in a stud-type hermetic package. These 
devices differ only in their voltage ratings. 
All types feature fast reverse-recovery time, with "soft" re
covery characteristics that reduce the generation of RFI and 

Features: 
D Fast reverse-recovery time (t,,) -

0.35 liS max. (I FRM = 38 A peak. see 
test circuit Fig. 1) 

400 V 

Type 

024120 
(43893) 

voltage transients. 0.2 liS max_ (IF = 1 A.IRM = 2 A max .• 
These devices are intended for use in high-speed inverters, 
choppers. high-frequency rectifiers. "free·wheeling" diode 
circuits. and other high-frequency applications. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

see test circuit Fig. 2) 

a Low reverse-recovery current 

a low forward-voltage drop 

a low-thermal-resistance hermetic package 

600 V 

Type 

02412N 
(43894) 

D2412F 02412A 02412B 02412C 024120 02412M 

REVERSE VOLTAGE: 
Repetitive peak 
Non-repetitive peal< . . . . . . . . . 

FORWARD CURRENT (Conduction angle = 1800 , 

half sine wave): 

RMS (TC = 1000C)D. . 

Average IT C = 1000 C)· . 
Peak-surge (non-repetitive): 

At junction temperature IT J) = 150oe: 
For one·half cycle of applied voltage, 60 Hz 18.3 ms) 
For other durations 

Peak (repetitive) . • . . . . . . 
STORAGE-TEMPERATURE RANGE • • 
OPERATING (JUNCTION) TEMPERATURE 
STUD TORQUE: 

Recommended . . . . . 
Maximum 100 NOT EXCEED) • 

02412F-R 02412A-R 02412B-R D2412C-R D2412D-R 02412M-R 

VRRM 50 100 200 300 400 600 V 
VRSM 100 200 300 400 600 800 V 

IFIRMS) IS A 
10 12 A 

IFSM 

250 A 
See Fig.3 

IFRM 50 A 
-40 to 165 °c 

150 °c 

15 in·lb 
25 In~b 

• Case temperature Is measured at center of any flat surface on the hexagonal head of the mounting stud. 

11-73 
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ISOLATION 
TRANSFORMER 

7.5 K 
2W 

D3202U 

OSCILLOSCOPE DISPLAY OF REVERSE - RECOVERY TIME 

2.25 ".H* 

OR RECTIFIER 
012018 UNDER TEST 
1:~:4n 

~~r3LJT~DE 1.33 ~F J 50-a OUTPUT * 
oc .... -Jo!lO""'INlrII-Ar-< ~I~I~I~~~COPE* 

D2601N ~~INl) TIME S O.OII'S) 

L--'V'V'Y-----Ft--<] TRIGG ER 
IK SIGNAL TO 

OSCILLOSCOPE 

NOTES: 

ALL "RESISTANCE VALUES ARE IN OHMS. 

RM : MONITORING RESISTOR 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

**UN1T8 INTERCONNECTED WITH RG-SBU CABLE WITH 
50-C TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM-20470RI 

Fig. t - Test circuit (pulsed sine wave) for measurement of 
relle~covery time • 

117 V 
60Hz 

10K 
2W 

30 V DC 
(CONSTANT VOLTAGE 
SUPPLY I 

RI 

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

R2 

• on 
.0 W 

(N Il 

50-n OUTPUT 
TO OSCILLOSCOPE· 
(WITH RISE 
TlME:$ 0.01 ,..SI 

I,F 
300 V 

CONSTANT 
VOLTAGE SUPPLY 
(ADJUST FOR I A DC 
THROUGH RECTIFIER 
UNDER TEST-APPROX. 30 V J 

• UNITS INTERCONNECTED WITH RG-5BU CABLE WITH 
50-n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE 

RI: SELECTED TO GIVE MAXIMUM 
lRM NO GREATER THAN 2 A 
(APPROXIMATELY 1.4 n) 

R2: In,IOW NON-INDUCTIVE OR TEN 
10 n, I W, I "I. CARBON COMPOSITION RESISTORS 
CONNECTED IN PARALLEL 

92CM-22179RI 

Fig.2 - Test circuit (Du/sed dc) for measurement of reverse·recovery time. 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static 

For VRAM = max. rated value, IF = 0, TC '" 2SoC 

TC = 100°C 

Instantaneous Forward Voltage Drop: 

A'iF=12A.TJ=250C .• 

Reverse Recovery Time: 

For circuit shown in Fig. 1, at 

IFM = 38 A, -diF/d' = 25 Alp" 
pulse duration "'4.5/Js,-TC = 2SoC 

For circuit shown in Fig. 2, at 

IFM = 1 A,IRM = 2 A max" TC = 25°C. 

Thermal Resistance (Junction-ta-Case) . . 

300 JUNCTION TEMPERATUREITJ)a SO·C 

.IV\.. 

'"" 
2.0 ~ 

~l \ 
8.3ml 

>=2 
~E200 

\ ~~ :5 .. 
~~ ISO 

""'-~~ r--... "'" =~ 100 I--"", --.. 0 
~~ r--I-

50 

0 
4 • • 4 6 8 10 2 100 

., 

SURGE CURRENT DURATION-CYCLES 
nCS-22266 

Fig.3 - Peak surge (non-repetitive) forward 
;current vs. surge-current duration . 

FOR UNIT WITH TYPICAL FORWARD CURRENT WAVEFORM 

r-h VOLTAGE DROP ~IFM ~ 30 SWITCHING LOSSES NEGLECTED 
;;: 
~ 
z 
9 

if 
jg 20 
C 

Ili 
~ 
i 
i • 0 

~ .. : 
!II 

o 

.tt' iIS--:t(-RMS) 

,~,v. ~.o.~:!t ~ 
LIMIT 

,.' . 
o·\~ ~~ 0.1 

<" 
0·0 • 10 20 30 40 50 60 7D BO 

PEAl( fORWARD CURRENT (IFM)-A 
92CS ~22269 

Fig.5 - Allerage forward power dissipation 
as a function of peak current and 
duty factor for units with typical 
forward voltage drop. 

90 

LIMITS 

SYMBOL ALL TYPES UNITS 

MIN. MAX. 

IRM 100 .A 

4 rnA 

vF 1.4 V 

0.35 P' 

0.2 

1.5 

1000 a JUNCTION TEMPERATUREITJI- 25°C 

~ 

" Ii: 
~ 
Z 

~ 

4 

2 
,I 

'. -
6 
4 

I 
2 

0.' I. 
o I 2 3 4 

INSTANTANEOUS FORWARD VOLTAGE DROP (VFJ- V 

92CS-22267 

Fig.4 - Forward current vs. forward 
voltage drop. 

PEAK FORWARD CURRENT (IFM)-A 
92C$-22268 

Fig.6 - Average forward patNer dissipation 
as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 
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PEAK FORWARD CURRENT (IFM)-A 

Fig.7 - Average forward power dissipation 
as 8 function of peak current and 
duty factor for units with typical 
forward voltage drop. 

92CS-22270 

92CS~22272 

Fig.9 - Maximum allowable case temperature 
as a function of peak current and 
duty factor for units with typical 
forward voltage drop. 

PEAK fORWARD CURRENT (IFMJ - A 
92CS-22274 

Fig. It - Maximum allowable case temperature 
as a function of peak current and 
duty factor for units with typical 
forward voltage drop. 

~ 
I 
~150 

~ 
~ 140 

~ 
'" ~ 130 

"' ~ 
~ 120 

1110 
;i 

" ~ 100 

i 
o 

PEAK FORWARD CURRENT (IFMJ-A 
92CS-22271 

Fig.S - Average forward power dissipation 
as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 

FOR UNIT WITH MAXJMUM FORWARD'., ~IFM 
VOLTAGE DROP 0 
SWITCHING LOSSES NEGLECTED ~ t I _ I CURRENT 

DUTY F: .. j-: t 2 -IWAVEFORM 

ACTOR (t//t2)" c:;;t 
o.~O.,. 0., 

o . 
q'J" . .t 

10 20 30 40 50 60 70 eo 90 
PEAK FORWARD CURRENT (IF,.) - A 

92CS-22273 

Fig. 70 - Maximum allowable case temperature 
as a function of peak current and duty 
factor for units with maximum forward 
tloltage drop. 

ID ro ~ 00 00 90 
PEAK fORWARD CURRENT (IFM) - A 

9ZCS-22275 

Fig. 72 - Maximum allowable case temperature 
as a function of peak current and 
duty factor for units with maximum 
forward tloltage drop. 
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oornLJD Rectifiers 
Solid State 
Division D2520 Series 

D2520-R Series 

20-A, 50-to-600-V, 
Fast-Recovery Silicon Rectifiers 
General-Purpose Types for High-Current Applications 

Available in reverse-polarity versions: 
02520A-R, 02520B-R, 02520C-R, 025200-R, 02520F-R, 02520M-R 

Forward-polarity Reverse-polarity 
102520 Sori .. ) ID2520-R Sari .. ) 

JEDEC DO-5 

~e 50V 100V 200 V 300 V 400 V 

Package Types Types Types Types Types 

00-5 
02520F 02520A 02520B 02520C 025200 

H·1113R1 
(43899) (43900) (43901) (43902) (43903) 

Numbers in parentheses are former RCA type numbers. 

RCA 02520 series and 02520-R series are diffused-junction 
silicon rectifiers in a stud-type hermetic package_ These 
devices differ only in their voltage ratings_ 

All types feature fast reverse-recovery time, with "soft" re
covery characteristics that reduce the generation of R F I and 
VOltage transients_ 

These devices are intended for use in high-speed inverters, 
choppers, high-frequency rectifiers, "free-wheeling" diode 
circuits, and other high-frequency applications_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Features: 
a Fast reverse-recovery time (t,,) -

0.35 lis max. (I F RM = 63 A peak, see 

test circuit Fig. 1) 

0.2 lis max. (lRM = 1 A, IRM = 2 A max., 
see test circuit Fig. 2) 

• Low reverse-recovery current 

• Low forward-voltage drop 

• Low-thermal-resistance hermetic package 

600 V 

Types 

02520M 
(43904) 

D2520F D2520A D2520B D2520C 025200 D2520M 

REVERSE VOLTAGE: 
Repetitive peak 
Non-repetitive peak . . . . . . . . . 

FORWARD CURRENT (Conduction angle:::; 1800 , 

half sine wave): 

RMS ITC = 1000 C)_ 

Average IT C = 1000 C)_ 
Peak-surge (non-repetitive): 

At junction temperature (T J) "" 150oC: 
For one-half cycle of applied voltage, 60 Hz 18.3 ms) 
For other durations 

Peak (repetitive) . . . . . . . • 

STORAGE-TEMPERATURE RANGE • _ 
OPERATING IJUNCTION) TEMPERATURE 
STUD TORQUE: 

Recommended . • . • . 
Maximum (DO NOT EXCeeD) • 

D2520F-R D2520A-R D2520B-R 0252OC-R D25200-R D2520M-R 

VRRM 50 100 200 300 400 600 V 

VRSM 100 200 300 400 600 800 V 

IFIRMS) 30 A 

10 20 A 

IFSM 

300 A 
See Fig.3 

IFRM 100 A 
40 to 165 °c 

150 °c 

30 in..Jb 
50 in..Jb 

o Case temperature Is measured at centor of any flat surfDco on tho hexagonal head of the mounting stud. 

11-73 
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ISOLATION 
TRANSFORMER 

7.5 K 
2W 

,. 
2.25 ,..H* OW 

RCA 
IN3194 

OR t RECTIFIER 
RCA UNDER TEST 

012018 

AMPLITUDE 
] 50-n OUTPUT 0-130 V 

AC 
3.9,..F 

TO OSCILLOSCOPE ** 
OO(NI) (WITH RISE 

RCA 
RM TIME :s 0.01 JLS) 

0260lN 
C.HNll 

~OTES : 
ALL RESISTANCE VALUES ARE IN OHMS. 

RM ; MONITORING RESISTOR 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

**UNIT8 INTERCONNECTED WITH RG-5aU CABLE WITH 
50-0 TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM-20471RI 
OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

117 V 
60Hz 

Fig. 1 - Test circuit (pulsed sine walle) for measurement of 
reverse-recovery time. 

10K 
2W 

30 V DC 

C. P. CLARE 
HPG 1002 

(CONSTANT VOLTAGE 
SUPPLY) 

I,F 
300 V 

RI 
30n 
50 W 

CONSTANT 
VOLTAGE SUPPLY 
(ADJUST FOR I A DC 
THROUGH RECTIFIER 
UNDER TEST-APPRDX. 30 V) 

** UNITS INTERCONNECTED WITH RG-58U CABLE WITH 
50-.0. TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE 

RI SELECTED TO GIVE MAXIMUM 
IRM NO GREATER THAN 2 A 
(APPROXIMATELY 1.4.0.) 

O-+ ______ ~L-__ \_----~~~~--- R2 I n,lOW NON-INDUCTIVE OR TEN 
10 n, I W,I% CARBON COMPOSITION RESISTORS 
CONNECTED IN PARALLEL 

IR 
92CM-22179RI 

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

Fig.2 - Test circuit (pulsed dcl for measurement of rf1'1erse-recovery time. 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static 

For VRRM "" max. rated value, IF ;; 0, TC '" 2SoC 

TC = 100°C 

Instantaneous Forward Voltage Drop: 

At iF = 20 A, TJ = 25°C. . 

Reverse Recovery Time: 

For circuit shown in Fig. 1, at 

'FM = 63 A, -diF/dt = 25 A/~s, 

pulse duration:: 7.5 Jl5. TC '" 2SoC 

For circuit shown in Fig. 2. at 

IFM=1 A,IRM=2Amax., TC=250C. 

Thermal Resistance (Junction-to-Casel . . 

350 JUNCTION TEMPERATURE (TJI=150·C 

300 W 
~t250 \ 8.lms 

~S \ 
'f;200 

" 
zZ ow 

r..... ~8§ 
ill:) 150 
"U 
~~ -:ac; 100 .. ", 
It'~ 

50 

0 
2 4 6 , 

10 
2 4 6 

SURGE CURRENT DURATION-CYCLES 

, 
100 

92CS-22180 

Fig.3 - Peak surge (non-repetitive) forward 
current vs. surge-current duration. 

:t: FOR UNIT WITH TYPIl=AL FORWARD 

~ ~~~~~~:SES NEGLECTED 
~30 

.A. 

~25 
f 

!20 

c 

'" I 10 

~ 

O.if.> 

40 60 80 100 120 140 160 
PEAK FORWARD CURRENTCtFU)-A 

Fig.5 - Average forward power dil$ipation 
as a function of peak current and 
duty factor for units with typical 
forward.voltage drop. 

92C5-22182 

180 

LIMITS 

SYMBOL ALL TYPES UNITS 

MIN. MAX. 

IRM 0.05 ~A 

6 mA 

vF 1.4 V 

trr 0.35 ps 

0.2 

ROJC °c/W 

1000 JUNCTION TEMPERATURE (TJ )s25·C 
.. 6 

I 4 

I ... 2 - TYPICA~ / MAXIMUM 

I 
100 , 

6 
4 

I. u 
2 c /I '" 10 

~ , 
6 

~ 4 

I ~ 2 

~ I , 
~ 6 z 4 

~ 2 /, 
0 /, 

o I 234 
INSTANTANEOUS FORWARD VOLTAGE DROP (vF)-V 

92CS-221111 

Fig.4 - Forward current vs. forward 
voltage drop. 

PEAK FORWARD CURRENT (IFM)-A 
92CS-2210 

Fig.6 - A verage forward power dissipation 
as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 
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'20 
PEAK FORWARD CURRENT IIFM)-A 

92CS-221B4 

Fig.7 - Average forward power dissipation 
as a function of peak current and 
duty factor for units with typical 
forward voltage drop. 

40 
PEAK FORWARD CURRENT CIFM)-A 

92CS-22186 

Fig.9 - Maximum allowable case temperature 
as a function of peak current and 
duty factor lor units with typical 
forward voltage drop. 

PEAK FORWARD CURRENT (IFM)-A 

92CS-22188 

Fig. 11 - Maximum allowable case temperature 
BS a function of peak current and 
duty factor for units with typical 
forward lIoltage drop. 

o 

File No. 665 

PEAK FORWARD CURRENT (IFM) - A 

92CS-221J1' 
Fig.S - Average forward power dissipation 

as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 

w ~ W 00 ~ ~ ~ ~ ~ 

PEAK FORWARD CURRENT (IFM) - A 
92CS-22187 

Fig. to - Maximum allowable case temperature 
as a function of peak current and duty 
factor for units with maximum forward 
voltage drop. 

PEAK FORWARD CURRENT tI.FMl - A 
92CS-22189 

Fig. 12 - Maximum allowable case temperature 
as a function of peak current and 
duty factor for units with maximum 
forward voltage drop. 
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OO(]5LJD 
Solid State 
Division 

Rectifiers 

102540 Series 
D2540-R Series 

4(Q)"&', 50C! ioC! 600 Vl9 
fast-Recovery SiUicon lRecttfifoerrs 
General Purpose Types for High·Current Applications 
Featutes: 
m Available in reverse-polarity versions: D Low reverse-recovery current 

D2540A·R, D2540B·R, D2540D·R, a Low forward·voltage drop 
D2540F·R, D2540M·R a Low·thermal·resistance hermetic package 

a Fast reverse-recovery time - 0.35 Jl.S max. from 125 A peak 

Forward-polarity Reverse-polarity 
(02540 Seriesl (02540-R Seriesl 

JEOEC 00·5 ~ 
50V 100V 200V 400V 600V 

Package Types Types Types Types Typos 

00·5 
02540F 02540A 02540B 025400 02540M 
(409561 (409571 (409581 (409591 (409601 

00·5 
02540F·R 02540A·R 02540B·R 025400·R 02540M-R 
(40956R) (40957R) (40958R) (40959R) (40960R) 

Numbors In paronthesos are former RCA typo numbers. 

RCA 02540 series and D2540-R seriesj: inclusive, are reduce the generation of RFI and voltage transients. 
diffused-junction-type silicon rectifiers in a stud-type her
metic package. These devices differ only in their voltage 
ratings. 

These devices are intended for use in high-speed inverters, 
choppers, high-frequency rectifiers, "free-wheeling" diode 
circuits, and other high-frequency applications. 

All types feature fast rev~rse-recovery time (0.35 f.lS max. 
from 125 A peak) with "soft" recovery characteristics tliat 

MAXIMUM RATINGS,Absolute-Maximum Values: 

REVERSE VOLTAGE 
Repetitive peak ................. " ...... VRRM 
Non-repetitive peak . .......... _ ....... _ .. VRSM 

FORWARD CURRENT (Conduction angle ~ .1800, 

half sine wave): 
RMS (T C ~ 1000 C)O .............. - ..... IF(RMS) 
Average (T C ~ 1000 C) 0 . ____ .•• _ .. _ •• _ . _ • 10 

Peak-surge (non-repetitive): 
At junction temperature (T J) ~ 1500 C 
For one-half cycle of applied voltage, 60 Hz 

(8.3 ms) .......................... IFSM 
Peak (repetitive) ....................... IFRM 

TEMPERATURE RANGE: 
Storage and Operating (Junction) . . . . . . . . . . 

:f: Types D2540A-R, B-A, D-R, and M-R were formerly RCA 

DOli, Nos. TA79B4-TA7987, rospoctlvoly. 

D2540F D2540A 02540B 025400 D2540M 
D2540F·R D2540A·R D2540B·R D2540D-R D2540M·R 

50 100 200 400 600 
100 200 300 600 800 

60 
~ 40 .. 

~ 700 

" 195 

.. 40 to 150 ~ 

o Case temporature is measured at center of any flat surface on the hoagonal head of t..~e mounting stud. 

11-73 

V 
V 

A 
A 

A 
A 

°c 
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ELECTRICAL CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL ALL TYPES UNITS 

MIN_ MAX_ 

Reverse Current: 

Static 

For VRRM = max. rated value, IF = 0, TC = 25°C 
IRM 

- 100 I1A 

TC = 100°C - 2.5 rnA 

Instantaneous Forward Voltage Drop: 

At iF = 100 A, TJ = 25°C, See Figure 2. vF - 1.8 V 

Reverse-Recovery Time: 

For circuit shown in Figure 1: 

At IFRM = 125 A, di/dt = 25 All1s, pulse duration = 1511S 

TC = 2SoC 

Thermal Resistance (Junction-to·Case) 

ISOLATION 
TRANSFORMER 

7.5 K 
2W 

RCA DIAe 
D3203U 

OSCILLOSCOPE DISPLAY OF REVERSE - RECOVERY TIME 

" 'W 

,trr 

R8JC 

2.25 p.H* 

OR RECTIFIER 
RCA UNDER TEST 
012018 

-- 0.35 I1S 

- 0.9 °CIW 

1:3~:4[l 
AMPLITUDE ] 50-n OUTPUT 
O-130V 1.33,..F TOOSCILLOSCOPE** 

AC +--"N ...... -f""r--< I WITH RISE 

RCA TIME!!i 0.01 p.S) 

D260lN 

l-...A,JVV----Pr--<] TRIGGER 
IK SIGNAL TO 

OSCILLOSCOPE 

NOTES: 

ALL RESISTANCE VALUES ARE IN OHMS. 

RM : MONITORING RESISTOR 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

** UNITS INTERCONNECTED WITH RG -59U CABLE WITH 
50-n TERMINATING RESISTOR AT INPUT 
TERMINALS, OF OSCILLOSCOPE. 

Fig.1-0scilloscope display and test circuit for measurement of reverse.·recovery time. 
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~ 
....... T<~'T\OI£ ITJ ... C 

C · I I I VJ.--r 
:s- • MAXIMUM 
;- 100 

rYPICAl../ 

z 

i 
a 
Ii! 
il 
~ 
§ 
~ 

i 

I 

\

" 

• · • 
10 · · • 

I · · · OJ 
o 

/I 
III 

- ~ -I, 

1/, 
III 

INSTANTANEOUS fORWARD VOLTAGE DROP (v,)-V 
92CS-19186 

Fig.2-Forward current as a function of for
ward voltage drop. 

CURRENT WAVEfORM 

.J\.JCFRU. 
O~II~-l-t 

100 "'" >00 400 
PEAK FORWARD CURRENT IIFR .. )-A 

!Ut$-19.e8ltl 

Fig.4-Average forward-power dissipation for 
typical forward-voltage-drop unit. 

PEAK FORWARD CURRENT I I FRM I - A 

Fig.6-Average forward-power dissipation for 
typical forward-voltage-drop unit. 

PEAK FORWARD QJRRENTUFRM)-A 

Fig.3-Average forward-power dissipation for 
maximum forward-voltage-drop unit. 

PEAK FORWARD CURRENTCIFRt.I)-A 

92tS-19187RI 

92CS-I'11I9'U 

Fig.5-Average forward-power dissipation for 
maximum forward-voltage-drop unit. 

PEAK FORWARD CURRENT IIFRWI-A 
92CS·19191RI 

Fig.7-Maximum allowable case temperature 
for maximum forward·t/o/rage-drop unit. 
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290 

PEAK FCJRIM.RD CURRENT IIRIII-A PEAK FORWARD CURRENT tIrAM)-A 
92CS-19192RI 

Fig.8-Maximum allowable case temperature 
92:CS-I'193RI 

Fig.9-Max;mum allowable case temperature 
for typical forward-lIo'tage~rop unit. 

Fig. to-Maximum allowable case temperature 
for typical forward-lloitage-drop unit. 

for maximum forwartJ.voltage-drop unit. 

nCS-t'''4R. 
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OOCD3LJD 
Solid State 
Division 

JEDECT0-66 

Anode 
ICasel 

~I 
(Pin 21 IPin 11 

S3705M 
S3706E 

JEDEC DO-26 

II Anode 

,

ILea;1 

Cathode 
ILead 11 

II (Casel 

D2600M 
D2601E 
D2601M 

L-391 

Thyristors/Rectifiers. 
S3705M D2600M 
S3706E D2601E 

D2601M 

seR's and Rectifiers for 
Horizontal-Deflection Circuits 
For Large-Screen Color TV 

Features: 

• Ability to handle high beam current; average 1.6 mA dc 
• Ability to supply as much as 5 mJ of stored energy to the deflection 

yoke, which is sufficient for 29-mm-neck and 36.5-mm-neck picture 
tubes operated at 29 kV Inominal value) 

• Highly reliable circuit which can also be used as a low-voltage power 
supply . 
~ 

600 V 500 V 
Package Types Types 

TO-66 S3705M S3706E 

00-26 026ooM,02601M 02601E 

These RCA types are designed for use in a horizontal output rectifier act as the commutating switch to initiate trace-retrace 
circuit such as that shown in Fig. 1. switching and control yoke current during retrace. . 

The S3705M silicon controlled rectifier and the 02601 M The 02600M silicon rectifier may be used as a clamp to protect 
silicon rectifier are designed to act as a bipolar switch that the circuit components from excessively high transient voltages 
controls horizontal yoke current during the beam trace interval. which may be generated as a result of arcing in the picture tube 
The S3706E silicon controlled rectifier and the 02601 E silicon or in a high-voltage rectifier tube. 

9-74 

CLAMP CIRCUIT 
(OPTIONAL I 

B+ 

HIGH-VOLTAGE 
CR TRANSFORMER 

.--.... -If---....... -; ... -,---l 

Lee 

CA 1~~gH 
1---

S3705M 

" I 
1 

02601';' 
L __ _ 

I 
I 
I 
I 
I 

Ly L 

.. 
" II 
II 
II 
II 

Fig. 1 - Simplified schematic diagram of 
horizontal output circuit. 

TO 
PICTURE 

TUBE 

'T I.., "tBOJO 

Fig.2 - Princ;pallloltJJge-current characteristic (or 
S3705M and S3706E •. 
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S3705M, S3706E 
D2600M, D2601E, D2601M 

SILICON CONTROLLED RECTIFIERS 

MAXIMUM RATINGS,Absolute-Maximum Values: 

NON-REPETITIVE PEAK OFF-STATE VOLTAGE:· 
Gate Open ....•••••••..•..... ', ••..•••..•.•••.••• 

REPETITIVE PEAK REVERSE VOLTAGE:· 
GateOpen ••••••••.•..••.•.•.•••.•.•.•.•••.••••• 

REPETITIVE PEAK OFF-5TATE VOLTAGE:· 
Gate Open •.•......•••.•.•.•..••.•......••.•••.• 

ON-5TATE CURRENT, 
TC'" GOoe. 60 Hz sine wave, conduction angle = 1800· 

RMS ..•..•••••...•••.•..•...•••..••.•..••••• 
Average DC ••..•••.•••.•••••••••.••..•....•.•• 

PEAK SURGE (NON-REPETITIVEI ON-5TATE CURRENT: 
For one full cycle of applied principal voltage 

60 Hz Isinusoidal). TC = 60°C ••.••••..••••••.•••.. 
50 Hz (sinusoidal), TC = 60°C •.•.••••••••••••••••• 

For one-half sine wave, 3 ms pulse width ••••.•.•...... 
RATE OF CHANGE OF ON-STATE CURRENT: 

VO·' VOROM,IGT= 50 mA,tr = 0.1 p • •••••••••••••• 
FUSING CURRENT (lor SCR protectionl: 

TJ =-40to80oC.t=1 to10ms ...........•.••..... 
GATE POWER DISSIPATION:· 

Peak (forward or reverse) for 10 IlS duration, max. 
negative gate bias = -35 V fS3705M) .....••.•••.•.... 

= -10 V (S3706E) ..••••..•..•..•.. 
TEMPERATURE RANGE:" 

Storage ..•.•••.••••••...•....•.....••.......... 
Operating (Case) •.••..•.•.....•.•..•..••..•.•.•.. 

PIN TEMPERATURE (During solderingl: 
At distances ~ 1/32 in. (0.8 mm) from seating plane 
for 105 max. . ................................. . 

VOSOM 

VRROM 

VOROM 

IT(RMSI 
InAVI 
ITSM 

di/dt 

12t 
PGM 

Tstg 
TC 

Tp 

File No. 839 

S3705M S3706E 

TRACESCR· COMMUTATING SCR 

700· 600· V 

25 25 V 

600 500 v 

5 5 A 
3.2 3.2 A 

80 80 A 
65 65 A 

150 150 A 

200 200 A/IlS 

20 20 A2s 

25 W 
25 W 

-40 to t50 -40 to 150 °c 
-40 to 80 -40 to 80 °c 

225 225 °c 

·Protection against transients above these values induced by arcing or other causes must be provided. 

--rhese values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 

-Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted, provided that the maximum 
reverse gate bias (as specified) is not exceeded. 

"For temperature measurement reference point, see Dimensional Outline. 

RECTIFIER 
CURRENT 

I I I • ql I I 
-"'V~I ...!!!.'!--L--- I I 

T : I I i 
I I I I 

292 

t -2.'V 
MIN. 

__ v, 

I COMMUTATING ~ITCH
I ANODE VOLTAGE 
I ISEE NOTEI 

I 
I 

.t 

: COMMUTATING SWITCH
I GATE VOLTAGE 

I 
92:CS-2:4044 

NOTE: "Commutating Switch-Anode Voltage"oscilloscope display has
been modified graphically to show the measurement points of 
dv/dt more effectivelv. 

ITM"" 15 A. Va '" 100 V max"Vb = 250 Vrnax .• Vc = 400. Gate 
voltage .. 12 V positive from 15 V supply. Gate current should rise to 
100 rnA within 0.2 liS. Minimum duration of gate current pulse'" 3 ,",5. 
Minimum amplitude of gate current pulse = 200 rnA. Negative gate bias 
at turn-off = -3.5 V minimum, negative gate bias at 2nd reapplied 
voltage (dv/dd2 = -2.5 V minimum. 

(dv/ddl "'" 400 V/IJ.S (measured tangent to waveform at 0.8 of Va) 
(dv/dtl2 = 1000 Vips (measured tangent to waveform at 0.301 Vbl 
(dv/dtl3 = 700 VIps (measured tangent to wavelorm at 0.8 01 Vbl 

Fig.3 - Oscil108Cope display of commutating switching (S3706E) 
showing c;rcuit-commutated turn-off time (tq), 



S3705M, S3706E File No.B39 ____________________ _ 
D2600M, D2601E, D2601M 

SILICON CONTROLLEO RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unleu Otherwise Specified and at Indicated Case Temperature (T CI 

LIMITS 

S3705M S3706E 

CHARACTERISTIC SYMBOL TRACESCR COMMUTATING SCR UNITS 
TYP. MAX. TYP. MAX. 

Peak Forward Off·State Current: 
Gateopen.VO=VOROM TC=85°C .. 100M 0.5 1.5 0.5 1.5 mA 

Instantaneous On·State Voltage: 
iT = 30 A (peakl. TC = 25°C ........ vT 2.2 3 2.2 3 V 

Critical Rate of Rise of Off·State Voltage: 1000 (min.1 
VD = V DROM. exponential voltage rise. 175 (min.1 (dv!dtI2 
TC=70oC ....................... dV!dt (See Fig.41 (See Fig.31 VI/ls 

DC Gate Trigger Current: 
Vo = 12 V (del. 
RL = 30 n. TC = 25°C ............ IGT 15 32 15 45 mA 

DC Gate Trigger Voltage: 
VD = 12 V (del. 
RL = 30 n. T C = 25°C ............ VGT 1.8 4 1.8 4 V 

Circuit Commutated Turn·Off Time:. 
TC = 70°C. minimum negative gate 
bias during turn-off time = -20 V 
(S3705MI' and -2.5 V (S3706EI. 
rate of reapplied voltage (dv!dtl 

= 175 VI/ls (See Fig. 41 ....... tq - 2.5 - - /lS 
= 400 VI/lS (See Fig. 3 ....... - - - 4.5 /lS 

Thermal Resistance. Junction·to·Case ... ROJC - 4 - 4 °CIW 

• This parameter. the sum of reverse recovery time and gate recovery time, is measured from the zero crossing of current to the 
start of the reapplied voltage. Knowledge of the current, the reapplied voltage. and the case temperature is necessary when 
measuring tq• In the worst conditions (high line, zero-beam. off-frequency, minimum auxiliary load, etc.). turn-off time must 
not fall below the given values. Turn-off time increases with temperature, therfare, case temperature must not exceed 70°C. 
See Figs. 3 and 4. 

~ 
I I h-J 
!-----25,_----I H-2.4,. 
I ..!..II--,q 

175 V I""s 
REAPPLIED 
dv/dt 

II I 
II 

a, 

ITM .. 8 A, VTM " VOROM ' reapplleddv/dl "175 Vila Irneasured 
·trom 0 10 0.6301 VTMI. negal,ve gale yollilge $Ource " -24 V. source 
impedance = 15n. 

INSTANTANEOUSON-STATEVOLTAGE I"JI-V 

92CS-2404~ 

Fig.4 - Chclllwcope display of trace switching (S3705M) showing 
c;rcuiN:ommutating turn-off time (tq). 

Fig.6 - Instantan80U$ on-state current vs. on-state voltage for 
S3705M and S3706E. 
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S3705M, S3706E 
D2600M,D2601E,D2601M 

File No. 839 

SILICON RECTIFIERS 

MAXIMUM RATINGS, Absolute-Maximum Values: 

REVERSE VOLTAGE:·· 
Repetitive Peak ••.•..•••.•.•..• ~ .......•...•••••..••........• 
Non·Repetitive Peak·· ...................•.................... 

FORWARD CURRENT (operating in 15 kHz deflection circuit): 

RMS ................................•..................... 
Peak Surge (Non-Repetitive)·· ....••.•...••••....••..••......... 

Peak (Repetitive) •....•...•..•.•.••.•••..••...•............•. 
TEMPERATURE RANGE 

Storage •.• , ............•.••..•••..•.......•.....••.....•.•.. 
Operating (Case) ••........•...•.•.•..••..•.............••..... 

LEAD TEMPERATURE (During Solderingl: 
Measured 1/8 in. t3.17 mm) from case for 10 s maximum .......•..•... 

•• For ambient"temperatures up to 45°C • 

•• For a maximum of 3 pulses, each less than 10 p5 duration, during any 64-ps period . 

D2BI1M 
TRACE 

600 
700 

1.9·· 
70" 

6.5 

D2601E. 
COMMUTATING 

500 

600 

1.6·· 
70" 
6 

-3010150 
-301080 

225 

•• Maximum current rating applies only if the rectifier is properly mounted to maintain iunction temperature below 1S0oC . 

... See Fig.9 for I FSM value for 50 and 60 Hz operation. 

SILICON RECTIFIERS 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC SYMBOL 
D2601M 
D2601E 

LIMITS 

TRACE D2600M 
COMMUT. CLAMP 

D2600M 
CLAMP 

600 V 
700 V 

0.5·· A 
30" A 
0.5 A 

DC 
DC 

DC 

UNITS 

MAXIMUM MAXIMUM 

Reverse Current: 

Static 
For VRRM =max.ratedvalue,IF = 0, TC:" 25~C ..... 10 10 

/lA 
For VR = 500 V, TC = 100DC •.•..••...•....•... IRM 250 250 

Instantaneous Forward Voltage Drop: 
AtiF=4A. TA=25DC .•.••...••........•...••.• vF 1.9 2 V 

Reverse Recovery Time: 
For circuit shown in Fig. 8: 

At IFM = 20 A. -diF/dt = -20 AI/ls. 
pulse duration = 2.8 1lS. T C = 250 C .............. trr 0.5 0.7 /ls 

In Tektronix type "s" plug·in unit (or equivalent): 
AtIF=20mA,IR=lmA,Tc=250 C •...••..•..• 1.2 1.5 

Peak Forward Voltage Drop (at turn-on): 
In Tektronic type "s" plug·in unit (or equivalent): 

At IF = 20 mA, TC = 25DC ..................... VF(pk) 5 6 V 

Thermal Resistance (Junction-to-Leadjf (See Fig.14) ..... R8JL 45 45 DCIW 

• Measured on anode lead 118 in. (3.18 mm) from case. 
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D2600M,D2601E,D2601M 

100 SUPPLY FREQUENCY-50/50 Hz SINE WAVE 
CASE TEMPERATURE PRIOR TO SURGE-60·C ... - LOAD- RESISTIVE 

!< REPETITIVE PEAK REVERSE VOL. TAGE (VRRON). 

Iii 80 

\" AVER~~~I~~~S:AAlEE~U~AkEUN\ [ITtAvt)-MAXIMUM 
~ RATED VALUE 

... \ > 

~160 \ r-... ~'" ill!!! \ " ~~ 40 _ ... 

'" ..... "," 
~ 

.. ::. I ........... iii" 
20 

" ...... ~ -~ 
0 , . 6 , , . 6 , 

10 100 
, . 6 , 

1000 
SURGE CURRENT DURATION-CYCLES 

REPETITION RATE- PPS 
9ZlS-1149RZ 

Fig.6 - Peak surge on·state current vs. surge current duration for 
S3705M and 53706E. 

Fig.7 - Dissipation vs. repetition rate for S3105M and S3706E. 

112A ISOLATION 
125 V TRANSFORMER 

I~II 
117 V 
AC 

RCA 
IN3194 

OR 
RCA 

OIZOIM 

1.3 "H it 

AMPLITUDE 
0-130 V 

AC 

0.' 
,F 

RCA 
0220lN 

1 RECTIFIER t UNDER TEST 

50lNIl 
RM 
0.HN11 

] 
soon OUTPUT *)1: 
TO OSCILLOSCOPE 
(WITH RISE 
TIME S 0.01 J.LS) 

lOOK 

RCA DIAe 
D3202Y 

UVv\~--------f'T--<J TRIGGER 
I K SIGNAL TO 

OSCILLOSCOPE 

NOTES 

ALL RESISTANCE VALUES ARE IN OHMS 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

** UNITS INTERCONNECTED WITH RG -58U CABLE WITH 
soon TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM-249B5 

Fig. 8 - Oscilloscope display and test circuit for measurement 
of reverse-recovery time for D2600M. D2601 E. and 
D2607M. 

TERMINAL CONNECTIONS 
FOR TYPES 

S37D5M AND S37D6E 

Pin 1 - Gate 
Pin 2 - Cathode 
Case, Mounting Flange - Anode 

TERMINAL CONNECTIONS 
FOR TYPES 

D26DDM, 026D1E, AND D26D1M 

Case, Lead 1 - Cathode 
Lead 2 - Anode 
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S3705M. S3706E 
D2600M. D2601E. D2601M ------------------- File No. 839 

JUNCTION TEMPERATURE ITJ ) -ISO·C 

-c 60 

~I 
r -!¥'-E";E50 

t;~ 
o.H 8.3ml (GO Hz) 
~;: 40 I7,l oz f'-. 10m. 150Hz} ~~ 
za:: 30 

~i:::::-
-::> .,u 

~~ 20 
'I'll r--::~ ~> "0: 

~e 10 
5Ol1z =-

0 
4 6 . 2468102 100 

SURGE-CURRENT DURATION --CYCLES 

9ZCS-17519RI 

Fig.9 - Peak-surge (non-repetitive) forward current vs. surge-current 
duration for D2600M, D260/E, and D260/M, 

100 

I-z 
1!1 a 10 
>-c 
ffil 
>= 
° ill 
~i 
.,0: 
i1.!:!..1 

~ 
1!1 

" ~ 
0.1 

PEAK FORWARD CURRENTfIFM)a'OA 
RECTANGULAR-PULSE DURATION Itp).30P.' 

f- I- JUNCTION TEMPERATURE ~ I!fP' 

0.1 

ITJI·'SO·C ~ 

h ;.- so· 

~OO. I 
I I 

10 100 
RATE OF DESCENT OF fORWARD CURRENTt-dlF/dU-Alp.s 

92CS-17'27 

Fig. 1 1 - Typical peak reverse-recovery current vs. rate of descent of 
forward current for D2600M, 02601E, and 02601M. 

10 RECTANGULAR-PULSE DURATION (t p l.30 JLS 

0.01 
OJ I 10 100 

RATE OF DESCENT OF FORWARD CURRENT(-dLF/d"- AIl'S 
92CS-17529 

FIg. 13 - Typical reverse--recovered charge vs. rate of descent of 
forward current for D2600M, D2607 E, and D2607 M. 
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. JUNCTION TEMPERATURE (TJ)-25·C 

2 4 6 80 .1 4 6 8 4 6 8 10 

INSTANTANEOUS FORWARD CURRENT (IF)-A 

92CS-24986 

Fig. 70 - Forward-voltage drop v.r. forward current for 
D2600M, D260/E, and D260fM, 

100 

l-

I 10 
>-c 
ffil 
i;'"IT u ., 
~!5 

'" ., 0: 

ffi'!:!"'l 
> 
1!1 

~ 
0.1 

0.1 

RECTANGULAR-PULSE DURATION (lp)-3OIl' 
JUNCTION TEMPERATURE ITJ) ",,150·C 

I 
.IA 

~~#'~ 
;{I-0 
~"",?V o~1I-

~o",,*'/. V 
r.l· 

q/. /' 

IV 

10 100 
RATE OF DESCENT OF FORWARD CURRENT (-diF/dU-A/",. 

92CS-17528 

Fig. 12 - TVpical peak reverse-recovery current vs. rate of descent of 
forward-current for D2600M, D260/E, and D260/M. 

0.87' 

0.75 

., 
~o.&25 
!;! 
.!. 
~ 0.5 

~ 
~O.375 

~ 
~ 025 

OJ20 

REFERENCE· POINT 
FOR MEASUREMENT 
OF THERMAL RESISTANCE 

~ 1-/:\ 1-1-1 HEAT 
SINK 

010203040506070 
THERMAL RESISTANCE,JUNCTION-TO- LEAD (RBJL1--c./W 

92CS-24987 

Fig. 14 - Junction-to-lead thermal resistance v.r. lead length for 
D2600M,D260/E, and D260/M. 
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oornLJ[J 

Cathode 

Solid State 
Division 

Anode 

f I 
fi 

I 
JEOEC 00·26 

L-391 

Rectifiers 

02601 Series 

1-A, 50-to-800-V 
Fast-Recovery Silicon Rectifiers 
General-Purpose Types for Medium-Current Applications 

Features: 
• Fast reverse-recovery time (tr,) -

0.5 liS max. (I FM = 20 A peak 
see test circuit Fig. 13) 
0.2 liS max. (IF = 1 A, IRM = 2 A max., 
see test circuit Fig. 14) 

~ 
50V 100V 200 V 400 V 

Package 

00·26 D2601F D2601A 026018 026010 

-' - (TA7B921 (TA7B931 

• Low overshoot current 

• Low forward·voltage drop 
• Low·thermal·resistance hermetic 

package 

600 V BOO V 

D2601M D2601N 

ITA7894) (TA7B951 
Numbers In parenlheses le.g. T A78921 are farmer RCA·Dw. Type numbers 

RCA·D2601·series rectifiers are silicon diffused·junction· 
types in an axial·lead hermetic package. They differ only in 
their voltage ratings. 

Types D2601 A, B, D, F, M, and N are intended for use in 
high-speed inverters, choppers, high-frequency rectifiers, "free
wheeling" diode circuits, and other high·frequency applications. 

These devices feature fast recovery times (0.5 liS max. from 
20 A peak) without the "snap" type of turn-off which could 
result in the generation of transients. 

MAXIMUM RTAINGS,Absolute-Max;mum Values: 

REVERSE VOLTAGE: 
REPETITIVE PEAK __ .. , ..•• , , • , ..• 
NON-REPETITIVE PEAK ••••• , •• , , •• 

FORWARO CURRENT:· 
Conduction angle'" 180°, half·sine-wave 
RMS ., , .... , •• , ...... , ... , , •.... 
Average ...........•.............. 

PEAK-5URGE INON·REPETITIVE) 
CURR~NT:. 0 

At Junction temperature (T JI ::: 150 C 
For one-half cycle of applied voltage. 

60 Hz (8,3 ms) .•• ,', .•• " ••••• 
For other durations •••..•...••.•. 

PEAK (REPETITIVE) CURRENT .. ,.,',. 
TEMPERATURE RANGE: 

Storage ••..••••...•...•••.....•.•. 
Operating (Junction) .•••....•••.•..• 

LEAD TEMPERATURE (During Soldering): 
At a distance of 1/8 in. (3.17 mml from 
case for 10 s max ••••.•..••...•.•..• 

V RRM 
V RSM 

IFIRMS) 
10 

IFRM 

Tstg 
TJ 
TL 

02601F 

50 
100 

02601A 026018 026010 

100 200 400 
200 300 500 

1.5 

35 
See Fig. 2 

6 

-40 to 165 
40 to 150 

225 

• At lead temperature of 1000 C (measured at point of anode lead 1/8 in. 13.17 mm) from the case). 

11-73 

02601M 02601N 

600 800 V 
700 1000 V 

A 
A 

A 

A 

°c 
°c 

o~ 
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02601 Series 

ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Reverse Current: 

Static 
For VRRM = Illax. rated value, IF = 0, TJ = 25°C ...... . 

TJ = 100°C ..... . 
Dynamic ...................................... . 

Instantaneous Forward Voltage Drop: 
At iF = 4 A, TJ = 25°C (See Fig. 3) ................. . 

Reverse Recovery Time: 
For circuit shown in Fig. 13, at I FM = 20 A, 
-di F/dt = -20 A1p.s, plus duration = 2.Bp.s, 
TC=25°C ................................... . 

For circuit shown in Fig. 14, at IF = 1 A, 
IRM = 2 max., TC = 25°C ....................... . 

Thermal Resistance (Junction·to·Lead)" ............... . 

• Measured at point on anode lead 1/8 in. (3.17 mm) from case 

. 5 

0.75 

~ 

~0.625 
~ 
.!. 
~ 0.5 

" ~ 
~ 0,375 

° .. 
~ Q.25 

0.125 

REfERENCE POINT 
FOR MEASUREMENT 
OF THERMAL RESISTANCE 

~ I-P~ 1--1-1 HEAT 
SINK 

010203040506070 
THERMAL RES1STANCE,JUNCTION-TO- LEAD IRSJll--t/W 

92C5-24967 

Fig. 1 - Average forward-power dissipation vs. lead temperature. 
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2.5 JUNCTION TEMPERATURE (TJ 1=25"C H-+-+++-I 

0.' 
0.01 0.1 I 

INSTANTANEOUS FORWARD CURRENT (IF J - A 

92C5-17520 

Fig. 3 - Forward-voltage drop V$. forward current. 

10 

File No. 723 

LIMITS 

SYMBOL ALL TYPES UNITS 

MIN. MAX. 

IRM 15 p.A 
250 

See Fig. 9 

vF 1.9 V 

trr 0.5 p.s 

0.2 

ROJL 45 °C/W 

;;; .. 60 

>1 
E"iso 
... ~ 
"'''' ..... 
~;: 40 
'z z", 
0"' 
~§ 30 
"'.., 
§~ 20 
cr3! 
""' ~fZ 10 

0 

JUNCTION TEMPERATURE (TJ) ·=l50·C 

r- -Q:,:{\-
83m • 

r-.... 
......... 

............... 
I- -- -:--6 8 10 6 8100. 

SURGE- CURRENT DURATION --CYCLES 

92CS-17519 

Fig. 2 - Peak-surge (non·repetitive) forward current vs. surge-current 
duration. 

,. 
FOR UNIT WITH TYPICAL FORWARD 

I VOLTAGE DROP 

~ SWITCHING LOSSES NEGLECTED 

..!!,.. CURRENT WAVEFORM 
Z 

o ../""'LJ"""\.. 'FM Q 

f 
~,~--l ! 2 

"' :;: 
~ 

I 0-" 
I .... :t 

;70~ ... 1.5-A 

I? ~~~~ (RMS)lIMIT 

~ 
... ,<O·~ :k'f~ o·~ 

~~ 0.1 

it 0 
2 3 4 5 G 

PEAK FORWARD CURRENT (IFM ) -A 
92CS-17521 

Fig. 4 - Average forward power dissipation as a function of peak 
current Bnd duty fsetor for units with typical forward 
voltage drop. 
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., 
FOR UNIT WITH MAXIMUM FORWARD I 

'"""'" 
VOLTAGE DROP ClRRENT WAVEFORM 

;; SWITCHING LOSSES NEGLECTED 
0..f'\....J'C IFM 

.. 0:. 

t't~~ is 
i 
~ 2 
C 

i \~"~~i 10-' 
I 

~~... ~'!).,. -. ~ (RMS)L1MIT I ~ 0:1-

F'~- t 

I 0.\ 

ilo i-t-i 

PEAK FORWARD CURRENT (IFM,-A 

92CS-17522 

Fig. 5 - Average forward power dissipation as a function of peak 
current and duty factor for unitt with maximum forward 
voltage drop. 

o 

FOR UNIT WITH MAXIMUM FORWARD l±f::±t:t±ti:ti:U=!".t-ttt11 
~~~I~G D~g;SES NEGLECTED ~~+t-~;lt.t! ~; 

.... _ ...l-;......;. • ~ 1 •. 

2 3 4 
PEAK FORWARD CURRE~T IIFM) - A 

92CS-17524 

Fig. 7 - Average forward power dissipation as a function of peak 
current and duty factor for units with maximum forward 
voltage drop. 

.. 
1 

~ :f 4.5 

!z 
~ 4.0 

B 
53.5 
8 ro 

~ 2.5 

2,0 
o 

REFERENCE POINT FOR MEASUREMENT 
OF LEAD TEMPERATURE: lIS- FROM 
CASE. PULSE REPETITION RATE. 60 
PULSES/. 

20A 

lOA 

25 50 75 100 

LEAD TEMPERATURE (TL) -"C 
9ZCS-I1526 

Fig. 9 - Reverse-recovery current lIS. lead temperawre. 

FOR UNIT WITH TYPICAL FORWARD 
VOLTAGE DROP 
SWITCHING LOSSES NEGLECTED 

.. 
t?Jro 
{O' 

• O' 

CURRENT WAVEFORM 

L5-A (RMS) LIMIT 

PEAK FORWARD CURRENT (IFM)-A 
9ZCS-ll!1U 

Fig. 6 - Average forward power dissipation as a fUnction of peak 
current and duty factor for units with typical forward 
voltage drop. 

I REFERENCE POINT FOR f-+++t--+,-l+ L.,_t-,-,....+- 11+,' • 
TEMPERATURE: 118" FROM CASE I MEASUREMENT OF LEAD rJ:'""~~ ~ r"M 

';. 0.55 PULSE REPETITION RATE" GO H . t-+, -H-+ I PULSES Is . -t. ~ -!-t1-t 
,EQ50t-rn- ! I '~".- I ~ ,-.,..!+-

W. ';' -~ct-;:- H;j;I'I=t~ :::::-It 
~ 0.4SMt- h~· ~ --+r-- . . r-

~ 

~0.40 
~ t-~--·-+ 

.:. 
~ 0.35 

Cl: Q 30 

0.25 
o 25 

I IRMIREC)-MT 

l-2.8f'oS -I!rr~ 
50 75 100 125 150 
LEAD TEMPERATURE (TL1-DC 

92C$-17!5Z!5 

Fig. 8 - Typical variation of reverse-recovery time with 
lead temperawre. 

'00 PEAK FORWARD CURRENT {IFM)·IOA 
RECTANGULAR-PULSE DURATION{tpl"30p.s 

~ 

~ a '0 
~ .. 
~~ r--r- JUNCTION TEMPERATURE ~ 

W 

§~ ITJ)o,OO'C --

"':i 
~ w'" 

!~I 
n _50' 

~ ~O. I .. 
~ 

I I 0' 
0.1 10 100 

RATE OF DESCENT OF FORWARD CURRENT {-di.F/dU-Al,us 

92CS-17!527 

Fig. 70 - Peak revene-recovery current VI. rate of dsscen t of 
forward current. 
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100 

10 

<I 

t 
~ 
~I 

0.1 
0.1 

·RECTANGULAR-PULSE DURATION ttpJ. 30 fls 
JUNCTION TEMPERATURE ITJI "'150°C 

I 
i~1 .' 

~~-7~ 
,.<; 

,,~,,'I-~V ol. 
,i" V ~o'l-r 

ro~'" 
"h -" 
V 

10 100 

RATE OF DESCENT OF fORWARD CURRENT (-di.F/dll-A/fLs 
nC$-11528 

Fig. 11 - Peak reverse-recovery current V$. rate of descent 
of forward current. 

ISOLATION 
TRANSFORMER 

7.5 K 
2W 

RCA DIAe 
TYPE 03202U 

15 ,W 

AMPLITUDE 
0-130 V 

AC 

10 RECTANGULAR-PULSE DURATION It pl· 30 p.s 
JUNCTION TEMPERATURE (T J )=150·C 

I I I 
,0· 

rg I 
I I I,~.,,;;;r 

'" "-"'~ 
9 c.~~~ 
§ ~~~~ IA 

~ .~ ---J., ~V 
w Eo.1 
~ ~ 

0.1 A 

~ '" 
~...£. 

0.01 
0.1 10 100 

RATE OF DESCENT OF FORWARD CURRENT(-dlF/dtl- A/Ji-s 

Fig. 12 - Reverse-recovered charge vs. rate of descent of 
forward current. 

RCA 
IN3194 

OR 
RCA 

012018 

IK 

0.5f<F 

l RECTIFIER t UNDER TEST 

50tNI) 
R. 

RCA Q.I(Nl) 

J soon OUTPUT ** 
TO OSCILLOSCOPE 
(WITH RISE 
TIME ~ 0.01 ,uS) 

0260lN 

] 
TRIGGER 
SIGNAL TO 
OSCILLOSCOPE 

NOTES: 

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

ALL RESISTANCE VALUES ARE IN OHMS. 

RM : MONITORING RESISTOR 

* - ADJUST FOR CURRENT WAVEFORM SHOWN AT LEFT 

** UNITS INTERCONNECTED WITH RG -5BU CABLE WITH 
soon TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE. 

92CM-I7J92R3 

Fig. 13 - Test circuit (pulsed sine wave) for measurement of reverse-recovery time. 
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117 V 
60 Hz 

10K 
2W 

30 V DC 

C. P. CLARE 
HPG 1002 

(CONSTANT VOLTAGE 
SUPPLY) 

RI 

o-+---~~-t---~~~~-

OSCILLOSCOPE DISPLAY OF REVERSE-RECOVERY TIME 

R2 

3011 
50 W 

(NI) 

SO-n OUTPUT 
TO OSCILLOSCOPE·· 
(WITH RISE 
TIME:!: 0.01 ,...5) 

CONSTANT 
VOLTAGE SUPPLY 
I ADJUST FOR I A DC 
THROUGH RECTIFIER 
UNDER TEST-APPROX. 30 V) 

** UNITS INTERCONNECTED WITH RG-58U CABLE WITH 
so-n TERMINATING RESISTOR AT INPUT 
TERMINALS OF OSCILLOSCOPE 

RI SELECTED TO GIVE MAXIMUM 
lRM NO GREATER THAN 2 A 
(APPROXIMATELY 1.4 n) 

R2 I .a,IOW NON-INDUCTIVE OR TEN 
to n. 1 W. I "I. CARBON COMPOSITION RESISTORS 
CONNECTED IN PARALLEL 

92.CM·Z2179AI 

Fig. 14 - Test circuit (pulsed de) for measurement of reverse-recovery time. 
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_________________________________ File No. 577 

DDJIDLlD Thyristors 
Solid State 
Division D3202Y 

D3202U 

Silicon Bidirectional Diacs 
Plastic-Packaged Two-Terminal Trigger Devices for 
Applications in Military, Industrial, and Commercial Equipment 

Features: 

• For critical triggering applications requiring narrow breakover 
voltage range (29-35V)-D3202Y 

/ 
a Typical breakover voltage: V(BO) = 32 V 

• Low breakover current (at breakover voltage): I (BO) = 25 J1A max. 

• High peak pulse current capability 

JEDEC 00·15 • Breakover voltage symmetry: 

I+V(BO)I-i-V(BO)I= ±3 V max. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

DEVICE DISSIPATION: 

RCA D3202Y (45411) * and D3202U (45412) * are all

diffused, three-layer, two-terminal devi.ces in an axial-lead 
plastic package designed specifically for triggering thyristors. 
Both units exhibit bidirectional negative-resistance charac
teristics. 

At case temperature up to 40°C 
At case temperatures above 40o·C 

.......... 1 W 

These diacs are intended for use in thyristor phase-control 
circuits for lamp·dimming, universal-motor speed control, 

and heat controls. Their small size and plastic package of 
high insulation resistance make these diacs especially suitable 
for applications in which high packing densities are 
employed. 

-Number in parentheses is a former RCA type number. 

304 

92LS-2:593R2 

Fig.1-Vo/rage-current characteristic for both 
types. 

Derate 0.016 W f'c 

TEMPERATU!'lE RANGE: 
Storage 
Operating (Junction) 

.. -40 to +150 °c 

.. -40 to +100 °c 
LEAD TEMPERATURE (During Soldering) 

At distance';::: 1(16 in. (1.59 mm) from case 

for 10 s max. ................. 240 °c 

0.02 0.04 0.06 000 0.1 
TRIGGERING CAPACITANCE (CT)-p.F 

.2CS-ZOIOI 

Fig.2-Peak output current vs. triggering 
capacitance_ 
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ELECTRICAL CHARACTERISTICS: At Cas. Temperature (TC) = 25°C 

CHARACTERISTIC 

Breakover Voltage 
(Forward or Reverse) 

Breakover Voltage 
Symmetry 

Peak Output Current 
(See Figs. 2, 3, & 5.) 

Peak Breakover Current 

Dynamic Breakback 
Voltage 

Thermal Impedance 

c 
I 

~ 

I 
~ 
=> 
~ 
~ 
=> 

Junction-ta-ambient 

, .. 
, .. 
'.-
'.2 

\ 
\ 

SAFE OPERATING 
AREA 

SYMBOL 

VIBO) 

I +V(Bo)I-I-V(BO)1 

ipk 

I(BO) 

I LW±I 

IOJA 

SINUSOIDAL WAVE 
0 
~ c 0.8 w f-+--++J+--+-\\l-t+-J'--+SQUA.'E WAVE -

)( ~ 

w 0.' 
~ .. 
; 0._ 

~ 0.2 

10 

, 
--4 • ~oii! ... ',0) 2 .. I "04 2 

PULSE REPETITION RATE- PI, 
IZCS-ZOIOZ 

Fig.3-Peak output-current derating curves, 

-1'-1--------· 

Fig.5-Test circuit waveforms (see FigAJ. 

TEST CONDITIONS 

VSUPPL Y = 30 VRMS, 
CT=O.IIlF, 
RL = 20 n 
At breakover voltage 

VSUPPL Y = 30 VRMS, 
CT= O.IIlF 
RL = 20 n 

LIMITS 

D3202Y 

MIN. MAX. 

29 35 

- ±3 

190 -

- 25 

9 -

- 60 

D3202U 

MIN. 

25 

-

190 

-

9 

-

MAX. 

40 

±3 

-

25 

-

60 

20n 
1% 

* ADJUST FOR ONE FIRING IN HALF CYCLE 
O.U.T.~DIAC UNDER TEST 

92CS- 20100 

Fig.4-Circuit used to measure diac characteristics. 

UNITS 

V 

V 

mA 

IlA 

V 

°C/W 
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Dimensional Outlnes and 
Suggested Mounting Hardware 
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DIMENSIONAL OUTLINES ___________________________ _ 

Dimensional Outlines for Thvristors and Rectifiers 

DO·' 

92CS-t7423RI 

NOTES: 
1. Dimensions to allow for pinch or seal deformation anywhere along 

tubulation (optional). 

00-4 

SEATING PLANE 

TERMINAL 
No.2 

NOTES: 

FI 

TERMINAL 
No.1 

92CS·20472 

1: Chamfer or undercut on one or both sides of hexagonal base is 
optional. 

2: Angular orientation and contour of Terminal No.1 is optional. 

00·5 

92CS-20473RI 

308 

INCHES MILLIMETERS 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

¢b 0.027 0.035 0.69 0.89 2 

bl - 0.125 - 3.18 1 
¢D 0.360 0.400 9.14 10.16 

¢Dl 0.245 0.280 6.22 7.11 

¢D2 - 0.200 - 5.08· 

F - 0.075 - 1.91 

Gl - 0.725 - 18.42 

H 0.5 - 12.7 -
K 0.220 0.260 5.59 6.60 
L 1.000 1.625 25.40 41.28 
Q - 0.025 - 0.64 

2. Diameter to be controlled from free end of lead to within 0.188 inch 
(4.78 mm) from the point of attachment to the body. Within the 
0.188 inch (4.78 mm) dimension, the diameter may vary to allow 
for lead finishes and irregularities. 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. NOTES 

A - 0.405 - 10.28 
b - 0.250 - 6.35 
c 0.020 0.065 0.51 1.65 
¢O - 0.505 - 12.82 

¢01 0.265 0.424 6.74 10.76 
E 0.423 0.438 10.75 11.12 

Fl 0.075 0.175 1.91 4.44 
J 0.600 0.800 15.24 20.32 
¢M 0.163 0.189 4.15 4.80 
N 0.422 0.453 10.72 11.50 

Nl - 0.078 - 1.98 

¢T 0.060 0.095 1.53 2.41 
¢W l().32iNF.2A 1()'32 UNF·2A 

2 - 0.002 -
I 

0.050 

21 - 0.006 - 0.152 

3: ¢W is pitch diameter of coated threads. REF: Screw Thread 
Standards for Federal Services, Handbook H 28 Part 1. 
Recommended torque: 15 inch-pounds. 

INCHES MILLIMETERS 

2 

1 

3 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

A - 0.450 - 11.43 

b - 0.375 - 9.52 

c 0.030 0.080 0.77 2.03 

00 - 0.794 - 20.16 

00 1 - 0.667 - 16.94 

E 0.669 0.688 17.00 17.47 

Fl 0.115 0.200 2.93 5.08 

J 0.750 1.000 19.05 25.40 

¢M 0.220 0.249 5.59 6.32 

N 0.422 0.453 10.72 11.50 

Nl - 0.090 - 2.28 

S 0.156 - 3.97 -
¢T 0.140 0.175 3.56 4.44 
¢W lt4-28UNF 2A lt4.jUNF 2A 
2 - I 0.002 - 0.050 

21 - 0.006 - 0.152 

NOTE 
,: ¢!W is pitch diameter of coated threads. REF: Screw.Thread 

Standards for Federal Services, Handbook H 28 Part 1. 
Recommended torque: 30 inch-pounds. 

1 



_____________________________ OIMENSIONALOUTLINES 

00·15 LEAO~O.I +8_ --- ~-~~t£t tl1t .. fj .. 
CATHODE TERMINAL 

92CS-17313RI 

INCHES MILLIMETERS 
SYMBOL 

MIN. MAX. MIN. MAX. 

</>b 0.027 0.035 0.686 0.889 

</>0 0.104 0.140 2.64 3.56 

G 0.230 0.300 5.84 7.62 

L 1.000 - 25.40 -
L 1• - 0.050 - 1.27 

·Within this zone the diameter may vary to allow for lead 
finishes and irregularities. 

00·26 

92CS-IU:flt.OR6 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. NOTES 

¢b 0.027 0.039 0.69 0.99 
¢D 0.220 0.260 5.59 6.60 1 
G 0.344 MiD 8.74 10.41 1 
L 1.400 - 35.56 -

L1 - 0.080 - 2.03 2 

NOTES: 
1. Package contour optional within cylinder of diameter, ,D, 

and length. G. Slugs. if any. shall be included within this 
cylinder but shall not be subject to the minimum limit of 
¢D. 

2. Lead diameter not controlled in this zone to allow for 
flash, lead·finish build UP. and minor irregularities other 
than slugs. 

00-26 With Insulating Sleeve 

POLARITY 
SYMBOL 

METAL CASE 
WITH 

INSULATING 
SLEEVE 

ANODE 
LEAD 

f 
1.4 (35.6) 

i 
0.40$ (JO.2S) 

MAX. 

~
' 10.24016.,0) 

MAX.OIA. 

GLASS 
INSULATION 

0.13513.431 (2 LEADS) 
O.139(3·53}OIA. 0.027(0.686) 

. 0.035(0.889) OIA. 

92CS-11229R3 
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DIMENSIONAL OUTLINES 

Mod. TO·' 2·Lead 

fD 

NOTE: 

COLOR DOT 
ADJACENT TO 
CATHODE LEAD(No.n 

92CS-11676R!5 

1. "'2 applies between L, and L2. lib applies be_n L2 and 

TOol 

9ZC5-15222 " 

NOTES: 

1. These dimensions should be measured at points 0.050 in. 
(1.27 mm) to 0.055 in. (1.40 mm) below seating plane. 

Mod. TO·5 

SYMBOL 
INCHES MILLIMETERS 

NOTES MIN. MAX. MIN. MAX. 
¢a 0.061 0.081 1.55 2.06 
A - 0.410 - 10.41 
¢b - 0.021 - 0.533 1 
¢b2 0.Q16 0.019 0.406 0.483 1 
¢O - 0.240 - 6.10 
L 1.500 - 38.10 - 1 

Ll - 0.05 - 1.27 
L2 0.25 - 6.35 - 1 
~ 9QONOMINAL 

1.5 in.I38.10mmJ from ~ng plane. Oia_ isunconlrOlled 
in Lland beyond 1.5 in. (38,10 mmJ from seating plane. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.250 0.450 6.35 11.43 

lib 0.038 0.043 0.97 1.09 2 

<pO 0.875 22.23 

e 0.420 0.440 10.67 11.18 

el 0.205 0.225 5.21 5.72 

F 0.135 3.43 

1 0.312 7.92 2 
<pp 0.151 0.161 3.84 4.09 

q 1.177 1.197 29.90 30.40 

rl 0.525 13.34 

r2 0.188 4.78 

s 0.655 0.675 16.64 17.15 1 

When gage is not used, measurement will be made at 
seating plane. 

2. Two pins. 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

¢a .190 .210 4.83 5.33 
A .240 .260 6.10 6.60 
¢b .017 .021 .44 .53 
¢O .335 .366 8.51 9.30 
¢Ol .330 8.13 8.38 
h .015 .035 .38 .89 
i .028 .035 .71 .89 
k .029 .045 .74 1.14 
I .975 1.025 24.76 26.03 
P .100 2.54 
Q . . 1 

92LM·2048R2 45" NOMINAL "-

f3 SOONOMJNAL 

Hote h D.tall. of outline In this zone optional. 
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_____________________________ .....:. DIMENSIONAL OUTLINES 

"Mod. TO·5" with Heat Radiator 

rcD~~ 

T~o?1 1[ 0 

THYRISTOR 
WELDED TO 
HEAT.RADIATOR 

'J 
4 DIMPLED 
STANDOFFS 

</>p 

.1. H J_~~ +'!'-(lJ>-fe-H-<lr·Iil.lf-

MEASUREMENT "-+--1--+-"
POINT 

"Low·Profile TO·5" 

II SEATING PLAHE 

NOTES, 

1. This zon. is controlled for automatic hGftdling. The warialion in actual diam.t.r 
within th. zone shaff nol.xc,.d .012 i". (.279rnm). 

2. (Thr .. L.ads) .11 appli •• belw.en seoting plan. and 1.015 in. (2S.78mm). 

3. M'asured from maximum diamet.r of th. actual d.yic •• 
•• Lead. ha .. in, maximum diameler .021 in. (.S33mm) measured allh. s.aling plane of Ih. 

de .. lu .hall be wllhln .007 in. (.178mm) of Iheir lrue pa.illlMls relali ... lo Ihe maximum. 
wldlh lah. 

"Low-Profile TO·5" with Heat Radiator 

~D~~ 
T~ 
L~ 

TO·S PACKAGE 
WELDED TO 
HEAT·RADlATOR 

'J 
4 DIMPLED 
STANDOFFS 

SYMBOL INCHES MILLIMETERS HOTES MIN. MAX. MIN. MAX . 
A - . 630 - 16.00 
0 1.20S 1.235 30.61 31.37 
01 .745 .755 18.923 19.177 
E .875 .905 22.22 22.99 
F .040 .055 1.02 1.40 
Fl .170 .225 4.32 5.72 
L .920 - 23.37 -

</>P .295 .305 7.493 7.747 
</>Pl .093 .095 2.362 2.413 

N .048 .062 1.21 1.57 
HI .998 1.002 25.349 25.450 3 
N2 .687 .689 17.45 17.50 3 
W .048 .052 1.219 1.320 

HOTES: 92LM-2109RI 

I. 0.035 C.R.S., finish: electrDless nickel plate 
2. Recommended hole size for printed-circuit board is 0.070 in. 

(1.78 mm) dla. 
3. Measured at bDttom of heat radiator 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. NOTES 

A .160 .180 4.06 4.57 
4>b .017 .021 .432 .533 2 
4>0 .355 .366 9.017 9.296 

4>°1 .323 .335 8.204 8.51 . .190 .210 4.83 5.33 

·1 .100 TRUE POSITION 2.54 TRUE POSITION 4,5 
h .015 .035 .381 .889 
j .028 .035 .711 .889 5 
k .029 .045 .737 1.14 3,5 
L .985 1.015 25.02 25.78 2 
P .100 2.54 1 
0 6 , .007 .179 
a 42" 480 5,7 

S. Th. d •• ice may b. meaSUrH br direct methods or by Ih. gog. ond gaging procedure de
scribed GfI ,a,. drawin, GS-l of JEDEC puhlicalion 12E. May 1964 • 

6. Oelail. of oulline in thi. I.one oplionol. 92S~J!OlRI 
7. Tohcllnlerlitte. 

SYMBOL INCHES MILLIMETERS NOTES 
MIN. MAX. MIN. MAX. 

A - .630 - 16.00 
0 1.205 1.235 30.61 31.37 

01 .745 .755 18.923 19.m 
E .875 .905 22.22 22.99 
F .040 .055 1.02 1.40 

Fl .170 .225 4.32 5.72 
L .885 - 22.48 -

</>P .295 .305 7.493 7.747 
</>Pl .093 .095 2.362 2.413 

N .048 .062 1.21 1.57 

Nl .998 1.002 25.349 25.450 
N2 .687 .689 17.45 17.50 
W .048 .052 1.219 1.320 

NOTES: 

1. 0.035 C.R.S., finish: elect,oless nickel plote 

2. Rec:ommended hole size for printed .. c:irc:uit board 

is 0.070 in. (l.78mm) dio. 

3 
3 

3. Me.asured at bottom of heat .. radiator mHlOORI 
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DIMENSIONAL OUTLINE ____________________________ _ 

"Low-Profile TO-5" with Heat Spreader 

NOTES: 
1. Min. length, 3 leads. 

TO·8 

r A ~"k'J.Il'NG REFERENCE POINT FOR 
CASE TEMPERATURE 
MEASUREMENT 

1tll= !~ 
9F~ ~4b 92CS-9963R4 

T0-48 

NOTE 
1. ;W is pitch diameter of coated threads. 

312 

INCHES MILLIMETERS 
SYMBOL 

MIN. I MAX. MIN. I MAX. 
NOTES 

A 0.22 5.58 
Al 0.75 19.05 
0 1.0 25.4 
01 0.406 10.31 
02 0.14 1.0.16 3.55 I 4.06 
03 0.188 4.77 
E 0.40 10.16 
El 0;32 8.12 
E2 0.156 3.96 
F 0.02 0.05 
L 0.95 I - 24.13', - 1 
N 0.69 0.71 17.52 18.03 
Nl '0.55 13.97 
N2 0.75 19.05 

oP 0.072 Rad. 1.83 Rad. 

" Pl 0.0940ia. 2.390ia. 2 

2. Two hciles. 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
NOTES 

A 0.270 0.330 6.86 8.38 -
<l>b 0.027 0.033 0.686 0.838 1 

<l>D 0.550 0.650 13.97 16.51 -
oDl 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 

If 90' NOMINAL 

NOTE: 

1. Three leads. 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 
1---

A 0.330 0.505 8.4 12.8 -.0, - 0.544 - 13.81 -
E 0.544 0.562 13.82 14.28 -
F 0.113 0.200 2.81 5.08 -
J 0.950 1.100 24.13 27.94 -
M 0.215 0.225 5.46 5.71 -
N 0.422 0.453 10.72 11.50 -

oT 0.050 0.068 1.47 1.73 -
oTl 0.136 0.148 3.51 3.75 -.w 1/4-28 UNF·2A 1/4·28 UNF.2A 1 

REF: Screw-Thread Standards for Federal Services, Handbook H28. 
Part I. Recommended Torque: 25 inch·pounds. 



_____________________________ DIMENSIONAL OUTLINES 

TO-66 

NOTES: 

1. Body contour is optional within zone defined by ~D and F2. 

2. These dimensions should be measured at ·points 0.050 in. 
(1_27 mm) 10 0_055 in_ (1.40 mm) below seating plane. When 
gage is not used. measurement will be made at seating plane. 

T0-66 with Heat Radiator 

TO~66 PACKAGE 

~l£'fi-~'k,~~TOR N4 

~'l 
r1 " w 

PINS +, 

'"1 

LL...._'-,!.,p·-z MOUNTING 
TABS 

TO-22DAB 
CHAMPFER 

Lr-...:-~OPTIONAl. bl 

SEATING PLANE It. L~ t 
II 

F TEMPERATURE 
MEASUREMENT 
POINT 

(BOTTOM VIEW) 

CNOTE 31 
9,CS-13383R4 

92CS-19700RI 

INCHES MILLIMETERS 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

A 0.250 0.340 6.35 8.64 
¢b 0.028 0.034 0.711 0.863 
¢D - 0.620 - 15.75 1 
¢Dl 0.470 0.500 11.94 12.70 
e 0.190 0.210 4.83 5.33 2 
el 0.093 0.107 2.36 2.72 2 
Fl 0.050 0.075 1.27 1.91 
F2 - 0.050 - 1.27 1 
L 0.360 - 9.14 -
Ll - 0.050 - 1.27 3 
¢p 0.142 0.152 3.61 3.86 
q 0.958 0.962 24.33 24.43 
R - 0.350 - 8.89 

Rl - 0.145 - 3.68 
s 0.570 0.590 14.48 14.99 

3. ~b applies between II and L. Diameter is uncontrolled in L,. 

4. Tho seating plane of header shell be flat within 0.001 in. (0.025 mml 
concave to 0.004 in. 10.10 mml conwax inside 0 0.520 in. (13.21 mml 
diamatar circle on the center of the header and flat within 
0.001 in 10.025 mm) concave to 0.006 in. (0.15 mm) convex overall. 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. NOTES 

A - 0.620 - 15.75 .b 0.028 0.034 0.711 0.864 
0 0.750 0.760 19.05 19.30 
Dl 0.370 0.385 9.40 9.78 

Dz 0.820 0.920 20.83 23.37 
E 1.297 1.327 !12.94 33.70 
El 0.546 0.566 13.87 14.37 . 0.190 0.210 4.83 5.33 
F 0.30 0.55 7.62 13.87 
Fl 0.175 0.210 4.44 6.33 
L 0.270 - 6.BB -
N 0.052 0.065 1.32 1.65 
Nl 1.098 1.102 27.89 27.99 
N2 0.448 0.452 11.38 l1A7 
N3 0.099 0.113 0.26 0.29 
N4 0.498 0.502 12.66 12.75 
w 0.048 0.060 1.22 1.62 

NOTES: 
1. M...,red at bottom ofheet r8diator. 
2. 0.035 in. (o.B89) C.R.s •• tin pIIUd. 
3. Recommended holt IllI for printeckiraJlt boMI is 

0.070 in. (1.7781 dill. 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. 

A 0.160 0.190 4.07 4.82 
b 0.025 0.040 0.64 1.02 
bl 0.012 0.020 0.31 0.51 

b2 0.045 0.055 1.143 1.397 
D 0.575 0.600 14.61 15.24 
E 0.395 0.410 10.04 10.41 
El 0.365 0.385 9.28 9.77 

E2 0.300 0.320 7.62 8.12 

• 0.180 0.220 4.57 5.58 

·1' O.OBO 0.120 2.03 3.04 
F 0.020 0.055 0.51 1.39 
H 0.235 0.265 5.97 6.73 
L 0.500 - 12.70 -
LI - 0.250 - 6.35 
oP 0.141 0.145 3.582 3.683 
a 0.040 0.060 1.02 1.52 
Z 0.100 0.120 2.54 3.04 

1 
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DIMENSIONAL OUTLINES ___________________________ _ 

Press-Fit 
6-, 10-, and 15-A Triacs; 20- and 35-A SCR's 

Press-Fit 
25-, 30-, and 40-A Triacs 

TERMINAL NO.2 

Press-Fit 
60- and 80-A Triacs 

CATHODE SENSING TERMINAL 
____ (CONNECTOR FOR No.6 STUD) 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A - 0.380 - 9.65 
~O 0.501 0.510 12.73 12.95 
~01 - 0.505 - 12.83 1 
~02 0.465 0.475 11.81 12.07 

J - 0.750 - 19.05 
M - 0.155 - 3.94 
~T 0.058 0.068 1.47 1.73 
~Tl 0.080 0.090 2.03 2.29 

NOTE 1: Outer diameter of knurled surface. 
92CS-2~134 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A - 0.380 - 9.65 -
~ 0.501 0.510 12.73 12.95 -
~01 - 0.505 - 12.83 1 
q,02 0.465 0.475 ,".81 12.07 -

J 0.825 1.000 20.95 25.40 -
M 0.215 0.225 5.46 5.71 -
~T 0.058 0.068 1.47 1.73 -
q,T l 0.138 0.148 3.51 3.75 -

NOTE: 

1. Outer diameter of knurled surface. 
92CS-15207R3 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A - 0.466 - 11.S4 

\10 0.751 0.760 19.0S 19.30 

_J--,.' -=-~I-=4--1'1 
001 - 0.7535 - 19.139 
J 6.SNOM. 172.72 NOM. 1-

Jl 6.3 NOM. 
160.02iOM. 

1 

"T 0.06~ 1°.065 1.52 1.65 

6Tl 0.266 - 6.75 -

oT2 0.144 - 3.70 -

1------ J ------1.1 NOTE: 

INSULATING TERMINAL 
MATERIAL No.1 

TERMINAL 
N~2 

314 

1: Leads J and J, available at various lengths. For information, 

contact the RCA Sales Office in your locale. 

TEMPERATURE TERMINAL' 

ME~ASUREMENT No.3 POINT 

</>T 

. -,d __ .r---....__ </> D, 

~~~,~--.Jo----- 1 
~A~ 

92CM-22B33 



____________________________ DIMENSIONAL OUTLINES 

Stud 6-, 10, and 15·A Triacs; 20· and 35-A SCR's 

INSULATING 
MATERIAL~ 

TER~MINAL TERMINAL Nol /No2 </IT 

!: ?"il f, 
i 1-+0,--1 i I 
i---- E ----I ~. 

Stud 25-, 30·, and 40-A Triacs 

92CS-23135 

INCHES MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.330 0.505 B.40 12.BO 
0 0 , - 0.544 - 13.81 

E 0.544 0.562 13.B2 14.2B 
F 0.113 0.200 2.B7 5.0B 
J - 0.950 - 24.13 
M - 0.155 - 3.94 
N 0.422 0.453 10.72 11.50 

¢T O.05B 0.06B 1.47 1.73 
oT, O.OBO 0.090 2.03 2.29 
oW 1/4·2B UNF·2A 1/4·2B UNF·2A 1 

NOTE 1: ~ W is pitch diameter of coated threads. 
REF. Screw-Thread Standard for Federal Services 
Handbook H2B, Part I. 
Recommended torque: 35 inch-pounds. 

MILLIMETERS INCHES 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.330 0.505 B.4 12.8 -
~01 - 0.544 - 13.Bl -

E 0.544 0.562 13.B2 14.28 -
F 0.113 0.200 2.B7 5.08 -
J 0.950 1.100 24.13 27.94 -
M 0.215 0.225 5.46 5.71 -
N OA22 0.453 10.72 11.50 -

~T 0.058 0.068 1.47 1.73 -
~Tl 0.138 0.148 3.51 3.75 -
</IW 1/4-28 UNF·2A 1/4·28 UNF·2A 1 

NOTE 
1. ~w is pitch diameter of coated threads. 

REF: Screw-Thread Standards for Federal Services, Handbook H28. 
Part I. Recommended Torque: 25 inch-pounds. 

Stud 60- and SO-A Triacs 

NOTES: 

1: Leads J and J, available at various lengths. For information, 
contact the RCA Sales Office in your locale. 

2: ~W is pitch diameter of coated threads. REF: Screw Thread 
Standard for Federal Services, Handbook H 28 Part L 
Recommended torque: 125 inch-pounds. 

CATHODE SENSING TERMINAL 
______ (CONNECTOR FOR No, 6 STUD) 

SYMBOL 

A 

00 
E 

F 

J 

J, 
N 

OT 

~T, 

~T2 
</IW 

INCHES 

MIN. MAX. 

- 0.620 

0.751 0.760 

0.866 0.B72 

0.182 0.192 

6.8 NOM. 

6.3 NOM. 

0.740 1 0.760 
0.060 0.065' 

0266 -

0.144 -
%·20 NF·2A 

MILLIMETERS 

MIN. MAX. 

- 15.75 

19.08 19.30 

21.99 22.14 

4.62 4.B7 

172.72 NOM. 

160.02 NOM. 

18.
79 1 

19.30 

1.52 i.G5 

6.75 -
3.70 -

%-20 NF·2A 

J,----I·I 1+ 
--------1·1 

INSULATING TERMINAL 
MATERIAL No.1 

POINT 92CM-Z2834 

NOTES 

1 

1 

2 
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DIMENSIONAL OUTLINES ___________________________ _ 

Isolated-8tud 6·, 10-, and 15-A Triaes; 20· and 35·A SCR's 

92CS-23133 

Isolated-8tud 
25-, 30·, and 40-A Triaes 

NOTES: 

INCHES MILLIMETERS 
SYMBOL 

MIN. 
NOTES 

MAX. MIN. MAX. 

A - 0.673 - 17.09 
00 0.804 0.614 15.34 15.59 

0 0 , 0.501 0.505 12.72 12.82 
E 0.551 0.557 13.99 14.14 
F 0.175 0.185 4.44 4.69 
J - 1.055 - 26.79 
M - 0.155 - 3.94 
M, 0.200 0.210 5." 5.33 
N 0.422 0.452 10.72 11.48 

OT 0.058 0.068 1.47 1.73 
OT, 0.080 0.090 2.03 2.29 
oT2 0.138 0.148 3.60 3.75 
oW 1/4-28 UNF-2A 1/4·28 UNF·2A , 
NOTE 1: 0 W is pitch diameter of coated threads. 
REF. Screw-Thread Standard for Federal Services 
Handbook H28. Part I. 
Recommended torque: 35 inch-pounds. 
NOTE 2: 
Isolating material (ceramic) between hex (stud) and terminal 
No.3 is beryllium oxide. Minimum isolation breakdown 
voltage is 2100 V rms for 1 minute duration. 

SYMBOl 
INCHES MILLIMETERS 

NOTES MIN. MAX. MIN. MAX. 

A 0.673 17.09 

00 0.604 0.614 15.34 15.59 
00 , 0,501 0.505 12.12 12.82 
E 0.551 0.557 13.99 14.14 

F 0.175 0.185 4.44 4.69 
J '.298 32.96 
M 0.210 0.230 5.33 5.84 
M, 0.200 0.210 5.08 5.33 
N 0.422 0.452 10.72 11.48 
OT 0.058 0.068 1.47 1.73 ,IT, 0.125 0.165 3.18 4.19 

OT2 0.138 0.148 3.50 3.75 

oW %'·28 UNF·2 A %'·28 UNF·2A 

1. ¢W is pitch diilmetef of coated threads. 2. Isolating materhll (ceramic) between hex (studl and terminal 
REF: Screw·Thread Standards for Federal Services. Handbook 
H28, Part I. Recommended Torque: 25 inch-pounds. 

No.3 is beryllium oxide. Minimum hotation breakdown 
vol ... 's 2100 V rms for 1 minute duration. 

Isolated-8tud 60· and 80·A Triacs 
SYMBOL 

NOTES: 
A 

1: Leads J and Jl available at various lengths. For ,information. Recommended torque: 125 inch·pounds. 001 

oontact the RCA Sales Office in your locale. 3: lsolil1:ing mil1:eriallceramicl between hex \sludl and ter~inal E 

2: (',W is pitch diameter of coated threads. REF: Screw Thread No.3 is beryllium oxide. Minimum isolation brea~down 
Standards for Federal Services, Handbook H 28 Part I. voltage is 2100 V rms for 1 minute duration. 

CATHODE SENSING TERMINAL 
-'" ____ (CONNECTOR FOR NO.6 STUD) 

TERMINAL No. 2 -.J 

1/4IN.STUO) ~. 

._~+u ~I ··111 
4>TI' 

.----.--~~ J 

(CONNECTOR FOR JI ~-I . 

INSULATING TERMINAL ISOLATING 

·i;;~~~ 
/rERMINAL 

N~2 

316 

92CM-2283S PLANE POINT 

J, 
M 

N 

oT 

OT, 
OT2 
oT3 
oW 

INCHES MILLIMETERS NOTES 

MIN. MAX. MIN. MAX. 

0.110 18.03 

0.751 0.760 19.08 19.30 

0.866 0.872 21.99 22.14 

0.182 0.192 4.62 4.87 

6.8 NOM. 172.12 NOM. 

6.3 NOM. 

0.375 0.385 

0.740 0.760 

0.060 0.065 
0.266 

0.144 

0.195 0.205 

Y,·20 NF·2A 

160.02 NOM. 

9.52 9.78 

18.79 19.30 

1.52 1.65 

6.75 

3.70 

4.95 5.20 
Y.,·20 NF·2A 



_________________________________ Mounting Hardware 

00-1 
For Rectifiers used in ~ower Supplies 

00-1 
I'or Rectifiers used in SCR Horizontal-Deflection Circuits 

RECTIFIER 

SILICONE GREASE 

* Registered Trade Mark, 

TINNERMAN 
SPEED CLIP* 

OR 
eaUIVALENT 

HEAT SINK 

92CS-13090 

Tinnerman Products, Inc., Cleveland 1, Ohio. 

RECTIFIERS AND SCR's MOUNTED ON A COMMON HEAT SINK 

The SCR·s and rectifiers can be operated at full current only if 
they have an adequate heat sink. The procedure illustrated in 
Mtg. No. 1 should be used when mounting the SCA's. A single 
aluminum plate made as shown in Mtg. No. 1 will provide an 
adequate heat sink for trace and commutating rectifiers. Lip 
punching of the chassis at one end of the clamp plate make it 
possible to mount the rectifier using only one screw. 

Optional clamp plate and mounting arrangement is shown in 
Mtg. No.2. The "spacer" as shown should be of a thickness 

0.140 
(3.56) 

" (28.58) • 1 
_______ ,1.125 1 

~~,~~ ~ 
0.312 
(7.92) 

'-------r'--1------!- -.l 
0.62~..--.I 

0.266(6.751 
1.5 

(38.1) 

(i5.871 

that will provide good thermal contact between heat sink and 
and rectifiers without excessive bending of the clamp plate. 

T0-66 package used for the SCA's fits socket PTS-4 (United 
International Dynamics Corp., 2029 Taft St., Hollywood, Fla.), 
or equivalent. Thermal grease (zinc oxide), Dow Corning 340 or 
equivalent, should be used on both sides of the insulating mica 
to assure efficient transfer of heat from the case of the device 
to the heat sink. 

SILICONE 

HEATSI~ASE If SCR 

NOTE: DIMENSIONS IN PARENTHESES ARE 
MILLIMETERS 

Mtg.No.2 92:CS-Z4050 

NOTE' 
DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS 

In the United Kingdom Europe, Middle East, and Africa mounting hardware 
policies may differ; check the availability of all items shown with your RCA 
$ales representative or supplier. 

Mtg. No.1 92CS -17422 
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Mounting Hardware 

00-4 

A ; .. ~.~ ~ DF6C INSULATOR 

~~:;~ABLE AT PUBLISHED ~ HAADWAREPRICES 

HEATSINK G ICHASSIS) 

DF3D ULATING BUSHING ~ TEFLON* IN~ (6 99 m~) MAX. 
"--J 0.0. = 0.2SS75 ~no 055 in. 

THICKNE -. 

~(1.40mm!~T'i,~8LISHED AVA,ILABL 

HARDWARE PRICES 

~ ~~g~ INSULATe~HED NRS98 ~- AVAILABLE ATPUB 
CONNECTOR EO HA,AOWAREPRICES AVAILABLE AT PUBLISH 0 } 

HARDWARE PRICES 

~ NR109A ASHER SUPPLIED "'iii;;;.iI STARLOCK W WITH 

@ DeVICE, 
• NA38C 

HEX. NUT 

RAOEMARK OF E." DUPONT 
* ~~~~~~~~; ~o. 92CS-22573 

TO-3 

i- ~:TCA~~~~~~~~OM RCA 

{J!r~~""~ro. C~ SUPI'LIEDW,TH DEv,eE e e 

o HEATSINK 
e ICHASSIS) A ~9~~~'NSULATING 

., ., BUSHINGS 400mm) 

6 I. D.= 0.156 'onil :"O.250m. - _ ~ SHOULOER . 

@[ (6.40 m~~~~~iCKNESS 
S ~H~~~ io.I1.27 mml MAX. 

2 METAL WASHER ® };U~PLlEOWITHOEVICE 
2 LOCK WASHERS~ VAILABLE FROM RCA 

~ NOTA 2 HEX NUTS 

2 S0LDER LUGS~ .. 

~ 92CS-22S58 
2 HEX. NUTS 

Note: Maximum torque app , flange is 12 in.-Ib. lied to mount,ng , 
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00-5 

A ,,~'""''" ~ - "m. ~MICA I~~~TPUBLISHED 
~ :~:~~!REPRICES 

HEATSINK Gj(CHASSIS) 

DF3H SULATING BUSHING o ToEDFL=O~;l'~in. (8.00, mml ,lS3 mm) MAX. 
.. 55-0062m •. 

o----!~~~~~~ AT ;UB~ISHED 
DF6B ULATOR ~ HARDWARE PRICES 

MICA INS TPUBLISHED ~~' AVAILABLE A 

HARDWARE PRICES 0 

R68A - NRll0A ~ONNECTOR ~_ LOCK WASHER AVAILABLE AT PUBLISHED ~ 

HARDWARE PRICES ~ NA38B 

~ HEX.NUT 

} 
SU""ED 
WITH 

DEVICE 

. H t Spreader . TO-5" With ea 
"LOW - Profile SOLDER 

ELECTRICAL TAPE* 

REFERENCE POINE~;8~EMENT 'M 

TEMPER~~:~ MRESISTANr~ o~~ ) 92SS-3898R2 (J~~~~JN TO HEAT SINX • • 

o setting one side), No.27 (therm uivalent. d electrical tape Minnesota, or eq 
• Scotch bran. & Mfg. Co., St Paul, H 01 Corporation, Minnesota Mining Patch Kit Be, ys 

h as Hysol Epoxy 

An epoxy ~~~ 4761, or equivalent. ermocouple Iwire no 

Olean, N. re measurement, the th small, shallow hole 
For heat .. ink tempera~u6) should be inserted ont~e indicated temper
larger than AWG ~~;'rOUgh) the heat sink at drilled in (but no. 
ature reference pOint. 



_________________________________ Mounting Hardware 

T0-8 

i-2SCREWS, 6·32 
NOT AVAILABLE 

FROM RCA 

~
DFI3C 
CLAMP ~ AVAILAULE AT PUBLISHED 

e .-.~ HAROWAREPRICES 

B ~.-...; DF14A 

e MICA INSULATOR 

~e AVAILABLEATPUBLISHED 
HARDWARE PAICES 

e O HEATSINK 
6 (CHASSIS) 

a 
G e 495334.7 

6 2 N":,LDN INSULATING BUSHINGS 
1.0. - 0.156 m. (4.00 mm) 
SHOULDER DIA.· e--- 0.250 in. (6.35 mm) MAX. 
SHOULDER THICKNESS' 
0.050 in. (1.27 mm) MAX. 
AVAILABLE AT PUBLISHED 

2 METAL WASHERS.@)) HARDWARE PRICES 

2 LOCK WASHERS @ ;~~::~~LABLE 
2HEX.NUTS @ 

Note: Maximum torque applied to mounting flange is 12 in.-Ib. 

TO-66 o 2 SCREWS, 6·32 
~ NOT AVAILABLE FROM RCA 

~ .. e ~~~~~NSULATOR 
e 00 e SU,"'IEDW'lllDEV'CE 

e HEATSINK Q (CHASSISI 

Go GIl 49S3J4.7 
e 2 NY_LON INSULATING BUSHINGS 

1.0. - 0.156 In. (4.00 mm) 
-:;....____ SHOULDER DIA.· 
ctJr 0.250 in. (6.40 mm) 

SHOULDER THICKNESS' 
2 METAL WASHERS@) 

2 LOCK WASHERS@ 

2HEX.NUTS@ 

2S0LDER LUGS ~ 

2 HEX. NUTS @ 

} 

0.050 in. (1.27 mml MAX. 
SUPPLIED WITH DEVICE 

NOT AVAILABLE 

FADM RCA 

Nota: Maximum torque applied to mounting flange is 12 in-lb. 

T0-48 

l-.~"'"", Df6B 
~ MICAINSUL.ATOR 

~ :::~:;:::I~:~ISH[D 

GT} HEATSINK 
(CHASSIS) 

a 
OF3H 
INSULATING BUSHING 

0--- ~H~C~~'~~ ~no~g6~Oi:::(:.~t:~J MAX. 

~~~! INSULATOR 0 H ... RDW"'RE PRICES -@) ... 1I""lA8lE ... rpUBL'$H[D 

... V ... ,UBLEATPtJBLfSH£D ~NR68A 
H ... RDW .... ne PRICES •. " CONNECTOR 

o :::~:~: :;,~~:Lf$H[D 

~~~~O:ASHER © } 
NA38B ~ 
HEX NUT 'l:V' 

TO·220AB 
Q SCREW, 6·32 
~ NOT AVAILABLE FROM RCA 

~ NR231A 
~ RECTANGULAR METAL 

HARDWARE PRICES 

. - DF103B ~ ~V~~~~~EATPUBLISHEO 
• MICA INSULATOR Q HOLEDfAO=0014S000141 in. a (3.68·3.5B mml 

SUPPLIEO WITH DEVICE 

EO t::::;59 HEATSINK e (CHASSISI 

495334-7 
INSULATIN~ BUSHING 

e--- ~'~o~~'6~~ I~I!:.·~O mmJ 

METAL WASHER @ 1 0.250 in. ('.27 mml MAX. 
~ SUPPLIED WITH DEVICE 

LOCK WASHER @ 

HEX NUT @ NOT AVAILABLE FROM RCA 

SOLDER LUG ~ 
HF.X NUT 0 @ 92cs.22563 

Note: Maximum torque applied to mounting flange is 8 in-lb. 
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Press-Fit 
Triacs and SCR's except 60· and 80·A Triacs 

MOUNTING CONSIDERATIONS 

Mounting of press·fit package types depends upon an inter· 
ference fit between the thyristor case and the heat sink. As 
the thyristor is forced into the heat-sink hole, metal from the 
heat sink flows into the knurl voids of the thyristor case. The 
resulting close contact between the heat sink and the thyris· 
tor case assures low thermal and electrical resistances. 

A recommended mounting method, Press·Fit (PF·l) or Press-Fit 
(PF·2), shows press·fit knurl and heat-sink hole dimensions. If 
these dimensions are maintained, a "worst-case" condition of 
0.0085 in. (0.2159 mm) interference fit will allow press·fit 
insertion below the maximum allowable insertion force of 
800 pounds. A slight chamfer in the heat·sink hole will help 
center and guide the press-fit package properly into the heat 
sink. The insertion tool should be a hollow shaft having an inner 
diameter of 0.380 ± 0.010 in. (9.65 ± 0.254 mm) for PF-l 
package, and 0.410 ± 0.010 in. (10.41 ± 0.254 mm) for PF·2 
package and an outer diameter of 0.500 in (12.70 mm). These 

dimensions provide sufficient clearance for the leads and assure 
that no direct force will be applied to the glass seal of the 
thyristor. 

Press-Fit (PF·1) 
6·, 10-, and 15·A Triacs, 20· and 35·A SCR's 

800 LB. MAX. 

NOTE: Dimensions in parentheses are in millimeters 

92SS-3912RI 
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The press-fit package is not restricted to a single mounting 
arrangement; direct soldering and the use of epoxy adhesives 
have been successfully employed. The press-fit case is tin·plated 
to facilitate direct soldering to the heat sink. A 60-40 solder 
should be used and heat should be applied only long enough 
to allow the solder to flow freely. 

Case-ta-Heat Sink Thermal Resistance for 
Different Mounting Arrangements-Triacs and SCR's 
except 60- and 8()"A Triacs 

Type of Mounting Thermal 
Package Employed Resistance-Oem 

Press·fitted into heat sink. Mini· 
mum required thickness of heat 0.5 
sink = 1/8 in. (3.17 mm). 

Soldered directly to heat sink. 
Press· Fit (60·40 solder which has a melt-

ing point of 188e C should be 0.1 to 0.35 
used. Heating time should be 
sufficient to cause solder to flow 
freely). 

Press-Fit (PF-2) 
25·, 30·, and 40·A Triacs 

800 LB. MAX. 

NU rE: Dimensions in parentheses are in millimeters 
921.S-2264R4 
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Press· Fit with Flexible Leads 
60· and 80·A Triacs 

MOUNTING CONSIDERATIONS 

A mounting method, Press·Fit (PF·3), shows press·fit knurl and 
heat-sink hole dimensions. If these dimensions are maintained, 
a "worst·case" condition of 0.0085 in. (0.2159 mm) inter· 
ference fit will allow press·fit insertion below the maximum 
allowable insertion force of 800 pounds. A slight chamfer in 
the heat·sink hole will help center and guide the press·fit 
package properly into the heat sink. The insertion tool should 
be a hollow shaft having an inner diameter of 0.6125 ± 
0.0375 in. (15.56 ± 0.952 mm) and an outer diameter of 
0.750 in. (19.05 mm). These dimensions provide sufficient 
clearance for the leads and assure that no direct force will be 
applied to the glass seals of the thyristor. Press·fit type 
mounting is not recommended for"tr,iacs operating at maxi
mum rated rms current. 

Case-to·Heat Sink Thermal Resistance for Different 
Mounting Arrangements - 60· and aO·A Triacs 

Type of Mounting Thermal 
Package Employed Resistance-° C/W 

Press-fitted into heat sink. Mini-
mum required thickness of heat 0.4 
sink = 0.25 in. (6.35 mm) 

Soldered directly to heat sink. 
0.012toO.036 (60·40 solder which has a melting 

Press·Fit point of 188°C should be used. Forl t03mil 
Heating time should be sufficient thick solder 
to cause solder to flow freely). layer 
THIS METHOD RECOMMENDED 
FOR MAXIMUM HEAT 
TRANSFER 

Stud and Isolated-Stud 
Triacs and SCR's except 60· and 80·A Triacs 

~ ,-'""~" ~DF6B 
MICA INSULATOR 

~AVAILABLEATPUBL1SHED 
~ HA,RCWAREPRICES 

G:rHEATSINK 
CHASSIS) 

e DF3H 

~~~~~~Il~~n~~~~~~':n) MAX. 
~THICKNESS "" 0.062 in.ll.S3 mm) MAX 

-® AVAILABLE AT PUBLISHED 

~~~! INSULATOR 0 HARDWARE PAICES 

AVAILABLE AT PUBLISHED ~.. NR6BA 
HARDWARE PRICES • CONNECTOR o AVAILAHlE ATPUBL.ISHED 

NR110A" } HARDWARE PRICES 

LOCK WASHER @ SUPPLIED 

NA38R" ~ WITH 
HEX NIH ~ DEVICE 92CS.22566 

• Only hardware required for isolated-stud package. 

When using the 60· or 80·A press·fit triac at the maximum 
rated current, a minimum thermal path can be achieved be· 
tween the package and heat sink. Direct soldering of the press· 
fit package to the heat sink can accomplish a minimum thermal 
path. The press·fit package is tin plated to facilitate direct 
soldering. A 60-40 solder should be used and heat should be 
applied only long enough to allow the solder to flow freely. 

Press-Fit (PF·3) 
60· and aD-A Triacs 

HE'T~ ~ ~ &f.~\:~~~l 01'. 

NOTE: Dimensions In parentheses are in millimeten 9zcs-zze36 

Case-to·Heat Sink Thermal Resistance for 
Different Mounting Arrangements-Triacs and SCR's 
except 6D- and 80·A Triacs 

Type of Mounting 
Resistance-°C/W Package Employed 

Stud & Directly mounted on heat sink 
Isolated· with or without the use of heat· 0.6 
Stud sink compound. 

Mounted on heat sink with a 
0.004 to 0.006 in. (0.102 to 

Stud 0.152 mm) thick mica insulating 
washer used between unit and 
heat sink. 

Without heat sink compound 2.5 

With heat sink compound 1.5 
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Stud and Isolated-8tud 
6()" and SO-A Triaes 

~ '~rn"~ ~DF~ cv- MICA INSULATOR 

O AVAILABLE AT PUBLISHED 

HARDWARE PRICES 

G HEATSINK 
(CHASSIS) 

e DF3Q 
INSULATING BUSHING 
0.0. '" 0.562 in. (14.27 mml MAX. 

O----THICKNESS: 0.250 in. (6.35 mml MAX. 
AVAILABLE AT PUBLISHED 

~f~ INSULATOR ~ HARDWARE PRICES 

AVAILABLE ATPU8LISHEO •. ~ NR417A 
HARDWARE PRICES ..... CONNECTOR 

O AVAILABLE AT PUBLISHED 

HARDWARE PRICES 

NRll0H* ~} 
LOCK WASHER ~ SUPPLIED 

WITH 
NA38T_ ~ OEVICE 

JAM NUT 'l:V 
92CS-22843 

.. Only hardware required for isolated-stud package. 
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Case-to-Heat Sink Thermal Resistance for Different Mounting 
Arrangements - 6()" and 8()"A Triacs 

Type of Mounting 
Package Employed Resistance-°C!W 
Stud 0.05 to 0.15 Directly mounted on heat sink 
I-- with or without the use of heat 

Isolated sink compound 0.1 to 0.2 
Stud 

For additional information on mounting RCA 
thyristors, refer to Application Note AN-3822, 
"Thermal Considerations in MOl!nting of RCA 
Thyristors" 
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Solid State 
Division 

Solid State Devices 

Operating Considerations' 
1CE-402 

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 hfgh 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 defined by its published data, 
and sbould 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 sbould 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 sbould 
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 sbould 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 sbould 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 sbells 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 sbould not be conriected 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 
sbattering of the enclosure. 
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TRANSISTORS ANO THYRISTORS 
WITH FLEXIBLE LEAOS 

Flexible leads are usually soldered to the circuit elements. 
It is desirable in all soldering ope ratings 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 VERSAWA TT 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 of less than 1/16 inch. 
S. Avoid repeated bending of leads. 

The leads of the T0-220AB 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 
diotance 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 
90-degree bends; repeated bendings should be avoided. 

Mounting 
Recommended mounting arrangements and suggested 

hardward for the VERSAWATT 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 op~ration. 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 solderwill 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. PTS4 or eqUivalent. For 
testing purposes, the TO·220AB in·line package can be 
mounted in a Jetron Socket No. DC74·104 or eqUivalent. 
Regardless of the mounting method,· the following 
precau tions 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 holes. 
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~reep problems. 

Such bushings should be made of diallphthalate, fiber
glass-filled nylon, or fiberglas5-flIled 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 dissipation 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 soldeHleaning 
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 evaluate 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 are isopropanol, methanol, and special denatured 
alcohols, such as SDAl, 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: 
1. Alpha Reliaros No. 320-33 
2. Alpha Reliaros No. 346 
3. Alpha Reliaros No. 711 
4. Alpha Reliafoam No. S07 
5. Alpha Reliafoam No. S09 
6. Alpha Reliafoam No. Sll-l3 
7. Alpha Reliafoam No. S15-35 
S. 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 THYRISTORS 
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 s~ould be applied only long enough 
to permit solder to flow freely. For more detailed thyristor 
mounting considerations, refer to Application Note AN3S22, 
"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;:ircuit 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 sUfh 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 paint 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 
RMF-430, pp 39-41, for additional information concerning 
the handling and mounting of rf power transistors. 

327 



lCE-402 ________________________________________________________ ___ 

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 devices from gate-oxide failure 
in handling environments where static discharge is not 
excessive. In low-temperature, 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 rew 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-fail-lined 
cardboard "sandwich pack" employed for static protection 
of the flat-pack also provides some additional protection 
against lead corrosion, and it is recommended that the 
devices be stored in this package until used. 

When integrated circuits are welded onto printed circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance appli
cations. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely important that the lead be supported and clamped 
between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 
should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 
thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

Operating 

Unused Inputs 
All unused input leads must be connected to either VSS 

or VDD, whichever is appropriate for the logic circuit 
involved. A floating input on a high-current type, such as the 
CD4049 or CD4050, 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 VDD. 
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 IO milliamperes. Input 
currents of less than IO 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 VDD can damage many of 

the higher-output-current COS/MaS types, such as. the 
CD4007, CD404 I, CD4049, and CD4050. 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 MaS 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 temperature, 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. 

*Mil.M-38510A, paragraph 3.5.6.1 lal,·lead material. 
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Design Considerations for the 
RCA-S6431M Silicon Controlled Rectifier 

In High-Current Pulse Applications 
by 

D. E. Burke and G. W. Albrecht 

Silicon controlled rectifiers (SCR' s) are often used 
in pulse circuits in which the ratio of peak to average 
current is large. Typical applications include radar 
pulse modulators, inverters, and switching regulators. 
The limiting parameter in such applications often is 
the time required for forwmd current to spread over 
the whole area of the junction. Losses in the SCR 
are high, and are concentrated in a small region until 
the entire junction area is in conduction. This concen
tration produces undesirable high temperatures. 

The RCA-S6431M SCR is specially designed to 
achieve ·rapid utilization of the full junction area The 
rating curves and calculations presented in this Note 
allow the designer to make full use of the high switch
ing capability of this device. 

Circuits 

A typical SCR pulse modulator circuit is shown 
in Fig.1. Basic waveforms for the circuit are shown 
in Fig.2. The capacitors of the energy-storage network 
are charged by the dc supply. The SCR is triggered 
by pulses from the gate-trigger generator No.1, and the 
energy-storage network discharges through an induct
ance and the load (transformer). Fig.2 shows that the 
discharge of the storage network (t1-t2) is oscillatory; 
the half-sine-wave shape is characteristic of a single 
LC-section energy-storage network. 

For tum-off, the load is "mismatched" to the 
discharge-circuit impedance so that a negative voltage 
is developed on the capacitor at the end of the pulse. 
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The negative voltage reverse-biases the SCR. This 
form of tum-off is indicated in Fig.2(b). 

When the energy-storage network is recharged 
from the dc supply. the SCR retums to the forwmd
blocking cond.ition and is ready fer the next cycle. 
The recharge interval (t3 - t4) may be delayed by use 
of a charging SCR. as shown in Figs.1 and 2 (t2 - tal. 
This technique reduces the tum-off time requirements 
for the SCR. The rate of recharge influences the 
dvl dt requirements for the SCR. 

Figs. 1 and 2 illustrate only one of a great variety 
of pulse circuits. each of which would have particular 
requirements for the SCR. A common requirement 
would be to pass fa-wmd currents with particular 
emphasis on shape and magnitude. 

Turn.On Time Definitions 

In the idealized waveforms of Fig.2. the SCR is 
presented as a perfect switch. Actually. it exhibits 
a finite resistance prior to turn-on, a delay after the 
introduction of the trigger pulse. and appreciable 
resistance after tum-on. 

The common definition of turn-on time adequately 
covers the delay and rise-time intervals of the tum-on 
process, but does not consider the rate of current 
spread over the junction area and its attendant dissi
pation. Because the dissipation after turn-on is an 
impa-tant consideration in pulse circuits. tum-on defi
nitions in themselves provide no indication of the 
switching capability of the SCR. 

329 



AN-3418 ____________________________________________ ~ __________ ___ 

CHARGING 
IMPEDANCE CHARGING seR 

Z --+1::--<>-
'I 1 , ______ , I! 

I TR~:J~R r---.J I 
~GEI£RATOR r-----.J 
L __ fi!l& __ J 

SATURABLE REACTOR ----rLAYrS) . 
lie 

Fig.! - Basic pulse modulator circuit. 

As an example, the rise-time portion of tum-on 
is defined as the time interval between the 10-per-cent 
and 90-per-cent points on the current wave shape when 
the SCR is triggered on in a circuit that has rated 
forward voltage and sufficient resistance to limit the 
current to rated values. For a 600-volt device, the end 
of the turn-on interval occurs when the forward voltage 
drop across the SCR is 60 volts. This value contrasts 
with the steady-state forward voltage of only 1. or 2 
volts under such conditions. An interval many times 
greater than the tum-on time may be required before 
the forward voltage drop reduces to the steady-state 
level. 

Switching Copobility 

Because several different physical effects occur 
in the SCR during the complete turn-on interval, it is 
convenient to divide' the total turn-on time into three 
discrete intervals: delay time tI, fall time t2' and 
equalizing time t3' These intervals are shown in Fig.3. 
The solid lines represent device tum-on to low steady
state forward current, in which case equalization 
effects are not pronounced. The dashed lines represent 
SCR tum-on to high currents, in which case tg becomes 
a noticeable interval. 

·The first interval (ti or delay time) results from 
the in itiation of forward conduction between the p-type 
base and the n-type' emitter <i.e., injection of holes 
through the gate-cathode junction and injection of elec
trons through the cathode-gate junction). This interval 
depend s to a I arge extent upon the level of gate cur
rent used to turn on the SCR. The use of a trigger 
pulse greater than the minimum gate-current requirement 
of the SCR minimizes delay time and reduces the range 
of the delay times 'encountered between individual 
SCR's, the variability of delay with temperature, and 
the variability of cyc1e-to-cycle delay or jitter. * There 
are no significant power losses in the SCR during 
delay. The delay interval is primarily of interest 
because of its effect on system performance. 

'" The technical bulletin for the S6431M contains information on 
maximum trigger-pulse magnitudes for various pulse widths 
for this device. This Note discusses gating characteristics 
of RCA SeR's in more detail. 
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lor pulse-rlischarge circuit. 

The second interval (t2 or fall time) depends on 
tl;ie initiation of forward conduction between the p-type 
emitter and the n-type emitter (i.e., anode-to-cathode 
current). When this phenomenon is isolated from CUl'

rent effects, as described later, the duration of the 
voltage fall time measured from the 90-pel'-Cent to the 
IO-per-cent point is less than 0.3microsecond. Voltage 
fall tinie is illustrated in Fig.4 for a range of initial 
voltages. 

The flow of forward current during the voltage fall 
time results in power loss in this 'interval. The magni-
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Fig.3 - Actual SCR wave shapes rluring turn-on. 
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tude of this loss is primarily det.ennined by the response 
of the circuit to the voltage fall waveshspe. If the rate 
of current rise desired by the circuit is faster than the 
fall time of voltage in the SCR, the device experiences 
high peak dissipation during the short turn-on interval. 

IIIIII RIIII 
TIME-O.2 ~S/DIV. 

Fig.4 - Illustration 01 voltage loll time 
(low lorward current). 

The third discrete interval during turn-on, equaliza
tion time (t3 of Fig.3), represents the time required for 
the current to spread over the junction area. The for
ward current resulting from the initial voltage fall is 
concentrated in a small area of the junction and spreads 
gradually over the entire area. The rate of increase 
in the active junction area depends on the geometry. 
and the junction parameters, and is influenced by the 
levels of driving voltage and current. In general, the 
time required for full utilization of junction area repre
sents a considerably longer interval than tl (delsy) 
or t2 (fall). 

For given conditions of current rise time, current 
level, and gate drive, t3 could be defined as the time 
required for forward voltage to decrease to a given 
multiple of the final steady-state value under a con
stant-current pulse. Such a definition would be more 
indicative of switching cspability than the conventional 
def"mition of tum-on time as the time required for for
ward ON-stste voltage to decrease to a percentage 
of the initial blocking voltage. At best, however, either 
type of definition has only limited usefulness to the 
user. 

Characteristics and Ratings 

Because the major factor in the rsting of SCR's 
for pulse applications is the initial forward-voltage 
drop, the RCA-S6431Mis rated specifically for this 
characteristic. Figs.5 and 6 show two families of 
rating curves which make it possible to calculate the 
power loss per pulse and the average power loss for a 
particular current-pulse shape, magnitude, and repetition 
rate desired. Figs.7 and 8 show maximum allowable 
repetition rates and pulse amplitudes for several pulse 
shapes, and are useful as a quick estimating guide 
for the pulse-<:urrent switching capability of the S6431M 
SCR. 

Limits must also be imposed upon the instantaneous 
temperature rise of the junction over the average case 

Fig.5 - Forward voltage as a lunction ollorward vol
tage at various times affer the initiation 01 turn-on. 

temperature and upon the differential temperature 
stresses in the device. Fig.9 shows the allowable 
maximum current fortheS6413M at any time after the 
initiation of the current pulse. This curve, together 
with those in Figs.7 and 8, gives an indication of the 
feasibility of using the S6431Min a high-current pulse 
application. 

Fig. 10 illustrates the calculation of device dissi
pation and pulse repetition rate for a particular pulse 

o 200 400 600 BOO 1000 
INSTANTANEOUS FORWARD CURRENT-A 

Fig.6 - Instantaneous lorward dissipation as a lunction 
01 current at various times alter the initiation 

01 turn-on. 
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shape. In the example shown, the pulse has a peak 
magnitude of 500 amperes and a base width of 5 micro
seconds. The curves shown in Fig_lO are constructed 
from the curves of Figs_5 and 6 by means of a series 
of readings at different time intervals (delay and fall 
regions are neglected) _ A step-by-step approximate 
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integral .approach is then used to obtain the watt
seconds-per-pulse measurements shown in the table. 
For a repetition rate of 1000 pulses per second, the 
average forward dissipation is 24.37 watts for the 
current pulse specified. This value is within the 
rating of 30 watts for the S6431 M at a case temperature 

TIME DISSIPATION TOTAL AVERAGE MAXIMUM 
INTERVAL FOR IlISSIPAT1OI< DISSIPATION REP. RAre: 

(,.s) INTERVAL FOR ONE AT 1000 CIS FOR 30W 
mW-S PULSE REP. RATE DISSIPATION 

mW-S (W) (CIS) 
O-o.~ 1.87 
0,5-1 4.12 

I 2 B.2~ 
24.37 24.37 1225 

2 3 6.18 
3-4 3.25 
4-~ 0.70 

EXAMPLErAVERAGE FORWARD WATT-SECOND 
DISSIPATION DURING 3,.S TO 4,.S 
INTERVAL; 
(4-3)"'0-6 S .3.25J1103 W-3.25mW-$ 

Fig. 10 - Sample calculation ollorward dissipation. 

of 650 C. At higher case temperatures the total dissi
pation must be decreased, as shown in Fig.H. 

Because the interval of highest dissipation occurs 
at the beginning of the current pulse, reduction in the 
magnitude of current during this time increases the 
over-all switching capability of the SCR. The current 
may he reduced by use of a saturable reactor in the 
pulse-discharge circuit which has sufficient unsaturated 
volt-second capacity to present a high impedance for 
one to' two microseconds. The current is then small, 
and dissipation is limited, until the junction area in 
conduction increases to include an appreciable per
centage of the total cathode. By the time the reactor 
saturates and high pulse current results, the cathode 
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area in conduction is adequate to handle the high cur
rent with low dissipation. 

The rate of current spread over the cathode area 
depends upon several fsetors, one of which is the 
level of current. Therefore, the use of a delay reactor 
to keep forward current low also delays the spread 
of current to some extent and subtrsets from its bene
ficial effects. The maximum benefit can be sehieved 
by reduction of the inductance of the resetor prior to 
saturation, or by addition of ·another impedance in 
parallel with the resetor, to effect a compromise be
tween the initial current level and dissipation and 
the rate of currentrdensity equalization. The curves 
in this Note do not represent the use of a delayresetor. 

In addition to the power loss in the SCR caused by 
forward current, the total dissipation in the device 
includes forward and reverse blocking losses and 
probably reverse recovery losses during the turn-off 
process. The reverse recovery losses depend upon 
several fsetors, such as forwsrd-current amplitude, rate 
of decrease of forward current,. reverse-current flow, 
rate of rise of reverse voltage, and reverse-voltage 
amplitude. Because reverse losses are circuit-depend
ent, they can best be evaluated in a working circuit. 
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Application of RCA Silicon Contr:olled Redifiers 

to the Control of Universal Motors 

by 
J.V. Yonushka 

Silicon controlled rectifiers have been widely 
accepted in powel"Control applications in industrial 
systems where high-performance requirements justify 
the economics of the application. Historically, in the 
commercial high-volume market, economic considera
tions have precluded the use of the SCR. However, 
with the development ofa family of SCR's by RCA de
signed specifically for mass-production economy and 
rated for 120- and 24O-volt line operation, the use of 
these devices in controls for many types of small elec
tric motors has been made economically feasible. The 
controls can be designed to provide good performance, 
maximum efficiency, and high reliability in compact 
packaging arrangements., 

The control circuits discussed in the following text 
are typical of the many possible circuita applicable to 
electric motor control. A general description including 
the typical characteristics of universal motors is given. 
Speed control by use of phase-angle variations is dis
cussed; schematic diagrams are given, and the advan
tages and limitations of each circuit are contrasted. A 
chart of available SCR' s is shown at the end of the Note. 

Universal Motors 

Many fractional horsepower motors are series-wound 
"universal" motors, so named because of their ability 
to operate directly from either ac or dc power sources. 
Fig.I is a schematic of this type of motor operated 
from an ac supply. Because most domestic applications 
today require 6O-hertz power, universal motors are 
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usually designed to have optimum performance chal'
acteristics at this frequency. Most universal motors 
run faster at a given dc voltage than at the same 60-
hertz ac voltage. 

The field winding of a universal motor, whether 
distributed or lumped (salient pole), is in series with 
the armature and external circuit, as shown in Fig.I. 

Fig.' • Schematic diagram for a series-wound 
universal motor. 

The current through the field winding produces a mag
netic field which cuts across the armature conductors. 
The action of this field in opposition to the field set up 
by the .armature current subjecta the individual con
ductors to a lateral thrust which ,results in armature 
rotation. 

AC operation of a '.universal motor is possible be
cause .of the nature of its electrical connections. As 
the ac source voltage reverses every half-cycle, the 
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magnetic field produced by the field winding reverses 
its direction simultaneously. Because the armature 
windings are in series with the field windings through 
the brushes and commutating segments, the current 
through the armature winding also reverses. Because 
both the magnetic field and armature current are re
versed, the direction of the lateral thrust on the armature 
windings remains constant. 

As the armature rotates through the magnetic field, 
a voltage opposite to the impressed voltage is induced 
in the individual conductors. Counter emf produced in 
the armature conductors .is therefore proportional to 
motor speed. In half-wave operation, during the non
conducting half-cycle of an SCR, the rotating armature 
still produces a counter· emf because of the residual 
magnetism of the field poles. In some of the applica
tions described, the counter emf of an operating motor 
is used as a means of providing speed regulation to 
compensate for changing shaft loads. 

The current through an operating motor armature 
depends upon the difference between the impressed 
voltage (emf) and tbe counter emf. The current that 
flows throngh a universal motor when it is initially 
energized .is large because there is no rotation to gener
ate a counter emf in the armature windings. The starting 
current is limited only by the impedance of the armature 
and field windings. The ratio of peak starting current 
to peak running current can be as high as 10: I. 

The speed of a series motor automatically adiusts 
.itself so that the difference between the impressed volt
age and the counter emf .is sufficient to permit enough 
current to flow to develop the torque required by the 
load. At very light loads, or at no load, the current 
through a universal motor is small. To maintain a small 
current throngh the motor, the counter emf must be high 
enough so that only a small difference exists between 
the impressed voltage and the counter emf. The small 
current through the motor also results in a weak mag
netic-field flux because it is the current through the 
field winding that produces the fl Ul(. The weakened 
magnetic-field flux tends to make the motor speed in
crease even further to produce the high counter emf 
required to maintain a small motor current. It would 
appear, then, that universal motors should tend to "run 
away" at no load. This run-away does not occur, how
ever, because motors of this type usually offer enough 
friction and windage loss to limit the maximum attain
able no-load speed to a safe value. 

When a mechanical load is attached to a universal 
motor, the current through the motor must increase to 
provide the increased torque required by the load. An 
increase in the current through the motor requires an 
increase in the difference between the impressed volt
age and the counter emf. This increased difference can 
only be brought about by a reduction in counter emf 
derived from a decrease in speed. For an uncompen-

sated universal motor, the full-load speed is approxi
mately 60 per cent or less of the no-load speed. 

The torque developed by a universal motor is a 
direct result of the magnitude of magnetic-field flux and 
armature current. For fixed mechanical loads, the start
ing torque of a universal motor is high because the 
armature current at starting time is high; at "stall" con
ditions, because of the large armature current, the 
torque is again high. The stall torque of a series motor 
can be as high as 10 times the continuous rated torque. 

Because torque and armature current infl uence the 
speed of a universal motor, it is possible under certain 
operating conditions to vary the impressed voltage and 
influence operating characteristics of the motor. For 
increased mechanical loads, an increase in the impress
ed voltage produces a larger armature current and tends 
to keep the speed constant. High starting torque, ad
iustable speed characteristics, and small size are 
distinct advantages of a universal motor over a com
parably rated s.ingle-phase induction motor. Typical 
performance characteristic curves for a universal motor 
are shown in Fig.2. 

Fig.2. Typical perlormance curves for a 
universal motor. 

Use of Silicon Controlled Rectifiers for Motor Control 

One of the simplest and most efficient means of 
varying the impressed voltage to a load on an ac power 
system .is by control of the conduction angle of an SCR 
placed in series with the load. Typical curves showing 
the variation of motor speed with SCR conduction angle 
for both half-wave and full-wave impressed motor volt
ages are illustrated in Fig.3. If desired, a switch may 
be installed in the half-wave circuits so that the SCR 
and its related control circuit can be bypassed for full
power operation. 

Half.Wave Control 

There are many good circuits available for half
wave control of universal motors; their attributes and 
limitations are described in detail below. The circuits 
are divided into two classes; regulating and non-regn
lating. Regulation in this instance implies load sensing 
and compensation of the system to prevent changes in 
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Fig.3 - Typical performance curves lor a universal motor 
with phase-angle control. 

motor speed. The type of regulation provided by each 
circuit is stated and compared to other circuits. 

The half-wave proportional control circuit shown 
in Fig.4 is a non-regulating circuit whose functioJl de
pends upon an RC delay network for gate phase-lag 
control. This circuit .is better than simple resistance 
lIring circuits becsuse the phase-shifting characteristics 
of the RC network pennit the firing of the SCR beyond 
the peak of the impressed voltage, resulting in small 
conduction angles and very slow speed. 

The control circuit shown in Fig.4 uses the break
down voltage of a neon lamp as a threshold setting fm 
firing the SCR. The neon lamp is specmcally designed 
for handling the high-current pulses required to trigger 
SCR's. When the voltage across capacitor C reaches 
the breakdown voltage of the neon lamp, the lamp fires, 
and C discharges throngh the lamp to its maintaining 
voltage. At this point, the lamp again reverts to .its 
high-impedance state. The discharge of the capacitor 
from breakdown to maintaining voltage of the neon lamp 
provides a current pulse of sufficient magnitude to lire 
the SCR. Once the SCR has {Ired, the voltage across 
the phase-shift network reduces to the forward voltage 
drop of the SCR for the remainder of the half-cycle. The 
range of conduction angles of this circuit is approxi
mately 30 to 150 degrees. The high breakdown voltage 

of the neon . lamp .improves noise rejection and preventa 
erratic {Iring of the SCR because of brush noises on 
the voltage supply lines. Table I shows compOnents 
for the circuit of Fig.4. 

SUPPLY 
VOLTAGE 

UNIVERSAL MOTOR 

R, 
IOK,I/ZW 

RZ>-_r--fl 

4---~--~---*--

\ I \ " , , 
°NE-83, SAH, AOS7B, or equi •• 

Fig.4 • Hall.wave motor control with no regulation. 

The circuit shown in Fig.5 reduces spread in gate 
turn-on characteristics. This circuit depends upon the 
fast switching characteristics of transistors such as 
those used .in the two-transistor regenerative trigger 
network shown. The phase-shift characteristics are 
still retsined to provide conduction angles less than 
90 degrees through the RC network of RI , R2, and CI• 
Resistor R 3 provides turn-on current to the base of Q 1 
when the voltage across C 1 becomes large enough during 
the positive half-cycle. The base current in Q 1 turns 
on this transistor. Transistor QI then supplies hase 

TABLE I· COMPONENTS FOR CIRCUIT SHOWN IN FIG.". 
AI:. AI:. Fl CR1 R2 SCR1 SUPPLY CURRENT 

120 V IA 3 AG, 1.5 A, Quick Act 012018 100 K, 112 W RCA-2N3528 

120 V 3A 3 AB, 3 A 012018 100 K,1I2 W RCA·2N3228 

120 V 7A 3 AB, 7 A 012018 100 K, 112 W RCA-2N3669 

240 V lA 3 AG, 1.5 A, Quick Act 012010 150 K, 1/2 W RCA-2N3529 

240 V 3A 3 AB, 3 A 012010 150 K, 1/2 W RCA-2N3525 

240 V 7A 3 AB, 7 A 012010 150 K, 1/2 W RCA-2N3670 
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Q,. 02 - Complementary pair of general

purpose p-n-p and n-p-n transistor 

I 
I 
I I I 
I I I 
I <}>J-MOTOR V-~ 
~~VOLTAGE~ 

CAPACITOR I \ j i 
VOLTAGE: ,_/ I 

GATECURRENT~ 

Fig_S _ Half-wove motor control with no regulation. 

current to Q2- When Q2 turns on, it supplies more base 
current to Ql. This regenerative action leads to the 
rapid saturation of transistors Q 1 and Q2- Capacitor C 1 
discharges through the saturated transistors into the 
gate of the SCR_ When the SCR fires, the remaining 
portion of the positive half-cycle of ac power is applied 
to the motor_Speed control is accomplished by adj ust
ment of potentiometer R 1- With component val ues as 
shown on the schematic diagram in Fig_5, the threshold 
voltage for firing the circuit is approximately 8 volts; 
the maximum conduction angle is approximately 170 
degrees_ Table II shows components for the circuit 
with various RCA SCR's_ 

SUPPLY '" '"' WU~E-LI __ ~ '~---f/~--,~ 

MOTO~ 
Fig.6 shows a fundamental circuit of direct-coupled 

SCR control with voltage feedback_ This circuit is 
highly effective for speed control of universal motors. 
The circuit makes use of the counter emf (cemf) induced Fig.6 - Hall-wave motor control with regu·/ation. 

TABLE 11- COMPONENTS FOR CIRCUIT SHOWN IN FIG.5. 
AC AC 

Fl CRI Rl SCR1 SUPPLY CURRENT 

120 V IA 3 AG, 1.5 A, Quick Act 01201B 75 K, V2W RCA-2N3528 
120 V 3A 3 AB, 3 A 01201B 75K,V2W RCA-2N3228 

120 V 7A 3 AB,7 A 01201.B 75K,V2W RCA-2N3669 

240 V IA 3 AG, 1.5 A, Quick Act 0.12010 150 K, 1/2 W RCA-2N3529 

240 V 3A 3 AB, 3 A 012010 150 K, V2 W RCA-2N3525 

240 V 7A 3 AB, 7 A 012010 150 K, V2 W RCA-2N3670 
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in the rotating armature because of the residual magnet
. ism .in the motor on the half-cycle when the SCR is 
blocking. 

The counter emf is a function of speed and, there
fore, can be used as an indication· of speed changes as 
mechanical load varies. The gate-firing circuit is a 
resistance network consisting of R 1 and R2• During 
the positive half-cycle of the source voltage, a fraction 
of the voltage is developed at the center-tsp of the 
potentiometer and is compared with the counter emf 
developed in the rotating armature of the motor. When 
the bias developed at the gate of the SCR from the 
potentiometer exceeds the counter emf of the motor, 
the SCR fires. AC power is then applied to the motor 
for the remaining portion of the positive half-cycle. 
Speed control is accomplished by adjustment of poten
tiometer R 1. If the SCR is fired early in the cycle, the 
motor operates at high speed because essentially the 
full rated line voltage is applied to the motor. If the 
SCR is fired later in the cycle, the average value of 
voltage applied to the motor is reduced, and a correS
ponding reduction in motor speed occurs. On the nega
tive half-cycle, the SCR blocks voltage to the motor. 
The voltage applied to the gate of the SCR is a sine 
wave because it is derived from the sine-wave line volt
age. The minimum conduction angle occurs at the peak 
of the sine wave and is restricted to 90 degrees. In
creasing conduction angles occur when the gate bias 
to the SCR is increased to allow firing at voltage values 
which are less than the peak value. 

At no load and at the low-speed control setting, 
·skip-cycling" operation occurs, and motor speeds are 
erratic. Because no counter emf is indu~ in the ar
mature when the motor is standing still, the SCR fires 
at low bias settings. The motor is then accelerated to 
a point at which counter emf induced in the rotating 
armature exceeds the gate-fIring bias of the SCR and 
prevents the SCR from fIring. The SCR is not able to 
(Ire again until the speed of the motor is reduced (be
cause of friction and windage losses) to a value for 
which the induced voltage in the rotating armature is 
less than the gate bias. At this time the SCR fIres 
again. The motor deceleration occurs over a number of 

cycles when there .is no voltage applied to the motor, 
(hence the term • skip cycling") • 

When a load is applied to the motor, the motor 
speed decreases and thus reduces the counter emf .in
duced in the rotating armature. With a reduced counter 
emf, the SCR (ireS earlier .in the cycle and provides 
increased motor torque to the load. Fig.6 also shows 
variations of conduction angle with changes in counter 
emf. The counter emf appears as a constant voltage 
at the motor terminals when the SCR is blocking. Be
cause the counter emf is essentially a characteristic 
of the motor, different potentiometer settings are re
quired for comparable operating conditions for different 
motors. Circuit values for use with various RCA SCR's 
are shown in Table ill. 

Fig.7 shows a variation of the circuit in Fig.5. 
The basic difference between the two circuits is that 
the circuit in Fig.7 provides feedback for changing 
load conditions to minimize changes .in motor speed. 
The feedback is provided by R7, which is in series with 
the motor. A voltage proportional to the peak current 
through the motor is developed across the resistor. 
This voltage is stored on capacitor C2 through diode 
CR2, and is of a polarity that causes the bias on· the 
resistance network ofRa andR4 to change in accordance 
with the load on the motor. With an increasing motor 
load, the speed tends to decrease. This decrease in 
motor speed causes more current to flow through the 
motor armature and fIeld windings. When the current 

. flowing through R7 increases, the voltage stored on 
capacitor C 2 increases in the positive direction. This 
increase in capacitor voltage causes the transistors to 
conduct earlier in the cycle, to fire the SCR, and to 
provide a greater portion of the power cycle to the 
motor. With a decreasing load, the motor current de
creases and the voltage stored by capacitor C2 de
creases. The transistors and SCR then conduct later 
in the cycle. The resultant reduction in the average 
power supplied to the motor causes a reduced torque to 
the smaller load. Because motor current is a function of 
the motor itself, resistor R7 has to be matched with the 
motor rating to provide optimum feedback for load com
pensation. Resistor R7 may range from 0.1 ohm for 

TABLE III • COMPONENTS FOR CIRCUIT SHOWN IN FIG.6. 
At. At. F, CR"CR2 R, R2 SCR, 

SUPPLY CURRENT 

120 V IA 3 AG, 1.5 A, Quick Act 012018 5.6 K, 2W 1 K, 2W RCA-2N3528 

120 V 3A 3 AB, 3 A 012018 5.6 K, 2W 1 K, 2W RCA·2N3228 

120 V 7A 3 AB, 7 A 012018 2.7 K, 4W 500,2 W RCA·2N3669 

240 V IA 3 AG, 1.5 A, Quick Act 012010 10 K, 5W 1 K, 2W RCA·2N3529 

240 V 3A 3 AB, 3 A 012010 10 K, 5W 1 K, 2W RCA·2N3525 

240 V . 7A 3 AB, 7 A 012010 5.6 K, 7.5 W 500,2 W RCA·2N3670 
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a,. Q2 - Complementary pair of general· 

purpose p-n-p and n·p-n transistor 

~~rrAG£ 
J: ' 
VOLTAGE " " ,.' J __ _ 

GATE CLRRENT GATE CURRENT 
LIGHT LOAD HEAVY LOAD 

Fig.7 .. Half-wave motor control using two-transistor regenerative triggering with regulation. 

larger-size universal motors to 1.0 ohm for smaller 
types. Circuit values for use with various RCA SCR's 
are shown in Table IV. 

vices is avoided. There is a hysteresis effect associ
ated with this circuit because C 1 charges to alternate 
positive and negative values. As R2 decreases from 

Full.Wave Control 

This section discusses the application of SCR's 
to full-wave motor control. Two SCR's are usually re
quired to provide full-wave control. 

A very simple SCR full-wave proportional control 
circuit is shown .in Fig.S. Again, ac phase shifting 
and neon triggering are used to provide gate phase
angle control; a small pulse transformer is utilized for 
isolation. The circuit provides a symmetrical output 
for both halves of the ac input voltage because the same 
electrical components are used in the phasing network 
for both SCR gates. Because the SCR gate circuits are 
completely isolated from each other, the cross-talk 
problem usually associated with gate Ilfing circuits 
using transformer coupling and bi-directionsl trigger de-

&mtEA c\ 
MOTOR ...... v:. ... 

VOL:rAGE " J'bt.. ~, I'~ 

CAPACITOR/'\. "~oW A 
VOlT"E~ 

'NE·B3, SAH, AOS7B, or equiv. 
Tl· Better Coil and Transformer 

Co. Type 99A16, or equiv. 

Fig.a. Full.wave motor control with no regulation. 

TABLE IV. COMPONENTS FOR CIRCUIT SHOWN IN FIG.7. 

N:. N:. Fl CR) R) SCR) 
SUPPLY CURRENT 

120 V lA 3 AG, 1.5 A, Quick Act 012018 75 K,1I2 W RCA·2N3528 

120 V 3A 3 AB, 3 A 012018 75 K,1I2 W RCA·2N3228 

120 V 7A 3 AB, 7 A 012018 75 K, 112 W RCA-2N3669 

240 V lA 3 AG, 1.5 A, Quick Act 012010 150 K, 112 W RCA-2N3529 

240 V 3A 3 AB, 3 A 012010 150 K, 112 W RCA-2N3525 

240 V 7A 3 AB, 7 A 012010 150K,1I2W RCA-2N3670 
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.its maximum value, C 1 charges to a higher voltage on 
each half cycle. When the positive half-cycle voltage 
on C 1 reaches the breakdown potential of the neon lamp, 
the lamp fires, allowing C 1 to discharge to the main
taining voltage of the lamp through CR 1 and the lamp 
into the gate of SCR2. When SCR2 fires, the voltage 
across the control circuit drops to the forward voltage 
value of the SCR, allowing Cl to discharge. On the 
next half-cycle, C 1 charges from a lower positive poten
tial and allows the neon lamp to fire earlier in the 
cycle. If the potentiometer resistance R2 .is increased, 
the SCR's fire at a reduced conduction angle and the 
hysteresis effect is produced. On the negative half
cycle, when the charge on C 1 has reached the break
down potential of the neon lamp, the capacitor discharges 
through CR2, the lamp, and the primary of transformer 
T 1 to the maintaining voltage of the neon lamp. The 
current pulse formed by the discharge of C 1 is coupled 
by Tl into the gate of SCRI. For 60-hertz operation, 
the transformer characteristics are not critical because 
the magnitude and shape of the current firing pulse are 
determined primarily by the charge on the capacitor and 
the characteristics of the neon lamp. Circuit values for 
use with various RCA SCR's are shown in Table V. 
Conduction angles obtained with this circuit vary from 
30 to 150 degrees; at the maximum conduction angle, 
the voltage impressed upon the load <universal motor) 
is approximately 95 per cent· of the input rms voltage. 

Fig.9 shows a full-wave control circuit that has in
creased conduction-angle capability. Table VI shows 
the component chart for use of the circuit with various 
SCR's. The threshold point of the transistor circuit can 
be changed by varying the value of Ra. The phase-shift 
network composed of R1, R2, and C1 permits the varia
tion of conduction angles from minimum to maximum. An 
ac potential impressed upon this phase-shifting network 
eliminates skip-cycling at low conduction angles. The 
bridge network of CR1, CR2, CRa, and CR4 rectifies 
the ac voltage developed across C 1 and provides the 
switching transistors with dc voltage. When the switch
ing transistors are on and saturated, capacitor C1 dis
charges through them into the primary of 1'1' Because 
both SCR's receive .the same gate polarity pulse, the 
pulse formed by C 1 and T 1 fires that SCR with a posi-

tive potential at the anode. When the SCR fires, the 
remaining portion of the half-cycle is applied to the 
load. On the alternate half-cycle, the other SCR turns 
on. With the component values shown .in Fig.9, the 
threshold voltage required to fire the transistor circuit 
is approximately 8 volts. Variations in conduction 
angle are accomplished by changing the setting of R 2' 
In this circuit, the conduction angles mBY be varied 
from 5 to 170 degrees; this larger range is more de
sirable when higher power is to be controlled. 

An SCR full-wave circuit designed for applications 
requiring feedback for comPensation of load changes is 
shown in Fig. 10. Operation is similar to that of the 
circuits discussed previously except that this circuit 
has full-wave conduction with proportional control. 

. Again, as in the circuit of Fig.7, R7 must be matched 
with the motor rating to provide optimum feedback for 
load compensation. Resistor R7 mBY range from 0.1 
ohm for larger-size universal motors to 1.0 ohm for' 
smaller types. Table VII gives a component list for use 
of this circuit with various SCR's. 

Ratings and Limitations 

Package size and environment limit the voltage 
and current capabilities and, consequently, the power
dissipation abilities of an SCR. Maximum temperature 
ratings usually depend on the use of a heat sink of a 
particular size at a prescribed ambient or case tempera
ture. 

The main cause of heat within an SCR operating at 
60 hertz is the forward current and voltage drop during 
conduction. Under steady-state conditions, the heat 
generated within the device must be balanced by the 
flow of heat to the heat sink and the ambient air. If 
more heat is generated within the SCR than can be 
dissipated by the case and the heat sink, the junction 
temperature increases and forward blocking capabilities 
are lost. Under these conditions the SCR mBY break 
down thermally in the reverse direction, causing damage 
to the SCR pellet. An· increase in heat-sink size to 
maintain the balance between heat generated and heat 
dissipated assures reliable performance of the SCR. 

TABLE V· COMPONENTS FOR CIRCUIT SHOWN IN FIG.8. 

At:. At:. Fl Rl R2 Cl SCRI. SCR2 SUPPLY CURRENT 

120 V 1.5 A 3 AG, 2 A, Quick Act I K, V2W 50K,V2W 0.22 pf, 100 V RCA-2N3528 
120 V 5A 3 AB, 5 A I K, V2W 50 K, V2W 0.22 JLF, 100 V RCA·2N3228 

120 V 10 A 3 AB,IO A I K, V2W 25 K, 2W 0.47 pf, 100 V RCA-2N3669 

240 V 1.5 A 3 AG, 2 A, Quick Act I K, lW 50 K, 2W 0.22 pf, 100 V RCA-2N3529 

240 V 5A 3 AB, 5 A I K, IW 50 K, 2W 0.22 JLF, 100 V RCA·2N3525 

240 V lOA 3AB,IOA 1 K, IW 25 K, 4W 0.47 JLF, 100 V RCA·2N3670 
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"I 
IK 

SUPPLY 
VOLTAGE 

MOTOR 
VOLTAGE 

TRIGGER 
PULSES 

CRI 
TYPE 

0120lA 

R. 
~.6K 
II2W 

CR, 
TYPE 
DI2014 

0,_ Q 2 - Complementary pair of general·, 

purpose p·n·p and n-p-n transistor 

Fig.9. Full.wave motor control with no regulation in w,' ich the conduction angle 
can be varied Irom 5 to 180 degrees. 

The current ratings for the circuits using the 
2N3528 and 2N3529 SeR's are based upon measure
ments made with these devices mounted by their elec
trical leads with the package in free air. The current 
ratings for the circuits using the other SCR types are 
based upon measurements made with the SCR's mounted 
on an aluminum heat sink having an equivalent dimen
sion of 3 by 3 by 1116 inches. 

The SCR can be mounted on a single-plate heat 
sink or on a metal chassis. In chassis mounting the 
package housing and heat sink can be insulated from 
the chassis by a mica washer, as shown in Fig.11. The 
use of silicone grease or other similar material between 
the SCR housing and the heat sink provides a better 
thermal contact and more efficient heat dissipation. If 
heat dissipation is critical, a finned heat sink should 

TABLE VI· ,COMPONENTS FOR CIRCUIT SHOWN IN FIG.9. 

AC AC 
SUPPLY CURRENT R2 

120 V 1.5 A 3 AG, 2 A, Quick Act 75 K, 1/2 W RCA·2N3528 

120 V 5A 3 AB, 5 A 75 K, 1/2 W RCA·2N3228 

120 V 10 A 3 AB, 10 A 75 K, 1/2 W RCA·2N3669 

240 V 1.5 A 3 AG, 2 A, Quick Act 150 K, 1/2 W RCA·2N3529 

240 V 5A 3 AB, 5 A 150 K,1I2 W RCA·2N3525 

240 V lOA 3 AB, iliA 150 K, 1/2 W RCA·2N3670 
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0,. 02 - Complementary pair of general· " 
purpose p-n·p and n·.,..n tramistor ' . 

MOTOR 

Qs;~T~. 

C, ,,' 
VOLTAGE " ' .... ' 

GATE CURRENT 
LIGHT LOAD 

-"---
GATE CURRENT 

HEAVY LOAD 

Fig. JO - Full-w.ave motor control wit" "!gulation. 

TABLE VII - COMPONENTS FOR CIRCUIT SHOWN IN FIG.IO. 
At 

SUPPLY 

120 V 

120 V 

120 V 

240 V 

240 V 

240 V 

At 
CURRENT 

IA 

3A 

7A 

IA 

3A 

7A 

FI 

3 AG, 1.5 A, Quick Act 

3 AB, 3 A 

3 AB, 7 A 

3 AG, 1.5 A, Quick Act 

3 AB, 3 A 

3 AB, 7 A 

be used. Heat-sink size may be reduced in any applica. 
tion if moving air can be provided at the SCR mounting 
site. 

If a universal motor is operated at low speed under 
a heavy mechanical load, it may stall and cause heavy 
current flow through the SCR. For this reason, low
speed heavy-load conditions should be allowed to exist 
for only a few seconds to prevent possible circuit 
damage. In any case, fuse ratings should be carefully 
observed and limited to the types and values .indicated 
in the tables accompanying the circuits in this Note. 

Practical beat sinks, packaging, available fuse 
characteristics, and motor overload and stall performance 
have been considered and are reflected .in the current 
ratings shown for the circuits in this Note; these cur
rent values should not be exceeded. 
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CRI,CR2, RI SCRI 
CR3,CR,( 

RCA-1N2860 50 K, 1I2W RCA-2N3528 

RCA-1 N 1202A 50 K, 112 W RCA-2N3228 

RCA-1N1202A 50 K, 112 W RCA-2N3669 

RCA-1N2862 100 K, 112 W RCA-2N3529 

RCA-1 N 1204A 100 K, 112 W RCA-2N3525 

RCA-1N1204A 100 K, 112 W RCA-2N3670 

Nameplate data for some universal motors are given 
in developed horsepower to the load. This mechanical 
designation can be converted into its electrical current 
equivalent through the following procedure. 

Internal motor losses are taken into consideration 
by assigning a fignre of merit. This fignre, 0.5, repre
sents motor operation at 5O-per-cent efficiency, and in
dicates that the power input to the motor is twice the 
power delivered to the load. With this fignre of merit 
and the input voltage Vae, the rmsinput current to the 
motor can be calculated as follows: 

rms current = mechanical horsepower x 746 

0.5 Vae 

For an .input voltage of 120 volts, the rms input current 
becomes: 

rms current = horsepower x 12.4 
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Fig. J1 . Photograph of half.wave motor speed control. 

For an input voltage of 240 volts. the rms input current 
becomes: 

rms current = horsepower x 6.2 

The circuits .in this Note should not be used with 

universal motors that have calculated rms current ex
ceeding the values given in the tahles. The circuits 
will accommodate universal motors with ratings up to 
3/4 horsepower at 120 volts input and up to 1-1/2 horse
power at 240 volts input. 
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RCA SILICON CONTROLLED RECTIFIERS 

CURRENT -A 
CASE TEMP. - "C RCA TYPE NO. VOLTAGE -V JEDEC PACKAGE .... na, 

2N3668 8 12.5 80 100 ~ 2N3669 8 12.5 80 200· - .... ~ 
2N3670 8 12.5 00 400 ~:::::.:~ .. 
2N4103 8 12.5 00 600 

T(]'3 

2N3528 1.3 2.0 25' 200 r.~ 2N3529 1.3 2.0 25' 400 -n 2N4102 1.3 2.0 25' 600 

T(].8 

2N3228 3.2 5.0 75 200 Q 2N3525. 3.2 5.0 75 400 ~~~ --".-
2N4101 3.2 5.0 75 600 

T(].66 

2N681- 2N690 16 25 65 25 - 600 ~ 2NI842A - 2NI850A 10 16 00 25 - 500 

T(].48 

2N3870 22 35 65 100 ~a 2N3871 22 35 65 200 

2N3872 22 35 65 400 IiJ 2N3873 22 35 65 600 

Press Fit 

2N3896 22 35 65 100 ·@PlF 2N3897 22 35 65 200 

2N3898 22 35 65 400 

2N3899 22 35 65 600 
Stili Mounted 

• Ambient temperature . 
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In the design of circuits using thyristors (SCR's and 
trises), it is often necessary to determine the specific 
values of peak, average, and rms current flowing through 
the device. Although these values are readily determined 
for conventional rectifiers, the calculations are more 
difficult for thyristors because the current ratios become 
functions of both the conduction angle and the firing 
angle of the dev ice. 

This Note presents charts that show several current 
ratios as functions of conduction and firing angles for 
some of the basic SCR and triac circuits. Examples are 
given of the use of these charts in the design of half
wave, full-wave ac, full-wave dc, and three-phase half
wave circuits using RCA thyristors. Current and voltage 
waveforms for the various circuits are also included, as 
well as curves of per-cent ripple in load current and 
voltage. 

Current. Ratio Curves 

Figs. 1, 2, and 3 show current-ratio curves for a 
single-phase half-wave SCR circuit with resistive load, 
a single-phase SCR or triac full-wave circuit with resis
tive lo.ad, and a three-phase half-wave SCR circuit with 
resistive load, respectively. These curves relate average 
current Iavgl [rns current Irms ' and peak current Ipk to a 
reference current 10 , This reference current 10 is a con
stant of the circuit equal to the peak source voltage V pk 
divided by the load resistance RL ; it represents the 
maximum value that the current can obtain and corre
sponds to the peak of the sine wave. The peak current 
~k is the current which appears at the thyristor during 

11-73 

its period of forward conduction. For conduction angles 
greater than 90degrees, Ipk is equal to 10 ; for conduction 
angles smaller than 90 aegrees, Ipkis smaller than 10 • 

The curves of Figs. 1, 2, and 3 can be used in a 
number of ways to calculate desired current values. For 
example, they can be used to determine the peak or rms 
current in a thyristor when a specified average current 
is to be delivered to a load during a given part of the 
conduction period. It is also possible to work backwards 
and determine the necessary period of conduction to main
tain a specified peak-to-average current ratio in a par
ticular ·application. Another use is the calculation of 
rms current at various conduction angles when it is nec
essary to determine the power delivered to a load, or 
power losses in transformers, motors, leads, or bus bars. 
Although the curves represent device currents, they are 
equally useful for calculation of load current and voltage 
ratios. 

For use of these curves, it is first necessary to 
identify the unknown or desired parameter. The values 
of the parameters fixed by the circuit specifications are 
then determined, and the appropriate curve is used to 
obtain the unknown quantity as a function of two of the 
fixed parameters. Examples of the use of the curves are 
given to illustrate their versatility. 

Half.Wave SCR Circuit 

In the single·phase half-wave circuit shown in Fig. 4, 
an SCR is used to control power from a sinusoidal ac source 
of 120 volts rms (170 volts peak) into a 2.8-ohm load. This 
application requires· a load current which can be varied from 
2 to 25 amperes. It is necessary to determine the range of 
conduction angles required to obtain this range of load current. 
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180 150 120 90 60 30 
FIRING ANGLE (Bfl-DEGREES 

"'In I. SCR current ratios for single.phase. half.wave 
conduction with resistive load. 

"The reference current 10 is first calculated, as 
follows: 

V 170 
10 = ~ =. -- = 61 amperes 

RL 2.8 

The ratio of rms current Irm • to 10 is then calculated 
for the maximum and minimum load·current requirements, 
as follows: 

(Irm./Io) max = (25/61) = 0.41 

(irm.lio) min = (2/61) = 0.033 

Fig. 2 • SCR or triac current ratios for single.phase •. full. 
wave conduction with resistive ./oad. 
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Fig. 3 • SCR current ratios for three.phase half. wave 
circuit with resistive load. 

The conduction angles corresponding to the ratios can 
then be determined by use of curve 3 in Fig. 1: 

Be max = 1060 

Be min = 15° 

RL =2.8 OHMS 

Fig. 4 • Half.wave SCR circuit. 

Full·Wave AC Triac Circuit" 

Fig. 5 shows a circuit in which a triac is used to control 
the power to a 20.ohm resistive load. It is desired to find 
the range of conduction angles the gate circuit must be 
capable of supplying to provide continuous variation in 
load power between 5 and 97 percent of the full power which 
the load could draw. 
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Fig. 5 - Full-wave triac control cirCUit. 

Full power P is given by 

P = V nns2 = 1202 = 720 watts 
RL 20 

Therefore, the 5- and 97-per-cent power points are as 
follows: 

Ps = 36 watts 

P 97 = 698 watts 

The rms' current corresponding tQ each point is given.by 

IS = J P S/RL = {~6/20 = 1.3 amperes rms 

197 = VP 97/RL = V698/20 = 5.9 amperes rms 

The reference current lois determined as follows: 

V 120 x 1/2 
I = ~ = ----= 8.5 amperes 
o RL 20 

The current ratios for the 5- and 97 -per-cent power levels 
then become 

at 5%, Inns/Io = 1.3/8.5 (amperes) = 0.153 

at 97%, Irm./Io = 5.9/8.5 (amperes) = 0.695 

Because the circuit shown in Fig. 5 is a full-wave cir
cuit, the calculated current ratios are used in curve 3 of 
Fig. 2 to determine the required conduction angles: 

at 5% power, conduction angle = 350 

at 97% power, conduction angle = 1500 

Thus, the load power is continuously variable from 5 to 
97 per cent of full load if the gate circuit is constructed 
so that the conduction angle can be varied between 35 
and 150 degrees. This variation is within the range 
which can be obtained with a simple trigger-diode type 
of gate circuit. 

Full-Wove DC SCR or Triac Circuit 

Fig. 6 shows several different SCR circuits and a 
triac circuit which can be used to' supply a constant dc 
output to a variable load resistance with an ac input· of 
64 volts rms. It is desired to determine the variation in 

conduction angle required to maintain the average load 
current at a constant value of 30 amperes while the load 
resistance varies between 0.12 and 1.80 ohms. 

The reference currents are calculated for maximum 
and minimum values of load resistance, as follows: 

750 amperes 

DEVICE DEVICE 
VOLTAGE\ /CURRENT 

~-'V'Air-4 \_~, .. /_"_l'\ .... _, /t"'~ 
,~., ,_ ..... 

CENTERTAP 

IN250C 

RCA 
2N3870 

~ 1I~,...----t=l4-H 
Ii 
g 
~ 
~ 
g 

BRIDGE 

RCA 
2N3870 

RCA 
IN249C 

/,,- ... ~ 

Fig. 6 - Typical current and voltage wavelorms lor single
phase, lull-wave thyristor circuits with resistive load. 
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v 641/2 I = peak = __ = 50 amperes 
°min RL 1.80 

max 

The ratios of lavg to 10 for an average load current of 30 
amperes are then calculated as follows: 

I 30 
~ =-= 0.04 
lOmax 750 

h = 30 = 0.60 
I 50 
Om in 

The conduction angles corresponding to these two ratios 
can then be obtained from curve 5 in Fig: 2: 

8 280 
c min 

8 1530 
c max 

Three-Phase.Half-Wave SCR Circuit 

DEVICE VOL rAGE 

--4.,....,vv""" ..... -+-I~+-~~:~ :E:t"A~ORWARDI 
REVERSE 

Fig. 7 shows a three-phase, half-wave circuit that uses 
three SCR's. In this application, the firing angle can be 
varied continuously from 30 to 145 degrees. It is desired 
to determine the resulting variation in the attainable load 
power. Current and voltage waveforms for SCR's in three
phase, half-wave circuits are shown in Fi~. 8; 

Again, the reference current 10 is calculated first, 
as follows: 

VLpeak 85 
10 =·-R-- =""3 = 28 amperes 

L 

Current ratios at the extremes of the firing range are 
determined from Fig. 3. For the specified firing angles, 
the current ratios are given by 
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DEVICE 
VOLTAGE 
WAVEFORM 
FOR 8p4S-

Fig. 8 - Typical current and voltage waveforms for three
phase, half-wave SCR circuit with resistive load. 

I 
...!!!!! = 0.06 for Of = 1450 

10 

These ratios, together with the reference current, are 
then used to determine the range of rms current in the 
SCR's, as follows: 

I,ms max = (0.49) (28) = 13.7 amperes 

Irm s min = (0.06) (28) = 1.7 amperes 

In this type of circuit, the rms load current is equal 
to the rms SCR current multiplied by the square root of 
three. The load power P, therefore, is given by 

The range of load power can then be· determined as 
follows: 

P max = 1700 watts 

P min = 27 watts 

In other words, ilie load power can be varied continuously 
from 27 to 1700 .watts. . 
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Per-Cent .Ripple in Load 

The choice of a rectifier circuit for a particular 
application often depends on the amount of rectifier 
"ripple" (undesired fluctuation in the dc output caused 

by an ac component) that can be tolerated in the appli
cation. Fig. 9 shows per-cent ripple in load current 
and voltage for single-phase half-wave, single-phase 
full-wave, and three-phase half-wave thyristor circuits. 
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Fig. 9 - Output ripple in thyristor circuits as a function 
of conduction and firing angles. 
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Application of RCA Silicon Rectifiers 

To Capacitive Loads 
by 

B. J. Roman and J. M. S. Neilson 

When rectifiers are used in capacitive-load circuits. 
the rectifier current waveforms may deviate consider
ably from their true sinusoidal shape. This deviation 
is most evident for the peak-ta-average current ratio. 
which is somewhat higher than that for a resistive load. 
Because of the variation in current waveshapes. cal
culations of ratings for capacitive-load circuits are gen
erally more complicated and time-consuming than those 
for resistive-load rectifier cir.C;!1its. 

This Note describes a simplified rating system 
which allows designers to calculate the characteristics 
of capacitive-load rectifier circuits quickly and ac
cw:ately. The effect of the addition of a series limiting 
resistance to such circuits_ and the importsnce of the 
ratio of the limiting resistance to capacitive reactance 
are described. and curves of rectifier current ratios are 
presented as functions of the effective ratio. Typical 
design examples are given. and output-ripple consider
ations are discussed. Table I defines the symbols used 
in the equations and calculations. 

Design of Capacitor. Input Circuits 
In the design of a rectifier circuit. the output vol

tage and current. the input voltage. and the ripple and 
regnlation requirements are usually specified. The trans
former and the type of rectifier to be used are selected 
by the designer. and the load resistance is determined 
on the basis of the output voltage and current require
ments. The ripple requirements are satisfied by use of 
a capacitor to shunt the load RL• as shown in Fig; 1. 
The waveforms for this circuit indicate that the voltage 
across the capacitor EC coincides with the supply vol
tage E when the rectifier is conducting in the forward 
direction. A high initial diode surge current IS occurs 
because the capacitor acts as a short circuit when 
power is rll"st applied. The diode turns off at the peak 
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Table I - Definition of Symbols 

E sinsusoidal input voltage (E = Eo sin cut) 

Eo peak input voltage 

Eavg average output voltage 

f input frequency (Hz) 

cu angular frequency of input (w = 2 7Tf radians 
per second) 

time countedfrom beginning of cycle 

RS limiting resistance 

RL load resistance 

C load capacitance 

~ absolute peak current through rectifier 

~k actual peak current through rectifier 

Irms root-mean-squafe- cUJ;rent through rectifier 

Iavg average current through rectifier 

n charge factor; 1 for half-wave circuit. l!. for 
doubler circuit. 2 for full-wave circuit 

of the curve (pointO). and remains off until EC is again 
equal to E (point A). The tum on point ton is determin
ed by the time constant RL C. and affects the average. 
peak. and rms currents through the device. 

As stated above. the low forward voltage drop of 
silicon rectifiers may resultin a very high surge of cur
rent when the capacitive load is rll"st energized. Al
though -the generator or source impedance may be high 

"·73 
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Id_ 

~II 

IS 

Fig.l - Circuit showing use of capacitor to shunt 
the loacl, ancl resulting waveforms. 

enough to protect the rectifier, in some cases addition
al resistance must be added to the generator-rectifier
capacitor loop, as shown in Fig.2, to keep the surge 
within device ratings. The waveforms in Fig.2 show 
that the capacitor voltage EC is no longer coincident 
with the steady state supply voltage E during any part 
of the cycle. The sum of the additional limiting resis
tance plus the source resistance is referred to as the 
total limiting resistance RS· The ratio of RS to cap
acitive reactance II '" C is an important consideration 
in capacitor-input rectifier circuits; ideally, RS should 
be much smaller than V '" C. The magnitude of RS re
quired in a particular circuit is calculated as described 
below. 

Calculation of Limiting Resistance 
The value of resistance required to protect the rec

tifier is calculated from the surge rating chart for the 
particular device used. Fig. 3 shows surge rating charts 
for diffused junction stack rectifiers CRt and CR2. 
Each pOint on the curves defines a surge rating by in
dicating the maximum time for which the device can 
safely carry a specific value of rms current. 

With a capacitive load, maximum surge current oc
curs if the circuit is switched on when the input voltage 
is near its peak value. When the time constant RSC of 
the surge loop is much smaller than the period of the 

IS 

Fig.2 - Circuit showing aclclition of limiting resis
tance, anJ resu/tin9 wQveforms. 
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Fig.3 - Surge-rating chart usecl for calculation of 
limiting resistance. 

input voltage, the peak current is equal to the peak in
put voltage Eo divided by the limiting resistance Rs' 
and the resulting surge Is approximates an exponentially 
decaying current with the time constant RsC,as follows: 

IS = (Eo/RS) exp (-VRSC) (1) 
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Surge-current ratings for rectifiers are often given 
in tenns of the nns value of the surge current and the 
time duration t of the surge, as shown in Fig. 3. For 
rating purposes, the surge duration t isdefmed as the 
time constant RsC, The nns surge current is then ap
proximated by the following equations: 

(2) 

and 

(3) 

The'values for Eo and C specified hy the circuit 
design are used in Eq.(3) to obtain an equation which 
relates the nns surge current Inns to surge duration t. 
This equation may then be plotted on the surge rating 
chart. Because RsC is equal to t, any given value of 
Rs defines a specific time t, and hence a specific point 
on the plot of Eq.(3). However, Rs mu~tbe large enough 
to make this point fall below the rating curve. 

The following examples illustrate the procedure 
described for calculating the limiting resistance re
quired in a particular circuit. 

Example No.1: Fig. 4 shows a half-wave rectifier cir
cuit that has a 60-Hz frequency and a peak input voltage 
Eo of 4950 volts. The values of Eo and C are substi
tuted in Eq.(3) to obtain the value of Innst, as follows: 

I.mst = 0.7 (4950) (2.5 x 10 -6) 

Inns t = 0.0086 

This value is then plotted on the surge-rating chart 
of Fig. 3 and is found to intersect the CRI rating 
curve at 2.7 x 10-4 second. The minimum limiting re
sistance which' affords adequate surge protection is then. 
calculated as follows: 

RSC 22.7 x 10-4 

R 2. 2.7 x 10-4-
S 2.5 x 10-6 

108 ohms 

Because the value given for Rs is 150 ohms, the circuit 
has adequate surge-current protection for the rectifiers. 

CRI 

R 
0.2 

MEGOHM 

Fig.4 - Hall-wave rectifier circuit (E = 3500 V rms, 
Eo = 3820 V, f = 60 Hz). 
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Example No.2: The doubler circuit shown in Fig. 5 
has a peak input voltage of 3800 volts and a load cap
acitance of 10 microfarads. These values are substituted 
into Eq. (3) , as follows: 

I.mst = <0.7) (3800) (10- 5) 

I.ms t = 0.0266 

This value is then plotted on Fig.3 and intersects 
the CR2 rating curve at 5.4 x 10-4 second. Therefore, 
the equation for the time constant is given by 

RgC 2. 5.4 x 10-4 

5.4 x 10-4 
R_ > = 54 ohms 
--:; 10-5 

100 
OHMS 

100 
OHMS 

CR2 

CR2 

Fig5 - Voltage-doubler rectifier circuit (E 
Eo = 3820 V, f = 60 Hz). 

Colculation of Rectifier Current 

2700 V rms, 

The design of rectifier circuits using capacitive 
loads often requires the determination of rectifier cur
rent wavefocms in terms of average, rms, and peak cur
rents. These waveforms are needed for calculations of 
circuit parameters, selection of components, and match
ing of circuit parameters with rectifier ratings. Actual 
calculation of rectifier current is a rather lengthy pro
cess. A much more direct process is to use the current
relationship charts shown in Figs. 6 and 7. Thesecurves 
can be readily used to find peak or rms current if the 
average current is known, or vice versa. 

The ratios of peak-to-average current and rms-to
average current are shown in Fig. 6 as functions of the 
circuit constants nc.:CRL and RS/nRL" The quantity 
wCRL is the ratio of resistive-to-capacitive reactance 
in the load, and the quantity RgiRL is the ratio of lim
iting resistance to load resistance. The factor n is re
ferred to as the ·charge factor" and is simply a multi
plier which allows the chart to be used for various 
circuit confignrations. It is equal to unity for half-wave 
circuits, 12 for doubler circuits, and 2 for full-wave cir
cuits. (These values actually represent the relative 
quantity of charge delivered to the capacitor on each 
cycle). 
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nwCRL 
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Fig.6 - Relation of peak, average, anel r'lls rectifier 
currents in capacitor-inp.ut circuits. 

In many silicon rectifier circuits, RS may be com
pletely neglected when compared with the magnitude of 
Rr.,. In such circuits, the calculation of rectifier cur
rent is even more simplified by the UBe of Fig. 7, which 
gives current ratios under the limitation that Rg/RL ap
proaches zero. Even if this condition is not fully sat
isfied, the use of Fig. 7 merely indicates a higher peak 
and higher rms current than will actually flow in the cir
cuit; as a result, the rectifiers will operate more con
servatively than calculated. This simplified solution 
can be used whenever a rough approximation or a quick 
check is needed on whether a rectifier will fit the ap
plication. When more exact information is needed, Fig.6 
should be used. 
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Fig.7 - Forward-current ratios lor rectiliers in cap
acitor-input circuits in which the limiting 

resistance is much less than II wC. 

Average output voltage Eav is another important 
quantity because it can be used 'to find average output 
current. The relations between input and output voltages 
for half-wave, voltitge-doubler, and full-wave circuits 

are given in F.igs. 8,9, and 10, respectively. Output 
ripple is shown in Fig. 11 for all three circuits. Al
though these curves were originally calculated for vac
uum-tube rectifiers, they are equ!llly applicable to sili
con rectifier circuits. 
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Fig.8 - Relation of applieel alternating peak voltage 
to elirect output valtage in half-wave cap

acitor-input circuits. 
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Fig.9 - Relation of applieel alternating peak voltage 
to direct output voltage in capacitor.input 

voltage doubler circuits. 
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Fig. 10 - Relation 01 applied alternating peak voltage 
to direct output voltage in lull-wave cap

acitor-input circuits. 

Fig.11 - RMS ripple voltage 01 capacitor-input circuits. 

The following examples illustrate the use of Figs.8 
through 11 in rectifier-current calculations. Both exact 
and approximate solutions are given for each example. 

Example No.3: For the half-wave circuit of Fig. 4, 
the resistive-to-capacitive reactance is found to he: 

Cd CRL = (211 )(60) (2.5 x lO-6) (200,000) 

Cd CRL = 189 

Exact solution using Fig. 6: The ratio ci Rs to RL 
must first be calculated as follows: 

354 

RS 150 x 100% 
% - = 0.075% 

RL 200,000 

The values given above are then plotted in Fig. 8 to 
determine average output voltage and average output 
current, as follows: 

Eavl Eo 98% 

<0.98) (4950) 4850 volts 

Iavg = Eavl RL 

Iavg = 4850/200,000 = 24.2 milliamperes 

This val ue of Iavg is then substituted in the ratio of 
I.mlIavg obtained from Fig. 6, and the exact value of 
rms current in the rectifier is determined, as follows: 

Irmsl Iavg = 4.4 

I.ms = (4.4) (24.2) = 107 milliamperes 

Simplified solution using Fig. 7: Average output cur
rent is approximately equal to peak input voltage divided 
by load resistance, as given by 

Iavg = E/RL 

Iavg = 4950/200,000 = 24.7 milliamperes 

This value of Iavg is then substituted in the ratio of 
I.mlIavg obtained from Fig. 7 and the approximate rms 
current is determined, as follows: 

Irms/Iavg = 5.7 

Irms = (5.7) (24.7) = 141 milliamperes 

Example No.4: For the doubler circuit of Fig. 5, the 
resistive-to-capacitive reactance is determinedasfollows: 

ruCRL = (211) (60) <10-5) (50,000) 

ruCRL = 189 

n",CRL = 94 

Exact solution: The ratio of Rs to RL is determined as 
follows: 

100 x 100% 

50,000 
=0.2% 

This percentage is then used in conjunction with Fig. 9, 
and Eavg and Iavg are determined as follows: 

Eav/Eo 186% 

Eavg <1.86) (3820) 7100 volts 

Iavg = Eav/RL 

I avg = 7100/50,000 = 142 milliamperes 

The values given above are then plotted in Fig. 6, and 
the rms current is calculated as follows: 

IrmlIavg = 3.7 

Irms = (3.7) (142) = 525 milliamperes 
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Simplified solution: The average output current is given 
by 

Iavg = 2E/RL 

lavg = (2 x 3820)/50.000 = 153 milliamperes 

This value is then plotted in Fig. 7. and the rms cur
is determined as follows: 

~/Iavg = 4.8 

Irms = (4.8) (153) = 734 milliamperes 

As previously noted. the simplified solution in both ex
amples predicted a higher rms current than the actual 
value: about 32 per cent higher in Example No. 3 and 
40 per cent higher in Example No.4. The amount of 
error involved depends on both '" CRL and RsiRL. 

Rating Curves for RMS Current Versus Temperature 

In most technical data for rectifiers. the current
versus-temperature ratings are given in terms of average 
current for a resistive load with 60-Hz sinusoidal input 
voltage. However. when the ratio of peak-to-average 
current hecomes higher (as with capacitive loads). 
junction heating effects become more and more depend
ent on rms current rather than average current. There
fore. the capacitive-load ratings should be obtained 
from a curve of rms current as a function of tempera
ture. The average current-rating curves for a sinusoidal 
source and resistive load may he converted to rms-rat
ing curves simply by multiplying the current axis by 
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1.57 because this value is the ratio of rms-to-average 
current for such service (as shown by Irm/1avg at low 
",CRL in Figs. 6 and 7). An example of this conversion 
is shown in Fig. 12 for the rating curves of seven stack 
rectifiers. 

The following examples ill ustrate the use of the 
rms current ratings. 

Example No.5: For the half-wave circuit of Fig. 4. it 
was found in Example No. 3 that the actual rms current 
in the rectifier is 107 milliamperes. The rms rating curve 
in Fig. 12 shows that the CR7 may carry up to 107 mil
liamperes at ambient temperatures up to ll50 C. 

Example No.6: For the doubler circuit of Fig.5. the ac
tual rms current was determined to be 525 milliamperes. 
The rms rating curve for the CR6 in Fig. 12 shows 
that the circuit may be operated up to 880 C ambient 
temperature. 

Example Na. 7: If the higher values of rms current 
given by the simplified solution are used instead of the 
actual currents. the rms rating curves of Fig. 12 also 
give more conservative ratings because they predict a 
lower value for the maximum permissible ambient temp
erature. For example. for the half-wave circuit the ex
act rms current was found to be 107 milliamperes. and 
the approximate value was 141 milliamperes. These 
current values correspond to a maximum 3D\bient temp
erature rating of ll50 C by the exact solution and llODe 
by the approximate solution. 
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Fig. 12 - Current as a function of temperature for 
silicon rectifier stacks. 
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TRIAC POWER-CONTROL APPLICATIONS 
by 

J. V. YONUSHKA 

In the control of ac power by means of semiconductor 
devices, emphasis has been placed upon limiting the com
plexity of the circuits involved, the cost of the system, and 
the over-all package size. With the development of the 
bidirectional triode thyristor, commonly known as the 
triac, all of these goals can be achieved. A triac can per
form the functions of two SCR's for full-wave operation 
and can easily be triggered in either direction to simplify 
gate circuits. Because they are rated for 120-volt aod 240-
volt line operation, triacs are ·readily adaptable for the 
control of power to any equipment-being operated directly 
from ac power lines. When used for ac power control, 
triacs add new functions to many designs, improve per
formance, and provide maximum efficiency and high relia
bility. This Note describes triac operating characteristics 
and provides guidance in the use of triacs for specific 
applications. 

Principal Voltage-Current Characteristic Diagram 

Fig. I shows the principal voltage-current characteristic 
of a triac. This curve -shows the current through the triac 
as a function of the voltage applied between main terminals 
Nos. I and 2. In quadrant I, the voltage on main terminal 
No.2 is positive with respect to main terminal No. I; in 
quadrant III, the voltage on main terminal No. 2 is nega
tive with respect to main terminal No. 1. When a positive 
voltage is applied to main termina" No.2, as shown by the 
curve in quadrant I, a point is reached, called the break
over voltage V BO' at which the device switches from a 
high'impedance state to a low-impedance state. The cur
'rent can then be increased through the triac with only a 
small increase in voltage across the device. The triac re
mains in the ON state until the current through the main 
terminals drops below a value, called the holding current, 
which cannot maintain the breakover condition. The triac 
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then reverts again to the high-impedaoce or OFF state. 
If the voltage across. the main terminals of the triac is 
reversed, the same switching action occurs as shown by 
the curve in quadraot III. Thus, the triac is capable of 
switching from the OFF state to the ON state for either 
polarity of voltage applied to the main terminals. 

QUADRANT III 
MAIN TERMINAL 2 
NEGATIVE 

+1 

ON STATE"""" I 
-I 

QUADRAN I .... 
MAIN TERMINAL 2 
POSITIVE 

__ ON STATE 

Fig. 1 - Triac principal vo!h,ge-current characteristic, 

Gate Cheracteristics 

When a trigger current is applied .to the gate terminal 
of a triac, the breakover voltage is reduced. After the triac 
is triggered, the current flow through the main terminals is 
independent of the gate signal and the triac remains in the 
ON state until the principal current is reduced below the 
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holding-current level. The triac has the unique capability of 
being triggered by either a positive or a negative gate signal 
regardless of the voltage polarity across the main terminals 
of the device. Fig. 2 illustrates the triggering mechanism 
and current flow within a triac. The gate trigger polarity is 
always referenced to main terminal No. 1. The potential 
difference between the two terminals is such that gate 
current flows in the direction indicated by the dotted 
arrow. The polarity symbol at main terminal No.2 is also 
referenced to main terminal No. t. The semiconductor 
materials between the various junctions within the pellet 
are labeled p and n to indicate the type of majority
carrier concentrations within the material. 

MT I MTI 

I 1+) J(-i 

ml+) mH 

Fig. 2 - Current flow in a triac. 

For the various operating modes, the polarity of the 
voltage on main terminal No. 2 with respect to main ter
minal No. 1 is given by the quadrant in which the triac 
operates, (either I or III) and the polarity of the gate signal 
used to trigger the device is given by the proper symbol 
next to the operating quadrant. For the I (+) operating 
mode, therefore. main terminal No.2 and the gate are both 
positive with respect to main terminal No.1. Initial gate 
current flows into the gate terminal, through the p-type 
layer, across the junction into the n-type layer. and out 
main terminal No.1, as shown by the dotted arrow. As 
gate current flows, current multiplication occurs and the 
regenerative action within the pellet switches the triac to its 
ON state. Because of the polarities indicated between the 
main terminals, the principal current flows through the 
pnpn structure as shown by the solid arrow. Similarly, for 
the other three operating modes, the initial gate current 
flow is shown by the dotted arrow, and principal current 
flow through the main terminals is shown by the solid 
arrow. 

Because the principal current influences the gate trigger 
current, the magnitude of the current required to trigger 
the triac differs for each mode. The operating modes in 
which the principal current is in the same direction as the 
gate current require less gate trigger current, while modes 
in which the principal current is in opposition to the gate 
current require more gate trigger current. 

Like many other semiconductor parameters, the magni
tude of the gate trigger current and voltage varies with the 
junction temperature. As the thermal excitation of carriers 
within the semiconductor increases, the increase in leakage 
current makes it easier for the device to be triggered by a 
gate signal. Therefore, the gate becomes more sensitive in all 
operating modes as the junction temperature increases. 
Conversely, if the triac is to be operated at low tempera
tures, sufficient gate trigger current must be provided to 
assure triggering of all devices at the lowest operating 
temperature expected in any particular appJication. Varia
tions of gate trigger requirements are given in the data 
sheets for individual triacs. 

Light Control 

Because the light output of an incandescent lamp de
.,ends upon the voltage impressed upon the lamp filament, 
changes in the lamp voltage vary the brightness of the 
lamp. When ac source voltages are used, a triac can be 
used in series with an incandescent lamp to vary the volt
age to the lamp by changing its conduction angle; Le., 
the portion of each half cycle of ac line voltage in which 
the triac conducts to provide voltage to the lamp filament. 
The triac, therefore, is very attractive as a switching ele
ment in light-dimming applications_ 

To switch incandescent-lamp loads reliably, a triac must 
be able to withstand the inrush current of the lamp load. 
The inrush current is a result of the differeilce between 
the cold and hot resistance of the tungsten filament. The 
cold resistance of the tungsten filament is much lower than 
the hot resistance. The resulting inrush current is approxi
mately 12 times the normal operating current of the lamp. 

The Simplest circuit that can be used for light-dimming 
applications is shown in Fig. 3 and uses a trigger diode 
in series with the gate of a triac to minimize the variations 
in gate trigger characteristics. Changes in the resistance in 
series with the capacitor change the conduction angle of 
the triac. 

The capacitor in the circuit of Fig. 3 is charged 
through the control potentiometer and the series resistance. 
The series resistance is used to protect the potentiometer 
potentiometer is at its minimum reSIStance setting. This 
resistQr may be eliminated if the potentiometer can with
stand the peak charging current until the triac turns 
on. The trigger diode conducts when the voltage on the 
capacitor reaches the diode breakover voltage. The capaci
tor then discharges through the trigger diode to produce a 
current pusle of sufficient amplitude and width to trigger 
the triac. Because the triac can be triggered with either 
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J20VAC,60Hz 

200kll, Y,W 
3.3kU, Y,W 
O.lpF,200v 
O.lpF,l00V 
T2800B 

D3202U 

R2 
YI TRIAC 

240VAC,6OHz 

2S0kO,lW 
4.7kll, Y,W 
O.lpF,400V 
O.lpF,l00V 
T2800D 

D3202U 

Fig. 3 - Single-time-constant light-dimmer circuit. 

polarity of gate signal, the same operation occurs on the 
opposite half-cycle of the applied voltage. The triac, there
fore, is triggered and conducts on each half -cycle of the 
input supply voltage. 

The interaction of the RC network and the trigger diode 
results in a hysteresis effect when the triac is initially trig
gered at small conduction angles. The hysteresis effect is 
characterized by a difference in the control potentiometer 
setting when the triac is first triggered and when the circuit 
turns off. Fig. 4 shows the interaction between the RC 
network and the trigger diode to produce the hysteresis 
effect.· The capacitor voltage and the ac line voltage are 
shown as solid lines. As the resistance in the circuit is 
decreased from its maximum value, the capacitor voltage 
reaches a value which fires the trigger diode. This point is 
designated A on the capacitor-voltage wave-shape. When 
the trigger diode fires, the capacitor discharge .. and triggers 
the triac at an initial conduction angle B\. During the form
ing of the gate trigger pulse, the capacitor voltage drops 
suddenly. The charge on the capacitor is smaller than when 
the trigger diode did not conduct. As a result of the differ
ent voltage conditions on the capacitor, the breakover 
voltage of the trigger diode is reached earlier in the next 
half-cycle. This point is labeled point B on· the capacitor
voltage waveform. The conduction angle B2 corresponding to 
point B is greater than B1• All succeeding conduction angles 

Fig. 4 - Waveforms showing interaction of control 
network and trigger diode. 
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are equal to B. in magnitude. When the circuit resistance is 
increased by a change in the potentiometer setting the triac 
is still triggered, but at a smaller conduction angle. Eventu
ally, the resistance in series with the capacitance becomes 
so great that the voltage on the capacitor does not reach 
the breakover voltage of the trigger diode. The circuit then 
turns off and does not tum on until the circuit resistance 
is again reduced to allow the trigger diode to be fired. 
The hysteresis effect makes the voltage load appear much 
greater than would normally be expected when the circuit 
is initially turned on. 

The hysteresis effect can be reduced by use of a resistor 
in series with the trigger diode and gate, as shown in Fig. S. 
The series resistor slows down the discharge of the capaci
tor through the trigger diode. Consequently, the capacitor 
does not lose as much charge while triggering the triac, and 
produces a smaller hysteresis effect. As a result of the 
slower capacitor discharge through the trigger diode, how
ever, the peak magnitude of the gate trigger current pulse 
is reduced. The size of the trigger capacitor may have to 
be increased to compensate for the reduction of the gate 
trigger current pulse. 

120 VAC 
OR 

f"\., 24QVAC 
60Hz 

R\ 
R, 
C 

V, 
V2 

IOO,...H 

R\ 

J20VAC,<50Hz 

3;3kn. Y,W 
200kll, Y,W 
O.lpF.200V 

T2800B 
D3202U 

VI TRIAC 

240VAC,<50Hz 

Ukll,Y,W 
250kll, JW 
O.l/lF,400V 
T2800D 
D3202U 

Fig. 5 - Sin/le-time-constant light-dimmer circuit with 
series gate resistor. 

The double-time-constant circuit in Fig. 6 improves Ot 

the performance of the single-time-constant control cir
cuit. This circuit uses an additional RC network· to extend 
the phase angle so that the triac can be triggered at small 
conduction angles. The additional RC network also mini
mizes the hysteresis effect. Fig. 7 shows the voltage wave
forms for the ac supply and the trigger capacitor of the 
circuit of Fig. 6. Because of the voltage drop across Ra, 
the input capacitor C, charges to a higher voltage than 
the trigger capacitor C.. When the voltage on C3 reaches 
the breakover voltage of the trigger diode, the diode con~ 
ducts and causes the capacitor to discharge and produce 
the gate current pulse to trigger the triac. After the trigger 
diode turns off, the charge on C. is partially restored by 
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IOO~H 

J 20VAC, 60Hz 

2.2kll. V.W 
l00kll. 'hW 
O.1~F •. 200V 
T2800B 
D3202U 

240VAC, 60Hz 

3.3kll. 'hW 
200kll.1W 
O.l~F.'OOV 
T2800n 
U3202U 

Fig. 6 - Double-time-constant light-dimmer circuit. 

LINE VOLTAGE 

Fig. 7 - Voltage waveforms of double-time-constant 
control circuit. 

the charge from the input capacitor C,. The partial restora
tion of charge on Ca results in better circuit performance 
with a minimum of hysteresis. 

Light-Activated Control 

For applications requiring a light-activated circuit, such 
as outdoor lights or indoor night lights, the circuit shown in 
Fig. 8 can be employed. Although this circuit functions 
in the same manner as the light-dimming circuit, the 
photocell controls its operation. When the light impinges 
on the surface of the photocell, the resistance of the photo
cell becomes low and prevents the voltage on the trigger 
capacitor from increasing to the breakover voltage of the 
trigger diode. The circuit is then inoperative. When the 
light source is removed, the photocell becomes a high 
resistance. The voltage on the trigger capacitor then in
creases to the breakover voltage of the trigger diode and 
causes the diode to fire. The trigger pulse formed by the 
capacitor discharge through the trigger diode makes the 
triac conduct and operates the circuit. The triac continues 
to be triggered on each half-cycle and supplies power to 
the load as long as the resistance of the photocell is high. 
When light again impinges on the surface of the photocell 

DIAC 

J 20VAC, 60Hz 240VAC,60Hz 

15kll.2W 30kll.3W 

y T2BOOB T2S00D 

Fig. 8 - Light C()ntro/led Turn-Off Circuit. 

and reduces its resistance, the voltage on the capacitor can 
no longer reach the breakover voltage of the trigger diode, 
and the circuit turns off. 

For applications requiring operation when light im
pinges on the surface of the photocell, the circuit of Fig. 9 
is recommended. In this circuit, low resistance of the 
photocell allows the triac to be triggered on. When light is 
removed from the photocell the increased resistance of the 
photocell prevents the triac from being triggered and 
renders the circuit inoperative. 

J20VAC,6OHz 240VAC,60Hz 

T2BOOB T2BOOD 

Fig. 9 - Li!/1t Controlled Turn-On Circuit. 

Radio Frequency Interferenc. 

The fast switching action of triacs when they turn on 
into resistive loads causes the current to rise to the instan
taneous value determined by the load in a very short period 
of time. This fast switching action produces a current step 
which is largely composed of higher-harmonic frequencies 
that have an amplitude varying inversely as the frequency. 
In phase-control applications, such as light dimming, this 
current step is produced on each half-cycle of the input 
voltage. Because the switching occurs many times a second, 
a noise pulse is generated into frequency-sensitive devices 

359 



AN~697----------------------------------------------------------

such as AM radios and causes annoying interference. The 
amplitude of the higher frequencies in the current step is 
of such low levels that they do not interfere with television 
or FM radio. 

There are two basic types of radio-frequency interference 
(RFI) associated with the switching action of triacs. One 
form, radiated RFI, consists of the high-frequency energy 
radiated through the air from the equipment. In most cases, 
this radiated RFI is insignificant unless the radio is located 
very close to the source of the radiation. 

Of more significance is conducted RFI which is carried 
through the power lines and affects equipment attached 
to the same power lines. Because the composition of the 
current waveshape consists of higher frequencies, a simple 
choke placed in series with the load slows down the cur
rent rise time and reduces the amplitude of the higher 
harmonics. To be effective, however, such a choke must be 
quite large. A more effective fiiter, and one that has been 
found adequate for most light-dimming applications is 
shown in Fig. 10. The LC filter provides adequate atten
uation of the high-frequency harmonics and reduces the 
noise interference to a low level. 

120 VAC 
OR 

240 VAC rv 
60 Hz 

120 VAC 
OR 

240 VAC 
60 Hz 

Fig. 10 - RFI-suppression networks: at 120 VAC, C = 0.1 pF, 
200 V; at 240 VAC, C = 0.1 pF,400 V. 

Motor Control 

Triacs can be used very effectively to apply power to 
motors and perform such functions as speed control, revers
ing. full power switching. or any other desired operating 
condition that can be obtained by a switching action. Be
cause most motors are line-operated, the triac can be 
used as a direct replacement for electro-mechanical switches. 
In proper control circuits, triacs can change the operating 
characteristics of motors to obtain many different speed 
and torque curves. 

A very simple triac static switch for control of ac motors 
is shown in Fig. II·. The low-current switch controlling 
the gate trigger current can be any type of transducer, 
such as a pressure switch, a thermal switch, a photocell. 
or a magnetic reed relay. This simple type of circuit allows 
the motor to be switched directly from the transducer 
switch without any intermediate power switch or relay. 

For de control, the circuit of Fig. 12 can be used. By 
use of the dc triggering modes, the triac can be directly 
triggered from transistor circuits by either a pulse or con
tinuous signal. 
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y 

,----1 LOAD f------, 

[20VAC 
OR 

240VAC 
60Hz 

'20VAC, 60Hz 

llr.n.%W 

T2700B 

2.40VAC, 60Hz 

2kll, 'hW 
T2700D 

Fig. 11 - Simple Triac Static Switch. 

+2SV 

INPUT 
CONTROL 

Fig. 12 - AC Triac Switch Control From DC Input: 
at 120 VAC, Y= T2700B;at240 VAC, Y= 
T2700D. 

Induction Motor Controls 

Fig. 13 shows a single-time-constant circuit which can 
be used as a satisfactory proportional speed control for 
some applications and with certain types of induction 
motors, such as shaded pole or permanent split-capacitor 
motors, when the load is fixed. This type of circuit is best 
suited to applications which require speed control in the 
medium to full-power range. It is specifically useful in ap
plications such as fans or blower-motor controls, where 
a small change in motor speed produces a large change in 

[20VAC 
OR 

240 V AC 
'\., 60 Hz 

c 
y 

M}-~---------'-----, 

75K 
2W 

O.Ip.F 
100 V 

'20VAC, 60Hz 

O.22p.F. 200V 

T2700B 

100 
1/2W 

240VAC, 60Hz 

O.22~F, 400V 

T2700D 

Fig. t.'? - Induction motor control. 
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air velocity. Caution must be exercised if this type of cir
cuit is used with induction motors because the motor may 
stall suddenly if the speed of the motor is reduced below 
the drop-out speed for the specific operating condition 
determined by the conduction angle of the triac. Because 
the single-time-constant circuit cannot provide speed con
trol of an induction motor load from maximum power to 
full off, but only down to some fraction of the full-power 
speed, the effects of hysteresis described previously are 
not present. Speed ratios as high as 3:1 can be obtained 
from the single-time-constant circuit used with certain 
types of induction motors. 

Because motors are baslcally inductive loads and be
cause the triac turns off when the current reduces to zero, 
the phase difference between the applied voltage and the 
device current causes the triac to turn off when the source 
voltage is at a value other than zero. When the triac turns 
off. the instantaneous value of input voltage is applied 
directly to the main terminals of the triac. This commutat~ 
iog voltage may have a rate of rise which can retrigger the 
triac. The commutating dv I dt can be limited to the capa
bility of the triac by use of an RC network across the 
device, as shown in Fig. 13. The cmirent and voltage 
waveshapes for the circuit are shown in Fig. 14 to iIIus~ 

trate the principle of commutating dv I dt. 

Fig. 14 - Waveshapes of commutating dvldt 
characteristics. 

Reversing Motor Control 

In many industrial applications, it is necessary to reverse 
the direction of a motor, either manually or by means of 
an auxiliary circuit. Fig. 15 shows a circuit which uses 
two triacs to provide this type of reversing motor control. 
The reversing switch can be either a manual switch or an 

electronic switch used with some type of sensor to re~ 

verse the direction of the motor. A resistance is added in 
&eries with the capacitor to limit capacitor discharge cur~ 
rent to a safe value whenever both triacs are conducting 
simultaneously. Simultaneous conduction can easily occur 
because the triggered triac remains in conduction after 
the gate is disconnected until the current reduces to zero. 
In the meantime, the nonconducting4 triac gate circuit can 
be energized so that both triacs are ON and large loop 
currents are set up in the triacs by the discharge of the 
capacitor. 

120VAC 
OR 

240VAC 
"'-' 60 Hz 

Y, 
Y, 

DIRECTION. 
CONTROL 

I 
- - -1 REVERSING 

,--..... ---, I MOTOR 

I 
I 
I 
I 
L 

LIMITING 
RESISTANCE 

2n 

120VAC, 60Hz 

T2800B 
T2800B 

I 
I 
I 
I 

.J 
v, 

240VAC,6OHz 

T2800D 
T2800D 

.Fig. 15 - Reversing motor control. 

Electronic Garage-Door System 

The triac motor-reversing circuit can be extended to 
electronic garage-door systems which use the principle of 
motor reversing for garage-door direction control. The 
system contains a transmitter, a receiver, and an operator 
to provide remote control for door opening and closing. 
The block diagram in Fig. 16 shows the functions required 
for a complete solid-state system. When the garage door 
is closed, the gate drive to the DOWN triac is disabled by 
the lower-limit closure and the gate drive to the UP triac 
is inactive because of the state of the flip-flop. If the 
transmitter is momentarily keyed, the receiver activates 
the time-delay monostable multivibrator so that it then 
changes the flip-flop state and provides continuous gate 
drive to the UP triac. The door then continues to travel 
in the UP direction until the upper4 limit switch closure 
disables gate drive to the UP triac. A second keying of the 
transmitter provides the DOWN triac with gate drive and 
causes the door to travel in the DOWN direction until the 
gate drive is disabled by the lower limit closure. The time 
in which the monostable multivibrator is active should 
override normal transmitter keying for the purpose of elim
inating erroneous tiring. A feature of this system is that, 
during travel, transmitter keying provides motor reversing 
independent of the upper- or lower-limit closures. Addi
tional features, such as obstacle obstructions. manual con
trol, or time delay for overhead garage lights can be 
achieved very economically. 
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V, 

v, 

'20VAC, 60Hz 

T2800B 
T2S00B 

120VAC 
OR 

240VAC 
60Hz 

240VAC, 60Hz 

T2800D 
T2S00D 

Fig. 16 - Block diagram for remote-control solid·stat/1 
garage-door systems. 

Universal Motor Speed Controls 

In applications iq which the hysteresis effect can be 
tolerated or which require speed control primarily in the 
medium to full-power range, a siftgle-time-constant circuit 
such as that shown in Fig. 13 for induction motors can 
also be used for universal motors. However, it is usually 
desirable to extend the range of speed control from full
power ON to very low conduction angles. The double-time
constant circuit shown in Fig. 17 provides the delay neces
sary to trigger the triac at very low conduction angles with 
a minimum of hysteresis, and also provides practically full 
power to the load at the minimum-resistance position of 
the control potentiometer. When this type of control cir· 
euit is used, an infinite range of motor speeds can be ob
tained from very low to full-power speeds. 

J20VAC,60Hz 240VAC, 60Hz 

lOOk!!, 'hW 200k!!,IW 

C, 0.lpF,200V 0.lpF,400V 

C, 0.22pF,200V 0.22pF,400V 

V T2700B T2700D 

Fig. 17 - Universal Motor Speed Control. 
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Heat Control 

There are three general categories of solid-state control 
circuits for electric heating elements: on-off control, 
phase control, and porportional control using integral
cycle synchronous switching. Phase-control circuits, such 
as those used for light dimming are very effective and 
efficient for electric heat control except for the problem 
of RFI. In higher-power applications, the RFI is of such 
magnitude that suppression circuits to minimize the inter .. 
ference become quite bulky and expensive. 

An on-off circuit for the control of resistance-heating 
elements is shown in Fig. 18. The circuit also provides 
synchronous switching close to the beginning of the zero. 
voltage crossing of the input voltage to minimize RFI. The 
thermistor controls the operation of the two-transistor re
generative switch, which, in turn, controls the operation 
of the triac. When the temperature being controlled is low, 
the resistance of the thermistor is high and the regenerative 
switch is OFF. The triac is then triggered directly from the 
line on positive half·cycles of the input voltage. When the 
triac triggers and applies voltage to the load, the capacitor 
is charged to the peak value of the input voltage. The 
capacitor discharges through the triac gate to trigger the 
triac on the opposite half-cycle. The diode-resistor-capacitor 
'4slaving" network triggers the triac on negative half-cycles 
of the ac input voltage after it is triggered on the positive 
half·cycle to provide integral cycles of ac power to the 
load. 

When the temperature being controlled reaches the 
desired value as determined by the thermistor, the transis
tor regenerative switch conducts at the beginning of tbe 
positive input-voltage cycle to shunt the trigger current 
away from the triac gate. The triac does not conduct as 
long as the resistance of the thermistor is low enough to 
make the transistor regenerative switch turn on before the 
triac can be triggered. 

120VAC 
OR 

240VAC 
60Hz 

c 

'20VAC, 60H% 

2.2k!!,5W 
O.S"F,200V 

T4700B 

THERMISTOR 
30000. AT 
OPERATING 

TEMP. 

240VAC, 60Hz 

3.9kn,5W 
0.5pF,400V 

T4700D 

Fig. 18 - Synchronous switching on-off heat controller. 
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Proportional Integral-Cycle Control 

On-off controls have only two levels of power input to 
the load. The heating coils are either energized to full 
power or are at zero power. Because of thermal time con
stants, on-off controls produce a cyclic action which alter
nates between thermal overshoots and undershoots with 
poor resolution. 

This disadvantage is overcome and RFI is minimized by 
use of the concept of integral-cycle proportional control 
with synchronous switching. In this system, a time base is 
selected and the on-time of the triac is varied within the 
time base. The ratio of the on-la-off time of the triac 
within this time interval depends upon the power required 
to the heating elements to maintain the desired temperature. 
Fig. 19 shows the on-off ratio of the triac. Within the 
time period, the on-time varies by an integral number of 
cycles from full ON to a single cycle of input voltage. 

I----- TIME BASE -J 

Fig. 19 - Triac duty cycle. 

One method of achieving integral cycle proportional con
trol is to use a fixed-frequency sawtooth generator signal 
which is summed with a dc control signal. The sawtooth 
generator establishes the period or time base of the system. 
The dc control signal is obtained from the output of the 
temperature-sensing network. The principle is illustrated in 

RAMP 
GENERATOR 

TEMPERATURE 
SENSOR AND 

SYNCHRONIZER 

PULSE 
GENERATOR 

Fig. 21 - Proportional integral-cycle heat controller. 

Fig. 20. As the sawtooth voltage increases, a level is 
reached which turns on power to the heating elements. As 

. the temperature at the sensor. changes, the dc level shifts 
accordingly and changes the length of time that the power 
is applied to the heating elements within the established 
time. 

When the demand for heat is high, the dc control sig
nal is high and little power is suppiied continuously to the 
heating elements. When the demand for heat is completely 
satisfied, the dc control signal is low and no power is 
supplied to the heating elements. Usually a system using 
this principle operates continuously somewhere between 
full ON and full OFF to satisfy the demand for heat. 

TIME-BASE RAMP 

LOW HEAT HIGH HEAT 

Fig. 20 - Proportional-controller waveshapes. 

A proportional integral-cycle heat control system is 
shown in Fig. 21. The ramp voltage is generated by 
charging of capacitor C through resistor R for approximately 
2 seconds for the values shown. The length of the ramp 
is determined by the voltage magnitude required to trig
ger the regenerative switch consisting of Q 1 and Q2' The 
temperature sensor consisting of Q:; and Q .. , together with 
the controlling thermistor Th, establishes a voltage level 
at the base of Q" which depends upon the resistance value 
of the thermistor. Q;{ and Q-I form a bistable multivibrator. 
The state of the multivibrator depends upon the base 
bias of Q". When Q" is conducting, Q. is cut off. The 
pulse generator is energized and generates pulses· to· trigger 
the triac. The output of the pulse goneratoris synchro
nized to the. line voltage or. the negative half-cycle by 
D. and R" and on the positive half-cycle by D, and Ra. 
The pulses are, therefore, generated at the zero-voltage 
crossings and trigger the triacs into conduction at only 
these points. 

'20VAC. 60Hz 240VAC. 60Hz 

R, 60kll.Y,W 120kll. y,w 
R, 3.3kll.2W 5.6kll,2W ., 33kll,Y,W 57k!l,Y,W 

2N5441 or 2N5444 2N5442 or 2N5445 

363 



ffi1(13Ll1J 
Solid State 
Division 

Thyristors 
Application .. Note 

AN-3778 

Light Dimmers Using Triacs 
by J. M. Neilson 

Introduction 

A" simple, inexpensive light-dimmer circuit contains 
a diac, triac and RC charge-control network. The diac 
is a two-terminal ac switch which is changed from (he 
non-conducting state to the conducting state by an ap-

. propriate voltage of either polarity. The triac is a 
three-terminal ac switch which is changed from the non
conducting state to the conducting state when ~ posi
tive or negative voltage is applied to the gate terminal. 
This Note describes the use of the diac to trigger the 
triac" in light-dimming circuits. The basic light-control 
circuit is introduced and its operation described. In 
addition, the various components added to improve cir
cuit performance are discussed. Three "gomplete cir
cuits are shown, with tables showing the component 
values to be used for 120-volt, 60-Hz operation and 
240-volt, 50/60 Hz operation. Mechanical details in
volved in building the circuits are also discussed and a 
trouble-shooting chart is included. 

Circuit Description 

The triac or bidirectional triode thyristor is a three
terminal solid-state switch. The two power electrodes 
or main terminals are referred to as T 1 and T 2' and the 
control .. electr<ide is referred to as the gate. Fig. 1 
shows the voltage-current characteristic observed" be
tween the power electrodes. For either polarity of ap
plied voltage, the device is bistable: the triac exhibits 
either a high impedance (off state) or a low impedanee 
(on state). The device normally assumes the off state 
when bias is applied, but can be triggered into the on 
state by a pulse of .current, of either -polarity, applied 
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F ig.1 - Voltage-current characteristic of a triac. 

between gate and T 1. The device then remains in the 
on state until current is reduced close to zero by the 
external circuitry ~ 

The diac or symmetrical trigger diode is a two-ter
minal bidirectional switch with a voltage-current char
acteristic as shown in Fig. 2. The device exhibits a 
high-impedance, low-leakage-current characteristic un
til the applied voltage reaches the breakover voltage 
VBO' of the order of 35 volts. Above this voltage the 
device exhibits a negative resistance, so that voltage 
decreases as current increases. In light-dimmer cir ... 
cuits a diac is used in· conjunction with a capacitor to 
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generate current pulses which trigger the triac into con
duction. The voltage on the diac and capacitor 'in
creases until it reaches V BO' at which point the disc 
voltage breaks back and a pulse of current flows as the 
capacitor discharges. 

v-- V(BOI'" 35 VOLTS 

Fig.2 - Voltage-current characteristic of a Jiac. 

Fig. 3 shows the basic triac-diac light control cir
cuit with the triac connected in a series with the load. 
During the beginning of each half cycle the triac is in 
the off-state. As a result, the entire line voltage ap
pears across the triac, and none appears ·across the 
load. Because the triac is in parallel with the poten
tiometer and capacitor, the voltage across the triac 
drives current through the potentiometer and charges the 
capacitor. When the capacitor voltage reaches the 
breakover voltage VBO of the diac, the capacitor dis
charges through the triac gate, turning on the triac. At 
this point, the line voltage is transferred from the triac 
to the load for the remainder of that half cycle. This 
sequence of events is repeated for every half cycle of 
either polarity. . If the potentiometer resistance is re
duced, the capacitor charges more rapidly and VBO is 
reached earlier in the cycle, increasing the power ap
plied to the load and hence the intensity of light. If the 
potentiometer resistance is increased, triggering occurs 
later, load power is reduced, and the light intensity is 
decreased. 

Although the basic light-control circuit operates 
with the component arrangement shown in Fig. 3, addi
tional components and sections are usually added to re
duce hysteresis effects, extend the effective range of 
the light-control potentiometer, and suppress radio-fre
quency interference. 

Hysteresis 

As applied to light controls, the term hysteresis re
fers to a difference in the control potentiometer setting 
at which the light initially turns-on and the setting at 
which it is extinguished. With high hysteresis, the con
trol may have to be turned across 35 per cent of its 
range before the light turns on at all, after which the 

Fig.3 - Basic triac·Jiac light-control circuit. 

control must be turned back to a much lower setting be
fore the light goes completely out. 

Besides p~or control, hysteresis is undesirable be
cause at low illumination levels, the light may be ex
tinguished by a momentary drop in line voltage. At low 
illumination levels, the potentiometer is normally turned 
back beyond the setting .at which it initially turned on. 
When triggering is missed on one half cycle as a result 
of a momentary drop in line voltage such as that caused 
by starting a heavy appliance, oil burner, etc., the light 
may go out and stay out until the control is again turned 
up to the starting point. 

Hysteresis is caused by an abrupt decrease in ca
pacitor voltage when triggering begins. Fig. 4 shows 
the charging cycle of the capacitor-diac circuit. The 
large ac sine wave represents the line voltage; the 
smaller ae sine wave represents the normal charging 
cycle of the c~pacitor. Gate triggering occurs at the 
first point of intersection of the two waves. At this 
point, however, there is an abrupt decrease in the ca .. 
pacitor voltage (dashed line). As a result, the capaci
tor begins to charge during the next half cycle at a low
er voltage and reaches the trigger voltage in the oppo
site direction earlier in the cycle (2nd (Actual) Gate 
Trigger Point). Hysteresis is reduced by maintaining 
some voltage on the capacitor during gate triggering. 

F ig.4 • Charging cycle of the capacitor-Jia" network 
in the circuit of Fig.3. 

Some improvement is realized when a resistor is 
connected in series with the diac, as shown in Fig. 5. 
Although this positive resistance reduces the net a
mount of negati1)'e resistance so the capacitor voltage 
does not drop as much, it also decreases the magnitude 
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Fig_5 - Light-control circuit incorporating a resistor in 
series with the Jiac_ . 

of the gate current pulse,andtherefore, a larger-valueca
pacitor may be required. More significant improvement 
is obtained when a second capacitor is added as shown 
in Fig. 6, forming a "double-time-constant" circuit. 

Fig.6 - "Double-time-constant" light-control circuit. 

The added capacitor C2 reduces hysteresis by charging 
to a higher voltage than C1, and maintaining some volt
age on C1 after triggering.' The effect is illustrated in 
Fig. 7. As gate triggering occurs C1 discharges to form 
the gate current pulse. However, because of the longer 
C2 R time constant, C2 restores some of the charge re
moved from C 1 by the gate current pulse. 

Fig.7 - Charging cycle 01 the Jiac network in the circuit 
01 Fig.6. 

Fig. 8 shows .. another double-time constant circuit 
in which a fixed resistor is added and the potentiometer 
is moved over to connect directly to the diac. Although 
the maximum attainable conduction' angle is increased, 
the difference in power is less than one per cent. 

Range Control 

Maximum mnge of light control is obtained when the 
lamp begins to light as soon as the potentiometer is 
turned slightly from the zero-intensity end of the range. 
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Fig.8 - Double-time-constant circuit in which the poten
tiometer is connecteJ Jirectly to the Jiac. 

After the control circuit is assembled, the point of ini
tial turn-on may be located at 40 per cent across the 
control range, leaving only 60 per cent effective to con
trol the light intensity. This difference occurs because 
the point of initial tUrn-on is determined by the inter
a'ction of three components (potentiometer, capacitor, 
and .diac) each of which may have values with a toler
ance of plus or minus 20 per cent. A trimmer resistor 
connected across the potentiometer, as shown in Fig. 9, 
can be used to compensate for component variations and 
move the initial turn-on point back to the end of the 
control range. The trimmer can be a variable resistor 
which is set to the required value after tbe circuit is 
assembled, or a fixed resistor of the required value as 
determined by individually testing the assemblies with 
a resistor substitution box in place of the trimmer. 

The double-time-constant circuit with trimmer re
sistor provides consistently good hysteresis correction 
as well as good range control. The use of a high-re
sistance potentiometer, possibly about twice the re
sistance of the trimmer, spreads out the low-intensity 
range for finer control. 

Fig.9 - Light-control circuits incorporating a trimmer 
resistor across the potentiometer. 
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RFI Suppression 

Because the triac switches from the high·impedance 
state to the low· impedance state within 1 or 2 micro· 
seconds, the current must rise from essentially zero to 
whatever the load will permit within this period. This 
rapid rise in current produces radio frequency interfer
ence (RFI) extending up into the range of several mega· 
hertz. Although the resulting noise does not affect the 
television and FM radio frequencies, it does affect the 
short-wave and AM-radio bands. The level of RFI pro
duced by the triac is well below that produced by most 
AC-DC brush-type electric motors, but because the light 
dimmer may be on for long periods of time, some type of 
RFI suppression network is usually added. A reason
ably effective suppression network is obtained, as 

120 VAt:. 

248eAC J' 
60Hz 

LIGHT 
CONTROL 
CIRCUIT 

Fig.l0. RF/.suppression network. 

shown in Fig. 10, by connection of an inductor in series 
with the light'controi circuit to limit the rate of current 
rise. The capacitor is connected across the entire net
work to bypass high-frequency signals so that they are 
not connected to any external circuits through the pow
er lines. 

Overload Considerations 

An important consideration in the choice of a triac 
is the transient load which results from the initially 
lower resistance of the cold filament when the lamp is 
first turned on. The transient load results in a surge Or 
inrush current which can destroy the triac. The 
worst case occurs when the light is switched on at the 
peak of the line voltage. The ratio of initial peak cur
rent to steady-state current is usually about 10 to 1 and 
can be as high as 15 to 1 for high-wattage lamps. The 
triac chosen for a particular lamp, therefore, should 
have a subcycle surge capability sufficient to allow re
peated passage of this peak current without degradation 
of the device. 

Flashover is another transient condition associated 
with incandescent loads, and may impose an even great
er stress than inrush. Flashover refers to the arc de
veloped between the broken ends of the filament when 
the light bulb burns out. Ionization within the bulb al
lows the arc to flow directly between the internal lead
in wires, and current is then limited only by line imped
ance. Because of. the large currents associated with 
flashover, incandescent light bulbs have fuses built 
into the stem to open circuit at the bulb without opening 
the line circuit breaker. On low-wattage bulbs,· the arc 

frequently self-extinguishes as line voltage goes through 
zero, so the surge duration is less than one half cycle. 
On higher-wattage bulbs, however, the arc often conti
nues until the bulb fuse opens, and may last for some
what more than one half cycle. Damage or degradation 
of the triac can be avoided by selection of a triac that 
has surge capability in excess of the flashover currents 
which can occur. A device capable of handling a one
cycle peak current of 100 amperes or more is adequate 
for most installations using up to ISO-watt bulbs. When 
the triac has inadequate surge capability for a particular 
application, special high-speed fuses or circuit break
ers, external resistors, or other current limiting devices 
such as chokes may be used. 

Light.Dimmer Circuits 

Fig. 11 shows a single-time-constant circuit; Fig. 
12 shows a double-time-constant circuit. Both are com
plete circuits suitable for operation at 120 or 240 volts 
ac, 50 or 60 Hz. The chart with each circuit specifies 
the values of· components which change with the line 
voltage. The resistor in series with the potentiometer 
in each circuit is used to protect the potentiometer by 
limiting the current when the potentiometer is at the 
low-resistance end of its range. 

It is important to remember that a triac in these .cir
cuits dissipates power at the rate of about one watt per 
ampere. Therefore, some means of removing heat must 
be provided to keep the device within its safe operat
ing-temperature range. On a small light-control circuit 
such as one built into a lamp socket, the lead-in wire 
serves as an effective heat sink. Attachment of the 
triac case directly to one of the lead-in wires provides 
sufficient heat dissipation for operating currents up to 
2 amperes (rms). On wall-mounted controls operating 
up to 6 amperes, the combination of face plate and wall
box serves as an effective heat sink. For higher-power 
controls, however, the ordinary face plate and wallbox 
do not provide sufficient heat-sinking area. In this 
case, additional a~ea may be obtained by use of a fin
ned face plate that has a cover plate which stands out 
from the wall so air can circulate freely over the fins. 

On wall~mounted controls, it is also important that 
the triac be electrically isolated from the face plate, 
but at the same time be in good thermal contact ";ith it. 
Although the thermal conductivity of most electrical in
sulators is relatively low when compared with metals, a 
low-thermal-resistance, electrically isolated bond of 
triac to face plate can be obtained if the thickness of 
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I20VAC 

f'\.. 2~~AC 
60Hz 

c, 

Rl 

R2 

C1 

C2 

L 

Y1 

Y2 

120 VAC, 60 Hz 

0.25 megohm, ~W 

3300 ohms, ~W 

0.05 J.LF, 100V 

0.05 J.LF, 100V 

100 J.LH 

D3202U 

T2800B 

2'"' VAC, 50/60 Hz; 

0.25 megohm, 1W 

4700 ohms, ~W 

0.1 J.LF, 100V 

0.10 J.LF, 100V (60 Hz) 
0.12 J.LF, 100V (50 Hz) 

200 J.LH 

D3202U 

T2800D 

Fig.1I - Sing/e-time-constant light-dimmer circuit. 

120 VAC 

'\, 248~ AC 
60Hz 

120 VAC, 60 Hz 

0.1 megohm, ~W 

2200 ohms, ~W 

C1C2 0.1 J.LF", 200V 

L 100 J.LH 

D3202U 

T2800B 

2'"' VAC, 50/60 Hz 
0.2 megohm, 1W (60 Hz) 
0.25 megohm, 1 W (50 Hz) 

3300 ohms, ~W 

0.1 J.LF, 400V 

200 J.LH 

D3202U 

T2800D 

Fig. J 2 - Double-time-constont light-dimmer circuit. 

the insulator is minimized, and the area for heat trans
fer through the insulator is maximized. Suitable insula
ting materials are fiber .. glass tape, ceramic sheet, mica, 
and poJyimide film. Fig. 13 shows two examples of iso
lated mounting for triacs: in Fig. 13(a), a TO-5 pack-

age; in Fig. 13(b), the new plastic package. Electrical 
insulating tape is first placed over the inside of the 
face plate •. The triac is then mounted to the insulated 
face plate by use of epoxy-resin cement. 

ELECTRICAL TAPE 
THERMOSETTING ONE SIDE 

(SCOTCH* BRAND ELECTRICAL 
TAPE No. 27) 

(b) 

Fig.J3 - Examples 01 iso/oted mounting 01 triacs. 
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Trouble Shooti"g 

Some malfunctions which can occur in light-dimming circuits are listed with their possible 
causes, as follows: 

Component Possible Cause 

Light remains on full Triac Shorted in both directions caused by flashover 
intensity and will not or high current surge. 
dim. Wiring Anode-cathode or anode-gate shorted. 

Light intensity can be Triac Breakover voltage reduced in one or both 
varied but fails to reach directions. 
zero. Diac Low breakover voltage. 

Triggering Capacitance too low. 
Capacitor 

Potentiometer Maximum resistance too low. 

Discontinuity in bright- Triac IGT too nigh in one mode. 
ness at about half 
intensity. Diac Breakover not symmetrical. 

Flickering exists at Triac Low commutating dv/ dt capability. Flickering 
low intensity. stops when the inductor is shorted. 

Light out over most of Triac IGT too high. 
the control range; turns 

Diac Voltage breakback too low. on full intensity near low 
resistance end of potenti- Wiring D iac not included or shorted out. 
ometer. 

Same effect as preceding, Triac Internal short gate to cathode (very unlikely because 
but accompanied by arc- such devices are rejected by 100 per cent electrical 
ing in potentiometer. test). 

Capacitor Shorted (this condition destroys the potentiometer, 
but not the triac). 

Wiring Open anode contact (this condition destroys both the 
potentiometer and the triac). Cathode to gate short 
(this condition destroys only the potentiometer). 

Light fails to turn on Triac Open gate contact (very unlikely due to the 100 per 
at all. cent electrical test by manufacturer). 

Diac Open 

Potentiometer Open 

Wiring Open circuit at potentiometer, disc, triac gate, or 
cathode. 
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A New Horizontal-Deflection System Using 
RCA S3705M and S3706E Silicon Controlled Rectifiers 

This Note describes a highly reliable horizontal-de
flection system designed for use in the RCA crC-40 
solid-state color television receiver. This system illus
trates a new approach in horizontal-circuit design that 
represents a complete departure from the approaches 
currently used in commercial television receivers. The 
switching action required to generate the scan current 
in the horizontal yoke windings and the high-voltage 
pulse used to derive the dc operating voltages· for the 
picture tube is controlled by two silicon controlled rec
tifiers (SCR's) that are used in conjunction with asso
ciated fast-recovery diodes to form bipolar switches. 

The RCA-8370SM 8CR used to control the trace cur· 
rent and the RCA·83706E SCR that provides the com· 
mutating action to ·initlaie--trace-retrace switching 
exhibit the high voltage- and current-handling capa
bilities, together with the the excellent switching char
acteristics, required for reliable operation in deflection
system applications. The switching diodes, RCA·D2601M 
(trace) and D2601E (commutating), provide fast reo 
covery times, high reverse-voltage blocking capabilities, 
and low turn-on voltage drops. These features and the 
fact that, with the exception of one non-critical trigger
ing pulse, all control voltages, timing, and control po
larities are supplied by passive elements within the 
system (rather than by external drive sources) con
tribute suostantially to the excellent reliability of the 
SCR deflection system. 

SYSTEM PERFORMANCE 

Fig. 1 shows the circuit confignration of the over-all 
horizontal-deOection sys~. The system operates di-
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rectly from a conventional, unregnlated dc power sup
ply of + ISS volts, provides full-screen deflection at 
angles up to 90 degrees at full beam current (1.5 milli
amperes average in the CTC-40 receiver). The current 
and voltage waveforms required for horizontal deflec
tion and for generation of the high voltage are derived 
essentially from LC resonant circuits. As a result, fast 
and abrupt switching transients, which would impose 
stl1\ins on the solid-state devices, are avoided. 

A regulator stage is included in the SCR horizontal
deflection circuit to maintain the scan and the high 
~oltage within acceptable limits with variations in the 
ac line voltage or picture-tube beam current. The 
system also contains circuits that provide full protection 
against the effects of arcs in the picture tube or the high
voltage rectifier and linearity and pincushion correction 
circuits. Each individual part of the de1lection system is 
designed to specifications that are compatible with 
achievement of the following system performance: 

Picture Tube 

25-inch, 90·degree color type; neck diameter = 
I %.6 inches (i.e., similar to RCA-Type 
25XP22) 

Ultor Voltage, Beam Current, and Regulation 

26.5 kilovolts at zero beam current or 24.5 
kilovolts at 1.5 milliamperes (average) of beam 
current for ac line voltages of 120 to 130 volts 
rms 
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RG 
47011 

HIGH-VOLTAGE 
REGULATOR 

TYPE 2N4064 

l' 155V 

HIGH - VOLTAGE 
RECTIFIER 

A(+60V) 

1200 

FOCUS 

66Mll 

Fig. 1 - General circuit configuration of the over-all SCR horizontalade/iection system. 

24.5 kilovolts at 1 milliampere of beam current 
for ac line voltages of 108 to 130 volts rms 

22.5 kilovolts at 1.5 milliamperes of beam cur
rent for an ac line voltage of 105 volts rms 

Input Current 

420 milliamperes at zero beam current 

670 milliamperes at 1.5 milliamperes of beam 
current 

DC Input Voltage (Nominal) 

155 volts at zero beam current 

148 volts at 1.5 milliamperes of beam current 

Sean Regulaoon* 

'A-inch change for variation in ac line voltage 
from 105 to 130 volts rms 

'A :inch change for beam-current variation of 
0.3 to 1.5 milliamperes at a line voltage of 120 
volts rms 

Linearity* 

Deviation in picture width is equal to or less 
than 5 per cent, left to right 

Retrace Time 

Flyback pulse width = 12.5 microseconds at 
zero crossing of yoke voltage ---

• The deflection system is not subject to degradation of scan 
or linearity during component life. 

Total flyback pulse width = 14 microseconds 
at extremes of yoke voltage 

Trigger Input 

10-volt, 5-microsecond pulse (obtained directly 
from horizontal oscillator) 

Pincushion Correction 

Top and bottom pincushion correction provided 
for a minimum radius of 150 inches 

REQUIREMENTS OF THE SWITCHING SCR'. AND 
DIODES 

The SCR horizontal-deflection circuit requires fast 
reverse recovery for both the switching SCR's and the 
diodes and fast turn-on for the SCR's. The S3705M and 
S3706E SCR's and the D2601M 'lDd D2601E diodesare 
well suited to provide this type of performance. (De
tailed specifications for the SCR's and diodes are given 
in the published data on the devices). The exceptional 
capabilities of these devices are illustrated by the per
formance that they provide in the horizontal-deflection 
system. Fig. 2 shows the significant current and voltage 
waveforms that the SCR's and diodes are subjected to 
during operation of the deflection circuit. 

The S3706E SCR used in the commutating switch is 
required to pass a pulse of current that has it peak 
amplitude of 13 amperes and an initial rate of rise of 
20 amperes per microsecond. At the operating fre
quency of the horizontal-deflection circuit, achievement 
of this· performance requires low tum-on dissipation in 
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the SCR. The turn-on dissipation in the S370SM SCR 
used· in the trace switch is -also low because of the 
waveform of the current that flows through the device. 

An SCR is turned 01I by a reversal 'of its anode-to
cathode voltage; before the forward voltage can be re
applied, a short time is required to allow the device to 

SLOPE I 

'1 Lic:l1400V/,,'/ . 1 

o .. --~---- ---
I· -<I 1<-4.5". 1 
1 'oil 1 
1 COMMUTATING-SWITCH VOLTAGE I 
1 (DIODE ANO SCRI 1 
1 1 
I 

I V"o-t-f:=_COMMUTATING- SWITC~ DIODE CURRENT 
I I 
I I 

jC1'C..=-=-=----'--~Q- --
I . . I 
:j\eOMMVTATING-SW'TeH seR GATE SIGNA~ 

I I 

o i . i 
I' : 1~~rit'E& TRACE-SWITCH VOLTAG~ 

(DIODE AND seR) 

I 
I 

TRACE-SWITCH seR GATE SIGNAL 

Fig. 2 - Voltage and current waveforms Dpplied to the SCR's 
and diodes used to control the switching actions in the 

SCR horizontal-def/ection system. 

regain its forward-blocking capability. Under worst
case conditions, the available tum-olI time for the 
commutating switch requires the. use of an,. SCR that 
can be completely turned 01I in 4.5 microseconds. The 
seR must then be able to block a reapplied forward 
voltage of 100 volts applied at a rate of 400 volts per 
microsecond. The tum-olI requirement for· tbe trace
switch SCR, under worst-case circuit conditions, is 2.5 
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microseconds. This device is then required to block a 
reapplied forward voltage of 400 volts at a rate of i 75 
volts per microsecOnd. Negative gate bias is used with 
both SCR's to reduce turn-olI time. The gate sensi
tivity of the commutating-switch SCR is high enough so 
that this device can be. triggered directly from the 
horizontal oscillator. 

The exceptional switching performance provided by 
the S370SM and S3706E SCR's is made possible by use of 
all-dilIused pellet structures that employ a Centrally 
located gate having a large gate-cathode periphery to 
ensure low initial forward voltage drops and, therefore, 
low switching losses. The lifetime of minority charge car
riers is substantially reduced to provide the fast tum
olI-time capability .. The "shorted-emitter" construction 
.technique, in which a low-resistance path is provided 
around the gate-to-cathode junction; is used to obtain 
the high dv/dt capability required for the SCR's to 
withstand the high rates of reapplied forward voltage 
encountered in the horizontal-deflection system. 

The D2601Mand D2601E' diodesuse~ in the tr~ ~" 
commutating 'switches, respectively, are designed to 
provide fast reverse recovery (by means of minority
carrier lifetime contro\), to reduce rf interference in the 
circuit, and to decrease diode recovery losses. The slope 
and magnitude of the reverse-recovery current in the 
diodes have been optimized to ensure minimum reverse
recovery dissipation and to prevent rf interference be
cause of overly abrupt recovery. The fast recovery char
acteristics have been achieved while maintaining a low 
turn-on voltage drop and a high reverse-voltage block
ing capability. 

OPERATION OF THE BASIC DEFLECTION CIRCUIT 

The essential components in the SCR horizontal
deflection system required to develop the scan current 
in the yoke windings are shown.in Fig. 3. Essentially 

Fig. 3 - Basic circuit for generation of· the de/lection.current 
waveform in the horizontal yoke winding. 
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the trace-switch diode DT and the trace-switch con
trolled rectifier SCRT provide the switching action 
which controls the current in the horizontal yoke wind
ings L" during the picture-tube beam-trace interval. 
The commutating-switch diode Dc and the commutat
ing-switch controlled rectifier SCRe initiate retrace and 
control the yoke current during the retrace interval. 
Inductor La and capacitors, Cn, CA, and Cy provide ·the 
necessary energy storage and timing cycles. Inductor 
Lee supplies a charge path for capacitor Ca from the de 
supply voltage (B +) 50 that the system can be re
charged from the receiver power supply. The secondary 
of inductor Lee, provides the gate trigger voltage for 
the trace-switch SCR. Capacitor Ca establishes the 
optimum retrace time by virtue of its resonant action 
with inductor La. 

The complete horizontal-dellection cycle may best be 
described as a sequence of discrete intervals, each ter
minated by a change in the conduction state of a 
switching device. In the following discussion, the action 
of the auxiliary capacitor CA and the lIyback high
voltage transformer are initially neglected to simplify 
the explanation. 

First Half of the Trace Interval 

Fig. 4 shows the circuit elements involved and the 
voltage and current relationships during the first half of 

~ TRACE """'1 

I 
I 
I 
I 

I 

t-RETRACE 

I I , 
TO T2 T~ To 

0- - - - - - - - - - -... --

o-~~------
Pig. 4 - Eoective configuration 01 the deflection circuit during 

the /irst hall 01 the /race in/enal. time To to T •• and 
operating voltage and current waveforms lor the 

complete Irace--retrace cycle. 

the trace dellection-current interval, the period from 
Toto T 2' At time To, the magnetic field has been estab
lished about the horizontal yoke windings L" by the 
circuit action during the retrace period of the preceding 
cycle (explained in the subsequent discussion of retrace 
intervajs). This magnetic field generates a decaying 
yoke current iy that decreases to zero when the energy 
in the yoke winding is depleted (at time T 2 ). This 
current charges capacitor Cy to a positive voltage V Cf 

. through the trace-switch diode DT. 

During the first half of the trace interval (just prior 
to time T 2) the trace controlled rectifier SCRT is 
made ready to conduct by application of an appropriate 
gate voltage pulse V GATE. SCRT does not conduct. how
ever, until a forward bias is also applied between its 
anode and cathode. This voltage is applied during the 
second half of the trace interval. 

Second Half of the Trace Interval 

At time T 2; current is no longer maintained by 
the . yoke inductance, and capacitor Cy . begins to 
discharge into this inductance. The direction of the 
current in the circuit is then reversed, and the trace
switch diode ~ becomes reverse-biased. The trace
switch controlled rectifier SCRT• however, is then for
ward-biased by the voltage V cf across the capacitor, 
and the capacitor discharges into the yoke inductance 
through SCRT, as indicated in Fig. 5. The capacitor c,. 

DT 1 

Fig. 5 - EDective configuration of the deflection circuit during 
the second hall 01 the trace intenol. time T. to T •• 

and the complete scan-current waveform. 

is sufficiently large 50 that the voltage V c, remains 
essentially constant during the entire trace and retrace 
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cycle. This constant voltage results in a linear rise in 
current through the yoke inductance L,. over the entire 
scan interval from To to T5 • 

Start of th. Retrace Int.rval 

The circuit action to initiate retrace starts before the 
trace interval is completed. Fig. 6 shows the circuit 
elements and the voltage and current waveforms re
quired for this action. At time T 8, prior to the end of 

I 

~ 
o----~~---

I 
VGATE I 

(SCRC)~---

Fig. 6 - EOective configuration 0/ the deflection drcuit GIld 
significant voltage and current waveforms lor Initiation 

0/ retrace, time Ta to T6_ 

the trace period, the commutating-switch controlled 
rectifier SCRo is turned on by application of a puIse 
from the horizontal oscillator to its gate. Capacitor c" 
is then allowed to discharge through SCRo and in
auctor La. The current in this loop. referred to as the 
commutating circuit, builds up in the form of a haIf
sine-wave pulse. At time T ,. when the magnitude of 
this current pulse exceeds the yoke current, the trace
switch diode Dr again becomes forward-biased. The ex-
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cess current in the commutating pulse is then bypassed 
around the yoke winding by the shunting action of 
diode DT• During the time from T, to T 5, the trace
switch controlled rectifier SCRT is reverse-biased by the 
amourtt of the voltage drop across diode DT• The trace
switch controlled rectifier, therefore, is· turned off dur
ing this interval and is allowed to recover its ability to 
block the forward voltage that is subsequently applied. 

First Half of the Retrace Interval 

At time T 5. the commutating pulse is no longer 
greater than the yoke current, as shown in Fig. 7; 
trace-switch diode DT then ceases to conduct. The yoke 
inductance maintains the yoke current but, with SCRT 

in the OFF state, this current now flows in the commu
tating loop formed by La, Ca, and SCRe. Time T 5 is 
the beginning of retrace. 

As the current in the yoke windings decreases to 
zero, the energy supplied by this current charges ca
pacitor Ca with an opposite-polarity voltage in a 
resonant oscillation. At time T 8. the yoke current is 
zero, and capacitor Ca is charged to its maximum nega
tive voltage value. This action completes the first half 
of retrace. 

I, 

, I ~I 

0-- ~- -

Fig. 7 - EOective configurtJllon 0/ .the de/lectloll dreWI and 
opntlling vollage.""" currenl wav./omu durillg Ihe 

fint 1iDl/ of re/rtla. l/me T. 10 T .. 
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Second Half of the Retrace Interval 

At time T 6, the energy in the yoke inductance is 
depleted, and the stored energy on the retrace capaci
tor Ca is then returned to the yoke inductance. This 
action reverses the direction of current flow in the yoke. 
During the reversal of yoke current, the commutating
switch diode Do provides the return path for the loop 
current, as indicated in Fig. 8. The commutating-

I I 
I I 
I I 

TS TO 

Fig. 8 - Effective configuration of the deflection circuit and 
operating voltage and current waveforms during the 

second half 0/ retrace, time To to To. 

switch controlled rectifier SCRo is reverse-biased by the 
amount of the voltage drop across diode Dc. The 
commutating-switch controlled rectifier, therefore, turns 
off and recovers its voltage-blocking capability. As the 
yoke current builds up in the negative direction, the 
voltage on the retrace capacitor Cn is decreased. At 
time To, the voltage across capacitor Cn no longer 
provides a driving voltage for the yoke current to flow 
in the loop formed by Ln, Cn, and L,. The yoke cur
rent finds an easier path up through trace-switch diode 
DT> as shown in Fig. 9. This action represents the 
beginning of the trace period for the yoke current 
(i.e., the start of a new cycle of operation), time To· 

Once the negative yoke current is decoupled from 
the commutating loop by the trace-switch diode, the 
current in the commutating circuit decays to zero. The 
stored energy in the inductor La charges capacitor Cn 
to an initial value of positive voltage. Because the reso
nant frequency of La and CR is high, this transfer is 

Fig. 9 - ERective configuration 0/ the deflection circuit during 
the switchover from retrace to trace, time To. 

accomplished in a relatively short period, Toto T b as 
shown in Fig. 8. 

Recharging and ReseHing Actions 

The actions required to restore energy to the com
mutating circuit and to reset the trace SCR are also 
very important considerations in the operation of the 
basic deflection circuit. Both actions involve the in
ductor Lee. 

During the retrace period, inductor Loa is connected 
between the dc supply voltage (B +) and ground by 
the conduction of either the commutating-switch SCR 
or diode (SCRe or Dc), as indicated in Fig. 10. 
When the diode and the SCR cease to conduct, how
ever, the path from Loa to ground is opened. The 
energy stored in inductor Loa during the retrace interval 
then charges capacitor Cn through the B + supply, as 
shown in Fig. 11. This charging process continues 
through the trace period until retrace is again initiated. 
The resultant charge on capacitor CR is used to re
supply energy to the yoke circuit during the retrace 
interval. 

The voltage developed across inductor Loa during 
the charging of capacitor Cn is used to forward-bias the 
gate electrode of the trace SCR properly so that this 

Fig. 10- Circuit elements and c""ent path used to supply 
energy to the charging choke Lee during period from the 

start of retrace switching action to the end 0/ the first 
half of the retrace interval. time Ta to Tl. 
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device is made ready to conduct. This voltage is in
ductively coupled from Loc and applied to the gate of 
SCRT through to a wave-shaping network formed. by 
inductor La, capacitor 0., and resistor R". The result
ing voltage signal applied to the gate of SCRT has the 
desired shape and amplitude so that SCRT conducts 
when a forward bias)s applied from anode to cathode, 
approximately midway through the trace interval. 

L, 

c, 

Fig. 11 - Effective configuration of the deflection circuit for 
resetting (applicatio.n of ·forward bias to) the trace SCR 

and recharging thf' retrace capacitor CR. during time 
fnterval from Tl to T3. 

Effect of Auxiliary Capacitor CA 

In the preceding discussions of the operation of the 
deflection circuit, the effect of capacitor CA was ne
glected. Inclusion of this capacitor affects :some of the 
circuit waveforms, as shown in Fig. 12, aids in the 
turn-off of the trace SCR, reduces the retrace time, 
and provides additional energy-storage capability for 
the circuit. 

During most of the trace interval (from To to T.), 
including the interval (T 3 to T.) during which the 
commutating pulse occurs, the trace switch is closed, 
and capacitor CA is in parallel with the retrace ca
pacitor Cn. From the start of retrace at time T. to the 
beginning of the next trace interval at time To, th~ trace 
switch is open. For this condition, capacitor CA is in 
series with the yoke L, and the retrace capacitor Cn sO 
that the capacitance in the retrace circuit is effectively 
decreased. As a result, the resonant frequency of the 
retrace is increased, and the retrace time is reduced. 

The auxiliary capacitor CA is also in parallel with the 
retrace inductor LR• The waveshapes in the deflection 
circuit are also affected by the resultant higher-fre
quency resonant discharge around this loop. The volt
age and current waveforms shown in Fig. 12 illustrate 
the effects of the capacitor CA. 
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Fig. 12 - Circuit configur~tion showing the addition of 
·'auxiliary capacitor CA and current and voltage 
waveforms showing the eUect pI this capacitor. 

HIGH-VOLTAGE GENERATION 

The SCR horizontal-deflection system in the RCA 
CTC-40 receiver generates the high voltage for the 
picture tube in essentially the same manner as has been 
used for many years in other commercial television re
ceivers, i.e., by transformation of the horizontal-deflec
tion retrace (flyback) pulse to a high voltage with a 
voltage step-up transformer and subsequent rectification 
of this stepped-up voltage. The RCA-3CZ3 electron 
tube is used as the high-voltage rectifier in the RCA 
CTC-40 television receiver. 

Fig. 13 shows a schematic of the over-all high
voltage circuit, and Fig. 14 shows a simplified sche
matic of this circuit together with the significant voltage 
and current waveforms. The high-voltage transformer 
is connected across the yoke and retrace capacitor. The 
inductance and capacitance of this transformer are such 
that it presents a load tuned to about the third har
monic of the retrace resonant frequency. The presence 
of this load adds harmonic components to the wave
forms previously described. 
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Fig. 13 - High-voltage circuit. 

HIGH-VOLTAGE REGULATION 

The high voltage is regulated by controlling tbe 
amount of energy made available to tbe horizontal-

--
1\ 

I 
I 
I 
I 
I 
I '--, 

L, I 
I , ~ 

ICA f') 
, , , 
I 

L ___ ...J 
H.V. TRANS. 

Fig. 14 -Simplified schematic and significant voltage and 
current waveforms for the high-voltage circuit. 

output trace circuit. As stated previously. tbe trace 
circuit is supplied by energy which is stored primarily 
on the commutating capacitor Cn. This capacitor is 
charged during tbe trace interval through inductance 
Loo. 

Control of tbe high-voltage energy on tbe commutat
ing capacitor is made possible by the design of in
ductor Loo so tbat it approaches resonance witb ca
pacitor Cn; tbe degree of this resonance can be varied 
by tbe high-voltage regulator circuit. 

Fig. 15· illustrates tbe effect of this resonant action 
on tbe charge on the commutating capacitor. The wave
shape tbat results from tbe resoilant action determines 
the amount of charge that will be on tbe capacitor when 
its energy is released into the trace circuit. 

The resonance of tbe inductor Lee and the commu
tating capacitor Cn is varied by use of a saturable 
reactor Lsn to control the inductance across Loo. The 
saturable-reactor load winding is placed in parallel with 
Loo. Changes in the current tbrough the reactor control 
windings varies tbe total inductance of the input circuit. 
The current in tbe reactor load winding is controlled 
by tbe pulse regulator circuit. 

The control current for the reactor control winding is 
determined by the conduction of the high-voltage regu
lator transistor Qx. The collector current of this tran
sistor is in tum controlled by the voltage across the 
yoke-return capacitor C,. This voltage, which is directly 
proportional to high voltage and which tracks any 
changes in tbe high voltage, is sampled by the high
voltage adjustment control and compared to a refer
ence voltage determined by a Zener diode. The result
ing difference voltage, which is indicative of changes in 
the high voltage, controls the conduction of tbe regu
lator transistor. 

As the high-voltage load (beam current) decreases, 
the high voltage tends to increase. The voltage across 
the yoke-return capacitor then tends to increase. This 
action results in an instantaneously higher current pulse 
through the base-emitter junction of the regulator tran
sistor. The reactor control current, therefore, tends to 
increase proportionally, so that the total inductance of 
tbe input circuit is decreased. The reSUlting change in 
resonance of Lee, Lsn, and Cn reduces the charge on 
en and the energy made available to the trace circuit. 
In this way, the high voltage is stabilized. The reverse 
action, of course, occurs if the high voltage tends to 
decrease. 

Diode DEn acts as an energy-recovery diode which 
improves the efficiency of the control circuit. The regu
lator transistor actually conducts only for a very short 
time, and the majority of the control current is supplied 
by diode cQnduction. This high-voltage regulating sys
tem also maintains tbe high voltage witbin acceptable 
limits for variations in tbe ac line voltage over the 
range from 105 to 130 volts. 
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Fig. 15 -High-voltage regulator and operating voltage 
and current waveforms. 

ARC PROTECTION 

Two circuits are included in the SCR deflection 
system to protect the trace-switch SCR and diode from 
high voltages and currents that may result because of 
arcing from the high-voltage rectifier or· the picture 
tube. These circuits are shown in Fig. 16. 

One circuit includes the parallel combination of a 
diode (DD) and a 4.7-ohm resistor (RD) connected in 
series with the primary of the high-voltage transformer. 

---i(-R~----<r-DC-L-----,-----:;I~_ H.~ 
YOKE 

Ly 
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TRACE 
SWITCH 

Fig. 16 - Arc-protection circuits. 

RD 
4.7.n 

These components dampen the high ringing current that 
may occur as a result of high-voItagtl arcing. This cur
renf is mainly dissipated in the resistor RD ; The prin
cipal purpose of the shunting diode is to allow the 
normal initialflyback current to flow unimpeded so that 
the high voltage is not decreased by the dampening 
action of the resistor. 

The other protection circuit consists of a diode 
(Dcr.), a capacitor (Cor.) connected between the diode 
cathode and ground, and a resistor RcL from the diode 
cathode to the B + supply voltage. The anode of the 
diode is connected to the ungrounded end of the pri
mary of the bigh-voltage transformer. The diode con
ducts during the peak of the retrace voltage pulse that 
appears across the primary of the high-voltage trans
former and charges the capacitor to this voltage. The 
resistor provides a high-resistance discharge path for 
the capacitor and allows the voltage across the capaci
tor to be reduced just enough to keep the diode re
verse-biased during the retrace interval. When a sharp 
voltage pulse is produced because of high-voltage arc
ing, the diode conducts so that the trace switch is 
clamped to the voltage across the capacitor. The arc 
pulse voltage, therefore, is not allowed to exceed the 
breakdown voltage of the trace-switch components. 

LINEARITY CORRECTION 

Two means are provided in the SCR horizontal
deflection system to correct for nonlinearities in the 
horizontal scanning current that may result because of 
voltage drops across the inherent resistance in the trace 
circuit. Voltage drops across the resistance of the trace
switch SCR and diode are held to a minimum by 
operation of the trace diode at a more negative voltage 
than the trace SCR. This condition is achieved by con
nection of the trace diode one turn higher (more 
negative) on the high-voltage transformer than the 
SCR. 

Fig. 17 illustrates another techuique used to correct 
for nonlinearity in the scanning current. This technique 

TO 
TRACE YOkE 

SWITCH 1-T-_~'----..:C:::;URc:::R:::;EN-"-T 
H.V. 

TRANSFORMER 

YOKE 
Ly 

L.--L-~-~IA-ND-J.--CLIN RLIN 11 ~-II 

...... ---~~--l, 

Fig. 17 - Linearity.correction circuit and correction-current 
waveforms. 
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uses a damped series resonant circuit (LLIN, CL1N, and 
RL1N ) , connected between a winding on the high
voltage transformer and the ungrounded side of the 
yoke-return capacitor c,., to produce a damped sine 
wave of current that effectively adds to and subtracts 
from the charge on the yoke-return capacitor CT. The 
resulting alteration in yoke current corrects for any 
trace-current nonlinearities. 

ADVANTAGES OF THE SCR HORIZONTAL
DEFLECTION SYSTEM 

It is apparent from the preceding discussions that 
the SCR horizontal-deflection system offers a number of 
distinct advantages over the conventional types of sys
tems currently used in commercial television receivers. 
The following list outlines some of the more significant 
circuit features of the SCR deflection system and points 
out the advantage derived from each of them: 

1. Critical voltage and current waveforms, and tim
ing cycles are determined by passive components 
in response to the action of two SCR-diode 
switches. The stability of the system, therefore, is 
determined primarily by the passive components. 
When the passive components are properly ad
justed, the system exhibits highly predictable per
formance characteristics and exceptional opera
tional dependability. 

2. The only input drive signal required for the SCR 
deflection system is a low-power pulse which has 
no stringent accuracy specification in relation to 
either amplitude or time duration. The deflection 
system, therefore, can be driven directly from a 
pulse developed by the horizontal oscillator. 

3. This deflection system is unique in that, although 
it operates from a conventional B + sllpply of 
+ ISS volts, the flyback pulse is less: .tIian 500 
volts. This level of voltage stress is substantially 
less than that in conventional line-opjlrated sys
tems, and this factor contributes to improved 
reliability of the switching devices. 

4. Regnlation in the SCR deflection systew is ac
complished by control of the energy stored by a 
reactive element. This technique avoids the use 
of resistive-load regulating elements required by 
many other types of systems and, therefore, 
makes possible higher over-all system efficiency 
and reduces input-power requirements. 

5. All switching occurs at the ~ro current level 
through the reverse recovery Of high-voltage p-n 
junctions in the deflection dindes. The diode junc
tions are not limited in volt-lllllpere switching 
capabilities for either normal or abnormal condi
tions in the circuit. 
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Consideration of thermal problems involved in the 
mounting of thyristors is synonymous with consideration 
of, the best heat sink for a particular application. Most 
practical heat sinks used in modem, compact equipment 
are the result of experiments with heat transfer through 
convection, radiation, and conduction in a given appli
cation. Although there are no set design formulas that 
provide exact heat-sink specifications for a given ap
plication, there are a number of simple rules that reduce 
the time required to evolve th,e best design for the job. 
These simple rules are as follows: 

1. The surface area of the heat sink should be as 
large as possible to provide the greatest possible 
heat transfer. The area of the surface is dictated 
by thyristor case-temperature requirements and the 
environment in which the thyristor is to be placed. 

2. The heat-sink surface should have an emissivity 
value near unity for optimum heat transfer by radi
ation. A value approaching unity can be obtained 
if the heat-sink surface is painted flat black. 

3. The thermal conductivity of the heat-sink material 
should be such that excessive thermal gradients 
are not established across the heat sink. 

Although these rules are followed in conventional 
heat-sink systems, the size and cost of such systems 
often become restrictive in compact, mass-produced 
power-control and power-switching applications using 
thyristors. These restrictions are overcome in RCA thy
ristors because the JEDEC TQ-S and "modified TQ-S" 
packages shown in Figs.1 and 2 are tin-plated and can 
be soldered directly to a heat sink. The use of mass-
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Fig. J - RCA TO-5 thyristor packages. 

produced prepunched parts, direct soldering, and 'batch
soldering techniques eliminates many of the difficulties 
associated with heat sinks by making possible the 
use of a variety of simple, efficient, readily fabricated 
heat-sink configurations that can be easily incorporated 
into the mechanical design of equipment. 

Power Dissipation and Heat.Sink Area 

The curves shown in Fig.3 are designed for use with 
the power-dissipation curves shown in the technical bul
letins describing the various RCA thyristors. The curves 
of Fig.3 are conservative and can be used directly for 
thyristors having thermal-resistance ratings (er ), junc
tion-ta-case, of 50 C/W or less. The curves shown in 
Fig.4 represent the power-dissipation characteristics of 
a typical thyristor. As an example of the use ofFigs.3and 
4, it is assumed that an appropriate heat sink must be 
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found for a thyristor that is to conduct a current of 2 
amperes, operate at an air temperature of 37°C, and be 
soldered to the heat sink at the base of the package_ 
From Fig.4, the maximum power dissipation in the thy
ristor is found to be 3 watts. Fig.3 shows that the max
imum allowable thermal resistance of the heat sink at 
this level of power dissipation is 150 C/W, and that a 
square, dull, 1/ 16-inch-thick copper or 1/8-inch-thick 
aluminum heat sink with an area of at least 1-3/4 by 1-
1/4 inches is required. 

The curves of Fig.3 can also be used with thyristors 
having junction-to-case thermal-resistance ratings of 
more than 50 C/W.· However, the difference between the 
higher thermal-resistance value of the thyristor and the 
value of 50 C/W upon which the curves are based must 
be subtracted from the thermal-resistance values shown 
in Fig.3. For example, if it is assumed that the condi
tions are the same as those stated previously except 
that the thermal resistance, junction-to-case, of the de
vice is 13° C/W, the difference in thermal-resistance 
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12f--''r1f---+ 

values is SO C/W. The closest value of thermal resis
tance to SoC/W in Fig.3 is 70 C/W; therefore, a 3.3/S
by·3·3/8-inch heat sink is required. 

" f--PI,-ff--f--+--+---f---f---f---I Gommercial heat sinks are available for the thyris
tor packages described; however, because the thyristor 
package is usually attached to the heat sink at the cap, 
the additional thermal resistance from the base of the 
package to the cap must be considered. Although this 
resistance can be as high as SoC/W, it can be neglected 
if it is only a small percentage of the over-all allowable 
thermal resistance. It should be noted that most thyris
tor thermal-resistance ratings are based on temperature 
measurements taken at the base of the package. The 
case-temperature reference point specified on the dimen
sional outlines shown in Fig.2 should be used when 
temperature measurements are made. A low-mass temp. 
erature probe or thermocouple equipped with wire leads 
no larger than AWG No. 26 should be employed for sys
tems with thermal-resistance values less than 500 C/W. 
For systems with thermal-resistance values greater than 
500 C/W, smaller wire (such as AWG No. 36) is preferred. 

Mounting Thyristors on Heat Sinks 

AMBIENT AIR TEMPERATURE (TFAi- ·C 
I I I I I 
~ ~ ~ m m 

AMBIENT AIR TEMPERATURE (TFA)- of 

Fig.3 • Guide to heat.slnk area determination. 

For most efficient heat sinks, intimate contact should 
exist between the heat sink and at least one-half of the 
package base. The package can be mounted on the heat 
sink mechanically, with glue or epoxy adhesive, or by 
soldering. If mechanical mounting is employed, silicone 
grease should be used between the device and the heat 
sink to eliminate surface voids, prevent insulation build;
up due to oxidation, and help conduct heat across the 
interface. Although glue or epoxy adhesive provides 
good bonding, a significant amount of resistance may 
exist at the interface. To minimize this interface 'resis
tance, an adhesive material with low thermal resistance, 
such as Hysol* Epoxy Patch Material No. 6C or. Wake
field* Delta Bond No. 152, or their equivalent, should 
be used. 
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i Soldering of the thyristor to the heat sink is prefer-
~ able because it is most efficient. Not only is the bond 

0 

/ V 
i5 permanent, but interface' resistance is easily kept below 
ffi 10 C/W under normal soldering conditions. Oven or hot-
~ plate batch-soldering techniques are recommended be-
e cause of their .low cost. The use of a self-jigging ar-VI i rangement of the thyristor and the heat sink and a 6()"40 

~ V fl solder preform is recommended. If each unit is soldered 
'" individually with a flame or electric soldering iron, the 
~ heat source should be held on the heat sink and the 
;; solder on the unit. Heat should be applied only long V 2 / 

V 
10 12 

enough to permit solder to flow freely. Because RCA 
thyristors are tin-plated, maximum solder wetting is 
easily obtainable without thyristor overheating. 

AVERAGE r~~~~~~ CURRENT IIFAV1- * Products o(Hyso! COfporation, Olean, New York and 

Wakefield Engineering,'Inc., Wakefield, Massachusetts, 
Fig.4 • Typical power.dissipation curves. respectively. 
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The special high-conductivity leads on the two-lead 
TO-S package permit operation of the thyristor at cur
rent levels that would be considered excessive for an 
ordinary TO-S package_ The special leads can be bent 
into almost any configuration to fit any mounting require
ment; however, they are not intended to take repeated 
bending and unbending. In particular, repeated bending 
at the glass should be avoided. The leads are not espe
cially brittle at this point, but the glass has a sharp 
edge which produces an excessively small radius of 
curvature in a bend made at the glass. Repeated bend
ing with a small radius of curvature at a fixed point will 
cause fatigue and breakage in almost any material. For 
this reason, right-angle bends should be made at least 
0_020 inch from the glass. This practice will avoid 
sharp bends and maintain sufficient electrical isolation 
between lead connections and header. A safe bend can 
bE' assured if the lead is gripped with pliers close to 
the glass seal and then bent the requisite amount with 
the fingers, as shown in Fig.S. When the leads of a num
ber of devices are to be bent into a particular configura
tion, it may be advantageous to use a lead-bending fix
ture to assure that all leads are bent to the same shape 
and in the correct place the first time, so that there is 
no need for repeated bending. 

Fig.S - Method of bending leads on thyristor package. 

Typical Heat-Sink Configurations 

Typical heat-sink designs that can be used with RCA 
thyristors are shown in Fig.6. The case-to-air thermal
resistance value for each of the easily fabricated sinks 
is given, along with approximate dimensions. The thy
ristors in the illustrations are soldered to the heat sink; 
if epoxy is used, an additional thermal resistance of 
I°C/W to 20 C/W must be added to the thermal-resistance 
values shown. The junction-to-case thermal-resistance 
value for the particular thyristor being used should be 
added to the values shown to obtain the over-all junc
tion-ta-air thermal resistance of each configuration. In 
the designs shown, electrical insulation of the heat sink 
from the chassis or equipment h(:lUsing may be required. 

Chassis-Mounted Heat Sinks 

In many applications, it is desirable and practical to 

use the chassis or equipment housing as the heat sink. 
In such cases, the thyristor must be electrically insulat
ed from the heat sink, but must still permit heat generat
ed by the device to be efficiently transferred to the chas
sis or housing. This heat transfer can be achieved by 
use of the heat-spreader mounting method. In this method, 
the thyristor is attached to a metal bracket (heat spread
er) which is attached to, but electrically insulated from, 
the chassis. Examples of heat spreaders are shown in 
Figs.6 and 7. Electrical insulation may consist of ma
terial such as alumina ceramic, polyimide film or tape, 
fiberglass tape, or epoxy. The metal bracket itself has 
a low thermal resistance, and spreads the heat out over 
a larger area than could the thyristor case alone. The 
larger area in contact with the electrical insulation al
lows heat to transfer from bracket to chassis through the 
insulation with relatively low thermal resistance. Typ
ical heat sinks, such as those shown in Fig.6, provide a 
much lower thermal resistance when used as heat spread
ers than when used as heat sinks. Heat spreader dimen
sions can be varied over a wide range to suit particular 
applications~ For example, area or diE~.meter can be in
creased, or shape changed, as long as the heat-transfer 
area in contact with the electrical insulation is suffi
cient. An area of 0.2 square inch or more is usually de
sirable. The exact thermal resistance of any heat 
spreader depends on the heat-transfer area, type of metal 
used, type of insulation used, and whether the thyristor 
is fastened to the heat spreader with solder or epoxy. 
Soldered construction yields a thermal resistance about 
10 C/W less than that obtained with epoxy. Alumina 
or polyimide insulation provides a thermal resistance 
about 1 to 20 C/W less than that obtained with thermo
setting fiberglass-tape insulation. The heat spreader 
can be made of any material with suitable thermal con
ductivity, such as copper, brass, or aluminum. Solder .. 
able plating for aluminum is commercially available. 

A self-jigging type of copper heat spreader is shown 
in Fig.7. SCR's soldered to this heat spreader are available 
from RCA as type numbers S2620B, S2620D, and S2620M. 
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~ ~ 
~ "".-:J ~ "!I~/16--:;:::::; 

:::--.... 1/ II 

1_1/2.~'/2. 

Sr (CASE-TO-AIR)· 
32- C/W 

Sr (CASE-lO-AIR)· 45·5- C/W 

9r (CASE-TO-AIR)· 

4~ 

~~ 
LEAO LENGTH-S- AWG No.14WIRE 

9, ICASE-TO-ALR) \ I 
"'"00 lit 
~~. ~:J 

1_1/2.~1-'/2. 

Sr (CASE-TO-AIR)- 30· C/W 

Sr (CASE TO HEAT SINK) 
2 TO 6° C/W 

EPOXY OR 
SOLDER 

ELECTRICAL INSULATION 

__ HEAT SINK 
(CHASSIS) 

Fig.6 - Typical heat.sink heat. spreader configurations. 
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950 MIN LENGTH 
(2 LEADSI 

9, ICASE TO HEAT SINK) 
.) TO 6-C/W 

MOUNTING 
TAB 

F;g.7. Self.;;gg;ng heat spreaaer. 

NOTES: 
1. Products of Minnesota Mining & Mfg. Co .• St. Paul, Minnesota. 

AN·3822 

2. Solder preforms are available from RCA as Part No.NR184A and from the Keeter Solder Co" Newark, N.J .. 07105 
as Part No.KSFD.375005. 

3. This heat spreader is available from RCA as Part No.NR166B and from the General Stamping Co., Inc. 
Denville, N.J. 07834 as Part No.14-110. 
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AC Voltage Regulators 
Using Thyristors 

by G. J. Granieri 

This Note describes a basic ac-voltage regulating 
technique using thyristors tbat prevents ac nns er dc 
voltage from fluctusting more than ± 3 per cent in spite 
of wide variations in input line voltage. Load voltage 
can also be held within ± 3 per cent of a desired value 
despite variations in load impedance through the use of 
a voltage-feedback technique. The voltage regulator 
described can be used in photocopying machines, light 
dimmers, dc power supplies, and motor controllers (to 
maintain fixed speed under fixed load conditions). 

Circuit Operation 

The schematic disgram of the ac regulater is shown 
in Fig.1. For simplicity , only a half-wave SCR con
figuration is shown; however, the explanation of circuit 
operation is easily extended to include a full-wave regu
later that uses a triac. 

The trigger device Ql ,used in Fig.l, a diac such 
'as the RCA-D3202U, is an all-diffused three-layer trigger 
diode_ . This diac eXhibits Ii high-impedance, low-Ieakage
current characteristic until the applied voltage reaches 

Fig.1 - A basic ac regulator. 
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tIie breakover voltage VBO, approximately 35 volts_ 
Above this voltage, the device exhibits a negative re
sistance so that voltage decreases as current increases. 

Capacitcr Cl in Fig.l is charged from a constant
voltage source established by zener diode Zl' The 
capacitor is cIiarged, therefore, at an exponential rate 
regardless of line-voltage fluctustions. A trigger pulse 
is delivered to the 2N3228 SCR, Q2, when the voltage 
across capacitor Cl is equal to the trigger 'voltage of 
disc Ql plus the instantaneous voltage drop developed 
across R4 during the positive half-cycle of line voltage_ 
When Ql is turned on, Q2 is turned on for the remainder 
of the positive cycle of source voltage_ Control of the 
conduction angle of the SCR regulates nns voltage to 
the load. 

Regulation is achieved by the following means: 
When line voltage increases, the voltage across .R4 
increases, but the charging rate of Cl remains the same; 
as a result, the voltage across Cl must attain a. larger 
value than required without line-voltage increase before 
disc Ql can be triggered. The ,net effect is, that the 
pulse that triggers Q2 is delayed and the rms voltage 
to the load is reduced. In a similar manner,as line 
voltage is reduced, Q2 turns on .earlier in the cycle and 
increases the effective voltage across the load. 

Fig.2 shows the voltage waveforms exhibited by the 
ac regulator at both high and low line voltage. The 
charging' voltage for capacitor Cb El' is equal to the 
zener voltage and remains constant up to the instant 
that the SCR is turned on. The capacitor voltage, VCl, 
increases exponentially because the charging voltage 
El is constant_ The voltage across resistor R4 c'omorms 
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o I 234 !5 67 B/9 L IME-MILLISECONDS I 
I.-- CONDUCTION TIME --l 
I (LOW LINE VOLTAGE) I 
I I 

i t~:~~IO:O~+:~Eit 
ONE HALF-CYCLE II 

OF AC LINE 

Fig_2 - Voltage waveforms exhibiterl by the ac regulator 
in Fig_I_ 

to the sinusoidal variations of the 6o-Hz line voltage. 
At any given phase angle, the voltage across 14 increases 
if line voltage increases and decreases if line voltage 
decreases. 

The diac and SCR both trigger when the capacitlr 
voltage, VC!, equals the breakdown voltage of the diac 
plus the instantaneous value of voltage developed across 
14 during the positive half-cycle of line voltage. This 
capacitor voltage is represented by points A and B for 
the low and high line-voltage conditions, respectively. 
The instantaneous voltages across 14 just" heflre the 
SCR is triggered are represented by points C and D for 
the low and high line-voltsge conditions, respectively. 
The voltage difference between points A and C and 
between points B and D is equal to the breakdown volt
age of the diac. 

Fig.2 illustrates that the conduction time of the 
SCR is decreased as line voltage increases, and is 
increased when the line voltage decreases. By proper 
selection of the values of the voltage-divider-ratio re
sistors Ita and R4, it is possible to prevent the load 
voltage from varying more than 3 per cent with a 3O-per
cent (approximate) change in line voltage, 

It should he mentioned that during ineasurements 
of lQad voltsge careful consideration must be given to 
the measuring instruments. Most of the circuits described 
in this Note produce a non-sinusoidal voltage across the 
load; the rms value of this voltsge can be measured 
only with a true rms meter, such as a thermocouple 
meter. It is possible, however, that in certain appli
cations the low input impedance of the thermocouple 
meter might load down the circuit being measured. In 
such cases, a high-inpnt-impedance rms meter may be 
required. 

HEATER REGULATION 

Fig.3 shows a hasic regulating technique for appli
cations in which it is desired to maintain constant volt
age across a load such as a receiving-tube heater, the 
filament of an incandescent lamp, or possibly a space 
heater. It should he noted that this configuration is 
actually a half-wave regulator. However, the circuit of 
Fig.3 differs from the circuit of Fig.l, in which one 
half-cycle is blocked from the load and the other half
cycle is phase-controlled to provide regulation. In 
Fig.3, essentially full voltsge is applied to the load 
fir one half-cycle by means of D4; the other half-cycle 
is phase-controlled by the SCR to provide regulation. 

The circuit in Fig.3 is an open-loop regulator that 
featUres a high degree of safety; i.e., an open- or shlrt
circuited component does not result in an excessive 

-In the closed-loop regulator, A6 
is replaced by a photocell, and a 
potentiometer in series with a 6-
volt incandescent lamp is con
nected in parallel with the 
heater terminals 

Note: All resistor values are in 
ohms 

-For 220-V, SO/50-Hz 
Operation: R1=R2=10 K, 
2 W; R3=10 K, 4 W; 
T2-220 V/7.2 V. 

Fig.3 - A circuit using a regulator to maintain voltage 
constant across a load: 

load voltage. Phase-controlled voltage regulation is 
provided by a silicon unilateral switch Ql';' and a control 
circuit, as follows; Capacitor C2 is charged from a volt
age source that is maintained constant by zener diode 
ZI; diodes Dl' D2, and D3 compensate for the change 
iii zener voltage with temperature. The voltage across 
C2 increases until the sum of the breakover voltage of 
Ql and the instsntsneous voltsge across R5 is exceeded. 
At this point, a positive pulse is coupled into the gate 
of Q2 by means of the pulse transflrmer Tl' The SCR 
Q2 then switches on for the remainder of the positive 
cycle of line voltage. Control of the conduction angle 
of the SCR varies rms voltage to the heater. 

* A silicon unilateral switch is a silicon. planar, monolithic 
integrated circuit that has thyristor electrical characteristics 
closely approximating those of an ideal four-layer diode. The 
device shown switches at approximately 8 volts. 
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As line voltage increases. the voltage across Rs 
also increases; because C2 charges aloog the same 
exponential curve. however. the . voltage across ~ must 
attain a larger value bef<re Q2 is turned on. The net 
effect is a delay in the trigger pulse and reduced rms 
voltage across the heater. In a similar manner. as line 
voltage is reduced. the SCR turns 00 earlier in the cycle 
and increases the effective voltage .across the heater. 
By proper adjustment of potentiometer Rs in conjunctioo 
with potentiometer R4• it is P!l8sible to obtain excellent 
heater-voltage compensation over a range of line volt
ages. Fig.4 ·shoWB the waveforms associated with the 
heater-regulst<r circuit. 

.. .. 
S 
~ 

VOLTAGE ACROSS HEATER 

or "456789tOIII2ISI415,6 
TlME-MIWSECONDS 

FIg.4 - Voltage waveforms exhibited by the circuit of 
fig.3. 

Curve A in Fig.5 sbows heater voltage as II function 
of line voltage f<r the open-loop regulat<r circuit shown 
in Fig.3. Curve B in Fig.5 shows a similar curve f<r a 
closed-loop regulstor using a lalnP'"photocell module. 
The lsmp. in series with a limiting resistor. is connected 
across the heater terminals. and the photocell replaces 
Rs. The lamp unit senses the phase-cootrolied true 
rms heater voltage. Changes in lamp brightness pro
duced by beater-voltage variations change the photocell 
resistance inreverse prop<rtioo to the lamp voltage. The 
remainder of the circuit functions as previously described 
except that regulation is obtained not only through the 
monit<ring oftbe instantaneous magnitude of line voltage. 
but also through the sensing of the lrue nos voltage 
across the beater. This characteristic identifies tbe 
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CURVE A: OPEN -LOOP REGULATION 
CURVE B! CLOSED-LOOP REGULATION 
READINGS TAKEN AT 25-C 

6.18 

+>"-

~ 
..- - -" -3 ... / 

'.8 I 

i 20 ... 
(.±IO% OF APPROX'MAJELY I20V) 

5." 
100 105 110 115 120 125 13" 13. 

LINE VOLTAGE - Vrms 

Fig.5 - Heater voltage as a function of line voltage of 
the open- and closed-loop regulators. 

circuit as an ac voltage regulstor with closed-loop 
feedbsck control. The closed-loop regulator produces 
less error. is m<re resistant to the drift effects of com
ponents. and is easier to adjust than the open-loql 
regulstor. 

The lsmp used in the closed-loop regulator is rated 
at R volta. but the series resistor limita the voltage to 
approximately 2 volts so that extremely long lamp life 
can be expected. An additional advantage at low voltage 
is that the light ·intensity varies linearly·withthevoltage 
across th!! lamp so that a small increase in voltage 
increases brightness markedly; near rated voltage the 
intensity does not vary linearly and the variation in 
brightness is not very apparent. A loss in sensitivi~ 
would result if the lamp were operated at its rated 
voltage. 

The open-loop regulstor can regulate 6 volts to 
within ± 3 per cent within a temperature range from 
10 to 400C with an input-voltage swing of ± 10 per cent. 
The closed-loop regulstor can regulate 6 volts to within 
± 2 per cent within a temperature range from 0 to 6dlC 
with an inpnt-voltageswing of ± 10 per cent. 

LIGHT DIMMER WITH OVER-VOLTAGE CLAMP 

Light-dimmer circuits are becomingly increasingly 
popular f<r home use. Fig.6 shows a typical light
dimmer configuration. This circuit provides the ad
vantsges of low hysteresis and continuous control up to 
the maximum conduction .angle. At low illumination 

LAMP 

• 
~ .'20VAC 
- v 60Hz 

CF 
O.lp.F 

• For 22Q.V. 50/6O-Hz Operation, 
replace T2800B with T2800D. 

Fig.6 - A typical light-dimmer circuit. 
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levels, however, the variable resistor Rp is adjusted to 
a high resistance setting. If a momentary drop in line 
voltage occurs at this condition. the high breakover 
voltage of the diac in conjunction with the high re
sistance could result in a circuit misfire; i.e., the light 
could be extinguished and remain so until the circuit 
is reset by readjustment of the control to a high illumi
nation setting. 

A natural successor to the circuit of Fig.6 might 
consist of a configuration which not only provides the 
light-dimming function but also extends the life of the 
lamp being controlled. One of the major causes of re
duced lamp life can be directly attributed to line-voltage 
fluctuations and in particular to periods of over-voltage. 
Nominal line voltage is approximately 120 volts ± 10 
per cent; it is the + l(},per-cent variation that causes 
lamps to reach end-of-life prematurely. 

A technique for limiting or clamping the lamp volt
age, without sacrificing any of the desirable features of 
the dimmer of Fig.6, is shown in Fig.7; LF and CF 
suppress rf interference. Fig.7 employs the basic regu
lating circuit described earlier; however, in the con
figuration shown" the switching voltage of Ql. a silicon 
bilateral switch, is reduced by steering diodes 01 and 
02 in conjunction with resistor R. This arrangement not 

LOAD 

a 
/20 V 
60Hz 

LF 

lOO,uH 

Z, ,-

12V : 
400mW I 

Z2: 
12V I 

400mW I 
L_ 

., 
6.2K 
2W 

*DASHED LINES INCICATE MAJOR 
ADDITIONAL COMPONENTS REQUIRED 
TO ACHIEVE VOLTAGE CLAMP 

~, 
L:. ___ ..:.J 

0/ 02 
TYPE TYPE 

IN3193 IN3193 

NOTE: ALL RESISTOR VALUES ARE IN OHMS 

D For 22()'V. 50/6()'Hz OPERATION: 
CF=O.l ~F.400 V; Rl=12 K,4 W; 
R2=2 K,4 W; R3=3 K,4 W; Q2=T2800D 

Fig.7 - A light-dimmer circuit that includes clamping. 

only makes it possible to achieve larger conduction 
angles, but also prevents the circuit from misfiring at 
low illumination levels when it is subjected to dips in 
line voltage. The light-dimmer circuit in Fig.7 is capa
ble of clamping the high-line-voltage condition to within 
+3 per cent of its nominal value; as a result, the lamp 

* A silicon bilateral switch is a silicon, planar, monolithic 
integrated circuit that 8witches at approximately 8 volts in 
both dire ctiana. 

is subjected to voltages of 120 volts'plus 3 per cent and 
minus 10 per cent. The -l(}'per-cent line dip hss little 
effect on lamp-life reduction. 

The circuit also regulates lamp voltage for various 
settings of potentiometer Rp. Fig.S shows line voltage 
as a function of lamp voltage for two settings of Rp for 
the circuits of Figs.6 and 7. These curves illustrate the 
increased regulation' achieved by the improved circuit. 

140,:=---------------------, 

120 FlU. BRIGHTNESS , .. ,,/ .. <:~=~fF~5.~1ED 
I 
! /-:?," * 

'\ 
100 .% /// : Rp.KI OIMMER WITH 

CLAMPING IFIG.71 

~ 
30,,".-__ 

:> 80 , 
I UNCOMPENSATED 

~ DIMMED 
, .- DIMMER (FIG 61 

~ 60 

, 
I 

g 1/ 

~ 
, I DIMMfR WITH 

, I . CLAMPING IFIG.71 
~ 40 , 

I 
Rp.KZ 

I . , 
20 

lDiAC FAILED I 

: TO TRIGGER I 
, , 

0 J _L ,I I 
80 90 100 110 120 130 140 130 160 

LINE VOl.TAGE-Vrml 

W"K I AND KZARE ARBITRARY BUT DIFFERENT VALUES 

Fig.8 - Lamp voltage as a lunction 01 line voltage lor 
two values 01 Rp in the circuits 01 Figs.6 and 7. 

The dimmer configuration of Fig.7 can also he used 
as a 12(},volt full-wave heater regulator. In this applb. 
cation the light is replaced by a heater load. If the load 
can he operated at a nominal 100 volts with. an input 
voltage of 120 volts, more symmetrical regulation can be 
realized; i.e., ±3 per cent regnlation can be achieved 
with a line variation of ± 10 per cent. In the full-wave 
heater-regulator application, diodes 01' °2, and· resistor 
R in Fig.7 can he eliminated because a wide conduction 
angle is not required. 

Such a control might also be used in colorimetry, an 
application in which it is .necessary to match the color 
(and temperature) of a lamp with a standard; in this ail:' 
plication line-voltage fluctuations can create a measlJl"&. 
ment error. Other areas of.application, such as photo-· 
graphy, heater control, and hot-plate and solder-pot con~ 
trol, can also make effective use of the dimmer circuit 
with over-voltage clamp. 

VOL TAGE-REGULATED DC SUPPLY 

A simple but stable dc power supply using thyris
tors is shown in Fig.9. The power-supply section con
sists of the well !mown full-wave bridge with RC filter. 
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C, 
O.I~F 

200V 

", 
6.8K 
'W 

"2 
5.1K ,W 

"3 
22K 
2W 

"F SDK MT2 C2: RCA 

"7 
1.5 K 
1/2W 

T2700B 
"8 
1.2K 
1/2W 

NOTE: ALL RESISTOR VALUES ARE IN OHMS 

it For 220-V, 50/6()..Hz Operation: 
Rl~12 K.2 W; R2=10 K.2 W; R3=47 K. 
4 W; C4=O.22 I'F.400 V; Q2-T2700D 

Fig.9· A vo/tage.regulated de supply. 

A line-voltage transformer is employed to step-down the 
supply voltage of 120 volts rms to approximately 12.5 
volts rms. If a dc output voltage greater than 10 volts 
is desired, a transformer with a lower primary-to-second
ary turns ratio should he employed. 

The heart of the regulator shown in Fig.9 is the 
phaseo()ontrolled triac on the primary side of the line 
transfcrmer. Because the load presented to the triac is 
somewhat inductive, an RC network is used to assure 
1X"0per commutation; LF lind CF SUPlX"ess rf interference. 
The circuit automatically compensates for wide varia
tions in line voltage. Fig.l0 shows a curve of line volt
age as a function of load voltage, Edc' for a constant 
load a 10 ohms. Fig.ll shows the voltage waveforms 
associated with the circuit of Fig.9. 

6.2,.---------------,---., 
=r -. 
; 6 .. 
~ 0'" > 
o .. 
o 

--fH%------------------
-- ----- -- ----------
__ :,g1J!. __ 

~------.O%----------~ 
(!20%OF APPROXIMATELY 110 V) 

... 5.670!;;--,.t..O..--"il90"--;,*'OO,,---I'IOin--";;2Q ..... -,;'30in---;:!'40 
LINE VOLTAGE-Yrml 

Fig. 10 • Load voltage as a function of line voltage for the 
circuitofFig.9; load resistance is constant at 10 ohms. 
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If increased line, temperature, and load conpensa
"Hon is desired in the regulated dc supply of Fig.9, a 
closed-loop type of control can'he obtained by use of a 
photocell in place of RF and connection of a lamp across 
the output terminals of the supply in such a way that the 
light from the lamp can impinge on the photocell surface. 

13 '5 ,7 
TIME·MILLISECONDS 

Fig. 11 • Yoltage waveforms exhibited by the circuit of 
Fig.9. 
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SELECTION OF CONTROL DEVICE 

Other thyristors than those shown in this Note can 
also be used for voltage regulation. The selection of an 
SCR or triac for a particular regulating circuit depends 

Triac Quick.Selection Chart 

" 0 
0.3SA 6A lOA lSA 30A 40A 

- ',i: T2300B T2700B 2N5567 2N5571 T6401B 2N5441 o e > II T23028. T27108 2N556S 2N5573 T64118 2N5444 oc3" T2310B T47008 
!::! .~ T2312B 

oJ 

" T23000 T27000 2N5568 2N5572 T64010 2N5442 a - '':: _ a T23020 T27100 2N5570 2N5574 T6411D 2N5445 
o ~ > .. T231 00 T47000 
cO T23120 
.... II 
.... c: 

:J 

on the voltage and current requirements of the .. applica
tion. The quick-selection· charts . sh~I.I hillow iD4icate 
the capabilities of RCA thyristors for thistYDP.ofusag¢: 

SCR Quick.Selection Chart 

2A SA 12.SA lSA 2SA 3SA 

2N3528 2N3228 2N3669 2N1846A lN685 2N3871 

527108 2N3897 

537008 

2N3529 2N3525 2N3670 2N1849A 2N688 2N3872 

527100 2N3898 

537000 
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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-silicone-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 walt 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 Versawalt 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 Versawalt 
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 
Versawalt 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 Versawalt 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 350 C per walt. 

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. 

b, 

MILLIMETERS 
SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.140 0.190 3.56 4.82 

•• 0.020 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 15.81 
0.380 0.420 9.66 10.66 
0.090 0.110 2.29 2.79 ., 0.190 0.210 4.83 .,33 

F 0.045 0.055 1.15 1,39 

H, 0.230 0.210 5.85 6.85 
J, 0.080 0,115 2," 2,92 

L 0.500 0.662 12.70 14.27 
L, 0.250 6.35 ,. 0.139 0.147 3.S31 3.733 

NOTES: 
a 0.100 0,120 2," 3," 

1. Tab contour optional within H, Ind E. 92CS·17991RI 
2. Position of lead to be measured 0.250- 0.255 in. (6.35 - 6.48 mml 

from case. 

Fig. 1 Dimensional outline of the JEDEC TO·220AB 
in-line-lead Versawatt transistor package. 
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SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

" 0.203 0.243 5.16 6,17 

F 0.045 0,055 1.15 '.39 
H 0.230 0.270 5.85 6.85 

K 0.080 0.085 2.032 2.159 

L 0.993 '.033 25.22 26.23 

L, 0.895 0.935 22.73 23.14 

L. 0.070 0,090 1.78 2.28 ., 0.139 0.147 3.531 3.734 
Q 0.040 0.060 '.02 1.52 

S 0.655 O.~5 "16.64 17.39 
Z 0.100 0.120 '.54 3.04 

SYMBOL 
INCHES 

MIN. MAX. 

A 0.140 0.190 

B 0.850 

• 0.045 0.070 ., 0.015 0.030 

•• 0,020 0.038 

C 0.230 0.270 

· 0.1ao 0.220 ., 0,130 0.170 

0 0.560 0.625 

• 0,380 0.420 

", 0.365 0.385 

'. 0.300 0.320 , 0,190 0.210 

" 0.090 0.110 

MILLIMETERS 
MIN. MAX. 

3.56 4.82 

- 21.59 
1.15 1.17 
0.382 0.762 
0.508 0.965 

5.85 6.85 
4.56 5.56 
3.31 4.3' 

'4.23 15.87 
9.66 10.41 
9.28 9.77 

7.62 8.12 
4.63 5.33 

'.29 2.19 
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ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SHOWN. TDLERANCES ARE: 
~O.Ql FOR 2ND PLACE; ~O.OO$ rOR 3RD PLACE AND ~II2:· FOR ANGULAR 
DIMENSION. 

Fig. 4 . Integral heat sink used with the TO·220AA 
Versawatt package shown in Fig. 3. 

Fig. 2 - Dimensional outline of Vetsawatt transistor package 
designed for mounting on printed-circuit boards. 

INCHES MILLIMETERS 
SYMBOL 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 0.162 

0 0.560 0.625 14.23 15.87 

" 0.380 0.420 9.66 10.66 '. 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 

" 0.080 0.115 '.04 2.92 L. 0.050 1.27 

L3 0.360 0.422 9.15 10.71 

0- 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 
92C5-17990R 1 

NOTES: 
1. Tabcon_optionalwithin Ht and E. 
:z. PcnItlonot I..ata be..-ndO.05O- 0.055 in. 11.27 -1.40 mm) 

beIow...u"' .... 

Fig. 3 JEDEC TO-220AA Vernawatt transistor package 
designed for direct replacement of the JEDEC TO-66 
package. 

rrl7':l t . ."".. m Jlki 
1 ~ I SEC" ..... 

1_ "~~j SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.160 • .200 4.07 .... 
b M4. •. 060 1.15 ,.52 

· •. 025 ..... . ... 1.14 

0 "'90 0.910 22.61 23.11 

0, .- 0.515 12.20 13.03 

" ..... •• 520 12.20 13.20 

F •. 055 0.070 '.40 1.77 

'1 0.100 0.120 2.54 3.04 

L2 0.415 ..... 10.54 14.22 

I -
0.128 0.150 3.26 3.B1 

• 0.740 0.760 18.1lO 19.30 

· •. 500 •• 520 12.70 13.20 

NOTE: Terminal end configurations are optional. 

Fig. 5 . JEDEC TO-219AB highjJower molded-plastic tran
sistor package. 
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~ 
SECTION -::-r 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.110 D.2OO 4m 5.l1B 
b ..... ..... 1.1.5 ,.62 · 0. ... 0. ... . ... 1.14 
0 ..... ... ,. 22 .• 1 23.11 
0, 0. ... 0.515 '2.20 '3.l1B 
E ..... ..... '2.20 '3.20 ., ..... 0. ... " ... 12.12 , 
F ..... D.D7D , ... '.77 
L D.37O ..... .... '1.43 2 

• 0.121 0., .. 3.28 3.8' 

• G.740 •• 7110 , .... , .... 
· ..... ..... 12.70 13.20 

NOTES: ,. 0, II_rod at sooting plone. 
2. Torminolend configurations ... optiDI1II. 

Fig. 6· JEDEC T(J.219AA plastic package designed for use 
as a direct replacement for the hermetically sealed JEDEC 
T0-3 transistor package. 

The RCA high·power plastic package is also available with an 
attached headeHase 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 confmes 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
ments of many different mounting arrangements is highly 
impractical. However, the leads of the Versawatt in~ine 

package can be formed to a custom shape, provided that 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 
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ALL DIMENSIONS IN INCH~S 

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 

'9 
LEAD IS NOT RESTRAINED BETWEEN 
BENDING POINT AND PLASTIC CASE. 

CORRECT 

Ibl 

Fig. 8 - Use of long-nosed pliers for lead bending: fa) 
incorrect method; fb) 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, malee 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 of leads. 
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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 not exceed 
2750 C and must be applied for not more than 5 seconds at a 

~ ~:~~;l6~;;EfRDMRtA 

~
NR231A 

e RECTANGULAR METAL 
WASHER 

. AVAILA8lE"tPUBlISlltD 

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----SCREW. , ... 

~
NOTSUPPLIEDWITH DEVICE 

• • DFI37A 
• INTEGRAL 

~
INSULATINGWASHER 

6 DFI03C 
Q MICA INSULATOR 

G (HOLE FOR ... O SCREWI 

0-HEATS1NK 

LOCK WASHER @ 
MET AL WASHER @) } 

HEX.NUT @ 
SOLDER LUG ~ 

HEX. NUT @ 

NOT SUPPLIED WITH DEVICE 

NOT AVAILABLE FROM RCA 

NR231A 
RECTANGULAR METAL 
WASHER 

AVAILABLE AT PUBLISHED 
HARDWARE PRICES 

(bl 

~J ~iJ~~SULATOR 
~

HOLEOIA_O'45 014',. 
[368 358rnml e SUI'f'LI([) wlTII DEV'Cl 

:;~,:,.:~.~,-~ 
HEAT 
51NK 

& 

6 HEATSINK 0 1CHASSlSI 

6 495334·7 

G _ :~~~'!-~.~~~n~~~~~c;.,1 
s-- ~~~i~~f6~4g~.;,; MAX. 

SHOULDEA THICKNESS ~ 
METAL WASHER r-::-..) 0.050 in. 11.27 mml MAX. o SUf'I'lIU' WITH DEY,CE 

LOCK WASHER <3 
HEX NUT @> 'lOT AVAILABLE fROM ACA feJ 

SOLDER LUG ~ 
HEX NUT @> 

In the United Kingdom. Europe, Middle East, and Africa, mounting
hardware policies may differ; check the availabilitv of all items 
shown with your RCA sales representative or supplier. 

NOT AVAILABLE FROM RCA 

Fig. 9 . Mounting a"angements for VetsaWBtt transistors: (a) 
and (b) methods of mounting in-line-lead types; (e) chassis 
mounting; (d) mounting on p,inted-circuit boards. 
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MOUNTING 

Fig. 9 shows recommended mounting arrangements and 
susgested hardware for the Versawatt transistors. The rec· 
tangular washer (NR231A) 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. 
Sueh 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, 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 of lead-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 UlD Elec
tronics Corp. Socket No. PTS-4 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 fasten the 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 ineh-pounds. 

5. Avoid oversize mounting holes. 

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. Sueh bushings should be made of 
dia1lphthaIate, 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. J I (b). The precautions listed for the 
Versawatt packages should also be followed in the mounting 
of the high-power molded·plastic packages. 

y'CRE ..... 
_ SHOULDER BUSHING 

HEAi 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 Vetsawatt transistor. 

THERMAL-RESISTANCE CONSIDERATIONS 

The maximum allowable power dissipation in a solid-1ltate 
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 
thermal circuit to conduct heat away from the device. 

When a solid-1ltate device is operated in free air, without a 
heat sink, the steadY-1ltate thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data on the device. Thermal considerations require that 
there 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. 



2 METAL WASHERS @ 
2 LOCK WASHERS @ 

2HEX,NUTS @ 
1 SOLDER LUG ~ 

2HEX.NUTS @ 
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cy>- 2 SELFaTAPPING SCREWS, No.4 

AT SINK 
THICKNESS'" 0.130 (3.30) MAX. 

i-- 2 SCREWS, 4-40 

2 MET AL WASHERS 

/,-...;:; __ - DF1148 

2 LOCK WASHERS @ 
2HEX.NUTS@ 

1 SOLDER LUG ~ 
2HEX.NUTS@ 

MICA INSULATOR 

HEAT SINK 

495334.8 
2 INSULATING BUSHINGS 
I.D. 0.130 (3.30) 
SHOULDER 0104. 0.218 (5.54) 
THICKNESS = 0.050 (l.l7) MAX. 

DF1148 
MICA INSULATOR 

HEAT SINK 
THICKNESS = 0.130 (3.30) MAX. 

SOCKET b 

bSockll1 No, LST-17Q2-1 (Industrial 
Hardware Corp., 
109 Prince St., N.Y •• N.Y. 
or equivalent) 

Fig, 11· Mounting arrangements for high·power plastic·package 
transistors: fa) chassis mounting; fb) socket mounting; fc) 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, 6 J-C; case-to-heat-sink,6c_s; 
and heat·sink-to-ambient,6 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 

TC---

TS-

'SIA 

T J = junction temperature 
T C ... case temperature 
TS = he8Hink temperature 
TA= ambient temperature 
(} J/C = junction-to-case thermal resistance 
6ClS = case-to-heat-sink thermal resistance 
8S/A"'" heat-sink-to-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 Corning 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. II(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 
lOOoC 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-plastic solid-state 
power devices, the following special precautions should be 
taken to assure efficient heat transfer from case to heat sink: 

I. 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 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
amples 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. 

I. 

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'Reliafoam No. 811-\3 

Alpha Reliafoam No. 815-35 

Kester No. 44 

2. • 
A 

C -r--1 

1.0 

CURVE 

A 

B 

C 

D 

E 

F 

~ 
"'-

r--~-' 
I 
t 
I 

o 
2 

MOUNTING 
ARRANGEMENT 
FIGURE 

91.1 

91bl 

91.1 

91bl 

-
-

E-

F 

'MOUNTING TORQUE-IN-LOS 

HEAT SINK MICA 
HOLE THICKNESS THERMAL 

OIA.UN.1 IMILSI COMPOUND 

.250 4 Dow Corning No.340 

.113 4 Dow Corning No.340 

.250 2 Dow Corning No.340 

.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. 

MOUNTING MICA 
CURVE ARRANGEMENT THICKNESS 

FIGURE IMILSI -- A 11181 thru 111el 4 
B - None 

C 11181 thru 11 lei, 2 

0 - None 

2 4 6 8 W 
MOUNTING TORQUE-IN-LBS 

Fig. 14 - Typical csse-to.IJeat thermal resistance as a function 
of mounting torque for an RCA high-power plastic-package 
transistor. 

THERMAL 
COMPOUND 

Dow Corning No.340 

None 
Dow Coming No.340 

Dow Coming No.340 
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A Review of Thyristor 
Characteristics and Applications 

by T.e. McNulty 

Thyristors, both SCR's and triacs, are now widely accepted 
in power·control applications. With the emphasis in such 
applications placed on low cost, small package size, and 
circuit simplicity, thyristors satisfy these requirements with 
reliability exceeding that of electromechanical counterparts. 
This Note describes the operation, ratings, characteristics, 
and typical applications of these devices. 

Types of Thyristors 

Thyristors are semiconductor devices that have character· 
istics similar. to those of thyratron tubes; more specifically, 
they are semiconductor switches whose bistable state 
depends on the regenerative feedback associated with a 
p·n·p·n structure. Basically, this group includes any bistable 
semiconductor device that has three or more junctions (i.e., 
four or more semiconductor layers) and can be switched 
from a high· impedance (OFF) state to a conducting (ON) 
state, and from the conducting (ON) state to the high· 
impedance (OFF) state, within at least one quadrant of the 
principal.voltage characteristics. . 

There are several types of thyristors, which differ primarily 
in number of electrode terminals and operating character· 
istics associated with the third quadrant (negative) of the 
voltage-current characteristics. Reverse·blocking triode 
thyristors, commonly called silicon controlled rectifiers 
(SCR's), 'and bidirectional triode thyristors, referred to as 
triacs, are the most popular types. Silicon controlled 
rectifiers have satisfied the requirements of many power· 
switching applications with much greater reliability than 
electromechanical or tube counterparts. As the use of SCR's 
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in power applications increased, the need for complete ac 
control became apparent. The new family of thyristor 
devices generated to provide bidirectional current properties 
is referred to as triacs. A triac can be considered as two 
parallel SCR's (p.n.p.n) oriented in opposite directions to 
provide symmetrical bidirectional characteristics. 

Two·Transistor Analogy 

The bistable action of thyristors can be explained by analysis 
·of the structure of an SCR. This analysis can be related to 
either operating quadrant of a triac because a triac is 
essentially two parallel SCR's oriented in opposite directions. 
A two·transistor analogy of an SCR is illustrated in Fig. I. 
Fig. I (a) shows the schematic symbol for an SCR, and Fig. 
l(b) shows the p·n·p·n structure the symbol represents. In 
the two·transistor model for the SCR shown in Fig. I(c), the 
interconnections of the two transistors are such that regen· 
erative action can occur when a proper gate signal is applied 
to the base of the lower n·p·n transistor. 

In the diagram of Fig. 2, the emitter of the upper (p·n·p) 
transistor is returned to the positive terminal of a de supply 
through a limiting resistor R2, and the emitter of the lower 
(n·p·n) transistor is returned to the negative terminal of the 
dc supply to provide a complete electrical path: When the 
model is in the OFF state, the initial principal·current· flow is 
zero. If a positive pulse is then applied to the base of the 
n·p·n transistor, the transistor turns on and forces the 
collector (which is also the base of the p·n·p transistor) to a 
low potential; as a result, current (Ia) begins to flow. 
Because the p·n·p transistor is then in the active state, 
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collector current (Iq = Ib2) flows into the base of the n-p-n 
transistor and sets up the conditions for regeneration_ If the 
external gate drive is removed, the model remains in the ON 
state as a result of the division of currents associated with the 
two transistors, provided that sufficient principal current (la) 
is available. 

Jf.NOOE 
GATE 

CATHODE 

f,) 

~
NOOE . 

GATE n 

fb) : CATHODE 

" 

I 

I'bl< ;.:, 
1 Ic2 

• f. 

I' 

f 

CATHODE 

f<l 

Fig_ 1 - Two-transistor analogy of an SCR: (a) schematic 
symbol of SCR; (b) p-n-p-n structure represented by schema
tic symbol; (c) two-transistor model of SCR. 

Theoretically, the model shown in Fig. 2 remains in the ON 
state until the principal current flow is reduced to zero. 
Actually, turn-off occurs at some value of current greater 
than zero. This effect can be explained by observation of the 
division of currents as the value of the limiting resistor is 
gradually increased. As the principal current is gradually 
reduced to the zero current level, the division of currents 
within the model can no longer sustain the required 
regeneration and the model reverts to the blocking state. 

The two-transistor model illustrates three features of thyris
tors: (1) a gate trigger current is required to initiate 
regeneration, (2) a minimum principal current (referred to as 
"latching current'') must be available to sustain regeneration, 
and (3) reduction of principal-current flow results in turn-off 
at some level of current flow (referred to as "holding 
current") slightly greater than zero. 

LIMITING R 

-=-oc 

...flrGT 

Fig_2 - Two-transistor model connected to show a complete 
electrical path. 

Fig. 3 illustrates the effects on latching and holding current 
for resistive termination at the base of the n-p-n transis
tor. The collector current through the p-n-p transistor must 
be increased to supply both the base current for the n-p-n 
transistor and the shunt current through the terminating 
resistor. Because the principal-current flow must be increased 
to supply this increased collector current, latching and 
holding current requirements also increase. The use of the. 
two-transistor model provides a more concise meaning to the' 
mechanics of thyristors. In thyristor fabrication, it is 
generally good practice to use a low-beta p-n-p unit and to 
include internal resistance termination for the base of the 
n-p-n unit. Termination of the n-p-n unit provides immunity 
from "false" (non-gated) turn-on, and the use of the low-beta 
p-n-p units permits a wider base region to be used to support 
the high voltage encountered in thyristor applications. 

LIMITING R 

...flIGT 

Fig.3 - Two-transistor model of SCR with resistive termina
tion of the n-p-n transistor base. 

Voltage and Temperature Ratings 

The effects of temperature and voltage are important in 
thyristors because these devices possess regenerative action 
and are required to support high voltage in the OFF state. In 
the two-transistor model shown in Fig. 2, an increase in 
temperature causes a leakage current which, if allowed to 
migrate to the base of the n-p-n transistors, forces the 
transistor into the active region. Regenerative action then 
calls for additional leakage current, and causes the model to 
switch into the ON state and establish a principal-current 
flow. For reliable operation at high temperature, the base of 
the n-p-n transistor should be terminated with a low value of 
resistance to prevent turn-on as a result of.high-temperature 
operation. 

Because gate termination is required on all thyristors: RCA 
devices contain a diffused internal gate-cathode resistor (the 
so-called "shorted-emitter" design) and do not require 
external gate termination. Therefore, it is not necessary to 
specify an OFF ... tate rating under the conditions of external 
gate-resistance termination. The use of this internal shunt 
resistance improves the OFF-state blocking capability, 
provides increased immunity against false turn-on, and 
slightly increases gate-current requirements. 
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OFF-state voltage ratings of thyristors are specified for both 
steady-state and transient operation for both forward 
(positive) and reverse (negative) blocking conditions at the 
maximum junction temperature_ For SCR's, voltages are 
considered to be forward (positive) when the anode is at a 
positive potential with reference to the cathode." Negative 
voltages are referred to as reverse-blocking voltages. For 
triacs, voltages are considered to be positive when main 
terminal 2 is at a positive potential with reference to main 
terminal I; this condition is referred to as first-quadrant (I) 
operation. Third-quadrant (III) operation occurs when main 
terminal 2 is at a negative potential with reference to main 
terminal 1. Fig. 4 shows the principal voltage-current 
characteristics for both SCR's and triacs_ 

REVERSE·BLOCKING VOLTAGE 

FORWARD QUADRANT 

HOLDING 
CURRENT 

BREAKOVER 
VOLTAGE 

t ON.STATE 

REVERSE;-~;:::====..f=SOi-r-=-=-=-=-~
QUADRANT 

QUADRANTm 

REYERSE 
BREAKOYER 
VOLTAGE 

MAIN TERMINAL 2 NEGATIVE 

OFF STATE 

QUADRANT I 
MAIN TERMINAL 2 POSITIVE 

(b) 

(a) 

BREAKOVER 
VOLTAGE 

Fig.4 - Principal voltage-current characterirties of SCR's and 
triaes. 

Operation of an SCR under reverse-blocking voltage is similar 
to that of a reverse-biased silicon rectifier or other semicon
ductor diodes. In this operating mode, the SCR exhibits a 
very high internal impedance, and a small reverse current 
flows through the p-n-p-n structure until the reverse break
down voltage is reached, at which time the reverse current 
increases rapidly. For forward (positive) operation, the SCR 
is electrically bistable and exhibits either high impedance 
(forward-blocking or OFF state) or low impedance (forward
conducting or ON state). In the forward-blocking state, a 
small leakage current, considered to be of approximately the 
same value as that for reverse leakage, flows through the 
p-n-p-n structure. As the forward voltage is increased, a 
"breakdown" point is reached at which the forward current 
increases rapidly" and the voltage across the SCR decreases 
abruptly to a very low voltage, referred to as the forward ON 
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voltage. When the SCR is in the ON state, the forward 
current is limited primarily by the impedance of the external 
circuit. Increases in forward (principal) current are accom
panied by only a slight change in ON-state voltage. 

If the triac is considered as two parallel SCR's oriented in 
opposite directions to provide symmetrical current flow, the 
behavior of a triac under positive or reverse voltage operation 
is essentially the same as that of an SCR in the forward
blocking mode. 

Gate Characteristics 

The breakover voltage of a thyristor can be varied, or 
controlled, by injection of a signal at the gate terminal. Fig. 5 

Ig4 III] 1112 Ig1;0 

THYRISTOR BREAKOVER AS FUNCTION OF GATE CURRENT 

Fig.5 - Thyristor breakover as a function of gate current. 

shows curves of breakover as a function of gate current for 
first-quadrant operation of an SCR. A similar set of curves 
can be drawn for both the first and the third quadrant to 
represent triac operation. 

When the gate current Ig is zero, the applied voltage must 
reach the breakover voltage of the SCR or triac before 
switching occurs. As the value of gate current is increased, 
however, the ability of a thyristor to support applied voltage 
is reduced and there is a certain value of gate current at 
which the behavior of the thyristor closely resembles that of 
a rectifier. Because thyristor turn-on, as a result of exceeding 
the breakover voltage, can produce instantaneous power 
dissipation during the switching transition, an irreversible 
condition may exist unless the magnitude and rate of rise of 
principal current is restricted to tolerable levels. For normal 
operation, therefore, thyristors are operated at applied 
voltages lower than the breakover voltage, and are made to 
switch to the ON state by gate signals of sufficient amplitude 
to assure complete turn-on independent of the applied 
voltage. Once the thyristor is triggered to the ON state, the 
principal-current flow is independent of gate voltage or gate 
current, and the device remains in the ON state until the 
principal-current flow is reduced to a value below the holding 
current required to sustain regeneration. 

The gate voltage and current required to switch a thyristor 
from its high-impedance (OFF) state to its low-impedance 
(ON) state at maximum rated forward anode current can be 
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determined from the circuit shown in Fig. 6. Resistor R2 is 
selected so that the anode current specified in the manufac
turer's ratings flows when the device latches into its 
lOW-impedance or ON state. The value of R I is graduaUy 
decreased until the device under test is switched from its 
OFF state to its low-impedance or ON state. The values of 
gate current and gate voltage immediately prior to switching 
are the values required to trigger the thyristor. For an SCR, 
there is only one mode of gate firing capable of switching the 
deviee into the ON state, i.e., a positive gate signal for a 
positive anode voltage. If the gate polarity is reversed 
(negative voltage), the reverse current flow is limited by the 
value of R2 and the gate-cathode internal shunt. The value of 
power disSipated for the reverse gate polarity is restricted to 
the maximum power-dissipation limit imposed by the man
ufacturer. 

--=- 12Y -=-IZY 

Fig.6 - Circuit used to measure thyristor gate voltage and 
current switching threshold. 

Because of its complex structure, a triac can be triggered by 
either a positive or a negative gate signal regardless of the 
voltage polarity across the main terminals of the device. Fig. 
7 illustrates the triggering mechanism and current flow 
within a triac. The gate trigger polarity is always referenced 

MT 1 

(al 1(+) 

MT 1 
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Fig.7 - Current flow in a triac. 
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to main terminal I. The potential difference between the two 
terminals is such that gate current flows in the direction 
indicated by the dotted arrow. The polarity symbol at main 
terminal 2 is also referenced to main terminal I. The 
semiconductor materials between the various junctions with
in the peUet are labeled "p" and "n" to indicate the type of 
majority-carrier concentrations within the material. 

For the various operating modes, the polarity of the voltage 
on main terminal 2 with respect to main terminal I is given 
by the quadrant in whieh the triac operates (either lor 111), 
and the polarity of the ga te signal used to trigger the device is 
given by the proper symbol next to the operating quadrant. 
For the 1(+) operating mode, main terminal 2 and the gate 
are both positive with respect to main terminal I. Initial gate 
current flows into the gate terminal, through the p-type 
layer, across the junction into the n-type layer, and out main 
terminal I, as shown by the dotted arrow. As gate current 
flows, current multiplication occurs and the regenerative 
action within the peUet switches the triac to its ON state. 
Because of the polarities indicated between the main 
terminals, the principal current flows through the p-n-p-n 
structure as shown by the solid arrow. Similarly, for the 
other three operating modes, the initial gate-current flow is 
shown by the dotted arrow, and principal-current flow 
through the main terminals is shown by the solid arrow_ 

Because the direction of principal current influences the gate 
trigger current, the magnitude of the current required to 
trigger the triac differs for each mode. The operating modes 
in which the principal current is in the same direction as the 
gate current require less gate trigger current; modes in which 
the principal current is in opposition to the gate current 
require more gate trigger current. 

Because triacs are bidirectional, they can provide fuU-cycle 
(360-degree) control of ac power from either a positive or a 
negative gate-drive signal. This feature is an advantage when 
it is necessary to control ac power from low-level logic 
systems such as integrated-circuit logic. With gate-power 
requirements for turn-on in the milliwatt region, triacs are 
capable of controlling power levels up to \0 kilowatts. Thus, 
the power gain associated with these thyristors far exceeds 
that of transistor counterparts in the senticonductor switch
ingfield. 

Like many other semiconductor-device parameters, the mag
nitude of gate· trigger current and voltage varies with the 
junction temperature. As thermal excitation of carriers 
within the semiconductor material increases, the increase in 
leakage current makes it easier for the device to be triggered 
by a gate signal. Therefore, the gate becomes more sensitive 
in all operating modes as the junction temperature increases. 
Conversely, if a triac or SCR is to be operated at low 
temperatures, sufficient gate trigger current must be provided 
to assure triggering of aU devices at the lowest operating 
temperature expected in any particular application. Varia
tions of gate-trigger requirements are given in the published 
data for individual thyristors. 
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The 'gate current specified in published data for thyristors is 
the dc gate trigger current required to switch an SCR or triac 
into its low-impedance state. For practical purposes, this dc 
value can be considered equivalent to a pulse current that has 
a miniroum pulse width of 50 microseconds. For gate-current 
pulse widths smaller than 50 microseconds, the pulse-current 
curves associated with a particular device should be used to 
assure turn-on. 

When pulse triggering of a thyristor is required, it is always 
advantageous to provide a gate-current· pulse that has a 
magnitude exceeding the dc value required to trigger the 
device. The use of large trigger currents reduces variations in 
tum-on time, increases di/dt capability, minimizes the effect 
of temperature variation on triggering characteristics, and 
makes possible very short switching times. When a thyristor 
is initially triggered iuto conduction, the current is confined 
to a small area which is usually the more sensitive part of the 
cathode. If the anode current magnitude is great, the 
localized instantaneous power dissipation may result in 
irreversible damage unless the rate of rise of principal current 
is restricted to tolerable levels to allow time for current 
spreading over a larger area. When a much larger gate signal is 
applied, a greater part of the cathode is turned on initially; as 
a result, turn-on time is reduced, and the thyristor can 
support a much larger peak anode inrush current. 

Switching Characteristics 

Ratings of thyristors are based upon the amount of heat 
generated within the device pellet and the ability of the 
device package to transfer the internal heat to the external 
case. For high-performance applications in which SWitching 
of high peak current values but narrow pulse widths is 
desired, the internal energy dissipated during the turn-on 
process must be determined to assure that power dissipation 
is within ratings. 

When thyristors (either triacs or SCR's) are triggered by a 
gate signal, the turn-on. tiroe consists of two stages, a delay 
time td and a rise time t r, as shown in Fig. 8. The total 
turn-on time tgt is defined as the time interval between the 
initiation of the gate signal and the time for the principal 
anode current flow through the thyristor to reach 90 per 
cent of its maxiroum value for a resistive load. The delay 
time td is defined as the tiroe interval between the 
50-per-cent point of the leading edge of the gate trigger 
voltage and the IO-per-cent point of the principal current for 
a resistive load. The rise time tr is the time interval reqUired 
for the principal current to rise from 10 to 90 per cent of its 
maxiroum value. The total turn-on time ton is the sum of 
both delay and rise time (td + td. 

Although the thyristor is affected to some extent by the 
peak off .. tate voltage and the peak on-state current level, the 
tum-on time is influenced primarily by the magnitude of the 
gate-trigger pulse current, as shown in Fig_ 9. Faster tum-on 
time for larger gate drive is a result of a decrease in delay 
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Fig.8 - Waveshapes illustrating thyristor tum-on time. 

time associated with the thyristor because of the increased 
current density at the gate-cathode periphery. Of major 
importance in the turn-on time interval is the relationship 
between thyristor voltage and prinCipal current flow through 
the thyristor. During the turn-on interval, the dynamic 
voltage drop is high and the current density can produce 
localized hot spots in the pellet area. Therefore, it js 
important that power dissipation during turn-on be restricted 
to levels within device specifications. 
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Fig.9 - Thyristor tum-on time as a function of gate trigger 
current. 

Turn-off time of a thyristor can be associated only with 
SCR's. In triacs, a reverse voltage cannot be used to provide 
circuit-commutated tum-off voltage because a reverse voltage 
applied to one half of the triac structure would be a 
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forward-bias voltage to the other half. For tumoOff times in 
an SCR, the recovery period consists of two stages, a reverse 
recovery time and a gate recovery time, as shown in Fig. to. 
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Fig. 10 - Waveshapes illustrating thyristor turn-off time. 

When the forward current of an SCR is reduced to zero at 
the end of a conduction period, application of reverse voltage 
between the anode and cathode terminals causes reverse 
current to flow in the SCR until the time that the reverse 
current passes its peak value to a steady-state level called the 
reverse recovery time trr . A second recovery period, called 
the gate recovery time, tgr, must then elapse for the 
forward-blocking junction to establish a depletion region so 
that forward-blocking voltage can be reapplied and success
fully blocked by the SCR. The gate recovery time of an SCR 
is usually much longer than the reverse recovery time. The 
total time from the instant reverse recovery current begins to 
flow to the start of the forward- blocking voltage is referred 
to as circuit-commutated tumoOff time tq. 

Turn-off time depends upon a number of circuit parameters, 
including on-state current prior to tum-off, rate of change of 
current during the forward-io-reverse transition, reverse· 

, blocking voltage, rate of change of reapplied forward voltage, 
gate trigger level, the gate bias, and junction temperature. 
Junction temperature and on-state current have a more 
significant effect on tum-off than any of the other factors. 
With tumoOff time specified on the manufacturer's data sheet 
and dependent upon the conditions as outlined above, 
tumoOff time specification is only meaningful if all of the 
above critical parameters are available in the actual applica
tion. 

For applications in which an SCR is used to control 60-Hz ac 
power, the entire negative half of the sine wave is a turn-off 
condition and more than adequate for complete tumoOff. For 
applications in which the SCR is used to control the output 

of a full-wave rectifier bridge, however, there is no reverse 
voltage available for turn-off, and complete tumoOff can be 
accomplished only if the bridge output is reduced to zero 
volts or the principal current is reduced to a value lower than 
the device holding current. 

Because turn-off times are not associated with triacs due to 
the physical structure of the device, a new term is introduced 
called "critical rate of rise of commutation voltage", or the 
ability of a triac to commutate a fixed value of current under 
specified conditions. The rating can be explained by con
sideration of two SCR's in an inverse parallel mode, as shown 
in Fig. II. SCR-I is assumed to be in the conducting state 

LOAD 

Fig.11 - Circuit used to demonstrate critical rate of rise of 
commutation voltage. 

with forward current established. As the principal cur.ent 
flow crosses the zero reference point, a small reverse current 
flows in SCR-I until the time that the SCR reverts to the 
OFF state. The principal current is then diverted to SCR-2, 
provided that sufficient gate current is available to that 
device. 

The structure of a triac shown in Fig. 12 indicates that the 
main blocking junctions are common to both halves of the 

SCR, SCR2 

Fig. 12 - Struc ure of a triac. 

device. When the first half of the triac structure (SCR-l) is in 
the conducting state, a quantity of charge accumulates in the 
n-type region as a result of the principal current flow. As the 
principal current crosses the zero reference point, a small 
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reverse current is established as a result of the charge 
remaining in the n-type region_ Because the n-type region is 
common to both halves of the devices, this reverse recovery 
current becomes a forward current to the second half of the 
triac_ The current resulting from stored charge may cause the 
second half of the triac to go into the conducting state in the 
absence of a gate signal. Once current conduction has been 
established by application of a gate signal, therefore, com

plete loss in power control can occur as a result of 
interaction within· the n-type base region of the triac unless 
sufficient time elapses to assure turn-off_ It is imperative that 
triac manufacturers provide sufficient information regarding 
.commutating capability under maximum current and 
case-temperature conditions so that triac control of ac power 
for resistive loading in a 60-Hz power source can be assured. 

Commutation of triacs is more severe with inductive loads 
than with resistive loads because of the phase lag between 
voltage and current associated with inductive loads. Fig. 13 
shows the waveforms for an inductive load with lagging 
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Fig. 13 - Waveshapes of commutating dv Idt characteristics. 

current power factor. At the time the current reaches zero 
crossover (point A), the half of the triac in conduction begins 
to commutate when the principal current falls below the 
holding current required to sustain regeneration. Because the 
high-voltage junction is common to both halves of the triac, 
the stored charge can be neutralized only by recombination. 
At the instant the conducting half of the triac turns off, an 
applied voltage opposite to the current polarity is applied 
across the triac terminals (point B). Because this voltage is a 
forward bias to the second half of the triac, the sudden 
reapplied voltage in conjunction with the remaining stored 
charge in the high-voltage junction reduces the over-all device 
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capability to support a fast rate of rise of applied voltage. 
The result is a loss of power control to the load, and the 
device remains in the conducting state in absence of a gate 
signal. Therefore, it is imperative that some means be 
provided to restrict the rate of rise of reapplied voltage to a 
value which will permit triac turn-off under the conditions of 
inductive load. 

An accepted method for keeping the commutating dv/dt 
within tolerable levels during triac turn-off is to use an RC 
snubber network in parallel with the main terminals of the 
triac. Because the rate of rise of applied voltage at the triac 
terminal is a function of the load impedance and the RC 
snubber network, the circuit can be evaluated under worst
case conditions of operating case temperature, maximum 
principal current, and any value of conjunction angle. The 
values of resistance and capacitance in the snubber are then 
adjusted so that the rate of rise of commutating dv/dt stress 
is within the specified minimum limit under any of the 
conditions mentioned above. The value of snubber resistance 
should. be high enough to limit the snubber capacitance 
discharge currents during turn-on and dampen the LC 
oscillation during commutation (turn-off). Any combination 
of snubber resistance and capacitance that provides the 
requirements outlined above is considered satisfactory. 

Some of the factors affecting commutating dv/dt capability 
of triacs are temperature, current magnitude, rate of change 
of current during commutation, and frequency of the applied 
principal current. With frequency directly related to commu
tating di/dt, early triac use was restricted to 60-Hz applica
tions. Continued technological advances in triac device struc
ture has resulted in faster "turn-off' capability and made 
possible a new family of triacs having 400-Hz commurating 
capability that is now being offered to circuit designers who 
must work with 400-Hz source voltages. 

Another important parameter for thyristors is the "critical 
rate of rise of off-state voltage". A source voltage can be 
suddenly applied to an SCR or a triac which is in the OFF 
state through either closure of an ac line switch or transient 
voltages as a resuit of an ac line disturbance. If the fast rate 
of rise of the transient voltage exceeds the device rating, the 
thyristor may switch from the OFF state to the conducting 
state in the absenc· of a gate signal_ If the thyristor is 
controlling aiternatil voltage, "false" turn-on (non-gated) 
resulting from a tran mt imposed voltage is limited to no 
mOre than half the applied voltage because turn-off occurs 
during the zero current crossing. However, if the source 
voltage suddenly applied to the OFF thyristor is a dc voltage, 
the device may switch to the ON state and turn-off could 
then be achieved only by circuit interruptions. The switching 
from the OFF state is caused by the internal capacitance of 
the thyristor. A steep-rising voltage dv/dt impressed across 
the terminals of a thyristor causes a capacitance-charging 
current to flow' through the device. This charging current 
(i=Cdv/dt) is a function of the rate of rise of applied off-state 
voltage. If the rate of rise of voltage exceeds a critical value, 
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the capacitance-charging current exceeds the gate trigger 
current alid causes device turn-on. Operation at elevated 
junction temperatures reduces the thyristor ability to sup
port a steep rising voltage dv/dt because less gate current is 
required for turn-on. The effect of temperature on the 
critical rate of rise of off-state voltage is shown in Fig. 14. 
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Fig. 14 - Critical rate of rise of off-state vo/mge as a function 
of case temperature_ 

Voltage transients which occur in electrical systems as a result 
of disturbance on the ac line caused by various sources such 
as energizing transformers, load switching, solenoid closure, 
contactors, and the like may generate voltages which are 
above the ratings of thyristors and result in spike voltages 
exceeding the critical rate of ri;e of off-state voltage 
capability. Thyristors, in general, switch from the OFF state 
to the ON state whenever the breakover voltage of the 
device is exceeded, and energy is then transferred to the 
load. Good practice in the use of thyristors exposed to a 
heavy transient environment is to provide some form of, 
transient suppression. 

For applications in which low-energy, long-duration tran
sients may be encountered, it is advisable to use thyristors 
that have voltage ratings greater than the highest voltage 
transient expected in the system to provide protection 
against destructive transients. The use of voltage clipping 
ceDs is also effective. In either case, analysis of the circuit 
application wiD reveal the extent to which suppression 
should be employed. In an SCR application in which there is 
a possibility of exceeding the reverse-blocking voltage rating, 
it is advisable to add a clip cell or to use an SCR with a 
higher reverse-blocking voltage rating to minimize power 
dissipation in the reverse mode_ Because triacs generaDy 
switch to a low conducting state, if the di/dt buildup of the 
principal current flow after turn-on is within device ratings it 
is safe to assume that reliable operation will be achieved 
under the specified conditions. 

The use of an RC snubber is most effective in reducing the 
effects of the high-energy short-duration transients more 

frequently encountered in thyristor applications. When an 
RC snubber is added at the thyristor terminals, the rate of 
rise of voltage at the terminals is a function of the load 
impedance and the RC values used in the network. In some 
applications, "false" (non-gated) turn-on for even a portion 
of the applied voltage cannot be tolerated, and circuit 
response to voltage transients must be determined. An 
effective means of generating fast-rising transients and 
observing the circuit response to such transients is shown in 
Fig. 15. This circuit makes use of the "splash" effects of a 
mercury-wetted relay to transfer a capacitor charge to the 
input terminals of a control circuit. This approach permits 
generation of a transient of known magnitude whose rate of 
rise of voltage can ~asily be displayed on an osciDoscope. For 
a given load condition, the values in the RC snubber network 
can be adjusted so that the transient voltage at the device 
terminals is suppressed to a tolerable level. This approach 
affords the circuit designer with meaningful information as 
to how a control circuit wiD respond" in a he.avy transient 
environment_ The circuit is capable of generating transient 
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Fig. 15 - Circuit used to generote-!ast rising tTrJnsients. 

voltages in excess of "10 kilovolts per microsecond, which 
exceeds industrial generated transients. The response of a 
100-millihenry solenoid control circuit exposed to a fast
rising transient is shown in Fig. 16. 

Use of Oiacs For Control Triggering 

BasicaDy, thryristors are current-dependent devices, and the 
magnitude of gate current IGT and voltage VGT required to 
trigger a thyristor in,to the on-state varies. The point 111 which 
thyristor triggering occurs depends not only on the required 
gate current and voltage, but also on the trigger source 
impedance and voltage. Fig. 17 shows a "family of curves 
representing the gate-circuit load line between the open
circuit source voltage and the short-circuit current for 
different time intervals. In a circuit which applies time
dependent variable voltage Vac to a load and the gate trigger 
current required to trigger the thyristor is derived from the 
same source Vac, devices that have a gate current Igl are 
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Fig.16 . Waveforms showing .response of a 1(](J.millihenry 
solenoid control circuit to a fast'rising transient. 

triggered earlier in the ac cycle than devices that have a 
higher gate trigger current Fig. 3. Although the circuit is 
capable of providing variable power to the load, it is heavily 
dependent on the gate current distribution, and results in 
uncontrolled conduction angles for a given value of gate 
series resistance. Furthermore, the circuit does not provide 
the recommended gate-current overdrive for switching of the 
fast·ris; ag high·amplitude load currents present in resistive 
loading. A more efficient circuit for control of variable 
power to a load that eliminates the need for tight gate
current distribution uses a solid-state trigger device, called a 
diac, which is voltage dependent. 

The diac, often referred to as a bidirectional trigger diode, is 
a two-terminal, three-layer, transistor-like structure that 
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exhibits a high-impedance blocking state up to a breakover 
Voltage V(BO), above which the device enters a negative
resistance region. The characteristic curve in Fig. 18 shows 
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Fig.1S - Diac voltage-current characteristic. 

the negative characteristics associated with diacs when they 
are exposed to voltages in excess of the breakover voltage 
V(BO). Because of their bidirectional properties and break
over voltage level, diacs are useful in triac control circuits in 
which variable power is to be supplied to a load. Because of 
their negative characteristic slope, diacs can also be used with 
capacitors to provide the fast-rising high-magnitude trigger 
current pulses recommended in thyristor applications which 
require efficient gate turn-on for the purpose of switching 
high-level load currents. 
In normal applications, diacs are used in conjunction with 
RC phase networks to trigger triacs, as shown in Fig; 19. The 

TRIAC 

Fig. 19 - Use of diac with RC phase network to trigger triac. 
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RC phase network provides an initial phase-angle displace
ment</> so that conduction angles in excess of 90 degrees can 
be realized. As the voltage on the capacitor begins to build 
up in a sinusoidal manner, the breakover voltage V(BO) of 
the diac is reached, the triac is turned on, and a portion of 
the ac input voltage is provided to the load, as represented by 
the angle a. As previously mentioned, the diac offers a 
negative-resistance region and is capable of providing current 
pulses whose magnitude and pulse width are a function of 
the capacitor C and the combined impedance of the diac and 
the gate and main terminal of the triac. When the voltage on 
the capacitor C reaches the breakover voltage V(BO) , the 
capacitor does not discharge completely, but is restricted to 
some finite level as a result of the diac negative-impedance 
characteristic at high values of pulse current. Fig. 20 shows 
the peak pulse current of a diac as a function of the 
capacitances of the phasing capacitor C. 

'pK n PULSE J. ~RRENT 

I- '.,-1 

HI-kPtn 
0.02 D.04 0.06 0.08 0.1 
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Fig.20 - Peak pulse current of a diac as a function of phasing 
capacitance. 

Power Control Using Thyristors 

In the control of ac power by means of semiconductor 
devices, emphasis has been placed on circuit simplicity, low 
cost, and small over-all package size. Thyristors meet these 
goals, and are also capable of providing either fixed or 
adjustable power to the load. Fixed power is achieved by use 
of the thyristor as an ON-OFF switch, and adjustable power 
through the use of an RC phase network which provides 
variable phase-gating operation. The following section dis
cusses both SCR and triac circuit operations, and analysis of 
SCR and triac behavior for various circuit conditions. 

Many fractional-horsepower motors are series-wound 
"universal" motors capable of operation from either an ac or 
a de source. In the early stages of thyristor control, SCR's 
found wide acceptance in the control of universal motors, 
particularly in the portable power tools market. SCR's are 
capable of providing speed control over half of an ac sine 
wave, and, if full power is required, a simple shorting switch 
across the SCR provides the necessary function; such a 
switch is shown in Fig. 21. Turn-off parameters for this 

L----4--+--~k) 

FIRING 
CIRCUIT 

Fig.21 - Simple SCR half-wave control circUit. 

circuit are not critical because the SCR has a half-cycle of 
applied negative voltage in which to recover. The SCR 
provides a reliable, highly efficient, long-life control for 
half-wave control circuits. 

Fig. 22 shows a full-wave bridge that feeds a resistive load 
and uses an SCR as the control element for load current. 
Power control is accomplished by SCR turn-on at various 
conduction angles with respect to the applied voltage. The 
criteria for turn-off in this circuit is important because the 
SCR must recover its forward-blocking state during the time 
that the forward current stops flowing. Although this time 
interval may appear to be very small, close analysis of the 
voltage wave during the transition time in which the 
full-wave bridge reverses direction reveals that substantial 
time exists for turn-off. 

Fig.22 - Full-wave SCR bridge circuit. 

Fig. 23 shows one-half of the bridge during the time that the 
forward current is approaching zero current. Two diodes are 
in series with the SCR; it is generally accepted that a diode 

Fig.23 - Half of bridge circuit of Fig. 22 when forward 
current approaches zero for a resistive load. 
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voltage of approximately 0.6 volt is required to maintain 
each diode in conduction. If it is further assumed that a 
voltage of approximately 0.6 volt is required across the SCR 
to maintain conduction, the sum of the voltage drops over 
the circuit requires 1.8 volts; below this value, the SCR drops 
out of conduction. As the bridge reverses current direction, 
the same analysis holds true, i.e., forward conduction current 
is not resumed until the sum of the voltage drops exceeds 1.8 
volts. 

The waveform during the interval that the voltage wave goes 
from 1.8 volts to zero can be analyzed by reference to Fig. 
24. A half-cycle (180 degrees) of conduction requires 8.3 
milliseconds, one degree being equal to approximately 46 
microseconds. Because a sine wave is linear for very small 
angles, a graph can be constructed to show the time interval 
during which the voltage is less than 1.8 volts for various 
magnitudes of applied voltage. Analysis of the voltage wave 
for an angle of one degree shows that an input voltage of 120 
volts rms results in a voltage equal to 2.9 volts, which decays 
to zero in' 46 microseconds. Because the SCR is 
non-conducting below a circuit threshold of 1.8 volts, a ,time 
of 28.5 microseconds then elapses while the voltage decays 
from 1.8 volts to zero. An equal time is required for the 
bridge to build up to the threshold voltage of 1.8 volts; 
Therefore, a total exposure time of 57 microseconds elapses 
in which the SCR is allowed to regain its forward·blocking 
state. 

As shown in Fig. 24, increasing the magnitude of the applied 
voltage source to 240 volts rms cuts in half the time interval 
which the SCR is aUowed for tum-off. Further increases in 
input voltage magnitude result in shorter tum-off periods. 
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Fig.24 • WaWlfonn of circuit in Fig. 22 as voltage waWl goes 
from 1.8 volt}; to zero. 

This analysis gives a clear, well-defmed picture of the tum-off 
time available for a resistive load. However, for reactive 
loads, such as fractional-horsepower motors, the tum-off 
conditions, including tum-off time and dv/dt stress, are more 
difficult to define because they are affected by a number of 
variables, including the back EMF of the motor, the ratio of 
inductance to resistance, the motor loading, and the phase 
angle of motor current to source voltage. Normally, tum-off 
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times for SCR's are industry-standardized to include peak 
forward current, rate of rise of reverse current, peak forward 
blocking voltage applied, and rate of rise of applied blocking 
voltage. The presence of the applied reverse current helps to 
shorten tum-off times because the reverse current sweeps out 
the charge in the blocking junction. For SCR operation from 
a full-wave bridge in which there is no appreciable reverse 
voltage available, tum-off is accomplished through recombin
ation, and the effects of circuit loading on SCR operation 
must be clearly evaluated. 

Full-wave ac Switching can also be performed by use of two 
SCR's in an inverse parallel mode, often referred to as a 
"back-to·back" SCR pair, as shown in Fig. 25. This circuit 
can be used as a simple static switch or as a variable phase 
control circuit. It does not make use of a fuU-wave diode 
bridge, but simply uses the, SCR's in an alternating mode. 
The circuit has the disadvantage of separate trigger logic, but 
possesses an inherent advantage in higher-frequency applica
tions because advantage can be taken of the periods of the 
alternating voltage in which either device may recover to its 
blocking state. During the half-cycle of the applied voltage 
that SCR-l is conducting, SCR-2 is reverse-biased and can 
recover its blocking, state. Because of the applied reverse 
voltage and associated time of the half-cycle voltage, turn-off 
times are not critical. 

LOAD 

AC 

Fig.25 - Full-wave ac switching circuit}; using a "back-to
back" SCR pair . 

This two-SCR circuit is often favored over a triac circuit, 
even, though separate trigger sources are required, because it 
is supposed to have better commutating capability. Fig. 26 
shows the waveforms of commu(ating dv/dt for the SCR 
circuit. If the load is inductive with lagging current power 
factor, the conducting SCR commutates at the time the 
principal current reaches zero crossover (point A) and reverts 
to the blocking state; a reapplied voltage of opposite polarity 
equal to the source voltage then appears across the non
conducting SCR. Because this voltage is a forward-bias 
voltage to the non-conducting SCR, device t,urn-on can occur 
if the rate of rise of applied forward voltage exceeds the 
device rating for critical rate of rise of off-state voltage. For 
inductive loading in an inverse-parallel-mode SCR applica
tion, power control to the load can be lost if the rate ofrise 
of applied voltage is exceeded. 
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Fig_26 - Waveforms of commutating dvldt for SCR Circuit of 
Fig_ 25. 

Although it may appear that the rate of rise is extremely fast, 
closer circuit evaluation reveals that the dv/dt stress is 
restricted to some finite value which is a function of the load 
reactance L and the device capacitance C. Therefore, it is 
important that the rate of rise of applied voltage during 
commutation not exceed the device specification for critical 
rate of rise of off-state voltage under worst-case condition or 
unreliable operation may result. It is generally good practice 
in inverse-parallel operation to use an RC snubber network 
across the SCR pair to limit the rate of rise to some finite 
value below the minimum requirements, not only to limit the 
voltage rise during commutation, but also to suppress 
transient voltage that may occur as a result of ac line 
disturbances. 

As previously mentioned, the use of semiconductor devices 
for ac power control has emphasized circuit simplicity, low 
cost, and small over-all package size. The development of the 
bidirectional triode thyristor, referred to as a triac, achieved 
all of these goals. Triacs can perform the same functions as 
two SCR's for full-wave operation, and also simplify gate 
logic requirements for triggering. 

A simple, inexpensive triac circuit that can provide variable 
power to a load over a full cycle' of applied voltage is the 
light-dimmer circuit. Tltis circuit contains a diac, a triac, and 
an RC phase-control network. The basic light-dimmer circuit 
is described below because it provides a good example of 
triac behavior as related to load requirements and of the 
operation of a diac in an RC phase-control circuit. 

Fig. 27 shows the basic triac·diac light-dimmer control circuit 
with the triac connected in series with the load. During the 
beginning of each half-cycle, the triac is in the off-state and 
the entire line voltage is across the triac; therefore, no 
voltage appears across the load. (Actually, there is some 
voltage across the load as a result of triac leakage currents, 
which are a function of applied voltage and junction tempera
ture. However, these leakage currents are relatively small, at 
most in the milliampere range, and the resulting load voltages 
are generally ignored.) 

The RC charge-control circuit is in parallel with the control 
triac, and the applied voltage serves to charge the timing 
capacitor C through the variable resistor R. When the voltage 
across C reaches the breakover voltage V(BO) of the diac, the 
capacitor discharges through the diac and the gate-to-main
terminal·1 impedance of the triac and turns on the control 
triac. At this point, the line voltage is transferred to the load 
for the remainder of the applied half-cycle voltage. As the 
load current reverses direction (zero crossing), the triac turns 
off and reverts to the blocking state. This sequence of events 
is repeated for every following half-cycle of applied voltage. 

TRIAC 

AC 

Fig.27 - Basic triac-diac light-dimmer control circuit. 

If the value of resistance R is decreased, the capacitor charges 
to the breakover voltage V(BO) of the diac earlier in the ac 
cycle; the power supplied to the load is then increased and 
the lamp intensity is effectively increased. If the value of 
resistance R is increased, triac triggering occurs later in the ac 
cycle and applied voltage to the load is reduced; the result is 
uecreased lamp intensity. Therefore, changes in the resistance 
value R effectively apply variable power to a load (which is a 
lamp load in the circuit of Fig. 27, but could also he a motor 
load or heating element). 

Although the load is arbitrarily placed in series with main 
terminal 2, the circuit performs equally as well if the load is 
shifted to main terminal I. (Actually, any commercial lamp 
dimmer available has two wires brought out for external 
connection, and the chance that the load will be connected 
to main terminal I is 50 per cent.) The only requirements for 
reliable operation are that the RC phase network be in 
parallel with the triac and that capacitor-discharge loop 
currents be directed from the diac to the triac gate and main 
terminal I. Although the basic light-control circuit operates 
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with the component arrangement shown in Fig. 27, addi
tional components are often added to reduce hysteresis 
effects, extend the effective range of power control, and 
suppress radio.frequency interference. 

Hysteresis in triac phase-control circuits is referred to as the 
ratio of applied load voltage when the triac initially turns on 
(as control potentiometer is slowly reduced from some high 
value) to the value of load voltage prior to "extinguishing" 
(as the control potentiometer is slowly increased to some 
higher value). If the circuit has high hysteresis, the control 
potentiometer travel may be as high as 25 per cent before 
triac turn-on occurs, after which the control potentiometer 
may be turned back 15 per cent before the triac "ex
tinguishes". Hysteresis is an undesirable feature if the circuit 
application requires low-level lamp illumination because a 
momemtary drop in line voltage may result in the triac 
"extinguishing" or missing one half-cycle of applied voltage 
when the capacitor voltage is barely equal to the breakover 
voltage V(BO) of the diac. If this condition exists, the 
control potentiometer must· be reduced to "start up" the 
triac again. 

Hysteresis is a result of the capacitor discharging through the 
diac and not recovering the original voltage prior to 
triggering. Fig. 28 shows the waveforms of the charging 

Fig.2B • Charging cycle of capacitor-diac network in Fig. 27 
(high hysteresis). 

capacitor C as related to the applied line voltage. The initial 
displacement angle tP is a result of the phase angle due to the 
value of the RC components used. As the value of the 
control potentiometer is slowly reduced, the value of 
charging voltage reaches the breakover voltage V(BO) of the 
diac, and the triac allows that portion of the ac wave 
remaining to appear at the load, as represented by the shaded 
area at the first trigger point. At this point, there is an abrupt 
change in capacitor voltage (6. V). Therefore, as the capacitor 
charge reverses direction, the second trigger point is reached 
much earlier in the next half-cycle, and that portion of the ac 
wave remaiuing appears across the load, as represented by the 
shaded area at the second trigger point. The second trigger 
point and subsequent trigger points represent the steady·state 
level at which triggering occurs. Some reduction in hysteresis 
can be realized by inserting a resistor in series with the diac 
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to reduce the effective diac negative resistance and miniruize 
the change in capacitor voltage. However, this change reduces 
the gate current pulse and, if not carefully controlled, may 
result in dildt failures because the triac Switches high· 
rnaguitude current under minimum gate drive. 

A more effective method of reducing hysteresis is to use a 
second RC time constant, or a "double-time-constant" 
circuit such as that shown in Fig. 29. As C2 supplies the 

Fig.29 - "Double-time-constant"light-control circuit. 

charging voltage for the diac breakover voltage V(BO), the 
abrupt change is capacitor voltage during diac turn-on is 
partially restored by capacitor Cl, as shown in Fig. 30. The 
restoring of the charge on C2 maintains the original triggering 
point very closely and results in extended range of the 
control setting. This triac circuit can be turned on for very 
low levels of applied voltage and is not prone to "extinguish
ing" for line·voltage drops. 

'- 2.' 
(THEORETICAL) 
GATE TRIGGER 

POINT 

Fig.30 - Charging cycle of capacitor-diac network in Fig. 29 
(reduced hysteresis). 

Because triac switching from the high-impedance to the 
low-impedance state can occur in less than one microsecond, 
the current applied to the load increases from essentially zero 
to a maguitude limited by the load impedance within the 
triac switching time. This rapid rise of load current produces 
radio.frequency interference (RFI) extending into the range 
of several megahertz. Although this rapid rise does not affect 
television and FM radio frequencies, it does affect the 
short-wave and AM radio bands. The level of RFI generated 
is well below that caused by small acldc brush-type motors, 
but some means of RFI suppression is generally required if 
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the triac phase-control circuit is to be used for any extended 
period of time in an environment in which RFI generation 
cannot be tolerated. 

A reasonably effective suppression technique is shown in Fig. 
31. An inductor is connected in series with the triac control 
circuit to restrict the current rate of rise, and a filter 
capacitor is used in parallel with the entire network to bypass 
high·frequency signals. 

100 p.H 

LIGHT 
CONTROL 
CIRCUIT 

Fig.31· RFI·suppression network. 

The values shown in Fig. 31 are effective in reducing RFI 
noise for rms load currents up to 6 amperes to such an extent 
that the effects on short·wave and AM signals are either 
minimized or considered tolerable. For values above 6 
amperes rms, additional suppression can be achieved by use 
of dual chokes in the ac lines to the triac network. 
Depending on the circuit performance required, such 
suppression mayor may not be effective and other means of 
triac control may be reqUired. 

An alternate method of providing high-current heating 
controlS is through use of a proportional control circuit using 
integral·cycle synchronous switching or zero·voltage switch· 
ing. This approach varies the average power to the load 
through controlled bursts of full cycles of ac voltage to the 

load by turning on the triac at the beginning of the 
zero.voltage crossing. Because the triac turns on near zero 
current, the sudden current steps associated with phase. 
control circuits and the RFI generated are minimized. The 
RCA·CA3059 zero·voltage switch is a monolithic integrated 
circuit used primarily as a trigger·current generator for con· 
trol of thyristor turn·on during the zero·voltage transition. 
This circuit has many features, one of which is a fail·safe 
circuit which inhibits output pulses in the event that the 
external sensor is opened or shorted. 

Conclusions 
This Note has reviewed thyristors from the viewpoints of 
temperature and voltage conditions, gate trigger character· 
istics, and effects of SCR's and triacs on circuit performance. 
The availability of power thyristors gives design engineers 
greater freedom in achieving circuit simplicity, low cost, and 
small package assembly than electromechanical or tube 
counterparts. Technological improvements are far from 
reaching the saturation level, but are opening new doors for 
circuit application. The impact of thyristor applications is 
being felt in normal everyday environments such as 
residential lamp dimming, TV deflection systems, home 
appliances, marine ignition, automotive applications, electric 
heating, comfort controls, and igniters for fuel·fired furnaces. 
Industrial applications for multiple·horsepower motors, lamp 
display boards, inverters, relay protection or replacement, 
radar, sonar, and emergency standby generating systems are 
now finding widespread acceptance in thyristor controls. The 
introduction of RCA triacs fully characterized for 400·Hz 
commulating capability opens the doors to many aircraft 
support applications which previously were devoid of the 
advantages offered in solid·state design. It appears that the 
answer to most power·control applications may be the 
thyristor. 
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Thyristor Control of Incandescent 
Traffic-Signal Lamps 

by C.P. Knudsen 

This Note. discusses the use of thyristors in the control of 
traffic signals. The thyristor most applicable to this 
application is the triac, which can carry the electrical power 
required for incandescent traffic·light bulbs, yet can be gated 
by the low·power signals from electronic control timers or 
monitoring computers. In addition, the triac is able to handle 
the large transient currents that result from cold fJ\ament 
turn..,n (inrush) and filament rupture (flashover). Triac 
operation, stresses on triacs in operation with incandescent 
lamps, and a number of triac circuits for control of 
incandescent lamps in traffic signal applications are discussed 
below. 

TRIAC OPERATION 
A triac, shown schematically in Fig. l(a), is a bidirec· 

tional triode thyristor. In the absence of a gate signal, the 
triac blocks both portions of an ac sine wave, but a 
steady·state or pulsed gate signal will switch it on as in Fig. 
l(b). The gate signal can be either positive or negative with 
respect to main terminal no. I (MTl), while MT2 can also be 
either positive or negative referenced to MTl; the four pos· 
sible modes of switching are depicted in Table I. For example, 
when a triac is triggered by connecting a resistor between 
MT2 and the gate, as shown in Fig. 2, the triac operates in 
the I+ and III- modes in energizing the ac load. Other 
thyristor characteristics will be introduced below as needed, 
while an extensive review of thyristors is available in RCA 
Application Note AN4242, "A Review of Thyristor Char· 
acteristics and Applications" . 

SURGE CURRENT THROUGH TRIACS IN 
INCANDESCENT·BULB OPERATION 

The traffic·control circuit designer must be aware of two 
characteristics of incandescent bulbs: end..,f·life filament 
rupture and cold·filament inrush surge. Both these transient 
conditions impose a high surge stress on the controlling triac, 
which without proper circuit design can be destructive. 

Flashover 
Flashover is a short·duration, extremely high-current 

surge through the triac that is initiated when a lamp filament 
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Fig. 1- (a) Schematic symbol, and (b) principal voltage
current characteristic for a triac. 

Table 1 - Four Gate·Trigger Modes For Triac 

MODE 

1+ 
1-

111+ 
111-

MT2 

+ 
+ 

Polarities are referenced to MTl. 

G 

+ 

+ 

ruptures. The rupture is most likely to occur as a resuIt of a 
termination in bulb life; however it can be caused by a 
mechanical shock. The mechanism of flashover is initiated by 

11·73 
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Fig. 2- Example of 1+, III- gating of triac_ 

the gap fonned when rupturing occurs. The instantaneous 
value of line voltage across the break sets up an electric field 
that ionizes the gases in close proximity to the gap. The 
ionized gases, usually argon and nitrogen, provide an 
electrical conduction path across the gap, and the resulting 
current heats and ionizes more gases until an arc is formed 
across the filament lead-in wires. The arc is maintained as 
long as the regenerative heating and ionization continue. 
Finally, because of either increasing arc length or decreasing 
ac line voltage, or both, the electric field becomes too weak 
to sustain the arc, and the arc is extinguished. 

Fig. 3 shows a flashover current pulse. Its magnitude and 
duration depend on many factors. The actual peak magni
tude of the source voltage, the voltage phase at the instant of 
filament rupture, and the impedance of the lead wires and 
other circuitry (including RFI filters) all affect the duration 
and magnitude, of the surge. Typical values can be given for 
the stress of flashover at a load center point. For bulbs of less 
than 75 watts the duration of the surge can be typically less 
than 2 milliseconds. For bulbs of 100 to 150 watts the dura
tion of the surge can be typically less than 4 milliseconds. The 
magnitude of surge can vary considerably, with typical peak 
values ranging from 80 to 200 amperes when the flashover 
occurs near the maximum voltage point. If the flashover 
occurs at a zero-voltage crossing, the current surge may be 
reduced as a result of the dependence of the magnitude on the 
voltage phase at rupture. 

Because of the short duration of the flashover current, it 
is usually difficult to provide circuit fuse protection against 
flashover. Most incandescent bulbs are provided with a fuse 
built into one of the lead-in wires. This built-in fuse is not 
IOO-per-cent effective against flashover and therefore cannot 

I 
MAGNITUDE 
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Fig. 3- Flashover current at peak voltage point. 

be depended upon to protect the triac. Fusing of triac 
circuits is described in more detail in the following discussion' 
of inrush current. 

Inrush 
In tungsten·fiIament lamps, the cold filament resistance is 

approximately 1/18 to 1/12 of the hot filament resistance. 
The actual currents in a circuit under inrush and steady-state 
conditions do not vary in these ratios, however, because of 
the inductance and external limiting resistance of the 
circuitry, including the lead-in wires to the bulb. Further
more, it is obvious that the highest inrush current will occur 
at the peak of the voltage sine wave in a lamp load circuit. If 
switching occurs at any other phase of the voltage sine wave, 
the peak current through the bulb is less than "worst case". 
Typically, the maximum inrush peak current can be ten times 
as great as the steady-state peak current, while the peak inrush 
current with zero·voltage Switching can be apprOximately five 
times as great as the steady-state peak current, as shown in 
Fig. 4. Thus zero-voltage switching of a lamp effects a soft 
turn-on that reduces the initial peak of inrush current by half 
and greatly increases bulb life. This increase of bulb life by 
zero-voltage SWitching has been verified by test results; an 
increase in life of approximately ten times, with a 90 per cent 
confidence level, has been reported. Thus maintenance costs 
are reduced and system reliability increased. 

Fig. 4 shows how the current in a lamp circuit decreases 
to the steady-state value. The rate of decrease depends upon 
the thermal time constant of the tunsten filament. A 

10 TIMES 
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1.1 ----'-----'\- 'p: .. :~ r 2T03TIMES ~ 
Ipk STEADY STATE 

--100 ms 

5 TIMES 
IPk STEADY STATE 

L 2T03TIMES 
. Ipk STEADY STATE 

.... 100 ms -----I 

Fig. 4- (a) Inrush current at peak voltage point, and 
(b) inrush current at zero-voltage point. 
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100-watt bulb typically might reach steady-state current 
within 100 milliseconds after turn-on, while a IOOO-watt 
bulb typically requires 200 milliseconds to reach its 
steady-state current condition_ 

Flashover and inrush can occur in combination. Because 
a bulb is exposed to its most severe normal operating stress 
'during inrush, the weakest spot of the filament often 
ruptures and causes a flashover at turn-on. Most often, 
switching and flashover occur at some point other than the 
peak voltage; therefore the resulting peak current is usually 
within the handling capability of the triac. 

Fuses in incandescent·lamp circuits must not blow under 
the stress of inrush current, yet must blow under flashover 
current. For low-power bulbs the flashover current is 
substantially greater than the peak inrush current, and fuse 
protection is simple. For example, a 100·watt bulb might 
have a typical flashover current of 100 to 200 amperes and a 
typical inrush current of 10 amperes. For large-wattage 
bulbs, however, fusing is difficult. For a IOOO-watt bulb, the 
peak flashover current might still be between 100 and 200 
amperes, while the peak inrush current is approximately 120 
amperes. Fuses set to blow at I SO amperes peak flashover 
current of short duration may also blow under' the 
long·duration, slightly·lower·amplitude stress of inrush. As a 
result, a fusing solution to the problem of triac protection 
would be marginally reliable. One solution is to use a 
40·ampere triac (available in the RCA-2N5443 series), which 
has a single-cycle surge capability of 300 amperes, to control 
this la-ampere load. Here again system reliability would be 
improved and maintenance costs reduced. 

CIRCUITS 
With the closely-related transient stresses imposed on a 

triac by an incandesc,ent·light-bulb circuit having been noted, 
a number of circuits that help to reduce these stresses on the 
triac and increase lifetime of the bulb are discussed below. 

Zero·Voltage Switching with an IC 
An RCA-CA3059 integrated circuit (IC) can be used with 

a triac to accomplish zero-voltage switching of a load. A 
functional block diagram of this IC is shown in Fig. 5. The 
CA3059 is a monolithic, multistage, integrated circuit that 
incorporates a diode limiter, a threshold detector, a 
differential amplifier, a Darlington output driver, and other 
features. A more extensive description of this IC is given in 
RCA Application Note ICAN·6182, "Features and Applica
tions of RCA Integrated-Circuit Zero-Voltage Switches." The 
CA3059-and-triac circuit for zero-voltage switching is shown 
in Fig. 6. When QI is off, the IC does not generate pulses to 
the gate of the triac. When QI is biased on, the IC generates 
gating pulses of approximately 40 milliamperes for 100 
microseconds that straddle the zero-voltage crossing points. 
These pulses trigger the triac on in the 1+ and III+ modes at 
the zero-voltage crossing for the resistive-tungsten-fIlament 
bulb and effect the desired result of decreasing inrush 
current. 
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Fig. 5- Functional block diagram of the RCA-CA3059 
integrated-circuit zero-voltage switch. 

The circuit shown in Fig. 6 has one disadvantage for 
traffic controls, in which the bulb load is usually grounded 
and the power circuit ground and the logic ground are 
common. This arrangement presents a severe problem of 
interfacing between logic and power circuitry. If the load in 
Fig. 6 were grounded, terminal No.4 of the CA3059 would 
be at line voltage above ground and the substrate (terminal 
No.7) at ground potential when the bulb was energized. As a 
result, the IC would be destroyed. Similar problems 'are 
encountered whenever the logic cirCUitry is directly coupled 
with the triac power circuit and the load is grounded. 
However, this problem is eliminated in the discrete
component circuits described below. 

Discrete-Component Zero-Voltage Switching 
A dlscrete-component circuit that accomplishes zero· 

voltage switching of a grounded tungsten filament load is 

. 
120 VAC 

6OH, 

I 
• For 220-V, 50/60-Hz Operation, 

Rl=22 KAW 

Fig. 6- Circuit that uses the CA3059 and a triac to switch 
a lamp at zero voltage. 
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shown in Fig. 7. With QI on, T1 is on and source voltage is 
shunted away from the load. With QI biased off, TI is off 
and T2 is gated on through RI and R3. When T2 conducts, it 
connects R4 from gate to MT2 of T3, and thus triggers T3 on 
in the 1+ and I1I- modes. Because T2 is a sensitive-gate device, 
it turns on close to the zero-voltage point; therefore, the load 
is also zero-voltage switched after the initial turn-on. For a 
typical T2300B device, triggering in the I+ and III- modes 
results in firing at about 7 volts peak on the line. After T3 is 
turned on, the triggering circuitry is shorted; therefore, no 
triggering power is dissipated while the lamp is on. 

Filament Pre-Heating 
Another approach to reducing the inrush current is 

shown in Fig. 8, where a illament pre-heater function is 
included in the switching arrangement. In this circuit, when 
QI is off the logic interfacing triac T1 is off. R3, which can 
be a fIXed resistor of approximately 98 kilohrns, is set so that 
T2 is flIed for only a small portion of the voltage cycle. This 

+5v 

a For 220·V. SO/60·Hz Operation: 
Rl=10 K.l0W; R3=4 K,4W; 
Tl =2N5756; T2=T2300D 

Fig. 7- Discrete-component circuit used to switch a 
grounded load at zero voltage. 

a 
120VAC 
60 "' 

+5V 

"3 
150K 

a For 220...v. SO/60-Hz Operation: 
R2=3 K; R3=300 K; Tl=2N5756 

Fig. 8- A circuit including a filament pre-heat arrange
ment. 

firing is accomplished by the standard double-time-constant 
lamp-dimmer gate circuitry of T2. The low-conduction-Dhase 
firing of the bulb keeps the tungsten filament warm but not 
hot enough to radiate any readily visible light. When Q 1 is 
turned on, T1 is gated on and R3 is shorted, and the lamp 
load turns on. 

The associated waveforms are shown in Fig. 9. For a 
200-watt bulb in the circuit of Fig. 8, the first peak of 
current through the bulb was 7.5 amperes when the warm up 
circuit was used and 25 amperes with cold-illament inrush. 

These circuits of Figs. 7 and 8 show that triacs can be 
used to switch power lamp loads and also interface with 
low-level logic systems. They also show how some of the 
stresses involved with the switching of incandescent lamps 
can be reduced. Other switching circuitry for use in traffic 
controls is discussed below. 

OTHER APPLICABLE ON'()FF SWITCHING 
CIRCUITS 

Two other circuits that can be used in the traffic control 
area are shown in Figs. 10 and 12. These circuits have the 
advantages of a common ground between logic and power 
circuitry, grounded bulbs, and isolation between the dc logic 
and the power circuitry afforded by use of the interfacing 
logic triacs. 

In the positive-logic switching circuit of Fig. la, logic 
triac T1 is used to interface between the low level logic and 
the load triac T2. With T1 gated on, CI is charged through 
RI to the breakover voltage of the diac, at which point T2 
and the load are triggered on. The various circuit waveforms 
are shown in Fig. II. As Fig. l1(d) shows, there is 
continuous gate power driving T2 whenever T1 is on and 
thus the light is on hard. 

A variation o( this circuit with opposite (negative) logic is 
shown in Fig. 12. In this circuit, when T1 is triggered on, T2 
and the lamp are off. When T1 is off, Cl can charge through 
RI and R2 to diac breakover, which discharges CI into the 
gate of T2 and energizes the load. The waveforms of this 
circuit are shown in Fig. 13. Little gate power is dissipated in 
this circuit because T2 shorts across its gate circuitry when it 
is on. 

~ O~V---l-+\~I--.'-~19-. -"'V-
I,) 

I'~OV 
Ib) 

Fig. 9- Waveforms for circuit in Fig. 8: ra) voltage on bulb 
when 01 is off; rb) voltage on bulb when 01 is on. 
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-120 VAC 
60Hz 

LOGIC II .. 2~mA 

SOURCE RZ 

• For 22()'V. SO/GO·Hz Operation: 
Rl=6 K,3 W; Tl=2N5756 

Fig. 70- Positive-logic bulb·switching circuit. 

,,°1 TIML 
(01 

,,°1 
r\'20V ~ 

TIME 

V (01 

VT201 
i\'20V 11 

TIME 

V (el 

VL 01 
(\'20V 

WIV 
c TIME 

Vc 01 
-32V-M , 

TIME 

-32V-c:::J 
(el 

Fig. 17- Waveforms for positive·logic switching. 

Both of these circuits are shown with continuous gate 
drive into triac TI. Logic power could be conserved by use of 
pulse drive, with no change of power stage operation; 
however, the logic circuitry would be more complex. 

THYRISTOR FLASHER 
Thyristors can also be used to advantage in flasher-type 

traffic-control systems. In these applications, two lights are 
usually flashed on and off as a warning display. Fig. 14 shows 
a thyristor circuit that accomplishes this flashing function. 
As shown, a silicon-controlled-rectifier (SCR) multivibrator 
functions as the timer and flasher-triggering driver. The drive 
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-F 120V AC 
60 Hz 

I gt=25 mA 

VT, 

T, 
2N5755 

• For 22()"V. SO/50-Hz Operation: 
Rl=22 K.4 W; Tl=2N5756 

Fig. 72':' Negativ~/ogic bulb-switching circuit. 

" °1 (01 

'"°1 
r\ 1\ :V 

,,,I (\ /l 
V lei 

, °1 
r\ 1'\ 
:0 

,°1 
A 

~ 
(el 

TIME 

TIME 

TIME 

TlfvlF 

~ 
TIME 

Fig. 7:!- Waveforms for negative-logic switching. 

to the control trAAc is de and is alternated between TI and T2 
according to th~ liining set in the multiVibrator. A waveform 
for the comppnent values shown is displayed in Fig. IS. The 
timing can be mQdified by selecting different values for any 
of the following components: RI, R2, RJ, R4, CI, C2. The 
important features of this circuit are the simple, rugged dc 
power supply used and the use of SCR's as both timing and 
memory devices to'trigger the triacs. Aiternative approaches 
to the traffic control flasher are given in ICAN-6182, "Features 
and Applications of RCA Integrated-Circuit Zero-Voltage 
Switches." 
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II For 220-V. 50/6Q.Hz Operation: 
R4=22 K,4 W; Yl=Y2=S2600D; 
Dl=lN2829 

Fig. 14- Thyristor flasher. 

Fig. 15- Timing of thyristor flasher. 

AC - DC !SOLATION 
In the circuits shown thus far, either a triac or an IC is 

used to interface between the dc logic and the ac power 
circuitry. A number of other methods can be used to isolate 
these stages in a traffic controller. The circuit of Fig. 16 
illustrates the use of a reed-type relay. When the relay is 
activated, the triac is gated in its I+ and III- modes and little 
power is dissipated in the gate circuit. Fig. 17 shows the use 
of a light source and photocell combination. Because the 
photocell is part of a single-time-constant circuit, it must 
have enough dark resistance to keep the voltage across C 1 
below 32 volts so that the diac does not switch and discharge 
the capacitor into the gate of the triac at all times. A pulse 
transformer can also be used for isolation, as shown in Fig. 18. 
A 5-kHz signal into the gate turns the triac on at initiation of 
the pulsing and keeps it on until the oscillator is stopped. 

RFI SUPPRESSION 
Radio-frequency interference (RFI) that can result from 

the fast triac switching of high power loads must be 
considered in traffic control circuits. When an ac load is 
switched on, as shown in Fig. 19, RFI is generated in the 
initial wavefront. This steep wavefront contains many 
harmonics that can be sustained by the circuit Q. 

1 
120 V AC !:;\, 
j,~_~C_'T_R_~~_i_~___J 

,., 

ILOGIC o..-l--------_.TIME 

o I I+ _ ~ TIME 

~_L-

" -Dd'· 
Fig. 16- (a) Circuit, ·and (b) waveforms of reed·relay gate 

control. 

One method .of . .r4lIJlcing RFI is zero-voltage switching 
with resistive loads; t.h\\S, the circuits above that utilize the 
RCA-CA3059 IC inhenlhtIy include RFI suppression. Cir
cuits that do not use zero-voltage switching require external 
filters for RFI SJlpp~ession. A typical filter used in 
conjunction with ac 19J1M is portrayed in Fig. 20. The effect 
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(01 

r 
120VAC 

lOGIC 
CIRCUIT 

~
cc 

16TOIl-- ...... ----,---....... ---_. TIME 

(bl 

""'---,r'---...L_TlME 

Fig. 17- Photocell gate control: (aJ circuit; (bJ waveforms. 

120VAC 

1 LOGIC 
CIRCUIT 

Fig. 18- Isolation transformer gate control. 
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of the LC IDter is to slow down any fast-rising voltage Or 
current wavefronts that might be propagated down the line 
and radiated. Other filters are available; each application 
should include its own IDtering design. 

tVL:j 
~3H LOAO 

120 VAC 

VL 

!~---------' 
(.1 

0\--___ .....JI_-\--__ r __ T1ME 

(bl 

Fig. 19- RFI generation: (aJ circuit; (bJ waveform. 

RFI FILTER r-----' 
~I I 

1 
SWITCH I IOOpH I 

I I 
I I 
I o.lpF I 

120 VCr>--___ L_-.... -_-_-_ . ..J ______ .J 

Fig. 20- RFI-suppression filter. 
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Analysis and Design of Snubber 
Networks for dv/dt Suppression 
in Thyristor Circuits 

by J. E. WojslawoiNicz 

When a triac is used to control an inductive load, voltages 
with high rates of change (dv/dt) can be generated that can 
cause a non.gated turn·on of the triac. This false turn·on can 
occur if the dv/dt exceeds the critical rate of rise of commuta· 
tion voltage of the triac, or if voltage ringing occurs that 
exceeds the blocking capability of the triac (VOROM)' The 
false triggering caused by these mechanisms results in a loss 
of control of power to the load; to assure reliable operation, 
therefore, it is necessary to provide means to suppress this 
dv/dt stress as it is commonly called. The simplest method of 
dv/dt suppression is the use of a series RC network across the 
main terminals of the triac. The design of this network, 
commonly called a snubber network, must take into account 
the peak voltage that can be allowed in the circuit, and the 
maximum dv/dt stress that the device can withstand. This 
Note analyzes the. RC network design and presents graphs 
that allow a designer to select a snubber to fulfill his 
requirements. 

Commutating dv/dt And False Turn·On 
Fig. 1 shows a control triac in a typical connection with 

an ac power source and a load. The triac is a regenerative 
device; once it has been turned on, it continues to conduct 
until the principal current drops below a value that just 
supports the regeneration. This current level is called the 
holding current of the device. If the gate signal is removed 
before the principal current decreases below the holding 
current, the device turns off and regains its blocking 
capability. 

POWER 
SOURCE 

INDUCTIVE 
LOAD 

TRIAC 

Fig. 1- Series connection of a triac, an inductive load, and 
an ae power source. 

lG-71 

Fig. 2 shows the triac principal voltage and current 
waveforms when the load is resistive. If the gate signal is 
removed at time to' the device continues to conduct until the 
current attempts to reverse polarity. The device then' 
undergoes a reverse recovery period, and thereafter must 
support a main terminal voltage of the reverse polarity ·that is 
equal to the source voltage. The rate of reapplication of this 
off·state voltage for a resistive load and a 12().volt 6()'Hz 
source is typically 0.064 volt per microsecond if the stray 
inductance due to wiring is minimal. This rate of reappli
cation generally does not cause turn·on of the device. 

TIME 

Fig. 2- Principal voltage and current for a triac in operation 
with a resistive load. 

In a circuit with an inductive load the voltage leads the 
current by some phase angle cJ> as shown in Fig. 3. After the 
triac turns off it must block the reapplied instantaneous line 
voltage of the reverse polarity. Because the triac goes from 
the conducting state to the blocking state in a very short 
time, this voltage is reapplied very rapidly. The turn-off of 
the triac causes a rapid decay of current through the 
inductance, and thus produces an Ldi/dt voltage. This rapidly 
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SOURCE 
VOLTAGE/ 

/ 

TRIAC 
PRINCIPAL 

CURRENT 

l"RIAC 
PRINCIPAL 
VOLTAGE 

TIME 

Fig. 3- Principal voltage and current for a triac in operation 
with an inductive load. 

rising off-state voltage stress is impressed across 'the main 
terminals of the device and can cause it to turn on. Fig. 4 
illustrates this false turn-on. 

A triac analog that uses two silicon controlled rectifiers 
(SCR's) provides a simple understanding of how t~ dv/dt 
causes the device to turn on. The inverse parallel SCR analog 
of the triac is shown in Fig. 5(a), and a two-transistor analog 
of the SCR is shown in Fig. 5(b). At the end of the half cycle 
of on-state current conduction, some charge remains in the 
bases of the equivalent transistors that comprise the conduct
ing SCR. Upon application of the opposite-quadrant off-state 
voltage, this charge flows as a recovery current. Part of this 
current flows through the equivalent transistor emitter of the 
adjacent SCR. In addition, some charge may already exist in 
the bases of the blocking SCR because of lateral transport of 
carriers from the previously conducting side. Finally, a 
capacitive displacement current flows to the reverse-biased 
middle junction of the blocking SCR; this displacement 
current, lOIS, can be described by the following equation: 

dV dCM 
IDiS = CM dt + Vdt (1) 

where CM is the capacitance of the reverse-biased junction 
and V is the voltage across that junction. 

If the total of the three currents is sufficient to cause the 
sum of the transistor gains to become unity, the device 
switches on. The use of the shorted-emitter construction by 
RCA shunts some of the current away and thus permits a 
higher dv/dt stress to be placed across the device, but does 
not eliminate the current completely. The first two current 
flows are functions of device design and construction, but 
the displacement current flow can be controlled by use of an 
RC snubber network that limits the rate of reapplication of 
off-state voltage. 

The snubber network, illustrated in Fig. 6, consists of a 
resistance RS and a capacitance Cs placed in series across the 
main terminals of the device. For some snubber component 
values and some types of load, excessive ringing can occur in 
the circuit; this voltage ringing can exceed the blocking 

422 

capability (VDROM) of the device. Malfunction of the device 
is then caused by the inability of the triac to"block the 
voltage even though it can withstand the dv/dt stress. An 
example of voltage ringing is shown in Fig. 7(a). Fig. 7(b) 
shows the same voltage on an expanded time scale, 

, 
\ 

Fig. 4- Principal voltage and current curves showing triac 
malfunction that results from commutating dvldt 
produced by inductive load. 

SCRI seR2 

1.. 
CATHODE 

,.1 ,01 

Fig. 5- (a) Two-SCR representation of a triac; (b) two
transistor model of an SCR, with junction capa
citance shown. 

AC 
POWE" 
SOURSE 

LOAD 

T11IAC "5 

Cs 

Fig. 6- Triac circuit using a snubber network of R Sand C S 
connected across the triac. 
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II 12 Ib) 

Fig. 7- (a) Ringing, caused by inductive load, in the 
principal vo/rage of triac; (b) principal voltage 
shown on an expanded scale. 

Basic Circuit Analysis 
The suppression network must be designed to limit the 

dv/dt stress and to have an acceptable voltage overshoot. Fig. 
8 shows an equivalent circuit used for analysis, in which the 
triac has been replaced by an ideal switch. When the triac is 
in the blocking or non-conducting state, represented by the 
open switch, the circuit is a standard RLC series network 
driven by an ac voltage source. The following differential 
equation can be obtained by summing the voltage drops 
around the circuit: 

(RL + Rs) i(t) + L d!~t) + i;~t) = VM sin (wt + qJ) (2) 

in which jet) is the instantaneous current after the switch 
opens, qc(t) is the instantaneous charge on the capacitor, VM 
is the peak line voltage, and qJ is the phase angle by which 
the voltage leads the current prior to opening of the switch. 
After differentiation and rearrangement, the equation be
comes a standard second-order differential equation with 
constant coefficients. With the imposition of the boundary 
conditions that i(O)=O and qc(O)=O, the equation for the 
charge on the capacitor can be stated for the three circuit 
conditions as follows: 

Condition II: (RL + RS)2 < 4L/C 

-IVMI 
qc(t) =~cos (wt + qJ + 8) 

+ IQtI e-ext sin (Il t + I) (3) 

Condition n2: (RL + RS)2 = 4L/C 

-IVMI 
qcCt) = ""WiZ"I"cos (wt + qJ + 8) 

+ e-ext [(I + ext) qd + idt) 

Condition m3: (RL + RS)2 > 4L/C 

-IVMI 
qc(t) = ~cos (wt + qJ + 0) 

e-ext 
+T[(exqd +idt)sinhll't + Il'qd cosh Il't] 

(4) 

(5) 

The symbols used in these equations are defined as follows: 

qJ = tan-I (wL/RL> (6) 

8=-tan-1 [(wL-+)/(RL + RS») 
w S (7) 

RL + RS ex = ___ 

2L (8) 

Il' =~e~:R~2 1 (9) 
- LCS 

Il 
_I __ ~RL+RS~ 2 
LCS 2L 

(10) 

Z (RL + RS) + j(wL -+) (II) 
w S 

IVMI 
qd= wlZI cos (qJ + 8) + qcCO) (12) 

id = i(O) - I~~ I sin (qJ + 8) (13) 

IQtl ~ [exqdll+ id ] 2 + qd2 (14) 

I) = tan -I . (Ilqd ) 
exqd + ld 

(15) 

The voltage across the device is determined by calculating 
the voltages across the snubber capacitor and resistor from 
the following fundamental relations: 

vc (t) = qcCt) 
S Cs 

dqc(t) 
vRS (t) = RS -d-t--

(16) 

(17) 
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The sum of these two voltages then represents the instantan
eous voltage across the triac. The follOWing equations· give 
the instantaneous voltage for the three circuit conditions: 

Condition I: (RL + Rg)2 <4L/C 

-IVMI [-I 
vet) = IZJ [wcs cos (wt + I/> + 0) 

-Rg sin (wt + I/> + 0) ] + IQtle·o:t 

[C~ sin (pt + 1/) +~ sin (pt + 1/ + 1/1)] 

where 1/1 is defined by the following expression: 

(18) 

1/1 = tan-I (±) (19) 

Condition II: (RL + Rg)2 = 4L/C 

-IVMI 
vet) =IZI"" 

~~s cos (wt+ 1/>+ 0) - RS sin (wt + 1/>+ O)J 

+ C~ [(I + oct) qd + idt] e-cxt 

+ RS [(I - o:t) id - 0:2tqd] e.o:t (20) 

Condition III: (RL + Rg)2 > 4L/C 

-IVMI [ I 
v(t) = IzI wCS cos (wt + I/> + 0) 

] 
e·o:t 

-Rg sin (wt.f 1/>+ 0) + /l'Cs 

(21) 

A computer is used to calculate the voltage across the 
snubber because hand calculation is time-consuming. The 
magnitude and time of occurrence of the peak voltage 're 
found by numerical analysis, and then the values and times 
of the voltages at 10 per cent and 63 per cent of peak are 
calculated. These values are used to compute the dv/dt stress 
as defined by the following equation: 

dv _V2- V I 
/dt-!2=t1 (22) 
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where V I and t I are the voltage and time of the 10-per-cent 
point and V 2 and t2 are the voltage and time of the 
63-per-cent point. This program therefore allows evaluation 
of various load and snubber combinations in a matter of 
minutes. 

I RL I 
1 L I 

e~ AC 
POWER 
SOURCE 

RS 

Fig. 8- Equivalent circuit used for analvsis. 

In general, it is most desirable from a cost standpoint to 
use a device with the lowest possible VDROM capability. For 
applications involving the control of a load operating on a 
120-volt ac line a device with a VDROM of 200 volts would 
be desirable; a 40Q..volt device should be used for operation 
on a 220,volt line .. The use of the lower-voltage device in any 
application is contingel,1t on the ability of the circuit to limit 
any possible voltage rmging below the V DROM rating of the 
device. The snubber can be designed to limit this voltage 
ringing during the post-commutation period to within this 
rating. Figs. 9 and 10 show the values of Cs and RS that 
limit peak voltage across the triac to specific values. Fig. 9 
allows the selection of snubber components that will limit 
the peak voltage of 200 volts for a zero-power.factor load at 
the desired dv/dt for an rms line voltage of 120 volts. Fig. 10 
shows the components that limit the voltage to 400 volts 
when the rms line voltage is 220 volts. 

Snubber Design Procedure 
For use of the graphs, three things must be known: (I) 

the rms line voltage, (2) the rms load current, and (3) the 
allowable dv/dt. The following procedure is used to obtain 
the required snubber components: 
(I) Draw a vertical line on the proper voltage graph at the 

load current. 
(2) At the intersection of the vertical line and the dashed line 

that represents the allowable dv/dt, draw a horizontal 
line to ihe right vertical axis. Read the value of RS from 
the right vertical axis. 

(3) At the intersection of the vertical line and the· solid line 
that represents the allowable dv/dt, draw a horizontal 
line to the left vertical axis. Read the value of Cs from 
the left vertical axis. 
As an illustration of the above procedure. Fig. 9 is used 

to find snubber component values that limit the dv/dt stress 
to 5 volts per microsecond for a 40·ampere rms current in a 
12Q..voIt rms line. From Fig. 9, these values are Rs = 340 
ohm and Cs = 0.18 microfarad. 

As previously stated, these graphs were developed to 
limit the peak voltage for a zero-power-factor load. For the 
non-ideal load the graphs are used in the same fashion; a 
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reduction in the peak voltage following commutation and a 
slight reduction in the dv/dt stress are the only effects 
introduced by the non·ideal load. The reduction in the peak 
voltage excursion is caused by the decrease in instantaneous 
voltage at the time of commutation. As the power factor 
increases, the phase angle between the voltage and current 
decreases toward 00 • This decrease in the phase angle shifts 
the time of commutation in the half·cycle toward the 
zero·voltage crossing and thus reduces the instantaneous 
voltage. The reduction in the dv/dt stress is the result of both 
the reduction in the voltage at commutation and the 
increasing resistive impedance of the load. 

lOOK 

O~OIL-~~~~~--L--.L-.~.l-~--jLjLU 
0.1 I 10 

RMS LOAD CURRENT (I)-AMPERES 

Fig. 9- Design curves for snubber that limits peak voltage 
to 200 volts for 120·volt ac line and zero power 
factor. 

A numerical example shows how a load that is not purely 
inductive reduces the peak voltage after commutation. The 
snubber components for 8 volts per microsecond at an rms 
current of ·22.7 amperes are found from Fig. 9 to be 960 
ohms and 0.04 microfarad. If the load is purely inductive, 
the peak voltage is limited to 200 volts. If the load has the 
same current rating but a power factor of 0.7, this snubber 
network limits the peak voltage after commutation to 140 
volts. The peak voltage is reduced because the instantaneous 
line voltage at the time of commutation is only 121 volts. 
The dv/dt stress is also slightly lower than the 8·volts.per· 
microsecond value. This example demonstrates that the 
design graphs of Figs. 9 and 10 can be used for loads haVing 
any power factor. 

Because the selection of snubber components is de· 
pendent on circuit and device characteristics, values obtained 
may be impractical from a cost or size standpoint. In such a 

case, a triac with higher dv/dt capability or higher VOROM 
rating should be used. A higher dv/dt capability allows 
selection of new snubber components to meet the size and/or 
cost requirements of the circuit. A higher VOROM rating 
permits a higher peak voltage excursion that in general will 
allow selection of a smaller snubber capacitor and smaller 
resistor. 

The circuit analysis described in this Note assumes the 
effects of the triac to be a minimum. Thus some error is 
introduced by neglect of the reverse recovery process and the 
displacement current. The additional current flow tends to 
increase the instantaneous dv/dt during the first few 
microseconds follOWing commutation. The over·all effect is 
to increase slightly the average dv/dt stress across the device. 
This effect is most noticeable when the snubber capacitance 
is less than 0.001 microfarad. Selection of a snubber for a 
lower dv/dt stress limit will generally eliminate this problem. 

Because the design of a snubber is contingen.! on the 
load, it is almost impossible to simulate and test every 
possible combination under actual operating conditions. It is 
advisable to measur" the peak amplitude and rate of rise of 
voltage across the triac after a snubber has been selected. 

RM5 LOAD CURRENT (XI-AMPERES 

Fig. 10- Design curves for snubber that limits peak voltage 
to 400 volts for 220·volt ac line and zero power 
factor. 
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Triac Power Controls for 
Three-Phase Systems 

by J. Yellin 

The growing demand for solid·state switching of ac 
power in heating controls and other industrial applications 
has resulted in the increasing use of triac circuits in the 
control of three·phase power. This Note explains a basic 
approach to the design of triac control circuits for use in the 
switching of three·phase power. The basic design rules 
employed in this approach are outlined, an integrated·circuit 
zero.voltage switch specifically intended for use in triac 
triggering is briefly described, and the necessity for and 
methods of isolation of the dc logic circuitry in power 
controls for three·phase systems are pointed out. Recom· 
mended configurations are then shown for power·control 
circuits intended for use with both inductive and resistive 
balanced three· phase loads, and the specific design require· 
ments for each type of loading condition are discussed. 
(Unbalanced three·phase systems, which have different 
design requirements, are not covered in this Note.) 

Basic Design Rules 

In the power.control circuits described in this Note, the 
RCA·CA30S9 integrated·circuit zero.voltage switch is used as 
the trigger circuit for the power triacs.· The following 
conditions are also imposed in the design of the triac control 
circuits: 

I. The load should be connected in a three·wire 
configuration with the triacs placed external to the 
load; either delta or wye arrangements may be used. 
Four·wire loads in wye configurations can be handled 
as three independent single·phase systems. Delta 
configurations in which a triac is connected within 
each phase rather than in the incoming lines can also 
be handled as three independent single·phase systems. 

*In addition to the CA3059. the RCA·CA3058 and -CA3079 
integrated-circuit zercrvoltage switches may also be used for triac 
triggering: in the power-control circuits. All infonnation given on the 
CA3059 in this Note is, in general, equally applicable to the CA3058 
and CA3079. 
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2. Only one logic command signal is available for the 
control circuits. This signal must be electrically 
isolated from the three-phase power system. 

3. Three separate triac gating signals are required. 
4. For operation with resistive loads, the zero.voltage· 

switching technique should be used to minimize any 
radio·frequency interference (RFI) that may be 
generated. 

Integrated·Circuit Zero·Voltage Switch 

The RCA·CA30S9 integrated·circuit zero·voltage switch 
is intended primarily as a trigger circuit for the control of 
thyristors and is particularly suited for use in thyristor 
temperature-control applications. Fig. I shows a functional 
block diagram of the CA30S9 integrated·circuit zero-voltage 
switch. This multistage circuit employs a diode limiter, a 
threshold detector, a differential amplifier, and a Darlington 
output driver to provide the basic switching action. The de 
supply voltage for these stages is supplied by an internal 
zener·diode·regulated power supply that has sufficient 
current capability to drive external circuit elements, such as 
transistors and other integrated circuits. The trigger pulse 
developed by this circuit can be applied directly to the gate 
of an SCR or a triac. A built·in fail·safe circuit inhibits the 
application of these pulses to the thyristor gate circuit in the 
event that the external sensor for the integrated·circuit 
switch should be inadvertently opened or shorted. The 
CA30S9 may be employed as either an on·off type of 
controlleLpr a proportional controller, depending upon the 
degree of temperature regulation required. 

Fig. 2 shows the schematic diagram for the CA30S9 
integrated circuit. Any triac that is driven directly from the 
output terminal of this circuit should be characterized for 
operation in the 1(+) or 1II(+) triggering modes, i.e., with 
positive gate current (current flows into the gate for both 
polarities of the applied ac voltage). The circuit operates 
directly from a SQ., 6Q., or 40Q.Hz ac line voltage of 120 to 
277 volts. 
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Fig. 1-Functional block diagram of the CA3059 integrated-circuit 

zero·voltage switch. 
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The diodes DI and D2 in the CA3059 form a limiter 
stage that clips the incoming ac line voltage to approximately 
plus and minus 8 volts. This signal is then applied to the 
zero·voltage-crossing detector (diodes D3 through D6 and 
transistor QI), which generates an output pulse during each 
passage of the line voltage through zero. The limiter output is 
also applied to the rectifying diodes D7 and D 13 and the 
external capacitor CEXT that comprise the dc power supply. 
The power supply provides approximately 6 volts (at 
terminal 2) as the dc supply to the other stages of the 
CA3059. The on/off sensing amplifier (transistors Q2 
through Q5) is basically a differential comparator. The triac 
gating circuit contains a driver (transistors Q8 and Q9) for 
direct. triac triggering. The gating circuit is enabled when all 
the inputs are at a high voltage, i.e., the line voltage must be 
approximately zero volts, the sensing-amplifier output must 
be "high", the external voltage to terminal I must be a 
logical "\", and the output of the fail-safe circuit must be 
"high". 

Fig. 3 shows the position and width of tlie pulses 
supplied to the gate of a thyristor with respect to the 
incoming ac line voltage. The CA3059 can supply sufficient 
gate voltage and current to trigger most RCA thyristors at 
ambient temperatures of 250 C. However, under worst-case 
conditions (i.e., at low ambient-temperature extremes and 
maximum trigger requirements), selection of the higher
current thyristors may be necessary for particular applica
tions. (The RCA technical bulletin File No. 406 lists triacs 
designed for use with the integrated-circuit zero-voltage 
switch as the triggering circuit. Detailed information on the 
operating characteristics and capabilities of this integrated 
circuit are given in RCA technical bulletin File No. 490, RCA 
application note ICAN-6l82, and the RCA Linear Integrated 
Circuits Manual, IC42.) 

As shown in Fig. I, when terminal 13 is connected to 
terminal 14, the fail-safe circuit of the CA3059 is operable. If 
the sensor should then be accidentally opened or shorted, 
power is removed from the load (i.e., the triac is turned ofO. 
The internal fail-safe circuit functions properly, however, 
only when the ratio of the sensor impedance at 250 C, if a 
thennistor is the sensor, to the impedance of the poten
tiometer. Rp is less than 4 to I. 

l.INE 
VOLTAGE 

GATE 

I:f-~:---r--'lr-~ 

PULSES fJjL-<,-!i.,'-+-'!, ...... , 
- __ IOO~s 

Fig. 3- Timing relationship between the output pulses of 
the CA3059 and the ae line voltage (pulse duration 
shown is a typical value for operation from a 
12().volt 6()'Hz line voltage). 
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Isolation of DC Logic Circuitry 
Isolation of the dc logic circuitry· from the ae line, the 

triac, and the load circuit is often desirable even in many 
single-phase power-control applications. In control circuits 
for polyphase power systems, how,ever, this type ofisolation 
is essential, because the commop point of the dc logic 
circuitry cannot be referenced to a common line in all 
phases. ' 

In the three-phase circuits described in this Note, 
photo-optic techniques (i.e., photo-coupled isolators) are 
used to provide the electrical isolation of the dc logic 
~ommand signal from the ac ci~cuits and the load. The 
photo-coupled isolators consist of an infrared light-emitting 
diode aimed at a silicon photo transistor, coupled in a 
common package. The light-emitting diode is the input 
section, and the photo transistor is the output section. The 
two components provide a voltage isolation typically of 1500 
volts. Other isolation techniques, such as pulse transformers, 
magnetoresistors, or reed relays, can also be used with some 
circuit modifications. 

Resistive Loads 
Fig. 4 illustrates the basic phase relationships of a 

balanced three-phase resistive load, such as may be used in 
heater applications, in which the application of load power is 
controlled by zero-voltage SWitching. The following con
ditions are inheren't in this type of application: 

I. The phases are 120 degrees apart; consequently, all 
three phases cannot be switched on simultaneously at 
zero voltage. 

2. A single phase of a wye configuration type of 
three-wire system cannot be turned on. 

3. Two phases must be turned on for initial starting of 
the system. These 'two phases form a single-phase 
circuit which is out of phase with both of its 
component phases. The single-phase circuit leads one 
phase by 30 degrees and lags the other phase by 30 
degrees. 

These' conditions indicate that in order to maintain a 
system in which no appreciable RFI is generated by the 
switching action from initial starting through the steady-state 
operating condition, the system must first be turned on, by 
zero-voltage switching, as a single-phase circuit and then must 
revert to synchronous three-phase operation. 

Fig. 5 shows a simplified .circuit configuration of a 
three-phase heater control that employs zero-voltage 
synchronous switching in the steady-state operating 
condition, with random starting. In this system, the logic 
command to turn on the system is given when heat is 
required, and the command to turn off the system is given 
when heat is not required. Time proportioning heat control is 
also possible through the use of logic commands. 

*The de logic circuitry provides the low-level electrical signal that 
dictates the state of the load. For temperature controls, the de logic 
circuitry includes a temperature sensor for feedback. The RCA 
integrated-circuit zero-voltage switch, when operated in the dc mode 
with some additional circuitry, can replace the dc logic circuitry for 
temperature controls. 
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Fig. 6-Three·phase power control that employs zero-voltage synchronous switching both 

for steady-state operation and for starting. 

as start-up is accomplished, the three photo-coupled isolators 
aCl3, aCl4, and aCIS take control, and three-phase 
synchronization begins. When the "logic command" is turned 
off, all control is ended, and the triacs automatically turn off 
when the sine·wave current decreases to zero. Once the first 
phase turns off, the other two will turn off simultaneously, 
900 later, as a single-phase line-to-line circuit, as is apparent 
from Fig. 4. 

Inductive loads 

For inductive loads, zero-voltage turn-on is not generally 
required because the inductive current cannot increase 
instantaneously; therefore, the amount of RFI generated is 

usually negligible. Also, because of the lagging nature of the 
inductive current, the triacs cannot be pulse-fired at zero 
voltage. There are several ways in which the CA30S9 may be 
interfaced to a triac for inductive-load applications. The most 
direct approach is to use the CA30S9 in the dc mode, Le."to 
provide a continuous dc output instead of pulses at points of 
zero-voltage crossing. This mode of operation is accom
plished by connection of terminal 12 to terminal 7, as shown 
in Fig. 7. The output of the CA3059 should also be limited 
to approximately 5 milliamperes in the dc mode by the 
750-ohm series resistor. Use of a triac such as the RCA 
T230lD is recommended for this application. Terminal 3 is 
connected to terminal 2 to limit the steady-state power 
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v, 

10) 

I b) 

SINGLE PHASE 
TURN-OFF 

Fig. 4- Voltage phase relationship for a three-phase resis· 
tive load when the application of load power is 
controlled by zero· voltage switching: (a) voltage 
waveforms, (b) load-circuit orientation of voltages. 
(The dashed lines indicate the normal relationship 
of the phases under steady-state conditions. The 
deviation at start·up and turn-off should be noted.) 

The three photo-coupled inputs to the three CA3059 
circuits change state simultaneously in response to a "logic 
command". The CA3059 circuits then provide a positive 
pulse, approximately 100 microseconds in duration, only at a 
zero-vallage crossing relative to their particular phase. A 
balanced three-phase sensing circuit is set up with the three 
CA3059 circuits each connected to a particular phase on 
their common side (terminal 7) and referenced at their high 
side «(enninal 5), through the current·limiting resistors R4, 
R5, and R6, to an established artificial neutral point. This 
artificial neutral point is electrically equivalent to the 
inaccessible neutral point of the wye type of three-wire load 
and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used to 
establish the proper phase relationships for a delta type of 
three-wire load. Because only one triac is pulsed on at a time, 
the diodes (01, 02, and 03) are necessary to trigger the 
opposite-polarity triac, and, in this way, to assure initial 
latching·on of the system. The three resistors (Rl, R2, and 
R3) are used for current limiting of the gate drive when the 
opposite-polarity triac is triggered "on" by the line voltage. 

In critical applications that require suppression of all 
generated RFI, the circuit shown in Fig. 6 may be used. In 
addition to synchronous steady-state operating conditions. 
this circuit also incorporates a zero-voltage starting circuit. 
The start-up condition is zero·voltage synchronized to a 
single-phase, 2-wire, line-to-line circuit, comprised of phases 
A and B. The logic command engages the single·phase 
"start-up" CA3059 and three·phase photo-coupled isolators 
OCI3, OCI4, OCI5 through the photo·coupled isolators OCII 
and OCI2. The single·phase CA3059, which is synchronized 
to phases A and B, starts the system at zero voltage. As soon 

30 INPUT 
~ 

RCA T6417D 

3-PHASE 
RESISTIVE LOAD 
(DELTA OR WYE) 

Fig. 5-Simplified diagram of a three·phase heater control that employs zero·voltage synchronous 
switching in the steady·state operating conditions. 

430 



--------------_______________ AN-60S4 

BK 

\ 

220 V 

~ 

POWER 
- TRIAC 

~ I 

'~-\' ~'OK -+-----+--~ 
PHOTO-COUPLED 

ISOLATORS 

O.II4F 

Fig. 7- Triac three·phase control circuit for an inductive load, i.e., three-phase motor. 

dissipation within the CA3059. For most three-phase 
inductive load applications, the current-handling capability 
of the T2301D triac (2.5 amperes) is not sufficient. Therefore, 
the T2301D is used as a trigger triac to turn on any other 
currently available power triac that may be used. The trigger 
triac is used only to provide trigger pulses to the gate of the 
power triac (one pulse per half cycle); the power dissipation 
in this device, therefore, will be minimal. 

Simplified circuits using pulse transformers and reed 
relays will also work quite satisfactorily in this type of 
application. The RC networks across the three power triacs 
are used for suppression of the commutating dv/dt when the 
circuit operates into inductive loads. (A detailed explanation 
of commutating dv/dt is provided in the basic discussion of 
thyristors in the RCA Solid-State Power Circuits Designer's 
Handbook, SP-S2.) 
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Solid-State Approaches to 
Cooking-Range Control 

by C. P. Knudsen 

As a result of decreasing semiconductor costs, advanced 
system-cost analysis by appliance manufacturers, and increased 
consumer consciousness, various solid-state range-control de
signs can be applied to today's market. This Note presents 
various solid-state design approaches available to the range
control designer. 

Design and Function Considerations 
The primary areas of range control design to be considered 

are the various heating elements: the oven, broiler, and top 
burners. The most popular method of control of these units is 
by switching relays or "infinite-switch" -type heat-sensitive 
switches. Such controls generate radio-frequency interference, 
RFI, and can have limited life with respect to switching cycles 
because of contact failures. In addition, the nest of wiring 
usually needed to interconnect the incoming power line and the 
various independent loads results in substantial labor costs and 
possible substantial in-line reworking of ranges to accommodate 
design changes or failures. Calibration of these controls is 
generally cumbersome and time consuming because multiple 
settings are usually involved. However, from the standpoint of 

parts cost, the control is acceptable. 
Semiconductor costs have been decreasing, and are ap

proaching electromechanical-component costs; however, to 
justify the use of solid-state controls, cost factors other than 
actual parts costs must be considered. The reliability and the 
ease of handling of solid-state controls add to their dependable 
operation and desirability. Dependability can be measured in 
fewer in-line design corrections and possibly fewer calibrations, 
and, in turn, lower manufacturing costs. Lower manufacturing 
costs coupled with the ease of handling of printed circuit 
boards, which eliminate the nest of wiring, represent a further 
over-all system-cost reduction. 

Other advantages of solid-state-control designs are manifest 
in their ability to accept design change or add-on designs to 
satisfy a customer's desire for improved products. For example, 
the self-cleaning feature is easily incorporated in the various 
oven controls; this feature is discussed in detail below. 

Before any particular design approaches are discussed, a 
review of some of the characteristics of the devices used is rec-
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ommended. Because of the unusually high ambient tempera
tures that can be encountered in various areas of the range, 
caution must be used in locating the semiconductors, particu
larly the power devices. Areas on the range that allow for the 
mounting of these devices and/or their heat sinks should be 
determined by the appliance manufacturer according to tem
perature profiles of his enclosure. 

Top-Burner Controls 
As an introductory method of control, a retrofit approach to 

the top-burner design where "infinite" control is used is 
examined. A single-time-constant phase-control circuit is used 
on each burner as the infinite control. Fig. I shows the sche
matic diagram of the circuit; Fig. 2 shows the various wave-

:~~---"--~. ---"'---~. --------ct:--~ •• ------,~. 
AC 

C, 
L2~~~~-+-+~~--~~~--~~~~--~ 

TYPICAL VALUES: 
Llf-IOO p.H RI =2.2 K 
CII-a.I,.F CI -0.1 p.F 
PI -250 K 

Fig. 1- Schematic diagram of retrofit-type top.JJurner control. 

forms for the circuit. Because each heater-control circuit is 
identical, an examination of one, BI, is sufficient for an under
standing of all of the circuits. Potentiometer PI, resistor R I, 
and capacitor C I form a 60-Hz voltage divider in which high 
values of resistance for PI limit the peak voltage swing on CI' 
The diac, which is a three-layer, p-n-p device, exhibits a high 
impedance until a peak voltage of approximately 32 volts is 
applied across it. At this time it displays a negative resistance. 
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Fig. 2- Waveforms for the circuit of Fig. 1. 

Therefore, if the potentiometer is set to allow capacitor CI to 
charge up to 32 volts peak, the capacitor discharges through 
the diac into the gate of the triac and turns the triac on to its 
low-impedance state_ This action is repeated every half cycle. 
LI f and C I f are included to suppress the RFI generated by the 
switching wavefront of the triac. 

This type of circuit is a retrofit design, but it has several dis
advantages. These disadvantages include cost, the need for RFI 
fIltering (a substantial part of the total cost), and the need for 
considerable hand wiring, as the bulky discrete components do 
not warrant printed-circuit-board mounting. However, infinite
switch-type control of the burners is accomplished, and the 
feasibility of solid·state device use in the control design is 
demonstrated. 

Oven/Broiler Controls 
Fig. I shows that the triac can be used to switch the burner 

elements without arcing or contact bounce, but the resulting 
"clean" waveform, Fig. 2, still has a high-frequency content in 
the AM broadcast band. To suppress this nuisance, a costly 
RFI filter must be incorporated in the design. The triac can 
still be utilized, however, by using another circuit approach, 

zero-voltage switching, ZVS, that can switch the heavy resis
tive loads with minimized RFI generation. 

Zero-voltage switching is demonstrated in the oven control 
circuit shown in Fig. 3. In this circuit, a sensor element is in-

BROILER 
SW~I~ __________ ~(~ 

1 
ll~o-----",~--«~ 

IDoFF A OVEN 

I 
I 
I 
I 

220 V I 
AC 

NTC 
SENSOR 

l2~-----4--------------------------~ 
92CS-20B31 

Fig. 3- Schematic diagram of basic oven control. 

cluded in the oven to provide a closed-loop system for accurate 
control of the oven temperature. The RCA CA30S9 1,2 is used 
to accomplish the zero-voltage logic switching; the functional 
block diagram for the CA30S9 is shown in Fig. 4. * 

Fig. 4- Functional block diagram of CA3059 integrated-circuit 
zero-voltage switch. 

The limiter stage of the CA3059 clips the incoming ac line 
voltage to approximately ±8 volts. This signal is then applied to 
the zero-voltage.crossing detector, which generates an output 
pulse during each passage of the line voltage through zero. The 
limiter output is also applied to a rectifying diode and an ex
ternal capacitor that comprise the dc power supply. The power 
supply provides approximately 6 volts, as the V CC supply, to 
the other stages of the CA3059. The on/off sensing amplifier is 
basically a differential comparator. The triac gating circuit con
tains a driver for direct triac triggering. The gating circuit is 
enabled when all the inputs are at a high voltage; i.e., the line 
voltage must be approximately zero volts, the senSing-amplifier 
output must be high, the external voltage to terminal! must be 
a logical I, and the output of the fail-safe circuit must be high. 

Fig. S shows the circuit diagram of the CA3059. The zero
voltage threshold detector consists of diodes D3, D4, DS' and 
D6, and transistor QI' The differential amplifier consists of 
transistor-pairs Q2-Q4 and Q3 -Q5' Transistors Q!, Q6, Q7, 
Q8, and Q9 comprise the triac gating circuit and driver stage. 

Diode D!2, zener-diode DIS, and transistor QIO constitute the 
fail-safe circuit. The power supply consists of diodes D7 and 
D13 and an external resistor and capacitor connected to ter
minals Sand 2, respectively, and to ground through pin 7. If 
transistor pair Q2-Q4 and transistor Q I are turned off, an 
output appears at terminal 4. Transistor QI is in the off state if 
the incoming line voltage is less than approximately the sum of 
the voltage drops across three silicon diodes (2.1 volts) for 
either the positive or negative excursion of the line voltage. 
Transistor pair Q2-Q4 is off if the voltage across the sensor, 
connected from terminals 13 to 7, exceeds the reference voltage 
from 9 to 7. If either of these conditions is not satisfied, pulses 
are not supplied to terminal 4. Fail-safe operation requires that 
terminal 13 be connected to terminal 14. The addition of 

* The CA3079 can be interchanged With the CA3059 in many appli· 
cations, as demonstrated in this Note. 
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Fig. 5- Schematic diagram of CA3059 zero-voltage switch. 

hysteresis and the elimination of half-cycling can be achieved 
by a resistive voltage divider connected from terminals 13 to 8 
and from 8 to 7. 

As shown in Fig. 3, the temperature of the oven can be ad
justed by means of PI, which acts, along with the sensor, as a 
voltage divider at terminal 13. The voltage at terminal 13 is 
compared to the fixed bias at terminal 9 which is set by in
ternal resistors R4 and RS. When the oven is cold and the re
sistance of the sensor is high, Q2 and Q4 are off, a pulse of 

I 
220 VAC 

60Hz 

OK 
8W 

gate current is applied to the triac, and heat is applied to the 
oven. Conversely, as the desired temperature is reached, the 
bias at terminal 13 turns the triac off. The closed-loop feature 
then cycles the oven element on and off to maintain the desired 
temperature to approximately ±20C of the set value. Also, as 
has been noted, external resistors between terminals 13 and 8, 
and 7 and 8, can be used to vary this temperature and provide 
hysteresis. In Fig. 6, a circuit that provides approximately 
I D-per-cent hysteresis is demonstrated. 

THERMISTOR __ NTC RI R2 

5 K 12 K 12 K 

12 K 68 K 12 K 

lOOK 200K 18 K 

Fig. 6- CA3079 on-off controller with hysteresis. 92C5-20641 
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In addition to allowing the selection of a hysteresis value, 
the flexibility of the control circuit permits incorporation of 
other features_ A PTC sensor is readily used by interchanging 
terminals 9 and 13 of Fig. 3 and substituting the PTC for the 
NTC sensor. Note that in both cases the sensor element is 
directly returned to the system ground or common, as is often 
desired. Terminals 9, 10, and II, Fig. 3, can be connected by 
external resistors to provide for a variety of biasing, e.g., to 
match a lower-resistance sensor for which the switching point 
voltage has been reduced to maintain the same sensor current. 

To accommodate the self-cleaning feature, external switch
ing, which enables both broiler and oven units to be paralleled, 
can easily be incorporated in the design. Of course, the poten
tiometer must be capable of a setting such that the sensor, 
which must be characterized for the high, self-clean tempera
ture, can monitor and establish control of the high-temperature, 
self-clean mode. The ease with which this self-clean mode can 
be added makes the over-all solid-state system cost-competitive 
with electromechanical systems of comparable capability. In 
addition, the system incorporates solid-state reliability while 
being neater, more easily calibrated, and containing less-costly 
system wiring. 

Low-Resistance Sensor 
The circuit of Fig. 3 performs well with sensor values in the 

5- to IO-kilohm range, and is used widely in home comfort con
trols. Although PTC sensors rated at 5 kilohms are available, 
the existing sensors in ovens are usually of a much lower value. 
The circuit depicted in Fig. 7 is offered to accommodate these 

92CS- 20842 

Fig. 7- Schematic diagram of circuit for use with low
resistance sensor. 

inexpensive metal-wound sensors. A schematic diagram of the 
RCA CA3080, the operational transconductance amplifier used 
in Fig. 7, is shown in Fig. 8.3 With an amplifier bias current; 
IABC, of 100 microamperes, a forward transconductance of 2 
milIimhos is achieved in this configuration. The CA3080 
switches when the voltage at terminal 2 exceeds the voltage at 
terminal 3. This action allows the sink current, Is, to flow from 
terminal 13 of the CA3059 (the input impedance to terminal 
13 of the CA3059 is approximately 50 kilohms); gate pulses 
are no longer applied to the triac because Q2 of the CA3059 is 
on. Hence, if the PTC sensor is cold, i.e., in the low resistance 

state, the load is energized. When the temperature of the PTC 
sensor increases to the desired temperature, the sensor enters 
the high resistance state, the voltage on terminal 2 becomes 
greater than that on terminal 3, and the triac switches the load 
off. Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resistance 
can be used in conjunction with the CA3059 power supply 
without causing adverse loading effects and impairing system 
performance. 

Fig. 8- Schematic diagram of the CA3080. 92CS-115B7 

Proportional Zero-Voltage Switching 
Zero-voltage switching control can be extended to appli

cations in which it is desirable to have constant control of the 
temperature and a minimization of system hysteresis. A closed
loop top-burner control in which the temperature of the 
cooking utensil is sensed and maintained at a particular value 
is a good example of such an application; the circuit for this 
control is shown in Fig. 9. In the circuit, a unijunction oscil
lator is outboarded from the basic control by means of the 
internal power supply of the RCA CA3079. The output of this 
ramp generator is applied to terminal 9 of the CA3079 and 
establishes a varied reference to the differential amplifier. 

Fig. 9- Schematic diagram of proportional zero-vo/tage
switching control. 
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Therefore, gate pulses are applied to the triac whenever the 
voltage at terminal 13 is greater than the voltage at terminal 9. 
A varying duty cycle is established in which the load is pre· 
dominantly on with a cold sensor and predOminantly off with a 
hot sensor. For precise temperature regulation, the time base of 
the ramp should be shorter than the thermal time constant of 
the system but longer than the period of the 60-Hzline. Fig. 10, 
which contains various waveforms for the system of Fig. 9, 
indicates that a typical variance of ±O.5°C might be expected 
at the sensor contact to the utensil. Overshoot of the set tem
perature is minimized with this approach, and scorching of 
any type IS minimized. 
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Fig. 70- Waveforms for the circuit of Fig. 9. 

Now that the feasibility of a solid·state control for the 
range has been established, the various approaches can be 
joined and a system constructed. The phase-control circuit 
could be used for three top burners, the proportional control 

I
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I 

220" " AC 
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for the fourth burner, and the on-off oven/broiler control with 
the self-cleaning feature for the oven. Such a system would 
probably not challenge an electromechanical system on a cost 
basis, but performance would be improved in the oven control 
as cited above. 

Central-Processor 
Since the phase-control top-burner arrangement of Fig. 1 

requires excessive handling in construction and does not lend 
itself to printed-circuit-board construction, it is recommended 
that a more compact,less expensive, total printed-circuit-board 
approach to the range control be investigated. Further, in order 
to cut system costs, it is recommended that similar circuit 
functions be mUltiplexed or shared as much as possible inone 
area in the circuit. A design that meets these requirements is 
shown in the block diagram of Fig. 11 and the schematic 
diagram of Fig. 12. The top burners Lt, L2, L3, and L4 

240V 
AC 

Fig. 11- Block diagram of B central-processor control. 
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Fig. 12- Schematic diagram of the central-processor 
control of Fig. 11. 
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(Fig. 12) are all controlled by the single logic bank of COS/MaS 
circuitry composed of the RCA CD4013A and the RCA 

SET, 6 

0, • 
CLOCK, 3 

RESET,4 

5£T2 8 

02 9 
CLOCKz II 

RESET210 

(B) 

voo 

14 

7 

vss 
92CS-20B38 

TERMINAL 14 = Veo 

TERMINAL 7 = GND 

CD40ISA; the logic diagrams of these devices are shown in 
Figs. 13 and 14. 
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Fig. 13- Logic and block diagram of the CD4013A. 
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Fig. 14- Logic and block diagram of the CD4015A. 
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The RCA CD4013A consists of two identical independent 
data-type flip-flops. Each flip·flop has independent data, set, 
reset, and clock inputs and Q and Q outputs. These devices can 
be used for shift-register applications and, by connecting the Q 
oulpul 10 Ihe dala inpul, for counler and loggle applications. 
The logic level present al the D input is Iransferred 10 the Q 
outpul during the positive-going transition of the clock pUlse. 
Setting or resetting is independent of the clock and is accom· 
plished by a high level on the sel or resel line, respeclively. 

The CD4015A consists of two idenlical independenl four· 
stage serial-input/parallel-oulput regislers. Each register has 

independent clock and reset inpuls as well as a single serial 
data input. Q oUlputs are available from each of the four 
slages on both registers. All register stages are D-type master· 
slave flip·flops. The logic level presenl at Ihe dala inpul is 
Iransferred inlo the firsl regisler stage and shifted over one 
stage at each positive.going clock transition. Resetting of all 
slages is accomplished by a high level on Ihe reselline. Register 
expansion to eight stages using one CD40l5A package, or to 
more than eight stages using additional CD4015A's, is possible. 

With the CD4015A connected as an eight-stage register and 
the CD40l3A used as the reset, the waveforms of Fig. IS 
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Fig. 15- Output waveforms from theclock stage of Fig. 12 
when clocking pulses are applied to it. 
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Fig. 16- Power-output walleforms for the circuit of Fig. 12. 
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result when clocking pulses are applied from the clock stage, a 
simple RC diac oscillator (60 Hz). The outputs of the 

COS/MOS regisler are fed 10 Ihe eight-position rOlary·selector 
switch for selection of the duty cycle 10 be applied 10 the load. 
The oUlput of Ihe rotary switch is connected to the drive 
triacs through the Darlington-connected triac gate drivers. 
These drivers are made up of pairs of transistors from the RCA 
CA3082, a seven-transistor, high-current (100 milliamperes), 
silicon, n-p·n array. The bases of Ihe input transistors of the 
Darlington drivers are all connected to the colleclor of QI, 
Ihe zero.voltage sensing Iransislor, so that triac gate-drive 
pulses are applied only when the ac line voltage is approximalely 
±2.l-volts peak. Thai is, base drive shunted from the Darlington 
drivers by Q I causes zero-voltage switching of the triacs and 
restricts the average power drain of the dc supply by pulsing 
the Iriac gates. This circuit arrangemenl results in minimized 
RFI. Fig. 16 demonstrales the power waveforms for Ihe circuit 
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of Fig. 12. Fig. 17 demonstrates the effect of the zero-voltage 
sensing transistor, QI, and the relationship between the various 
COS/MOS outputs and the base drive and subsequent gate 
drive of the Darlington drivers. By using an additional selector 
switch, triac, and related gate circuitry (made up of spare tran
sistors in the CA3082) a controllable convenience outlet can be 
provided. This outlet can be used for an electric fry-pan, 
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Fig. 17- Gating relationship waveforms for the circuit of Fig. 12. 

coffee maker, waffle iron, toaster, etc., and can be controllable 
in the same manner as the top·burner elements. 

An oven control is incorporated in the design by using an 
RCA CA3086, an array of five n·p·n transistors with one pair 
differentially-connected as a Schmitt trigger in closed-loop 
configuration. Again, the common de supply of the system is 
used in addition to the zero·voltage sensing transisior, QI. An 
additional Darlington pair available in the CA3082 is used for 
triac gating. As shown in Fig. 12, an NTC sensor, THI, forms a 
voltage divider with the potentiometer, PI, the temperature· 
selector switch. The input transistor of the Schmitt trigger is a 
Darlington pair to provide sensitivity. Resistor R8 is chosen to 
allow for the desired amount of circuit hysteresis. When the 
sensor is cold and has a large resistance, the Darlington input 
is turned on and causes output transistor QI to turn off. The 
VCC fed to the zero-voltage sensing transistor and respective 
gate drive switches the oven on. As the desired oven tempera· 
ture is reached, the sensor resistance decreases and the voltage 

it controls drops below the switching threshold of the Schmitt 
trigger; this drop in voltage removes the gate drive to the oven. 
A PTC sensor could easily be used by inverting the sensor and 
potentiometer. Of course, with proper external switching of 
the oven elements and the incorporation of a fIXed resistor to 
bias the Schmitt trigger to the high temperature of the self
cleaning mode, self-cleaning action can be accommodated by 
this system. Care must be taken, particularly with the location 
of the power triac for the oven, to afford the best possible 
ambient temperature conditions and heat sinking. 

Conclusions 
With the circuitry of Fig. 12, control of the temperature of 

the top burners is provided without the need for calibration of 
a sensor element, and the design is well suited for printed
circuit-board-module use. Extension of the circuit concept 
could lead to a future hybrid design incorporating custom chips. 
The nest of wiring which is now present in ranges is minimized 
by the use of the printed-circuitboard. Zero.voltage switching 
of the power elements results in minimized RFI, while the 
single calibration between PI and THI or an auxiliary cali
bration potentiometer is the only calibration necessary in the 
oven control. These concepts should lead to easier manufacture 
with limited in-line failures, because the printed-circuit-board 
modules could be tested before assembly into the range, and 
lower manufacturing costs because of the decreased amount of 
wiring. The history of solid-state dependability should also be 
reflected in the low amount of field failures. 

References 
I. "Application of RCA·CA3058 and RCA-CA3059 Zero

Voltage Switches in Thyristor Circuits", by GeOlge J. 
Granieri, RCA Application Note ICAN-6158. 

2. "Applications and Extended Operating Characteristics for 
the RCA-CA3059 IC Zero-Voltage Switch", by H. M. 
Kleinman and A. Sheng, RCA Application Note ICAN·6268. 

3. "Applications of the CA3080 and CA3080A High-Perform
ance Operational Transcondu"tance Amplifiers", by H. A. 
Wittlinger, RCA Application Note ICAN·6668. 

4. "Unear Integrated Circuits-Building Blocks for Control 
Applications", by George J. Granieri, RCA Reprint ST·6053. 

439 



OOCTI5LJD 
Solid State 
Division 

Thyristorsl Rectifiers 

Application Note 
AN-6141 

Power Switching Using 
Solid-State Relay 
by T. C. McNulty 

Solid-state relays make use of a semiconductor device for control 
of ac or de power. Since, in most ac appJications, the semiconductor 
element chosen for power control is the triac, this Notc describes the 
triac as a power-switching element. Advantages and disadvantages of 
the active clement over the electro-mechanical relay are discussed in 
general tenns. Basic parameters, such as surge in-rush capability, 
transient-voltage ratings, suppression network, turn-off consideration 
and the different modes of triac gating are also discussed. AC power 
control is covered by various circuit designs for ON/OFF control, 
zero-voltage switching, and line-voltage isolation. 

Power switching using electromechanical relays (EMR) is prob
ably as old as the electrical industry is. The EMR is a controlled de
vice having either an ON state or an OFF state capable of handling 
large amounts of power for a relatively low input power; it has wide
spread use in powcr and logic circuits. The rclay comes in many 
forms (general purpose, telephone type, TO-S, reed, mercury wetted, 
etc.) and has various contact configurations. During thc past few 
years, t.he EMR has been challenged by a new breed of rclay which 
has no moving parts, is capable of handling large amounts of power 
for relatively low input power, and that comes in many package and 
circuit configurations. This new breed has been dubbed the "Solid
.state Relay" or SSR, and uses transistors for dc power-control or 
triaes for ae power control. The SSR is particularly useful in areas 
in which increased reliability is required, and in which shock or 
mechanical fatigue impose severe limitations on the electromechani
cal relay. The major limitations to SSR use are economic factors,line 
isolation, immunity from line transients, and the need for multiple
pole arrangements. 

TRIAC CONSTRUCTION 

Thyristors (silicon controlled rectifiers and triacs) are semicon
ductor switches whose bistable state depends upon the regenera
tive feedback associated with a p-n-p-n structure. The SCR is a uni
directional device used primarily for dc and ac functions, whereas the 
triac is a bidirectional device used primarily for control of ac power. 

The fabrication of a standard, glass-passivated triac requires the 
seven basic steps illustrated in Fig. 1 and delineated below. 

1. The process begins with an n-type, high-resistivity, silicon 
wafer; 

2. p layers arc diffused deeply into both sides; 

3. Silicon-dioxide diffusion masks are grown, and p+ regions are 
defined and diffused into the wafer; 

4. A second oxide diffusion mask is grown, and, n+ regions are 
defined and diffused into the wafer: . 

S. A silicon-dioxide etch mask is grown and defined. Grids and 
gate moats are etched into the wafer; 
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Fig.' - The seven basic steps requirect'in the fabrication of a standard, glass
passivated triac. 
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6. A hard glass-passivated layer is applied in the grids and gate 
moat; 

7. Contact areas are opened on the wafer and nickel-lead-tin 
solder metallization is applied. The wafer is then laser-scribed 
and separated into pellets. Fig. 2 contains an isometric view of a 
completed triac and dimensions of three devices now available or in 
the design stage. 

VOLTAGE AND TEMPERATURE RATINGS 

The effects of voltage and temperature arc important in thyristors 
because of the regenerative action of these devices, and because they 
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Fig.2 - An isometric view of a completed triac and dimensions of three devices 
now available or in the design stage. 

are often required to support high voltages under high temperature 
conditions. The imposed voltages create a field at the junction inter· 
face, and the increased temperature releases additional surface ions. 
Should the field concentrate the additional surface charge and allow 
it to migrate into the gate region, non·gated turn·on may occur. Most 
manufacturers realize that the gate region must be terminated for 
high voltage/temperature operation, and a shunt resistance is built 
into the triac pellet during fabrication. This shunt reduces the im· 
munity of the triac to non·gated turn·on. Additional reliability can 
be gained by operating the triac under less severe voltage/temperature 
conditions. 

IN-RUSH CURRENTS 

One of the features that has made thyristors the work·llOrses of the 
power semiconductor industry is their ability to absorb in-rush cur· 
rents many times in excess of their steady·state ratings. This unique 
feature results from the regenerative action of the thyristor, an acdon 
which maintains the internal beta at a level such that, under in-rush 
conditions, the charge density is equally distributed over the entire 
triac pellet. The equal charge distribution assures the presentation of 
a low impedance to the in-rush current. Each manufacturer clearly 
rates device surge capability from single cycle to multiple cycles. 
Since this rating cannot be exceeded repeatedly, care should be 
exercised in the actual application to provide a sufficient safety 
margin between the published ratings and the actual circuit in-rush 
currents. 

Another importaut parameter associated with a triac is its di/dt 
rating, a parameter most significant during turn-on. With the initi
ation of a gate signal, the active area closest to the gate region is, 
essentially, turned on, and, for a few microseconds, the instan
taneous power dissipation is a function of the rate of rise of the on
state current. This power dissipation may cause localized heating and 
result in silicon-lattice destruction and triac degradation. The di/dt 
ratings arc a function of triac geometry and pellet size, and ratings of 
100 A/liS are easily achieved. In most circuit applications, stray or 
actual-load inductance is present, and for the condition of di/dt = 
Epk/L, it is easily seen that a few microhenries of inductance are all 
that arc required to limit circuit di/dt to within the maximum rating. 
When di/dt ratings are exceeded, it is usually because of the RC 
snubber network in parallel with the triac. In such networks, stray 
inductance is essentially zero, and the magnitude of discharge current 
is limited by the snubber resistance. The di/dt in the snubber is not 
affected by the inductance added to quell the di/dt caused by the 
stray or actual-load inductance; only careful selection of RC-snubber
network components will eliminate this second source of di/dt and 
minimize triac failures. 

TRANSIENT VOLTAGES 

It is well known that triacs are susceptible to non-gated turn-on 
and possible damage as a result of transient voltages. Transients are 
generally caused in a triac by the switching of inductive loads on ad
jacent lines or in proximity to the device. If the transient voltage 
generated exceeds the critical rate-of-rise of the off-state voltage 
(dv/dt) then a displacement current (i = C·dv/dt) is generated which 
causes non-gated turn-on. Non-gated turn-on is not destructive if the 
energy transfer is within the maximum rating of the device; however, 
if the transient voltage does not exceed the off-state dv/dt rating, but 
does exceed the maximum voltage rating, then triac breakover 
occurs. Whether triac degradation occurs is dependent on whether 
the energy transfer is within the bulk silicon or the edge avalance. 

Although the transient-voltage problem may seem critical, there 
arc precautions that can be taken to minimize it. The use of RC 
snubbers in parallel with the triac can reduce the rate of imposed 
transients. This arrangement is most effective for fast rising, short
duration line disturbances. For critical applications, the use of a 
voltage-clipping device in addition to an RC snubber effectively 
suppresses both the rate of rise and magnitude of line-generated 
transients. 

Another type of transient particularly prevalent in the area of 
inductive loads, and often overlooked, is the circuit-induced transient. 
Consider an inductive load in series with a triac and RC snubber net
work which also includes a switch for line-voltage interruption. With 
the triac in the off state, a leakage current flows which is a function 
of the characteristics of the load, the RC snubber network, and triac 
leakage. If the switch is momentarily opened when the triac is off, 
then a voltage transient (E = L·di/dt) is generated which can exceed 
the voltage rating of the triac, cause non-gated turn-on and abrupt 
energy transfer; and may result in damage to the triac. Again, the 
proper selection of RC-network components and voltage-clipping de
vice will suppress the circuit-induced tnmsient to a level compatible 
with the voltage rating of the triac." 

COMMUTATING dv/dt 

The term "turn·off time" is not associated with triacs since triacs 
arc bidirectional, and reverse voltage is nothing more than a forward 
voltage to one-half of the triac chip. A new term, "critical-rate-of
rise-of-commutation-voltage", is used with triacs. The term describes 
the ability of the triac to turn off as the current passes through zero, 
or commutates. One must remember that the triac is a current-de
pendent device: current is injected into the gate to turn the device 
on, and current must be removed or allowed to pass through zero for 
turn-off regardless of what the source-voltage polarity is. Commu
tating dv/dt is less critical with resistive loads and most important 
with inductive loads. Consider an inductive load in which the load 
current lags the source voltage by a phase angle (). As pointed out, 
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triac commutation occurs at zero current, whereas the source voltage 
has some magnitude E. As the load current crosses the zero point, 
a small reverse current is established as a result of the charge in the 
n-type region. This charge, plus a displacement current (i = C'dv/dt) 
resulting from the reapplied source voltage, can cause the triac to tum 
on in the absence of a proper gate signal. A minimum commutating 
dv/dt at rated current and at a specific operating case temperature 
should be defined in all triac applications; the circuit designer can use 
these specifications to choose an RC snubber network that will limit 
the reapplied dv /dt to within ratings. Loss of triac control as a result 
of commutating dv/dt does not degrade the characteristics of the 
triac. Proper RC snubber network selections for worst-case condi
tions of load power factor, current, and voltage are easily made by 
use of the charts shown in Fig.3. 
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Fig.3 - (a) Snubber components for 200-volt peak on 120-volt line; 
(b) Snubber components for 4()()..volt peak on 220-volt line. 

ADVANTAGES OF SSR's 

I 
I 

Before the advantages of SSR's are discussed, the types available 
shOUld be reviewed. 

Two types of SSR are available: al1 solid-state and hybrids. The 
solid-state class employs solid-state devices for both logic and triac 
gating. Hybrids generally use a reed relay for triac gating for ac 
power control and so combine the electromechanical with solid 
state. In either class, the triac is used as the solid-state element for ac 
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power control. A comparison of SSR's with electromechanical relays 
is given below. 

Life: An EMR physically makes and breaks load current, and the 
relay contacts deteriorate with life. 
SSR's: They have no moving parts, and may be designed to make 
and break at zero current. Regardless of the design, the triac al
ways breaks at zero current. 
Contact Bounce: Inherent with an EMR - zero for SSR's. 
RFI: Inherent with EMR's - dependent on SSR design. 
AFI: ("audio-frequency" interference). Terrible with EMR's, par
ticularly when many relays are clacking about. Not noticeable 
with SSR's. 
Environment: High humidity, corrosion, and explosive atmos
pheres usually dictates a sea~d relay. SSR's may easily be potted. 
Shock: The SSR is far superior. 
Input Logic: EMR's can be operated from low-level logic. SSR's 
are design dependent, but offer complete versatility. 

GENERAL CONTROL CIRCUITS 

A simple triac control circuit, an ON/OFF circuit, is shown in 
Fig.4. With switch Sl open, the triac is off and essentially zero cur
rent is applied to the load. Actually, there will be leakage-current 
flow to the load; the amount of current is dependent on the applied 
voltage and triac case temperature. However, because the current is 
very small (less than one milliampere) compared to' the load current, 
it can be neglected in this and the following circuits. (In specific 
applications in which leakage current may affect control it would 
have to be considered.) 

RI 
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LOAD VOLTAGE ~--~\J\J\f' 
I I 
1 1 
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I 1 

51 52 
OPEN CLOSED 
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Fig.4 - ONIOFF control, non.qnchronized. 

To apply power to the load in Fig.4, switch Sl is closed to provide 
gate drive to the triac. Bias-resistor RI is of the orderof68 to 100 
ohms and provides the initial gate drive during every half cycle of 
applied voltage. The power consumption of Rl is very low 0/4 to 
1/2 watt), because, when the triac is in the ON state, RI is in parallel 
with the ON-state voltage of approkimately I.S volts. This method 
of triac triggering, caUecl anode firing, is an effective way of triggering 
because it uses the source voltage as a source ·of gate-current drive. 
Maximum gate current is available for triac tum-on at peak line volt
age until the device goes to the low-impedance state. In this state 
the current in Rl is reduced by the forward voltage drop. In effect, 
bias resistor R I is utilized only during the initial turn-on of the triac, 
or for approximately two microseconds. In a typical application, 
switch SI would be replaced by a relay. and power control would be 
tr~nsferred by means of low-level-current relay contacts. 
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For control applications which require that variable power be de
livered to a load, an inexpensive RC phase-control circuit is best. 
Fig.S shows the basic triac-diac control circuit with the triac con
nected in series with the load. During the beginning of each half cycle 
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Fig.5 - RC phase conrrof. variable power. 

the triac is in the OFF state; as a result, the entire line voltage is im
pressed across it. Because the triac is in parallel with the potenti
ometer and capacitor, the voltage across the triac drives the current 
through the potentiometer and cbarges the capacitor. When the 
capacitor voltage reaches the breakover voltage of the dine, VBO. 
the capacitor discharges through the triac gate and turns it on. The 
line voltage is then transferred from the triac to the load for the re
mainder of that half cycle. This sequence is repeated for every half 
cycle of either polarity. If the potentiometer resistance is reduced, 
the capacitor charges more rapidly, the VSO of the diac is rcached 
earlier in the cycle, and the power applied to the load is increased. 
If the potentiometer resistance is increased, triggering occurs later 
and load power is reduced. The main disadvantage of this circuit is 
that it produces RFI. 

Although the basic light-control circuit operates with the com
ponent arrangement shown in Fig.S. additional components and 
sections are usually added to reduce hysteresis effects. extend the 
effective range of power control. and suppress radio-frequency 
interference. 

TEMPERATURE-CONTROL CIRCUITS 

A zero-voltage-switch, Fig.6, synchronized for lim .... pulse gener.!
tion, in combination with a triac. is particularly well suited for tern
perature-control applications. The zero-voltage-switch/triac circuit 

.Fig.6 - Functional block diagram of the integrated-circuit zero·voltage-switch, 
CA3059. 

may be used with an ON/OFF-type control or as a proportional con
trol depending on the degree of regulation required. A simple, inex
pensive, ON/OFF temperature controller is shown in Fig.7; a review 
of the functional block diagram of the zero-voltage-switch, Fig.6, will 
help in understanding the circuit. For every zero-voltage crossing, 
a zero crossing pulse is generated and directed to the triac gating cir
cuit. If there is a demand for heat, the differential amplifier is in the 
open state, the triac gating circuit is open, and the triac is turned on 
at every zero-voltage crossing. When the demand for heat is satis
fied, the differential amplifier is in the closed state; this inhibits the 
triac gating circuit and removes any further gate drive to the triac. 
Therefore, the key to the operation of this circuit is in the state of 
the differential amplifier. One side of the differential amplifier is 
biased to a reference voltage VR, and the other side is biased to a 
voltage Vs which is dependent on a variable potentiometer setting 
and sensing resistor. As a result, whenever the bias voltage Vs ex
ceeds the reference voltage VR, the gating circuit is open and the 
triac is turned on for each zero-voltage crossing. The charac
teristics of an ON/OFF controller are well known; i.e., there are sig
nificant thennal overshoots and undershoots which result in a dif:. 

10 K 
2W 
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Fig.7 - CA3059 ON/OFF temperature controller. 

ferential temperature above and below the reference temperature. 
The magnitude of the differential temperature is dependent· on the 
mass of the heater and the time constant of the sensing element. 

For precise temperature control, the technique of proportional 
control with synchronous switching is introduced. The proportional 
control differs from the ON/OFF control in that it allows a specified 
percentage of power (duty cycle) to be supplied to the load with a 
finite off time that, in turn. allows the heating element to "catch up" 
as a result of thermal lag. In effect, this scheme provides "antici
pator control." Again, the key to circuit opemtion is in the state of 
the differential amplifier. 

AC LINE ISOLATION 

The design engineer often must provide dc·to-ac isolation. Com
plete isolation can be achieved by reed relays, pulse transformers, and 
light-activated devices. Selection of anyone of these three ap
proaches depends on the de logic design and component economics_ 
Fig.8 (a) shows a reed relay and transistor drive circuit which is ef
fective in triac gating, although it docs have moving parts. Fig.8 (b) 
uses a pulse transfonner for isolation, and requires a form of clock 
pulse that can be transferred to the triac gate. In some applications, 
clock pulses may already be available; tlterefore the pulse-transformer 
approach is economical. This approach requires more components 
than that of Fig.8 (a), but it has no moving parts. The last approach, 
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and, at 'present, probably the most expensive one, uses a light
activated device, such as the GaAs infrared (IR) emitter, to initiate 
triac gating. The light-activated device is coupled to a photosensitive 
transistor which, when turned on, provides inhibit logic for addi
tional integrated circuits or, as in Fig. 8 (c), for a zero-voltage
switch application. 

CONCLUSION 

This paper has illuminated some of those areas most misunder
stood or considered as problem areas in the application of triacs. The 
designer who thoroughly understands the characteristics and Iimit-

REED 
SWITCH 

~+\-( __ 11_- _') 

INPUT 

101 

ations, but most of all the advantages, of triacs, will have at his dis
posal a device that-he can use to design power controllers that operate 
satisfactorily not only in nannal applications, but also in severe 
physical and electrical environments. The triac has already proven 
to be a true power-semiconductor device, and is widely used in both 
commercial and industrial applications; restrictions on triac use in 
military applications, particularly in 400-Hz power systems, are 
gradually being lifted. It is inevitable, then, that the triac will evolve 
as the basic building block for ac power control in power-controller 
systems. 
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Fig.B - (a) Isolation with reed relay; (bl isolation with pulse transformer; 
(e) isolation with fight-activated devices. 
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Features and Applications of 
RCA Integrated-Circuit Zero-Voltage Switches 
(CA3058, CA3059, and CA3079\ 

by A. C. N. Sheng, G. J. Granieri, and J. Yellin 

RCA-CA30S8, CA30S9 and CA3079 zero-voltage switches 
are monolithic integrated circuits designed primarily for use as 
trigger circuits for thyristors in many highly diverse ac 
power-control and power-switching applications. These 
integrated-circuit switches operate from an ac input voltage of 
24,120,208 to 230, or 277 volts at 50, 60, or 400 Hz_ 

The CA3059 and CA3079 are supplied in a 14-terminal 
dual-in-lin·e plastic package. The CA30S8 is supplied in a 
14-terminal dual-in-line ceramic package. The electrical and 
physical characteristics of each type are detailed in RCA Data 
Bulletin File No. 490. 

RCA zero-voltage switches (ZVS) are particularly well 
suited for use as thyristor trigger circuits. These switches 
trigger the thyristors at zero-voltage points in the 
supply-voltage cycle. Consequently, transient load-current 
surges and radio-frequency interference (RFI) are substantially 
reduced. In aadition, use of the zero-voltage switches also 
reduces the rate of change of on-state current (di/dt) in the 
thyristor being triggered, an important consideration in the 
operation of thyristors. These switches can be adapted for use 
in a variety of control functions by use ·of an internal 
differential comparator to detect the difference between two 
externally developed voltages. In addition, the availability of 
numerous terminal connections to internal circuit points 
greatly increases circuit flexibility and further expands the 
types of ac power-control applications to which these 
integrated circuits may be adapted. The excellent versatility of 
the zero-voltage switches is demonstrated by the fact that 
these circuits have been used to provide transient-free 
temperature control in self-cleaning ovens, to control 
gun-muzzle temperature in low-temperature environments, to 
provide sequential switching of heating elements in warm-air 
furnaces, to switch traffic signal lights at street intersections, 
and to effect other widely different ac power-control 
functions. 

FUNCTIONAL DESCRIPTION 

RCA zero-voltage switches are multistage circuits that 
employ a diode limiter, a zero-crossing (threshold) detector, an 

on-off sensing amplifier (differential comparator), and a 
Darlington output driver (thyristor gating circuit) to prOvide 
the basic switching action. The de operating voltages for these 
stages. is provided by an internal power supply that has 
sufficient current capability to drive external circuit elements, 
such as transistors and other integrated circuits. An important 
feature of the zero-voltage switches is that the output trigger 
pulses can be applied directly to the gate of a triac or a silicon 
controlled rectifier (SCR). The CA30S8 and CA3059 also 
feature an interlock (protection) circuit that inhibits the 
application of these pulses to the thyristor in the event that 
the external sensor should be inadvertently opened or shorted. 
An external inhibit connection (terminal No. I) is also 
available so that an external signal can be used to .inhibit the 
output drive. This feature is not included· in the CA3079; 
otherwise, the three integrated-circuit zero-voltage switches are 
electrically identical. 

Over-all Circuit Operation 
Fig. I shows the functional interrelation of the zero-voltage 

switch, the external sensor, the thyristor being triggered, and 
the load elements in an on-off type of ac power-control 
system. As· shown, each of the zero-voltage switches 
incorporates four functional blocks as follows: 

(I) Limiter-Power Supply - Permits operation directly 
from an ac line. 

(2) Differential On/Off Sensing Amplifier - Tests the 
condition of external sensors or command signals. Hysteresis 
or proportional-control capability may easily be implemented 
in this section. . 

(3) Zero-Crossing Detector - Synchronizes the output 
pulses of the circuit at the time when the ac cycle is at a 
zero-voltage point and thereby eliminates radio-frequency 
intef.rence (RFI) when used with resistive loads. 

(4) Triac Gating Circuit - Provides high-current pulses to 
the gate of the power-controlling thyristor. 
In addition, the CA30S8 and CA30S9 provide the following 
important auxiliary functions (shown in Fig. I): 

(I) A built-in protect jon circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 
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NEGATIVE TEMPERATURE COEFFICIENT 

I 
I 

f~~r 

AC Input Voltage Input Series Dissipation Rating 
(50/60 or 400 Hz! Resistor (RS) for RS 

VAC U2 W 

24 2 0.5 
120 10 2 
208/230 20 4 
277 25 5 

Fig. 1 - Functional block diagrams of the zero-voltage switches 
CA3058. CA3059. and CA3079. 

I 

I 
I 
I , 
I 

., 

L ____________ _ 

ALL RESISTANCE VALUES ARE IN OHMS 

NOTE: CIRCUITRV,wmUN SHADEO AREAS,NOT INCLUDED IN CA3079 

A Ie. INTERNAL CONN£CT10N-- DO NOT USE ITERMINAL 
RESTRICTION AP~L1E$ ONLY TO CA30791 

(2) Thyristor firing may be inhibited through the action of 
an internal diode gate connected to terminal I. 

(3) High-power dc-comparator operation is provided by 
overriding the action of the zero-crossing detector. This 
override is accomplished by connecting terminal 12 to 
terminal 7. Gate current to the thyristor is continuous when 
terminal 13 is positive with respect to terminal 9. 

Fig. 2 shows the detailed circuit diagram for the 
integrated-circuit zero-voltage switches. (The diagrams shown 
in Figs. I and 2 are representative of all three RCA 
zero-voltage switches, i.e., the CA3058, CA3059, and CA3079; 
the shaded areas indicate the circuitry that is not included in 
the CA3079.) 

The limiter stage of the zero-voltage switch clips the 
incoming ac line voltage to approximately ±8 volts. This signal 
is then applied to the zero-voltage:crossing detector, which 
generates an output pulse each time the line voltage passes 
through zero. The limiter output is also applied to a rectifying 
diode and an external capacitor, CF, that comprise the de 
power supply. The power supply provides approximately 
6 volts as the Vee supply to the other stages of the 
zero·voltage switch. The on-off sensing amplifier is basically a 
differential comparator. The thyristor gating circuit contains a 
driver for direct triac triggering. The gating circuit is enabled 
when all the inputs are at a "high" voltage, i.e., the line voltage 
must be approximately zero volts, the sensing-amplifier output 
must be "high," the external voltage to terminal I must be a 
logical "0", and, for the CA3058 and CA30S9, the output of 
the fail-safe circuit must be "high." Under these conditions, 
the thyristor (triac or SCR) is triggered when the line voltage is 
essentially zero volts. 

--------------, 

I , 
I 

I 
-rOR--

Ie'" 6 EXTERNAL 
TRIGGER 

", .. 
:5 INCREASED 

GATE DRIVE 

TO 
4 THYRISTOR 

Ci"T[ 

Fig. 2 - Schematic diagram of zero-voltage switches CA3058. CA3059. and CA3079. 
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Thyristor Triggering Circuits 
The diodes 01 and 02 in Fig. 2 form a symmelrical clamp 

that limits the voltages on the chip to ±S volts; the diodes 07 
and DI3 form a half-wave reclifier Ihat develops 'a positive 
vollage on the external storage capacilor, CF. 

The output pulses used [0 trigger. Ihe· power-switching 
thyristor are actually developed by Ihe zero.crossing detector 
and the thyristor gating circuit. The zero-crossing detector 
consists of diodes 03 through D6, transistor Q I, and the 
associated resistors shown in Fig. 2. Transistors QI and Q6 
through Q9 and the associated re~istors comprise the thyristor 
galing circuit and output driver. These circuits generate the 
output pulses when the ac input is at a zero-voltage point so 
that RFI is virtually eliminated when the zero-voltage switch 
and thyristor are used with resislive loads. 

The operation of the zero-crossing detector and thyristor 
gating circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristor gate through terminal 4) is considered as the 
operaling condition of the galing circuit. Other circuit 
elements in the zero-voltage switch inhibit the gating circuit 
unless certain condilions are met, as explained later. 

In the on state of the thyristor gating circuit, transistors Qs 
and Q9 are conducting, transistor Q7 is off, and transistor Q6 
is on. Any aclion that turns on transistor Q7 remoVes the drive 
from transistor Qs and thereby turns off the thyristor. 
Transistor Q7 may be turned on directly by application of a 
nummum of + 1.2 volts at \0 microamperes to the 
external-inhibit input, terminal I. (If a voltage of more than 
1.5 volts is available, an external resistance must be added in 
series with terminal I to limit the current to I milliampere.) 
Diode DIO isolates the base of transistor Q7 from other signals 
when an external-inhibit signal is applied so that this signal is 
the highest priority command for normal operation. (Although 
grounding of terminal 6 creates a higher-priority inhibit 
function, this level is not compatible with normal DTL or TTL 
logic levels.) Transistor Q7 may also be activated by turning 
off transistor Q6 to allow current flow from the power supply 
through resistor R7 and diode 0 10 into the base of Q7. 
Transistor Q6 is normally maintained in conduction by current 
that flows into its base through resistor R2 and diodes Ds and 
09 when transistor Q I is off. 

Transistor QI is a porlion of the zero-crossing detector. 
When the voltage at terminal 5 is greater than +3 volts, curreni 
can flow through resistor RI, diode 06, the base-to-emitter 
junction of transistor Q I, and diode 04 to terminal 7 to turn 
on QI. This action inhibits the delivery of a gate-drive output 
signal at'terI1).inai 4. For negative voltages at terminalS that 
have magnitudes greater than 3 volts, the current flows 
through diode OS, the emitter-to-base junction of transistor 
QJ, diode D3, and resistor Rl, and again turns on transistor 
QI. Transistor QI is off only when the voltage at terminal 5 is 
less than the threshold voltage of approXimately ±2 volts. 
When the integrated-circuit zero-voltage switch is connected as 

* The latching current is the minimum cummt required to sustain 
conduction immediately after the thyristor is switched from the off 
to the on state and the gate signal is removed. 

shown in Fig. I, therefore, the output is a narrow pulse which 
is approximately centered about the zero-voltage time in the 
cycle, as shown in Fig. 3. In some applications, however, 

POSITIVE 
d./d, 

Fig. 3 - Waveform showing output-pulse duration of the zero-voltage 
switch. 

particularly those that use either slightly inductive or 
low-power loads, the thyristor load current does not reach the 
latching-current value' by the end of this pulse. An external 
capacitor Cx connected between terminal 5 and 7, as shown in 
Fig. 4, can be used to delay the pulse to accommodate such 
loads. The amount of pulse stretching and delay is shown in 
Figs. 5(a) and 5(b). 

IZOVRMS 
60 ~. 

R, 
10K 

ALL RESISTANCE 
VALUES ARE IN OHMS 

92CS-225B7 

Fig. 4 - Use of a capacitor between termihals 5 and 7 to delay the 
output pulse of the zero· voltage switch. 

Contiriuous gate current can be obtained if terminal 12 is 
connected'to terminal 7 to disable the zero-crossing detector. 
In this mode, transistor QI is always off. This mode of 
operation is useful when comparator operation is desired or 
when inductive loads must be switched. (If the capacitance in 
the load circuit is low, most RFI is eliminated.) Care must be 
taken to avoid overloading of the internal power supply in this 
mode. A sensitive-gate thyristor should be used, and a resistor 
should be placed between terminal 4 and the gate' of the 
thyristor to limit the cutrent, as pointed out later under 
Special Application Considerations. 

Fig. 6 indicates the timing relationship between the line 
voltage and the zero-voltage- switch output pulses. At 60 Hz, 
the pulse is typically 100 microseconds wide; at 400 Hz, the 
pulse width is typically 12 microseconds. In the basic circuit 
shown, when the de logic signal is "high", the output is 
disabled; when it is "low", the gate pulses are enabled. 
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Fig. 5 - Curves showing effect of external capacitance on (a) the total 
output-pulse duration, and (b) the time from zero crossing to 
the end of the pUlse. 

On-Off Sensing Amplifier 
The discussion thus far has considered only cases in which 

pulses are present all the time or not at all. The differential 
sense amplifier consisting of transistors Q2, Q3, Q4, and Qs 
(shown in Fig. 2) makes the zero-voltage switch a flexible 
power-control circuit. The transistor pairs Q2-Q4 and Q3-Qs 
form a high-beta composite p-n-p transistors in which. the 
emitters of transistors Q4 and Qs act as the collectors of the 
composite devices. These two composite transistors are 
connected as a differential amplifier with resistor R3 acting as 
a constant-current source. The relative current flow in the two 
"collectors" is a function of the difference in voltage between 
the bases of transistors Q2 and Q3. Therefore, when 
terminal 13 is more positive than terminal 9, little or no 
current tlows in the "collector" of the transistor pair Q2 -Q4' 
When terminal 13 is negative with respect to terminal 9, most 
of the current flows through that path, and none in terminal 8. 
·When current flows in the transistor pair Q2-Q4, the path is 
from the supply through R3, through the transistor pair 
Q2 -Q4' through the base·emitter junction of transistor QI , and 
finally through the diode D4 to terminal 7. Therefore, when 
V 13 is equal to or more negative than V 9, transistor QI is on, 
and the output is inhibited. 
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In the circuit shown in Fig. 1, the voltage at terminal 9 is 
derived from the supply by connection of terminals 10 and 11 
to form a precision voltage divider. This divider forms one sid. 
of a transducer bridge, and the potentiometer Rp and the 
negative-temperature-coefficient (NTC) sensor form the other 
side. At low temperatures, the high resistaO:ce of the sensor 
causes terminal 13 to be positive with respect to terminal 9 sc 
that the thyristor fires on every half-cycle, and power i~ 

applied to the load. As the temperature increases, the sensor 
resistance decreases until a balance is reached, and V 13 
approaches V9. At this point, the transistor pair Q2-Q4 turns 
on and inhibits any further pulses. The controlled temperature 
is adjusted by variation of the value of the potentiometer Rp. 
For cooling service, either the positions of Rp and the sensor 
may be reversed or terminals 9 and 13 may be interchanged. 

/\ I T ----l /\ 
LINE I \I V \ 

VOLTAtlj V:i K 
, I I , 
I I I , 
I I I ' , , , 

i i ! 
.3m. rb rh rb~. 

-I: 1-. : 

Fig. 6 - Timing relationship between the output pulses of the RCA 
zero-voltage switch and the ac line voltage. 

The low bias current of the sensing amplifier permits 
operation with sensor impedances of up to 0.1 megohm at 
balance without introduction of substantial error (i.e., greater 
than 5 per cent). The error may be reduced if the internal 
bridge elements, resistors ~ and Rs, are not used, but are 
replaced with resistances which equal the sensor impedance. 
The minimum value of sensor impedance is restricted by the 
current drain on the internal power supply. Operation of the 
zero·voltage switch with low-impedance sensors is discussed 
later under Special Application Considerations. The voltage 
applied to terminal 13 must be greater than 1.8 volts at all 
times to assure proper operation. 
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Protection Circuit 
A special feature of the CA3058 and CA3059 zero-voltage 

switches is the inclusion of an interlock type of circuit. This 
circuit removes power from the load by interrupting the 
thyristor gate drive if the sensor either shorts or opens. 
However, use of this circuit places certain constraints upon the 
user. Specifically, effective protection;:ircuit operation is 
dependent upon the following conditions: 

(I) The circuit configuration of Fig. I is used, with an 
internal supply, no external load on the supply, and 
terminal 14 connected to terminal 13. 

(2) The value of potentiometer Rp and of the sensor 
resistance niust be between 2000 ohms and 0.1 megohm. 

(3) The ratio of sensor resistance and Rp must be greater 
than 0.33 and less than 3.0 for all normal conditions. (If either 
of these ratios is not met with an unmodified sensor, a series 
resistor or a shunt resistor must be added to avoid undesired 
activation of the circuit) 

The protective feature may be applied to other systems 
when operation of the circuit is understood. The protection 
circuit consists of diodes 012 and DIS and transistor QIO. 
Diode 012 activates the protection circuit if the sensor shown 
in Fig. I shorts or its resistance drops too low in value, as 
follows: Transistor Q6 is on during an output pulse so that the 
junction of diodes 08 and 012 is 3 diode drops 
(approximately 2 volts) above terminal 7. As long as Vl4 is 
more positive or only 0.15 volt negative with respect to that 
point, diode 012 does not conduct, and the circuit operates 
normally. If the voltage at terminal 14 drops to I volt, the 
anode of diode 08 can have a potential of only 1.6 to 
1.7 volts, and current does not flow through diodes 08 and 09 
and transistor Q6. The thyristor then turns off. 

The actual threshold is approximately 1.2 volts at room 
temperature, but decreases 4 millivolts per degree C at higher 
temperatures. As the sensor resistance increases, the voltage at 
terminal 14 rises toward the supply voltage. At a voltage of 
approximately 6 volts, the zener diode DIS breaks down and 
turns on transistor QIO, which then turns off transistor Q6 
and the thyristor. If the supply voltage is not at least 0.2 volt 
more positive than the breakdown voltage of diode DIS, 
activation of the protection circuit is not possible. For this 
reason, loading the int~rnal supply may cause this circuit to 
malfunction, as may selection of the wrong external supply 
voltage. Fig. 7 shows a guide for the proper operation of the 
protection circuit when an external supply is used with a 
typical integrated·circuit zero-voltage switch. 

SPECIAL APPLICATION CONSIDERATIONS 

As pointed out previously, the RCA integrated·circuit 
zero-voltage switches (CA3058, CA3059, and CA3079) are 
exceptionally versatile units that can be adapted for use in a 
wide-variety of power·control applications. Full advantage of 
this versatility can be realized, however, only if the user has a 
basic understanding of several fundamental considerations that 
apply to certain types of applications of the zero-voltage 
switches. 

~ 
~ 4r---+---+---i--~--~r-

~ 3r---+---+---i--~----r
~ 
;! 
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AMBIENT TEMPERATURE _·c 

92C5-22!!90 

Fig. 7 - Operating regions for built-in protection circuits of a typical 
zero-voltage swi~h. 

Operating·Power Options 
Power to the zero·voltage switch may be derived directly 

from the ac line, as shown in Fig. I, or from an external dc 
power supply connected between terminals 2 and 7, as sh~wn 
in Fig. 8. When the zero-voltage switch is operated directly 
from the ac line, a dropping resistor Rs of 5,000 to 
10,000 ohms must be connected in series with terminalS to 
limit the current in the switch circuit. The optimum value for 
this resistor is a function of the average current drawn from 
the internal dc power supply, either by external circuit 
elements or by the thyristor trigger circuits, as shown in Fig. 9. 
The chart shown in Fig. I indicates the value and diSSipation 
rating of the resistor Rs for ac line voltages of 24, 120,208 to 
230, and 277 volts. 

ALL RESISTANCE 
VALUES ARE 
IN OHMS 

Vee 

>+----(4';I-::T"..H:~STOR 
GATE 

92CS-22!!91 

Fig. 8 - Operation of the zero-voltage switch from an extemal de 
power supply connected between terminals 2 and 7. 
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Fig. 9 - DC supply voltage lIS B function of extema/load current for 
several values of dropping resistance RS' 

Half-Cycling Effect 
The method by which the zero-voltage switch senses· the 

zero crossing of the ac power results in a half-cycling 
phenomenon at the control point. Fig. 10 illustrates this 
phenomenon. The zero-voltage switch senses the zero-voltage 
crossing every half-cycle, and an output, for example pulse 
No.4, is produced to indicate the zero crossing. DUring the 
remaining 8.3 millisecorids, however, the differential amplifier 
in the zero-voltage switch may change state and inhibit any 
further output pulses. The uncertainity region of the 
differential amplifier, therefore, prevents puIse No.5 from 
triggering the triac during the negative excursion of the ac line 
voltage. 

~ 
TRIGGER. I 

~~:~~ ~-Y~~--~~~-Y~~--~~--~~r__T~ 

VL 
LOAD 

VOLTAGE t---lr---t--+--t--1---+--..... --'--t--+---l 

Fig. to - HBIf-cycling phenomenon in the zero-voltage switch. 

When a sensor with low sensitivity is used in the circuit, the 
zero·voltage switch is very likely to operate in the linear mode. 
In this mode, the output trigger current may be sufficient to 
trigger the triac on the positive-going cycle, but insufficient to 
trigger the device on the negative-going cycle of the triac 
supply voltage. This effect introduces a half·cycling 
phenomenon, i.e., the triac is turned on during the positive 
half-cycle and turned off during the negative half-cycle. 
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Several techniques may be used to cope with the 
half-cycling phenomenon. If the user can. tolerate some 
hystersis in the control, then positive feedback can be added 
around the differential amplifier. Fig. II illustrates this 
technique. The tabular data in the figure lists' the 
recommended values of resistors R I and R2 for different 
sensor impedances at the control point. 

'0' .. 

68IC 12 I( 

2OO1C 18 K 

Fig. " - CA3058 or CA3059 on-off controller with hysteresil. 

If a significant amount (greater than ±IO%) of controlled 
hysteresis is required, then the circuit shown in Fig. 12 may be 
employed. In this configuration, external transistor QI can be 
used to provide an auxiliary timed-delay function. 

IlOVA<: 
60Hr 

Gill, 
~IOO"F 

." TttERMlsrOR 

... 
Inw 

Fig. 12 - CA3058 or CA3059 on-off controller with controlled 
hysteresis. 

For applications that require complete elimination of 
half-cycling without the addition of hysteresis, the circuit 
shown in Fig. I3 may be employed. This circuit uses a 
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SENSITIVITY: CIRCUIT CHANGES STATE WHEN THERE 
IS A CHANGE OFf::S In 
IN A 5K n SENSOR 

J20V 
60'" 

NOTE: CIRCUIT DOES NOT EXHIBIT SPUJlIOUS 
• HALF - CYCLE· CONDUCTION EFFECTS 

Fig. 13 - Sensitive temperature control. 

SIGNAL INPUT 

CA3099E integrated·circuit programmable comparator with a 
zero.volta~e switch. A block dia~ram of CA3099E is shown in 
Fig. 14. Because the CA3099E contains an integral flip·flop, 
its output wiD be in either a "0" or "I" state. Consequently 
the zero.voltage switch cannot operate in the linear mode, and 
spurious half·cycling operation is prevented. When the 
signal·input voltage at terminal 14 of the CA3099E is equal to 
or less than the "low" reference voltage (LR), current flows 
from the power supply through resistor R I, and a logic "0" is. 
applied to terminal13 of the zero.voltage switch. This 
condition turns off the triac. The triac remains off until the 
signal·input voltage rises to or exceeds the "high" reference 
voltage (HR), thereby effecting a change in the state of the 
flip·flop so that a logic "I" is applied to terminal 13 of the 
zero~voltal!e switch, and triggers the triac on. 

"Proportional Control" Systems 
The on-off nature of the control shown in Fig. 1 causes 

some overshoot that leads to a definite steady·state error. The 
addition of hysteresis adds further to this error factor. 
However, the connections shown in Fig. i 5( a) can be used to 
add proportional control to the system. In this circuit, the 
sense amplifier is connected as a free·running multivibrator. At 
balance, the voltage at terminal 13 is much less than the 
voltage at terminal 9. The output wiD be inhibited at all times 
until the voltage at terminaJ'I3 rises to the design differential 
voltage between terminals 13 and 9; then proportional control 
resumes. The voltage at terminal 13 is as shown in Fig. 15(b). 
When this voltage is more positive than the threshold, power is 

INTERNAL 

5~UB~X~ ;--. 
(lSIAS1 

OUTPUT 
CURRENT 
CONTROL 

L ____ -----J I 
L __ ~~ __ --.J 

UNRE,'t.U,atED ~GUUTL~JfO v-
92CM-21059 

Fig. 14 - Block diagram 01 CA3099E integrated~ircuit programmable/comparator. 
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TRIAC 
OFF 

(a) 

TRIAC 
ON 

(b) 

92C:S-22S97 

Fig. 16 - Use of the CA3058 or CA3059 in a typical heating control 
with proportional control: raj schematic diagram, and 
(bJ waveform of voltage at terminal t3. 

applied to the load so that the duty cycle is approximately 50 
per cent. With a 0.1 megohm sensor and values of Rp = 
0.1 megohm, R2 = 10,000 ohms, and CEXT = 10 microfarads, 
a period greater than 3 seconds is achieved. This period should 
be much shorter than the thermal time constant of the system. 
A change in the value of any of these elements changes the 
period, as shown in Fig. 16. As the resistance of ille sensor 
changes, the voltage on terminal 13 moves relative to V 9. A 
cooling sensor moves V 13 in a positive direction. The triac is 
on for a larger portion of the pulse cycle and increases the 
average power to the load. 

.. 
" 

C[XT-IO"F 

~R.'RP.82K 

• lOOK I 

• ~ 1$:1 

a 20 40 60 80 100 120 

FIRING RATE (FLASHES/MINUTE I 

92eS-22598 

Fig. 16 - Effect of variation. in titmH:On,rant elementt on period. 
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As in the case of the hysteresis circuitry described earlier, 
some special applications may require more sophisticated 
systems to achieve either very precise regions of control or 
very long periods. 

Zero·voltage switching control can be extended to 
applications in which it is desirable to have constant control of 
the temperature and a minimization of system hysteresis. A 
closed·loop top·burner control in which the temperature of 
the cooking utensil is sensed and maintained at a particular 
value is ~ good example of such an application; the circuit for 
this control is shown in Fig. 17. In this circuit, a unijunction 

Fig. 17 - Schematic diagram of proponiofUll· zero-voltsge-switching 
control. 

oscillator is outboarded from the basic control by means of 
the internal power supply of the zero-voltage switch. The 
output of this ramp generator is applied to terminal 9 of the 
zero-voltage switch and establishes a varied reference to the 
differential amplifier. Therefore, gate pulses are applied to the 
triac whenever the voltage at terminal \3 is greater than the 
voltage at terminal 9. A varying duty cycle is established in 
which the load is predominantly on with a cold sensor and 
predominantly off with a hot sensor. For precise temperature 
regulation, the time base of the ramp should be shorter than 
the thermal time constant of the system but longer than the 
period of the 60-Hz line. Fig. 18, which contains various 
waveforms for the system of Fig. 17, indicates that a typical 
variance of ±O.s°C might be expected at the sensor contact to 
the utensil. Overshoot of the set temperature is minimized 
with this approach, and scorching of any type is minimized . 

Fig. 18 - Wall6forms for tho circuit of Fig. 17. 
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Effect of Thyristor Load Characteristics 
The zero-voltage switch is designed primarily to gate a 

thyristor that switches a resistive load. Because the output 
pulse supplied by the switch is of short duration, the latching 
current of the triac becomes a significant factor in determining 
whether other types of loads can be switched. (The 
latching-current value determines whether the triac will remain 
in conduction after the gate pulse is removed.) Provisions are 
included in the zero-voltage switch to accommodate inductive 
loads and low-power loads. For example, for loads that are less 
than approximately 4 amperes rms or that are slightly 
inductive, it is possible to retard the output pulse with respect 
to the zero-voltage crossing by insertion of the capacitor Cx 
from terminal 5 to terminal 7. The insertion of capacitor Cx 
permits switching of triac loads that have a slight inductive 
component and that are greater than approximately 200 watts 
(for operation from an ac line voltage of 120 volts rms). 
However, for loads less than 200 watts (for example, 
70 watts), it is recommended that the user employ the 
T2300B* sensitive-gate triac with the zero-voltage switch 
because of the low latching-current requirement of this triac. 

For loads that have a low power factor, such as a solenoid 
valve, the user may operate the zero-voltage switch in the dc 
mode. In this mode, terminal 12 is connected to terminal 7, 
and the zero-crossing detector is inhibited. Whether a "high" 
or "low" voltage is produced at terminal 4 is then dependent 
only upon the state of the differential comparator within the 
integrated-circult ,zero-voltage switch, and not upon the zero 
crossing of the incoming lille voltage. O( course, in this mode 
of operation, the zero-voltage switch no longer operates as a 
zeto-voltage switch. However, for many applications that 
involve the' switching of low-current inductive loads, the 
amount of RFI generated can frequently be tolerated. 

For switching of high-current inductive loads, which must 
be turned on at zero line current, the triggering technique 
employed in the dual-output over-under temperature 
controller and the transient-free switch controller described 
subsequently in this Note is recommended. 

Switching of Inductive Loads 
For proper driving of a thyristor in full-cycle operation, 

gate drive must be applied soon after the voltage across the 
device reverses. When resistive loads are used, this reversal 
occurs as the line voltage reverses. With loads of other power 
factors, however, it occurs as the current through the load 
becomes zero and reverses. 

There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i.e., if 
the load is only slightly inductive), the pulse may be delayed 
by addition of a suitable capacitor between terminals 5 and 7, 
as described previously. For highly inductive loads, however, 
this method is not suitable, and different techniques must be 
used. 

If gate current is continuous, the triac automatically 
commutates because drive' is always present .vhen the voltage 
reverses. This mode is established by connection of terminals 7 
and 12. The zero-crossing detector is then disabled so that 
current is supplied to the triac gate whenever called for by the 

• Formerly RCA 40526 

sensing amplifier. Although the RFI-eliminating function of 
the zero-voltage switch is inhibited when the zero-crossing 
detector is disabled, there is no problem if the load is highly 
inductive because the current in the load cannot cbange 
abruptly. 

Circuits that use a sensitive-gate triac to shift the firing 
point of the power triac by approximately 90 degrees have 
been designed. If the primary load is inductive, this phase shift 
corresponds to firing at zero current in the load. However t 
changes in the power factor of the load or tolerances of 
components will cause errors in this firing time. 

The circuit shown in Fig. 19 uses a CA3086 
integrated-circuit transistor array to detect the absence of load 
current by sensing the voltage across the triac. The internal 
zero-crossing detector is disabled by connection of terminal 12 
to terminal 7, and cont!ol of the output is made, through the 
external inhibit input, terminal I. The circuit permits an 
output only when the voltage at point A exceeds two VBE 
drops, or 1.3 volts. When A is positive, transistors Q3 and Q4 
conduct and reduce the voltage at terminal I below the inhibit 
state. When A is negative, transistors QJ and Q2 conduct. 
When the voltage at point A is less than ±I'.3 volts, neither of 
the transistor pairs conducts; terminal I is then pulled positive 
by the current in resistor R3, and the output in inhibited. 

Rp 

120 VAC 
~o- 60 Hz 

NTC 
SENSOR 

92CS-22601 

Fig. 19 - Use of the CA3058 or CA3059 together with CA3086 for 
switching inductive loads. 

The circuit shown in Fig. 19 forms a pulse of gate current 
and can supply high peak drive to power traics with low 
average current drain on the internal supply. The gate pulse 
will always last just long enough to latch the thyristor so that 
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there is no problem with delaying the pulse to an optimum 
time. As in other circuits of this type, RFI results if the load is 
not suitably inductive because the zero-crossing detector is 
disabled and initial turn-on occurs at random. 

The gate pulse forms because the voltage at point A when 
the thyristor is on is less than 1.3 volts: therefore, the output 
of the zero-voltage switch is inhibited, as described above. The 
resistor divider RJ and R2 should be selected to assure thi~ 
condition. When the triac is on, the voltage at point A is 
approximately one-third of the instantaneous on-state voltage 
(VT) of the thyristor. For most RCA thyristors, VT (max) is 
less than 2 volts, and the divider shown, is a conservative one. 
When the load current passes through zero, the triac 
commutates and turns off. Because the circuit is still being 
driven by the line voltage, the current in the load attempts to 
reverse, and voltage increases rapidly across the "turned-off' 
triac. When this voltage exceeds 4 volts, one portion of the 
CA3086 conducts and removes the inhibit signal to permit 
application of gate drive. Turning the triac on causes the 

(a) 0 

'\ 
1\ 

0 

\ 
0 

\ 
0 

\ 

1\ 
-. -> -, 

(b) GATE VOLTAGE IVGJ-V 92CS-2260Z 

voltage across it to drop and thus ends the gate pulse. If the 
latching current has not been attained, another gate pulse 
forms, but no discontinuity in the load current occurs. 

Provision of Negati.ve Gate Current 
Triacs trigger with optimum sensitivity whim the polarity of 

the gate voltage and the voltage at the main terminal 2 are 
similar (1+ and II" modes). Sensitivity is ,degraded when the 
polarities are opposite (I" and m+ modes). Although RCA 
triaes arc designed and specified to have the same sensitivity in 
both I"' and m+ modes, some other types have very poor 
sensitivity in the m+ condition. Because the zero-voltage 
switch supplies positive gate pulses, it may not directly drive 
some higher-current triacs of these other typ~s. 

The circuit shown in Fig.20(a) uses the negative-going 
voltage at terminal 3 of the zero-voltage switch to supply a 
negative gate pulse through a capacitor. The curve in 
Fig. 20(b) shows the approximate peak gate current as a 
function of gate voltage V G. Pulse width is approximately 
80 microseconds. 

Operation with Low-Impedance Sensors 
Although the zero-voltage switch can operate satisfactorily 

with a wide range of sensors, sensitivity is reduced when 
sensors with impedances greater than 20,000 ohms are used. 
Typical sensitivity is one per cent for a SOOO-ohm sensor and 
increases to three per cent for a O.I-megohm sensor. 

Low-impedance sensors present a different proble~. The 
sensor bridge is connected across the internal power supply 
and causes a current drain. A SOOO-ohm sensor with its 
associated SOOO-ohm series resistor draws less than 
I milliampere. On the other hand, a 300-ohm sensor draws a 
current of 8 to 10 milliampers from the power supply. 

Fig. 21 shows the, 600-ohm load line of a 300-ohm sensor 
on a redrawn power-supply regulation curve for the 
zero-voltage switch. When a IO,OOO-ohm series resistor is used, 
the voltage across the circuit is less than 3 volts and both 
sensitivity and output current are significantly reduced. When 
a SOOO-ohm series resistor is used, the supply voltage is nearly 
S volts, and operation is approximately normal. For more 
consistent operation, however, a 4000-ohm series resistor is 
recommended. 

SUPPLY VOLTAGE-V 

Fig. 20 - Use of the CA3058 or CA3059 to provide negative gate Fig. 21 - Power-supply regulation of the CA3058 or CA3059 with a 
pulses: (a) schematic diagram; (b) peak gate current {at 3OO-ohm sensor (600-ohm load) for two values of series 
terminal 3) 85 8 function of gate voltage. resistor. 
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Although positive-temperature-coefficient (PrC) sensors 
rated at 5 kilohms are available, the existing sensors in ovens 
are usually of a much lower value. The circuit shown in Fig. 22 
is offered to accommodate these inexpensive metal-wound 

Fig. 22 - Schematic diagram of circuit for use with lo~istance 
sensor. 

sensors. A schematic diagram of the RCA CA3080 
.integrated-circuit operational transconductance amplifier used 
in Fig. 22, is shown in Fig. 23. With an amplifier bias current, 
IABC, of 100 microamperes, a forward transconductance of 
21milliohms is achieved in this configuration. The CA3080 
switches when the voltage at terminal 2 exceeds the voltage at 
terminal 3. This action allows the sink current, Is, to flow 
from terminal13 of the zero-voltage switch (the input 
impedance to terminal 13 of the zero-voltage switch is 
approximately 50 kilohms); gate pulses are no longer applied 
to the triac because Q2 of the zero-voltage switch is on. Hence, 
if the PTC sensor is cold, i.e., in the low resistance state, the 
load is energized. When the temperature of the PTC sensor 
increases to the desired temperature, the sensor enters the high 
resistance state, the voltage on terminal 2 becomes greater 
than that on terminal 3, and the triac switches the load off. 

v· 

92CS-17587 

Fig. 23 - Schematic diagram of the CA3OBO. 

Further cycling depends on the voltage across the sensor. 
Hence, very low values of sensor and potentiometer resistance 
can be used in conjunction with the zero-voltage switch power 
supply without causing adverse loading effects and impairing 
system performance. 

Interfacing Technique. 
Fig. 24 shows a system diagram that illustrates the role of 

the zero-voltage switch and thyristor as an interface between 
the logic circuitry and the load. The.. are several basic 

COMPUTER OR 
LOGIC OUTPUT 

ZERO-VOLTAGE SOLID- STATE 
SWITCH POWER 

INTERFACING I.e. THYRISTORS 

LOADS 
AND 

M£CHANI$MS 

00-
MOTORS 

+ 
SOLENOIDS 

11111 
~ 
HE~T~RS 

.:@:. 
LAMPS 

~ 
II 

-S-
PHOTO-CELLS 

-~ 
TH~ij{s'\~RS -LIMIT SWITCHES 

Fig. 24 - The zero-voltage switch and thyristor as an interface. 

interfacing techniques. !lig. 25(a) shows the direct input 
technique. When the logic output transistor is switched from 
the on state (saturated) to the off state, the load will be 
turned on at the next zero-voltage crossing by means of the 
interfacing zero-voltage switch and the triac. When the logic 
output transistor is switched back to the on state, 
zero-crossing pulses from the lero-voltage switch to the triac 

(a) 

(bl 

Fig. 25 - Basic interfacing techniques: (a) direct input; (bJ isolated 
input. 
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gate will immediately cease. Therefore; the load will be turned 
ofT when the triac commutates off as the sine-wave load 
current goes through zero. In this manner; both the turn-on 
and turn-ofT conditions for the load are controlled. 

When electrical isolation between the logic circuit and the 
load is necessary, the isolated-input technique shown in 
Fig. 25(b) is used. In the technique shown, optical coupling is 
used to achieve the necessary isolation. The logic output 
transistor switches the Iight-source portion of the isolator. The 
Iight-sensor portion changes from a high impedance to a low 
impedance when the logic output transistor is switched from 

120VAC 
6OH, 

(a) 

(b) 

I.e K 
IW 

,.0 11.5 .. 
VAC VAC 

T2 KNIGHT 
54£-1421 
(OR EQUIV.l 

I~ 
15VDC 

120YAC 
60Hz 

100", 

PHOTO 
COUPLED 
ISOLATOR 

INP"J. -- l I ~ I 
I I ___ ..J 

off to on. The light sensor is connected to the differential 
amplifier input of the zero-voltage switch, which senses the 
change of impedance at a threshold level and switches the load 
on as in Fig. 25(a). 

Sensor Isolation 
In many applications, electrical isolation of the sensor from 

the ac input line is desirable. Two common isolation 
techniques are shown in Fig. 26. 

Transfonner Isolation - In Fig. 26(a), a pulse transformer 
is used to provide electrical isolation of the sensor from 
incoming ac power lines: The pulse transformer T 1 isolates the 

. 
T2301B 

T, 
PULSE 

TRANSFORMER 

"'.-_~-!. 

SPRAGUE 
IIZI2 

(OR EQU1V.) 

• FORMERLY RCA 40691 

92CL.-U60t 

Fig. 26 - Zero-volrage switch rB) on-off controller with an isolated 
sensor~ fbI on-off controller with photocoupler. 
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sensor from terminal No. I of the triac Y 1 , and transformer 
T2 isolates the CA3058 or CA3059 from the power lines. 
Capacitor C1 shifts the phase of the output pulse at terminal 
No.4 in order to retard the gate pulse delivered to triac Y 1 to 
.compensate for the small phase-shift introduced by 
transformer T l' 

Photocoupler Isolation - In Fig. 26(b), a photocoupler 
provides electrical isolation of the sensor logic from the 
incoming ac power lines. When a logic "I" is applied at the 
input of the photocoupler, the triac controlling the load will 
be turned on whenever the line voltage passes through zero. 
When a logic "0" is applied to the photocoupler, the triac will 
turn off and remain off until a logic "I" appears at the input 
of the photocoupler. 

TEMPERATURE CONTROLLERS 
Fig. 27 shows a triac used in an on-off 

temperature-controller configuration. The triac is turned on at 
zero voltage whenever the voltage Vs exceeds the reference 

120VAC 
COH, 

:~ 

92CS·22608 

Fig. 27 - CA3058 or CA3059 on-off temperature controller. 

voltage Yr. The transfer characteristic of this system, shown in 
Fig. 28(a), indicates significant thermal overshoots and 
undershoots, a well-known characteristic of such a system. The 
differential or hysteresis of this system, however, can be 
further increased, if desired, by the addition of positive 
feedback. 

For precise temperature-control applications, the 
proportional-control technique with synchronous switching is 
employed. The transfer curve for this type of controller is 
shown in Fig. 28(b). In this case, the duty cycle of the power 
supplied to the load is varied with the demand for heat 
required and the thermal time constant (inertia) of the system. 
For example, when the temperature setting is increased in an 
on-off type of controller, full power (100 per cent duty cycle) 
is supplied to the system. This effect results in significant 
temperature excursions because there is no anticipatory circuit 
to reduce the power gradually before the actual set 
temperature is achieved. However, in a proportional control 

• Fonnerly RCA 45412 

technique, less power is supplied to the load (reduced duty 
cycle) as the error signal is reduced (sensed temperature 
approaches the set temperature). 

OIFFERENTIAL 
<:to.5-C 

(a) (b) 

Fig. 28 - Transfer characteristics of (a) on-off and (b) proportional 
control systems. 

Before such a system is implemented, a time base is chosen 
so that the on-time of the triac is varied within this time base. 
The ratio of the on-to-off time of the triac within this time 
interval depends on the thermal time constant of the system 
and the selected temperature setting. Fig. 29 illustrates the 
principle of proportional control. For this operation, power is 
supplied to the load until the ramp voltage reaches a value 
greater than the dc control signal supplied to the opposite side 
of the differential amplifier. The triac then remains offfor the 
remainder of the time-base period. As a result, power is 
"proportioned" to the load in a direct relation to the heat 
demanded by the system. . 

~ftn~ftnftftn~AAAftftnA~ -uvv----vvuuuu----uuuuvuuv~ 
3 2 I 

TIME--

Fig. 29 - Principles of proportional control. 

For this application, a simple ramp generator can be 
realized with a minimum number of active and passive 
components. A ramp having good linearity is not required for 
proportional operation because of the nonlinearity of the 
thermal system and the closed-loop type of control. In the 
circuit shown in Fig. 30, the ramp voltage is generated when 
the capacitor Cl charges through resistors Ro and Rl. The 
time base of the ramp is determined by resistors R2 and R3, 
capacitor C2, and the breakover voltage of the D3202U' diac . 

457 



ICAN~182 ______________________________________________________ ___ 

TYPE 
AC IN!193 

'NQ-~r-~-, 
.--_---"N.M;;:E=G'----oTO PIN 2 

RO Vcc+6Y 
.N 

TO PIN 9 

TO PIN 7 

==~--+---~----~----~--~ -FORMERLY RCA45412 

ALL RESISTORS 1/2 WATT 
UNLESS OTHERWISE SPECIFIED 

COMMON 

PIN CONNECTIONS REFER TO 
RCA CA3D58 OR CA3059 

Fig. 30 - Ramp generator. 

When the voltage across C2 reaches approximately 32 volts, 
the diac switches and turns on the 2N697S transistor and 
IN914 diodes. The capacitor Cl then discharges through the 
collector-to-emitter junction of the transistor. This discharge 
time is the retrace or flyback time of the ramp. The circuit 
shown can generate ramp times ranging from 0.3 to 
2.0 seconds through adjustment of R2. For precise 
temperature regulation, the time base of the ramp shOldd be 
shorter than the thermal time constant of the system, but long 
with respect to the period of the 60-Hz line voltage. Fig. 31 
shows a triac connected for the proportional mode. 

'OK 
2W 

92C9-22812 

Fig. 31 - CA3058 or CA3059 proportional temperature controller. 

Fig. 32(a) shows a dual-output temperature controller that 
drives two triacs. When the voltage V s developed across the 
temperature-sensing· network exceeds the reference voltage 
VRIo motor No.1 turns on. When the voltage across the 
network drops below the reference voltage VR2, motor No.2 
turns on. Because the motors are inductive, the currents 1M 1 
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lag the incoming line voltage. The motors, however, are 
switched by the triacs at zero current, as shown in Fig. 32{b). 

The problem of driving inductive loads such as these motors 
by the narrOW pulses generated by the zero-voltage switch is 
solved by use of the sensitive-gate RCA40526 triac. The high 
sensitivity of this device (3 milliamperes maximum) and low 
latching current (approximately 9 milliamperes) permit 
synchronous operation of the temperature-controller circuit. 
In Fig. 32(a), it is apparent that, though the gate pulse V g of 
triac Y 1 has elapsed, triac Y 2 is switched on by the current 
through RLi. The low latching current of the RCA40526 
triac results in dissipation of only 2 watts in RL 1, as opposed 
to 10 to 20 watts when devices that have high latching 
currents are used. 

120VAC 
60Hz 

lb 

(a) 

(b) 

0.5A 

3AG 

.FORMERLY RCA40526 

O.I,.F 
200V 

Fig. 32 - Dual output, over"'IJnder temperature controller fa} circuit, 
(b) voltage and current waveforms. 

Electric-Heat Application 
For electric-heating applications, the RCA·2N5444 

40·ampere triac and the zero-voltage switch constitute an 
optimum pair. Such a combination provides synchronous 
switching and effectively replaces the heavy-duty contactors 
which easily degrade as a result of pitting and wearout from 
the switching transients. The salient features of the 2N5444 
4Q-ampere triac are as follows: 
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(1) 300-ampere single-surge capability (for operation at 
60-Hz). 

(2) a typical gate sensitivity of 20 milliamperes in the I(~ 
and mt) modes. 

(3) low on-state voltage of 1.5 volts maximum at 
40 amperes. and 

(4) available VDROM equal to 600 volts. 
Fig. 33 shows the circuit diagram of a 

synchronous-switching heat·staging controller that is used for 
electric heating systems. Loads as heavy as 5 kilowatts are 
switched sequentially at zero voltage to eliminate RFI and 
prevent a dip in line voltage that would occur if the full 
25 kilowatts were to be switched simultaneously. 

Transistor Ql and Q4 are used as a constant·current source 
to charge capacitor C in a linear manner. Transistor Q2 acts as a 
buffer stage. When the thermostat is closed, a ramp voltage is 
provided at output Eo. At approximately 3-second intervals, 
each 5-kilowatt heating element is switched onto the power 
system by its respective triac. When there is no further demand 
for heat, the thermostat opens, and capacitor C discharges 
through Rl and R2 to cause each triac to turn off in the 
reverse heating sequence. It should be noted that some 
half-cycling occurs before the heating element is switched fully 
on. This condition can be attributed to the inherent 
dissymmetry of the triac and is further aggravated by the 
slow-rising ramp voltage applied to one of the inputs. The 
timing diagram in Fig. 34 shows the turn·on and turn·off 
sequence of the heating system being controlled. 

Seemingly. the basic method shown in Fig. 33 could be 
modified to provide proportional control in which the number 
of \leating elements switched into the system, under any given 
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Fig. 34 - Ramp-voltage waveform (or the heat-staging controller. 

(hermal load, would be a function of the BTU's required by 
the system or the temperature differential between an indoor 
and outdoor sensor within the total system environment. That 
is, the closing of the thermostat would not switch in all the 
heating elements within a short time interval, which inevitably 
results in undesired temperature excursions, but would switch 
in only the number of heating elements required to satisfy the 
actual heat load. 

Oven/Broiler Control 
Zero-voltage SWitching is demonstrated in the oven control 

circuit shown in Fig. 35. In this circuit, a sensor element is 
included in' the oven to provide a closed-loop system for 
accurate control of the· oven temperature. 

As shown in Fig. 35, the temperature of the oven can be 
adjusted by means of potentiometer R 1, which acts, together 
with the sensor, as a voltage divider at terminal 13. The voltage 

2.7K 

EO 

Fig. 33 - Synchronous-switching heat-staging controller using a series 
of zero-voltage switches. 

459 



ICAN-6182 ____________________________ _ 

BROILER 
SWr'~ __________ ~<~ 

Tf:.' 1 '~ 
220 V I 

AC 

NTC 
SENSOR 

L2cr--------~-----------------------J 
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Fig. 35 - Schematic diagram of basic oven control. 

at terminal 13 is compared to the fixed bias at terminal 9 
which is set by internal resistors R! and R5 . When the oven is 
cold and the resistance of the sensor is high, transistors Q2 and 
Q4 are off, a pulse of gate current is applied to the triac, and 
heat is applied to the oven. Conversely, as the desired 
temperature is reached, the bias at terminal 13 turns the triac 
off. The closed-loop feature then cycles the oven element on 
and off to maintain the desired temperature to approximately 
±2°C of the set value. Also, as has been noted, external 
resistors between terminals 13 and 8, and 7 and 8, can be used 
to vary this temperature and provide hysteresis. In Fig. 1J, a 

120 VAC 
60 H, 

5K 
5W 

circuit that provides approximately I D-per-cent hysteresis is 
demonstrated. 

In addition to allowing the selection of a hysteresis value, 
the flexibility of the control circuit permits incorporation of 
other features. A PTC sensor is readily used by interchanging 
terminals 9 and 13· of the circuit shown in Fig. 35 and 
substituting the PTC' for the NTC sensor. In both cases, the 
sensor element is directly returned to the system ground or 
common, as is often desired. Terminal 9 can be connected by 
external resistors to provide for a variety of biasing, e.g., to 
match a lower-resistance .ensor for which the switching-point 
voltage has been reduced to maintain the same sensor current. 

To accommodate the self-cleaning feature, external 
switching, which enables both broiler and oven units to be 
paralleled, can easily be incorporated in the design. Of course, 
the potentiometer must be capable of a setting such that the 
sensor, which must be characterized for the high, self-clean 
temperature, can monitor and establish control of the 
high-temperature, self-clean mode. The ease with which this' 
self-clean mode' can be added makes the over-all solid-state 
systems cost-competitive with electromechanical systems of 
comparable capability. In addition, the system incorporates 
solid-state reliability while being neater, more easily calibrated, 
and containing less-costly system wiring. 
Integral-Cycle Temperature Controller (No half-cycling) 

If a temperature controller which is completely devoid of 
half-cycling and hysteresis is required, then the circuit shown 
in Fig. 36 may be used. This type of circuit is essential for 
applications in which half-cycling and the resultant dc 
component could cause overheating of a power transformer on 
the utility lines. 

O.5JlF 
200 v DC 

5KW 
LOAD 

HEATER} 
RL 

* FOR PROPORTIONAL OPERATION OPEN TERMINALS 10,11, AND 13, AND CONNECT POSITIVE RAMP VOLTAGE TO TERMINAL 13 

*f'o SELECTED FOR IGT.zS mA MAXIMUM, 

• FORMERLY RCA 44003 
• FORMERLY RCA 40655 

Fig. 36 - Integral-cyc!e temperature controller in which ha/f-cycling effect is eliminated. 
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In the integral-cycle controller, when the temperature being 
controlled is low, the resistance of the thermistor is high, and 
an output signal at terminal 4 of zero volts is obtained. The 
SCR (y d, therefore, is turned off. The triac (Y2) is then 
triggered directly from the line on positive cycles of the ac 
voltage. When Y 2 is triggered and supplies power to the load 
RL, capacitor C is charged to the peak of the input voltage. 
When the ac line swings negative, capacitor C discharges 
through the triac gate to trigger the triac on the negative 
half-cycle. The diode·resistor·capacitor "slaving network" 
triggers the triac on negative half-cycle to provide only integral 
cycles of ac power to the load. 

When the temperature being controlled reaches the desired 
value, as determined by the thermistor, then a positive voltage 
level appears at terminal 4 of the zero-voltage switch. The SCR 
then starts to conduct at the beginning of the positive input 
cycle to shunt the trigger current away from the gate of the 
triac. The triac is then turned off. The cycle repeats when the 
SCR is again turned OFF by the zero-voltage switch. 

The circuit shown in Fig. 37 is similar to the configUration 
in Fig. 36 except that the protection circuit incorporated in 
the zero-voltage switch can be used. In this new circuit, the 
NTC sensor is connected between terminals 7 and 13, and 
transistor Qo inverts the signal output at terminal 4 to nullify 
the phase reversal introduced by the SCR (Y d. The internal 
power supply of the zero-voltage switch supplies bias current 
to transistor Qo. 

IZOYAC 
6OH. 

Rp 

IO<¥ 
15VDC+ 

o~w 

Of course, the circuit shown in Fig. 37 can readily be 
converted to a true proportional integral-cycle temperature 
controDer simply by connection of a positive-going ramp 
voltage to terminal9 (with terminals 10 and II open), as 
previously discussed in this Note. 

Thermocouple Temperature Control 
Fig. 38 shows the CA3080A operating as a pre-amplifier for 

the zero·voltage switch to form a zero-voltage switching circuit 
for use with thermocouple sensors. 

ALL RESISTORS 1/2 WATT 
UNLESS OTHERWISE SPECIFIED 

92CS-22619 

Fig. 38 - Thermocouple temperature control with zero.voltage 
switching. 

Z.2K 
ow 

I. 
ZW 

o.::'~F' 

Yz 
2N5444 

•• W 
LOAD 

(HEATER} 
RL 

20DY DC C 

MTZ 

*" FOR PROPORTIONAL OPERATION OPEN TERMINALS 9,10 AND II Af04D CONNECT POSTIVE RAMP VOLTAGE TO TERMINAL 9 
"'*SELECTED FOR IGT"6 mA MAXIMUM 

-FORMERLY RCA 4400~ 
-FORMERLY RCA 40655 

Fig. 37 - CA3058 or CA3059 integral-cycle temperature controller 
that features a protection circuit and no half-cycling effect. 
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MACHINE CONTROL AND AUTOMATION 
The earlier section on interfacing techniques indicated 

several techniques of controlling ac loads through a logic 
system. Many types of automatic equipment are not complex 
enough or large enough to justify the cost of" a flexible logic 
system. A special circuit, designed only to meet the control 

. requirements of a particular machine, may prove more 
economical. For example, consider the simple machine shown 
in Fig. 39; for each revolution of the motor, the belt is 
advanced a prescribed distance, and the strip is then punched. 
The machine also has variable speed capability. 

92CS~22620 

Fig. 39 - Step~nd-punch machine. 

The typical electromechanical control circuit for such a 
machine .might consist of a mechanical cambank driven by a 
separate variable speed motor, a time delay relay, and a few 
logic and power relays. Assuming use of industrial·grade 
controls, the control system could get quite costly and large. 
Of greater importance is the necessity to eliminate transients 
generated each time a relay or switch energizes and deenergizes 
the solenoid and motor.' Fig. 40 shows such transients, which 
might not affect the operation of this machine, but could 
affect the more sensitive solid-state equipment operating in the 
area. 

A more desirable system would use triacs and zero-voltage 
switching to incorporate the follOwing advantages: 

a. Increased reliability and long life inherent in 
solid .. tate devices as opposed to moving parts and 
contacts associated with relays. 

92CS-22621 

Fig. 40 - Transients generated by relay-contact bounce and non-zero 
turn-off of inductivsload. 
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b. Minimized generation of EMI/RFI using zero-voltage 
switching techniques in conjunction with thyristors. 

c. Elimination of high-voltage transients generated by 
relay-contact bounce and contacts breaking inductive 
loads, as shown in Fig. 39. 

d. Compactness of the control system. 
The entire control system could be on one printed-circuit 

board, and an over-all cost advantage would be achieved. 
Fig. 41 is a timing diagram for the proposed solid .. tate 

ZERO-
CROSSING 

PlR.SE 
60 Hz 

MACHINE 
RATE 

ONE -1 ~ : MACHINE : ---.J 
REVOLUT'ON __ J'===:jf:-=-?;.~L· ~R:E.~. R='~"~-_-i:~~~_~ '~ MarOR 

SOLENOID 
OPERATION _____ --I'I-_'-"==""'""---II-__ ~ 

92C5-22622 

Fig. 4 t - Timing diagram for proposed solid-state machine control. 

machine control, and Fig.42 is the corresponding control 
schematic. A variable-speed machine repetition rate pulse is set 
up using either a unijunction oscillator or a transistor astable 
multivibrator in conjunction with a lO-miliisecond one-shot 
multivibrator. The first zero-voltage switch in Fig.4 2 is used 
to synchronize the entire system to zero-voltage crossing. Its 
output is inverted to simplify adaptation to the rest of the 
circuit. The cenier zero-voltage switch is used as an interface 
for the photo-cell, to control one revolution of the motor. The 
gate drive to the motor triac is continuous dc, starting at zero 
voltage crossing. The motor is initiated when both the machine 
rate pulse and the zero-voltage sync are at low voltage. The 
bottom zero-voltage switch acts as a time-delay for pulsing the 
solenoid. The inhibit input, terminal I, is used to assure that 
the solenoid will not be operated while the motor is running .. 
The time delay can be adjusted by varying the reference level 
(50K potentiometer) at terminal 13 relative to the capacitor 
charging to that level on terminal 9. The capacitor is reset by 
the SCR during the motor operation. The gate drive to the 
solenoid triac is direct current. Direct current is used to trigger 
both the motor and solenoid triacs because it is the most 
desirable means of switching a triac into an inductive load. The 
output of the zero-voltage switch will be continuous dc by 
connecting terminal 12 to common. The output under dc 
operation should be limited to 20 milliamperes. The motor 
triac is synchronized to zero crossing because it is a 
high-crurent inductive load and there is a chance of generating 
RFI. The solenoid is a very low current inductive· load, so 
there would be little chance of generating RFI: therefore, the 
initial triac tUfO-on can be random, which simplifies the 
circuitry. 

This example shows the versatility .and advantages of the 
RCA zero-voltage switch used in conjunction with triacs as 
interfacing and control elements for machine control. 
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Fig. 42 - Schematic of proposed solid-state machine control. 

400-Hz TRIAC APPLICATIONS 
The increased complexity of aircraft control systems, and 

the need for greater reliability than electromechanical 
switching can offer, has led to the use of solid-state power 
switching in aircraft. Because 4oo-Hz power is used almost 
·universally in aircraft systems, RCA offers a complete line of 
triacs rated for 4oo-Hz .applications. Use of the RCA 
zero-voltage switch in conjunction with these 400-Hz triacs 
results in a minimum of RFI, which is especially important in 
aircraft. 

Areas of application for 400-Hz triacs in aircraft include: 
a. Heater controls. for food-warming ovens and for 

windshield defrosters. 
b. Ughting controls for instrument panels and cabin 

illumination 
c. (dotor controls 
d. Solenoid controls 
e. Power-supply switches 
Lamp dimming is a simple triac application that 

demonstrates an advantage of 400-Hz power over 60-Hz 
power. Fig. 43 shows the adjustment of lamp intensity by 
phase control of the 60-Hz line voltage. RFI is generated by 
the step functions of power each half cycle, requiring 
extensive filtering. Fig. 44 shows a means of controlling power 
to the lamp by the zero-voltage-switching technique. Use of 
400-Hz power makes possible the elimination of complete or 
half cycles within a period (typically 17.5 milliseconds) 

60_H'Nb LINE WLTAGE _ __ ___ _ 

: : : : I 
i'6.67i·~ : I 
I ~ I ~ I LAMP I L I I 

OUTPUT' wi I 

W 
92CS-22624 

Fig. 43 - Waveform.s for 6O.fIz phase-controlled lamp dimmer. 

4oo-Hz 
LINE 

\/oLTAGE·+1c1-1r+I+H-H-l-j 

92CS-2282S 

Fig. 44 - Waveforms for 4OD-Hz zero-voltaglHwitched lamp dimmer. 

without noticeable flicker. Fourteen different levels of lamp 
intensity can be obtained in this manner. A line-synced ramp is 
set up with the desired period and applied to terminal No.9 of 
the differential amplifier within the zero-voltage switch, as 
shown in Fig. 45. The other side of .the differential amplifier 
(terminal No. 13) uses a variable reference level, set by the 
SOK potentiometer. A change of the potentiometer setting 
changes the lamp intensity. 

In 400-Hz applications it may be necessary to widen and 
shift the zero-voltage switch output pulse (which is typically 
12 microseconds wide and centered on zero voltage crossing), 
to assure that sufficient latching current is available. The 4K 
resistor (terminal No. 12 to common) and the 
O.OIS-microfarad capacitor (terminal No.5 to common) are 
used for this adjustment. 

100 
115V ".F 
400 
H, 

RAMP 

LINE
SYNCED 
RAMP "" I 

92CS-22626 

Fig. 45 - Circuit diagram for 4OO·Hz zero-voltage-swirched lamp 
dimmer. 
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SOLID-STATE TRAFFIC FLASHER 
Another application which illustrates the versatility of the 

zero-voltage switch, when used with RCA thyristors, involves 
switching traffic-controllamps. In this type of application, it is 
essential that a triac withstand a current surge of the lamp load 
on a continuous basis. This -surge results from the difference 
between the cold and hot resistance of the tungsten filament. 
If it is assumed that triac turn-on is at 90 degrees from the 
zero-voltage crossing, the first current-surge peak is 
approximately ten times the peak steady-state value or fifteen 
times the steady .. tate rms value. -The second current .. urge 
peak is approximately four times the steady .. tate rms value. 

120 VAC 
60 Hr 

15VOC t 
r 

• FORMERLY RCA 45412 
• FORMERLY RCA 40669 

Transistors QI and Q2 inhibit these pulses to the gates of the 
triacs until the triacs turn on by the logical "I" (Vee high) 
state of the flip-flop. 

The arrangement described can also be used for a 
synchronous, sequential traffic-controller system by addition 
of one triac, one gating transistor, a "divide-by-three" logic 
circuit, and modification in the design of the diac pulse 
generator. Such a system can control the familiar red, amber, 
and green -traffic signals that are found at many intersections. 

SYNCHRONOUS LIGHT FLASHER 
Fig. 47 shows a simplified version of the 

synchronous-switching traffic light flasher shown in Fig.46. 

MT2 

MTI 

Fig. 46 - Synchronous-switching traffic flasher. 

When the triac randomly switches the lamp, the rate of 
current rise di/dt is limited only by the source inductance. The 
triac di/dt rating may be exceeded in some power systems. In 
many cases, exceeding the rating results in excessive current 
concentrations in a small area of the device which may 
produce a hot spot and lead to device failure. Critical 
applications of this nature require adequate drive to the triac 
gate for fast turn-on. In this case, some inductance may be 
required in the load circuit to reduce the initial magnitude of 
the load current when the triac is passing through the active 
region. Another method may be used which involves the 
switching of the triac at zero line voltage. This method 
involves the supply of pulses to the triac gate only during the 
presence of zero voltage on the ac line. 

Fig. 46 shows a circuit in which the lamp loads are switched 
at zero line voltage. This approach reduces the initial di/dt, 
decreases the reqUired triac surge-current ratings, increases the 
operating lamp life, and eliminates RFI problems. This circuit 
consists of two triacs, a flip-flop (FF-I), the zero-voltage 
switch, and a diac pulse generator. The flashing rate in this 
circuit is controlled by potentiometer R, which provides 
between 10 and 120 flashes per minute. The state of FF-l 
determines the triggering of triacs Y I or Y 2 by the output 
pulses at terminal4 generated by the zero-crossing circuit. 
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-Flash rate is set by use of the curve shown in Fig. J 6. If a more 
precise flash rate is required, the ramp generator described 
previously may be used. In this circuit, ZVSI is the master 
control unit and ZVS2 is slaved to the output of ZVSI 
through its inhibit terminal (terminal I). When power is 
applied to lamp No. I, the voltage of terminal 6 on ZVSI is 
high and ZVS2 is inhibited by the current in Rx. When lamp 

120 
VAl: 
60'" 

Fig. 41 - Synchronous light flasher. 

92CS-22628 
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No. I is off, ZVS2 is not inhibited, and triac Y 2 can fire. The 
power supplies operate in parallel. The on-off sensin·g amplifier 
in ZVS2 is not used. 

TRANSIENT-FREE SWITCH CONTROLLERS 
The zero-voltage switcli can be used as a simple solid-state 

switching device that permits ac currents to be turned .on or 
off with a minimum of electrical transients and circuit noise. 

The circuit shown in Fig. 48 is connected so that, after the 
control terminal 14 is opened, the electronic logic waits until 
the power-line voltage reaches a zero crossing before power is 
applied to the load ZL. Conversely, when the control terminals 
are shorted, the load current continues until it reaches a zero 
crossing. This circuit can switch a load at zero current whether 
it is resistive or inductive. 

The circuit shown in Fig. 49 is connected to provide the 
opposite control logic to that of the circuit shown in Fig. 48. 
That is, when the switch is closed, power is supplied to the 
load, and when the switch is opened, power is removed from 
the load. 

In both configurations, the maximum rms load current that 
can be switched depends on the rating of triac Y 2. If Y 2 is an 
RCA-2N5444 triac, an rms current of 40 amperes can be 
switched. 

DIFFERENTIAL COMPARATOR FOR INDUSTRIAL USE 
Differential comparators have found widespread use as limit 

detectors which compare two analog input signals and provide 
a go/no..go, logic 'one" or logic "zero" output, depending 

120VAC 

T' 

o.l~F 
25VOC 

10' 
2W 

upon the relative magnitudes of these signals. Because the 
signals are often at very low voltage levels and very accurate 
discrimination is normally required between them, differential 
comparators in many cases employ differential amplifiers as a 
basic building block. However, in many industrial control 
applications, a high-performance differential comparator is not 
req·uired. That is, high resolution, fast Switching speed, and 
similar features are not essential. The zero-voltage switch is 
ideally suited for use in such applications. Connection of 
terminal 12 to terminal 7 inhibits the zero-voltage threshold 
detector of the zero-voltage switch, and the circuit becomes a 
differential comparator. 

Fig. 50 shows the circuit arrangement for use of the 
zero-voltage switch as a differential comparator. In this 
application, no external dc supply is required, as is the case 
with most commercially available integrated-circuit 
comparators; of course, the output-current capability of the 
zero-voltage switch is reduced because the circuit is operating 
in the dc mode. The 1000-ohm resistor R(;, connected 
between terminal 4 and the gate of the triac, limits the output 
current to approximately 3 milliamperes. 

When the zero-voltage switch is connected in the dc mode, 
the drive current for terminal 4 can be determined from a 
curve of the external load current as a function of dc voltage 
from terminals 2 and 7. This curve is shown in the technical 
bulletin for RCA integrated-circuit zero-voltage switches, File 
No. 490. Of course, if additional output current is required, an 
external dc supply may be connected between terminals 2 

I. 
1/2W 

O.I~F 
200 

V DC 

*IF Y2. FOR EXAMPLE, IS A 40-AMPERE TRIAC, THEN AI MUST BE DECREASED TO SUPPLY 
SUFFICIENT IGT FOR Y2' 

• FORMERLY RCA 40691 

Fig. 48 - Zero-voltage switch transient.free switch controller in which 
power is suppl!ed to the load when the switch is open. 
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* IF YZ• FOR EXAMPLE, IS A 40-AMPERE TRIAC, R, MUST BE DECREASED TO SUPPLY 
SUFFICIENT IGT FOR "2-

• FORMERLY RCA 40691 

Fig. 49 - Zero--voltage switch transient-free switch controller in which 
power ;s applied to the load when the switch is closed. 

and 7, and resistor Rx (shown in Fig. 50) may be removed. 

The chart below compares some of the operating 
characteristics of the zero-voltage switch, when used as a 
comparator, with a typical high-performance commercially 
available i1itegrated-Gircuit differential comparator. 

RX 5K 
OW 

Ze,o-Voltage Typical 
'Switch Integrated-Circuit 

Parametars (Typical Values) Comparator (710) 
Sensitivity 30mV 2mV 

Switching speed >20/.ls 90ns 
(rise time) 

120VAC 
6OH. 

Output drive *4.5 V at";;4 mA 3.2 V at";; 5.0 mA 
capability 

* Refer to Fig. 20; RX equals 5000 ohms. 

POWER ONE-8HOT CONTROL 

• FORMERLY RCA 40691 

ZL 
ANY POWER 

FACTOR 

Fig.51 shows a circuit which triggers a triac for one complete 
half-cycle of either the positive or negative alternation of the 
ac line voltage. In this circuit, triggering is initiated by 'the 
push button PB-I, which produces triggering of the triac near 
zero voltage even though the button is randomly depressed 
during the ac cycle. The triac does not trigger again until the 
button is released and again depressed. This type of logic is 
required for the solenoid drive of electrically operated stapling 

Fig. 50 - Differential comparator tiling the CA3058 or CA3059 
integrated-circuit zeTa-I/O/tags switch. 
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1/3 CD4007A 

• FORMERLY RCA 40691 

Fig. 51 - Block diagram of a power one-shot control using a 
zero-voltage switch. 

guns, impulse hammers, and the like, where load·current flow 
is required for only one complete half·cycle. Such logic can 
also be adapted to keyboard consoles in which contact bounce 
produces transmission of erroneous information. 

In the circuit of Fig. 51, before the button is depressed, 
both flip·flop outputs are in the "zero" state. Transistor QG is 
biased on by the output of flip·flop FF·1. The differential 
comparator which is part of the zero·voltage switch is initially 
biased to inhibit output pulses. When the push button is 
depressed, pulses are generated, but the state of QG 

determines the requirement for their supply to the triac gate. 
The first pulse generated serves as a "framing pulse" and does 
not trigger the triac but toggles FF·1. Transistor QG is then 
turned off. The second pulse triggers the triac and FF·I which, 
in turn, toggles the second flip.flop FF·2. The output of FF·2 
turns on transistor Q7, as shown in Fig. 52, which inhibits all 
further output pulses. When the pushbutton is released, the 
circuit resets itself until the process is repeated with the 
button. Fig. 53 shows the timing diagram for the described 
operating sequence. 

Fig. 52 - Circuit diagram for the power one-shot control. 
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Fig. 53 - Timing diagram for the power one-shot control. 
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Fig. 54 - Phase Control circuit using II CA3058 or CA3059 and two 
CA3OB6 integrllted-circuitl. 
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PHASE CONTROL CIRCUIT 
Fig_ 54 shows a circuit using a CA3058 or CA3059 

zero-voltage switch together with two CA3086 
integrated-circuit transistor arrays to form a phase-control 
circuit. This circuit is specifically designed for speed control of 
ac induction motors, but may also be used as a light dimmer. 
The circuit, which can be operated from a line frequency of 
50-Hz to 400-Hz, consists of a zero-voltage detector, a 
line-synchronized ramp generator, a zero-current detector, and 
a line-derived control circuit (i.e., the zero-voltage switch). The 
zero-voltage detector (part of CA3086 No. I) and the ramp 
generator (CA3086 No.2) provide a line-synchronized 
ramp-voltage output to terminal 13 of the zero-voltage switch. 
The ramp voltage, which has a starting voltage of 1.8 volts, 
starts to rise after the line voltage passes the zero PQint. The 
ramp generator has an oscillation frequency of twice the 
incoming line frequency. The slope of the ramp voltage can be 
adjusted by variation of the resistance of the I-megohm 
ramp-control potentiometer. The output phase can be 
controlled easily to provide 1800 firing of the triac by 
programming the voltage at terminal 9 of the zero-voltage 
switch. The basic operation of the zero-voltage switch driving a 
thyristor with an inductive load was explained previously in 
the discussion on switching of inductive loads. 

TRIAC POWER CONTROLS FOR 
THREE-PHASE SYSTEMS 

This section describes recommended configurations for 
power-control circuits intended for use with both inductive 
and resistive balanced three-phase loads. The specific design 
requirements for each type of loading condition are discussed. 

In the power-control circuits described, the 
integrated-circuit zero-voltage switch is used as the trigger 
circuit for the power triacs. The following conditions are also 
imposed in the design of the triac control circuits: 

I. The load should be connected in a three-wire 
configuration with the triacs placed external to the load; 
eiter delta or wye arrangements may be used. Four-wire 
loads in wye configurations can be handled as three 
independent single-phase systems. Delta configurations in 
which a triac is connected within each phase rather than 
in the incoming lines can itlso be handled as three 
independent single-phase systems. 

2. Only one logic command signitl is available for the 
control circuits. This signal must be electricitlly isolated 
from the three-phase power system. 

3. Three separate triac gating signals are required. 
4. For operation with resistive loads, the zero-voltage 

switching technique should be used to minimize any 
radio-frequency interference (RFI) that may be 
generated. 

* The de logic circuitry provides the low-level electrical signal that 
dictates the state of the load. For temperature controls, the de logic 
circuitry includes a temperature sensor for feedback. The RCA 
integrated-circuit zero-voltage switch, when operated in the de mode 
with some additional circuitry, can replace the de logic circuitry for 
temperature controls. 

Isolation of DC Logic Circuitry 
As explained earlier under Special Application 

Considerations, isolation of the dc logic cirCUitry· from the ac 
line, the triac, and the load circuit is often desirable even in 
many single-phase power-control applications. In control 
circuits for polyphase power systems, however, this type of 
isolation is essentiitl, because the common point of the de logic 
circuitry cannot be referenced to a common line in all phases. 

In the three-phase circuits described in this section, 
photo-optic techniques (i.e., photo-coupled isolators) are used 
to provide the electrical isolation of the de logic command 
signal from the ac circuits and the load. The photo-coupled 
isolators consist of an infrared light-emitting diode aimed at a 
silicon photo transistor .. coupled in a common package. The 
light-emitting diode is the input section, and the photo 
transistor is the output section. The two components provide a 
voltage isolation typicitlly of 1500 volts. Other isolation 
techniques, such as pulse transformers, magnetoresistors, or 
reed relays, can also be used with some circuit modifications. 

Resistive Loads 
Fig. 55 illustrates the basic phase relationships of a 

balanced three-phase resistive. load, such as may be used in 
heater applications, in which the application of load power is 

v, 

(a) 

(b) 

SINGLE PHASE 
TURN-OFF 

92CS-22&'36 

Fig. 55.- Voltage phase relationship for a three-phase resistive load 
when the application of load power ;s controlled by 
zero~voltage switching: (a) voltage waveforms, (b) load-circuit 
orientation 0" voltages. (The dashed lines indicate the normal 
relationship of ,the phases under steady-state conditions. The 
deviation at start~up and turn-off should be noted.) 
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single-phase, 2-wire, line-to-line circuit, comprised of phases A 
and B. The logic command engages the single·phase start-up 
zero-voltage switch and three-phase photo-coupled 
isolators OCl3, OCl4, OCIS through the photo-coupled 
isolators.OCll and OC12 .. The single-phase zero-voltage 
switch, which is synchronized to phases A and B, starts the 
system at zero voltage. As soon as start-up is accomplished, the 
three photo-coupled isolators OCl3, OCl4, and OC15 take 
control, and three-phase synchronization begins. When the 
"logic command" is turned off, all control is ended, and the 
triaes automatically turn off when the sine-wave current 
decreases to zero. Once the first phase turns off, the other two 
will turn off simultaneously, 90· later, as a single·phase 
line-to-line circuit, as is apparent from Fig. 55. 

• FORMERLY RCA 44003 
• FORMERLY RCA 4070B 

Inductive Loads 
For inductive loads, zero-voltage turn·on is not generally 

required because the inductive current cannot increase 
instantaneously; therefore, the amount of RFI generated is 
usually negligible. Also, because of the lagging nature of the 
inductive current, the triacs cannot be pulse-fired at zero 
voltage. There are several ways in which the zero-voltage 
switch may be interfaced to a triac for inductive-load 
applications. The' most direct approach is to use the 
zero-voltage switch in the dc mode, i.e., to provide a 
continuous dc output instead of pulses at points of 
zero-voltage crossing. This mode of operation is accomplished 
by connection of terminal 12 to terminal 7, as shown in 
Fig. 58. The output of the zero-voltage switch should also be 

\----- ST.RT-UP-----~ 

92CL-22638 

TO 
3 PHASE 
RESISTIVE 
L.OAD • 

(DELTA OR WYE) 

Fig. 51- Th~hase power control that employs zero·lIOltage 
synchronous· switching both for ,teBdy-state operation and 
for 'flIfting. 
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controlled by zero-voltage switching_ The following conditions 
are inherent in this type of application: 

1. The phases are 120 degrees apart; consequently, all three 
phases cannot be switched on simultaneously at zero 
voltage_ 

2_ A single phase of a wye configuration type of three-wire 
system cannot be turned on_ 

3_ Two phases must be turned on for initial starting of the 
system_ These two phases form a single-phase circuit 
which is out of phase with both of its component phases. 
The single-phase circuit leads one phase by 30 degrees 
and lags the other phase by 30 degrees. 

These conditions indicate that in order to maintain a 
system in which no appreciable RFI is generated by the 
switching action from initial starting through the steady ... tate 
operating condition, the system must first be turned on, by 
zero-voltage switching, as a single-phase circuit and then must 
revert to synchronous three-phase operation. 

Fig. 56 shows a Simplified circuit configuration of a 
three-phase heater control that employs zero-voltage 
synchronous switching in the steady-state operating condition, 
with random starting. In this system, the logic command to 
turn on the system is given when heat is reqUired, and the 
command to turn off the system is given when heat is not 
required. Time proportioning heat control is also possible 
through the use oflogic commands. 

/' 

\. 

• FORMERLY RCA 44003 
• FORMERLY RCA 40708 

ICAN-6182 

The three photo-coupled inputs to the three zero-voltage 
switches change state simultaneously in response to a "logic 
command". The zero-voltage switches then provide a positive 
pulse, approximately 100 microseconds in duration, only at a 
zero-voltage crossing relative to their particular phase. A 
balanced three-phase sensing circuit is set up with the three 
zero-voltage switches each connected to a particular phase on 
their common side (terminal 7) and referenced at their high 
side (terminal 5), through the current-limiting resistors R4, 
R5, and R6, to an established artificial neutral point. This 
artificial neutral point is electrically eqUivalent to the 
inaccessible neutral point of the wye type of three-wire load 
and, therefore, is used to establish the desired phase 
relationships. The same artificial neutral point is also used to 
establish the proper phase relationships for a delta type of 
three-wire load. Because only one triac is pulsed on at a time, 
the diodes (DI, D2, and D3) are necessary to trigger the 
opposite-polarity triac, and, in this way, to assure initial 
latching-on of the system. The three resistors (Rl, R2, and 
R3) are used for current limiting of the gate drive when the 
opposite-polarity triac is triggered on by the line voltage. 

In critical applications that require suppression of all 
generated RFI, the circuit shown in Fig. 57 may be used. In 
addition to synchronous steady ... tate operating conditions, this 
circuit also incorporates a zero-voltage starting circuit. The 
start-up condition is zero-voltage synchronized to a 

3-PHASE 
RESISTIVE LOAD 
(DELTA OR WYEI 

92CS-226l7 

Fig. 56 - Simplified diagram of a three-phase hearer control that 
employs zero-voltage synchronous switching in the 
steady-state operating conditions. 
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220 V 

e. )!~ 

O,I,...F 

Fig. 58 - Triac three-phsse control circuit for an inductive load. i.e .• 
three-phase motor. 

92CM-22639 

limited to approximately 5 milliamperes in the dc mode by the 
750-ohm series resistor. Use of a triac such as the 1'23010* is 
recommended for this application. Terminal 3 is connected to 
terminal 2 to limit the steady-state power disSipation within 
the zero-voltage switch. For most three-phase inductive load 
applications, the current-handling capability of the 40692 triac 
(2.5 amperes) is not sufficient. Therefore, the 40692 is used as 
a trigger triac to turn on .any other currently available power 
triac that maY be used. The trigger triac is used only to provide 

trigger pulses to the gate of the power triac (one pulse per half 
cycle); the power diSSipation in this device, therefore, will be 
minimal. 

• Formerly RCA 40692 

Simplified circuits using pulse transformers and reed relays 
will also work quite satisfactorily in this type of application. 
The RC networks across the three power triacs are used for 
suppression of the commutating dv/dt when the circuit 
operates into inductive loads. 

The specific integrated·circuits, triacs, SCR's, and rectifiers included in circuit diagrams shown in this Application Note are listed 
below. Additional information on these devices can be obtained by requesting the applicable RCA data-bulletin fIle number. 

~k ~k ~k ~k 

CA3058, CA3059, and CA3079 490 1'23OOB (40526) 470 
CA3099E 620 1'230lB (40691), 1'23010 (40692) 431 
CA3086 483 T64170 (40708) 406 
CA3080 475 S26000 (40655) 496 
CD4007A, CD4013A 479 01201B (44003) 495 
2N5444 456 03202U (45412) 577 
T2800B (40668) 364 

Note: Numbers in parenthesis (e.g. 40668) are former RCA type numbers. 
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When incorporating RCA Solid State Devices in equipment. it is 
recommended that the designer ref. to "Operating Considerations for 
RCA Solid State Devices", Form No.1 CE-402,. available on request 
from RCA Solid State Division, Box 3200. Somerville, N.J. 08876. 
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The introduction by RCA in 1968 of SCR's capable of 
operating at horizontal scanning rates made possible the 
development of the first commercial horizontal-deflection 
system for color which was competitive in performance with 
deluxe systems using vacuum tubes. A new device, the !TR, 
the integrated thyristor and rectifier, has recently been 
developed for use in the system. The !TR offers the advantages 
of lower circuit cost and greater circuit flexibility. This 
Note describes the new device and its advantages, and dis· 
cusses several variations for the deflection circuit in which 
it can be utilized. 

Basic SCR Deflection Circuit 
A simplified sketch of the SCR horizontal-deflection 

system is shown in Fig. I. This system requires two bipolar 
switches-each switch being made up of a fast.turnoff SCR 
with a fast-recovery rectifier connected across it in reverse· 
polarity. In each case, the rectifier conducts the reverse 
current during the period required for the SCR to recover 
forward blocking capability!. As originally' conceived, the 
system proved to have a number of advantages compared to 
previous solid-state deflection systems. After 5 years of use 
in production receivers these advantages 'till exist: 

1. Peak voltages on the devices are low-below 500 volts 
on the trace switch and below 400 volts on the 
commutating switch. 

2. Transient voltages due to arcing are relatively low
generally less than ! 00 volts above the steady·state 
repetitive value. 

3. Devices used can be readily produced by standard 
factory processes-no new technology required. 

4. Both system and devices proved to be easily adaptable to 
changing requirements-higher beam current, increased 
high voltage, wider deflection angles, torroidal yokes, etc. 

5. Reliability of the system is excellent. 

Development of the ITR 
The circuit of Fig. I shows that, in both the trace and 

commutating switches, the rectifier is connected directly 
across its associated SCR. A logical advance in device 
development was to explore the possibility of combining 
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the SCR and the rectifier on a common silicon substrate. 
Fig. 2 shows how this is done. 

When a separate SCR and rectifier are used in the deflection 
circuit, the SCR cathode is shorted to the rectifier anode and 
the SCR anode is shorted to the rectifier cathode by external 
connections. In the combined device, these elements are 
shorted together through the lead metallization on the 
surface of the pellet. 

Fig. 1- Circuit showing rectifier connected directlv across its associated 
SCR in both trace and commutating switches. 

The combined device is really an SCR which conducts in 
the reverse as well as the forward direction, and might properly 
be termed a reverse.conducting SCR. However, it is also an 
SCR (thyristor) integrated (combined) in the same pellet with 
a rectifier, so it has been commonly called an ITR, which is an 

abbreviation for jntegrated Ihyristor and .Rectifier. Use of 
such a device represents a savings in receiver assembly, since 
only two devices need be wired into the circuit instead of four. 
It also represents a potential savings in device cost, since the 
ultimate cost of two !TR's should not be appreciably different 
from the cost of two individual SCR's. 

The combination of the SCR and rectifier on a common 
pellet as shown in Fig. 2 may seem straightforward, but the 
achievement of performance fully equivalent to two separate 
devices presents a real challenge to the device designer. 
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92CS-230ro 

Fig. 2- fa) Separate SCR and rectifier, (b) combined device. 

For example, consider the effect which cali be produced by 
the transition in yoke current from the trace rectifier to the 
trace SCR, as shown in Fig. 3. Any delay in the initiation of 
the trace SCR current after the trace rectifier current decays 
to zero will cause the electron beam on the face of the 
picture tube to momentarily slow down. The result is a 
vertical white line at the center of the screen. When two 
separate devices are used, this problem can be overcome quite 
simply by tapping the rectifier section down about one turn 
(more negative) on the high-voltage transformer. Gbviously, 
this cannot be done with the ITR, since the devices are 
directly connected together by the metallization pattern. 
The 'solution to this problem lies in adjusting the geometry of 
the device and controlling the processing to minimize the 
transient forward voltage drop at turn-on. In the more recent 
deflection circuits using the ITR, this problem is minimized 
further by increasing the peak pulse voltage on the trace 
switch somewhat thus making the turn-on voltage a smaller 
fraction of the total trace voltage. This technique had pre
viously proven to be quite successful in European television 
systems using SCR's. These receivers operate at higher B· 

'supply voltage and higher pulse voltage on the trace switch, 
yet the white line has not been a problem even though the 
rectifier has not been tapped down on the high-voltage 
transformer. 

(01 

TRACE H.V. 
SWITCH TRANSFORMER 

-@!1ij[ 
<..>-' ."J".~~J: 

(01 

92CS-23011 

Fig. 3- (a) Yoke current, (b) compensation for rectifierlSCR 
current transition. 

The turn-off capability of the ITR in the deflection circuit 
must be equivalent to that of the· bipolar switch using separate 
devices. During the turn-off period of the SCR section, it is 
important that carriers from the rectifier section of the com· 
bined device not be injected into the SCR section, turning the 
SCR on again. This is especially true in circuits in which the 
rectifier section reverse-recovery current is very high. The ITR 
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geometry has been designed to provide isolation between the 
SCR and rectifier sections, so that carrier injection from the 
rectifier section into the SCR section is minimized. 

The cost-savings provided by using the ITR instead of 
'separate devices is obvious. In addition, the ITR should pro
vide better circuit reliability, greater 'circuit flexibility, and, in 
the very near future, lower device cost. These advantages are a 
result of lower leakage, higher voltage capability and adapt
ability to plastic packaging. 

In a television deflection application, leakage, in itself, 
has very little effect on circuit performance unless it becomes 
comparable in magnitude to the nprmal' on·state current. 
However, very high leakage, drastic increases in leakage with 
life or with increasing temperature, can be an indication of 
a degradation in the surface condition of the device, and can 
lead to eventual breakdown failure under high·voltage stress. 
Since the ITR has no reverse-blocking junction, and the 
rectifier unit has been put on the outer periphery of the pellet, 
the edge of the pellet presents a simple rectifier junction to 
the "outside world" rather than the pair of junctions of a 
conventional SCR. Consequently, the surface leakage path'is 
that of a simple rectifier rather than the complex leakage path 
of an SCR. This leakage path in inherently one which presents 
a very high resistance to the flow of leakage current. In 
addition, elimination of the reverse-blocking junction makes 
it possible to design for higher inherent forward·blocking 
voltage, resulting in lower bulk leakage in the device. 

The increased voltage capability of the ITR tends to make 
it somewhat easier to use the device over a wide range of supply 
voltages and deflection yoke inductances. The SCR deflection 
circuitry, as originally developed, operated from a supply 
voltage of about 150 volts and required a peak-voltage capa· 
bility of about 450 volts on the devices. Extension of SCR 
deflection to higher B·supply voltage, such as the 270 volts 
commonly used in European receivers, wider deflection angles, 
torroidal yokes,. supplying the other portions of the receiver 
from the deflection circuit, etc., all tend to increase the peak 
voltage applied to the deflection devices. The higher inherent 
voltage capability of the ITR makes it possible to meet the 
new requirements with essentially the same yield as previously 
obtained on the SCR's at the lower voltage. 

One major device cost reduction which is planned for the 
ITR is to use a plastic package. Since the edge of the pellet 
contains only a simple rectifier junction, the passivation 
techniques normally used with plastic encapsulated SCR's are 
not required. A relatively large number of ' plastic encapsulated 
ITR's have already been made and show excellent charac· 
teristics. Reliability evaluations are in process and should be 
complete in time for commercial announcement of a plastic 
ITR in 1974. 

Deflection Circuits Using ITR's 
The ITR is directly applicable to circuitry previously 

developed to use separate SCR's and rectifiers. Adequate 
power·handling capability is available for any known 'color 
television deflection application. Fig. 4 shows the basic de
flection circuitry which has been used with SCR's for several 
years. The B-plus supply to this circuit is unregulated, but 
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Fig. 4- ITR's in a deflection circuit originally developed to use separate SeR's and rectifiers. 

scan is regulated against changes in line voltage by controliing 
the amount of energy delivered to the system. The trace cir
cuit is supplied by energy which is stored primarily in the 
commutating and auxiliary capacitors, Cc and CA' These 
capacitors :ire charged from the B-supply through the input 
reactor Lec during the trace interval. The voltage on the 
yoke return capacitor, which is a function of scan, is com
pared with a reference zener and used to control the collector 
current of a regulator transistor. The collector current of this 
regulator transistor flows through the control winding of the 
saturable reactor which is in shunt with LeC. This action 
tends to vary the effective inductance of LCC, and thus the 

22 

BOOSTED B 
'VOLTAGE 

21 25V 

HI 

CI 
H3 H4 

C3 

energy stored in Cc and CA, in such a way that scan is 
maintained constant with variations in both Hne voltage and 
beam current. Power losses are extremely low since the net 
reactance in the system is controlled to provide regulation, 
rather than by controlling applied voltage with dissipative 
elements. 

Another regulator circuit which uses semiconductor devices 
instead of a saturable reactor and which is applicable to either 
ITR's or SCR's is shown in Fig.S.2 In this circuit, the voltage. 
from an auxiliary winding on the input reactor is rectified by 
an SCR (SCRR) and added to the voltage obtained from the 
main power supply rectifier, thus "boosting" the B-supply to 

o-.Lrl 
o 

Sc VOLTAGE 

r==J~ 
J "'-J 

VOLTAGE ACROSS NI 

II Sc 
II L COMMUTATtNG 

r-~IVv-~VV~~VV4--~f--rnnn--~~~:i!L-"-~I~T~H-4~~~Ln'~T=O~TRACE 

H9 

120YAC I-C4 

0-----+----' 

N I ---------

;i ITR 

AUXILIARY 
WINDING 

FROM HORIZONTAL 
OSCILLATOR 

Fig. 5- Boost regulator circuit which uses semiconductor devices instead of 
a saturable reactor, and which is applicable to either tTR's or SCR's. 
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the deflection system to a higher value_ The amount of boost 
is controlled by regulating the conduction period of the 
regulator SCR. This SCR is gated on by a positive sawtooth 
which is formed from the voltage on the auxiliary windings by 
means of a zener and an integrating network (Z 1, R I ' C I) and 
then amplified by the regulator transistor. The composite 
boosted voltage is compared against a reference zener (Z2), 
regulating the base drive to the regulator transistor and the 
resulting gate drive to the regulator SCR. As a result of this 
action, the boost voltage which is added to the main B-supply 
voltage varies from a maximum at low line to very nearly zero 
at high line. Power losses with this system are even lower than 
with the saturable reactor system previously described, since 
the copper losses of the saturable reactor are eliminated. 

COMMUTATING 
SWITCH 

Q.058p.F 

RCA 

either regulator circuit for use with any other type of deflection 
system. The reverse is not true, however. Operation from con
ventional regulated supplies, such as a series transistor regu
lator, a 60-Hz phase-controlled SCR regulator, or a ferro
resonant transformer, presents no particular problem. Fig. (, 
shows a system designed to operate from a regulated supply 
of about 130 volts. 

If the equipment manufacturer feels his market will 
tolerate changes in picture width with changing line voltage. 
regulation of the B-supply voltage can be eliminated com
pletely. Such a system could be commercially acceptable for a 
black and white receiver or for a low-cost color receiver. Fig. 7 
shows the schematic of a deflection circuit for a black and 
white receiver operating from a simple half-wave line rectifier 

YOKE 
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~ LINEARITY t COIL 
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Fig. 6- System designed to operate from a regulated supply o(approximatelv 130 volts. 
92CM-23014RI 

The saturable reactor type of regulator circuit and the with no regulation. In addition, all other voltages for the 
boost regulator are particularly suited to deflection systems receiver (except the horizontal oscillator), including the picture-
using SCR's or ITR's, but it would be quite difficult to adapt tube heater, are derived from the deflection system. Fig. 8 
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Fig. 7- Schematic diagram -of a deflection circuit for a black and white receiver 
operating from a simple half-walle line rectifier with no regulat;on. 
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Fig. 8- Horizontal-deflection system of a commercial low-cost color receiver 
operating from rectified line voltage with no B-supply regulation. 

shows the horizontal deflection system of a commercial low
cost color receiver operating from rectified line voltage with no 
B-supply regulation_ This receiver also derives the other 
required operating voltages from the deflection system_ 

Since the announcement of the 900 Precision-in-Line color 
picture tube with its integral torroidal yoke, the availability of 
1 lOa color picture tubes in Europe with the PST torroidal 
yoke, and the sampling of 1100 color picture tubes in the U.S., 
some work has been done on the development of a "universal" 
circuit for the two tubes_ A simplified schematic of such a 

TO BOOST 
REGULATOR 

+310 V 
FROM BOOST 
REGULATOR 

circuit is shown in Fig. 9. In this schematic, the component 
values for the P.l.L. tube which differ from those for the 1100 

tube are shown in brackets. This particular circuit has been 
designed for use with the relatively high B-supply voltage 
which would be available in a European receiver. Some 
adjustment of the component values would be required for 
operation in a U.S. receiver which might have a B-supply of 
250 volts. Incidentally, the high-voltage capability of the ITR 
is an advantage in this circuit, since both trace and com
mutating switches must be rated above 700 volts. 
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Fig. 9- Simplified schematic diagram of a "universar circuit adaptable to 900 and 1 uP picture tubes. 
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Fortunately the voltage across the 900 P.LL. yoke and the 
II 00 PST yoke for full scan is the same. Therefore. the same 
high-voltage transformer can be used for both the 900 and 
1100 systems. In order to meet the voltage rating on the P.I.L. 
yoke. the low end of the yoke is returned to ground through a 
S-turn bucking winding on the high-voltage transformer. This 
winding is not used with the 1100 yoke. 

For a deluxe receiver, provision for adjustment of width is 
desirable in order to compensate for variations in circuit 
tolerances. This adjustment is provided by using a small 

variable inductor in series with the commutating inductor. 
A width adjustment of approximately ±4 percent is provided 
by this control with negligible effect on high voltage or high· 
voltage regulation. 

When the vertical dc supply voltage is obtained by rectifying 
a pulse from the horizontal system as shown in Fig. 9, it is 
possible to obtain side pincushion correction with a minimum 

of added circuit components. The filter capacitor for the 
vertical supply is made somewhat smaller than would be 
required to provide pure dc at the output of the vertical 
supply rectifier. Current through the vertical supply rectifier 
and voltage output of the vertical supply are shown in Fig. 10. 

CURRENT DRAWN BY 

/ 
VERTICAL DEFLECTION 

~ RECTIFIER 

~_ VOLTAGE OF VERTICAL SUPPLY 

Fig. 10- Current through the vertical supply rectifier and voltage 
output of the vertical supply. 
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It can be seen that current drawn by the vertical circuit is a 
maximum at the beginning and end of scan and a minimum at 
the center of scan. This current represents a load on the 
horizontal scan circuit, reducing scan at the top and bottom of 
the picture, thus providing side pincushion correction. The 
series inductor Ly, in combination with CI. C~. and RI 
modify the loading to provide symmetrical correction. This 
method of side pincushion correction is applicable to any 
horizontal deflection circuit using either ITR's or SCR's if Ihe 
voltage supply for vertical deflection is derived from the 
horizontal deflection system. 

RCA has been in volume production of the ITR for 
approximately a year. No unusual production problems have 
been encountered and circuit performance in the denection 
application appears to be excellent. It is anticipated that. in the 
relatively near future, ITR's will be used in most horizontal 
deflection systems which now use SCR's. The opporlunity 
they offer for cost savings (especially when plastic devices 
become available), and their easy adaptability to wider de
flection angles, varying yoke inductances, wide range of B
supply voltages and the like, should result in their being 
designed into many deflection systems yet to be developed. 
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Latching, Gate-Trigger Circuits 
Using Thyristors for 
Machine-Control Applications 

by M. Kalfus 

Electromechanical latching circuits used in mechanical pro· 
cessing equipment require large numbers of electromechanical 
devices; these devices generate line tranSIents, periodically 
malfunction (mechanically), and ultimately fail as a result of 
contact erosion. In addition, they are sometimes noisy ,and add 
to the already noise·polluted environment. This Note describes a 
variety of approaches to the development of a solid-state, latch· 
ing gate drive for the control of ac loads; the solid·state device 
used is the thyristor. The solid·state circuits (\escribed below 
have fewel undesirable characteristics than the electro· 
mechanical devices and are smaller and lighter. 

LATCHING GATE-TR IGGER CIRCUITS 

In many applications, particularly industrial machine. con· 
trois, a latching relay is often used to permit a system or sub· 
system to be activated by a momentary pulse from a control 
processor or hand actuator. A basic latching circuit using an 
electromechanical relay is shown in Fig. 1. SI is momentarily 
closed to pull contacts A and B of relay K closed. Once contact A 
is closed, Sl may be opened. Relay K and the load will remain 
activated until S2 is momentarily opened either manually or by a 
machine mechanism which has completed its cycle of operation. 

O>--~-----, 
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I K 
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Fig. I-Basic latching circuit uling electromechanical relay. 

A solid·state approach to this type of circuit, Fig. 2, offers 
reduced power consumption and a more compatible interface 
with process-control computers. In this simplified circuit, an 
external dc supply provides dc gate drive to power the COS/MOS 
flip·flop and collector current to drive the triac gate. Sufficient 
gate current must be available through R to meet the 1+ and I1I+ 

6-74 

DC 
SUPPLY 

A AND BARE 1/2 CD4001 

!l2CS-23'33'3 

Fig. 2-Two duaf.input NOR gates connected to form sef-reSBt flip-flop. 

gate requirements of the triac; an RsCs snubber network should 
be used when inductive loads are being controlled. 

In Fig. 2, two dual·input NOR gates, A and B, are connected 
to form a set·reset' flip-flop which changes the state of the Q 
output when the voltage on either the S or the R inputtermiIial 
is at a high level; the effective input will be that one last used. 
Power drain for the flip-flop circuit is negligible compared with 
that of the transistor driver stage supplying current to the triac 
gate. Power·supply requirements are, therefore, determined by 
the triac gating characteristics. The power requirements of the 
driver transistor are also a function of the triac gate character· 
istics. Since this circuit gates the triac in the dc mode, latching 
difficulties resulting from highly inductive load conditions or 
loads with very low power consumption can be eliminated. 
Except for the ftrst half cycle of conduction, the triac will be in 
the on state continuously, and only an absolute minimum of 
radio·frequency interference will be generated on the subse· 
quent half cycles. Of course, turn-off always occurs as the load 
current reduces to zero after gate drive has been removed. 

Fig. 3 shows the waveforms of voltage and current in the triac 
. circuit as a function of the control·circuit inputs for a resistive 
load. The low·level spike (2 to 4 volts) observed across the triac 
at the beginning of each half cycle occurs because of the oper· 
ating characteristics of thyristors. A minimum voltage of 2 to 4 
volts is generally necessary across a triac to initiate the regener· 
ation process of the four·layer device, even in the presence of a 
dc gate bias. 
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Fig. 3- rriac-c;rculr current and voltage waveforms as B function 
of control-circuit inputs for resistive load. 

ZERO-VOLTAGE SWITCHES 

RCA, integrated-circuit, zero-voltage switches (ZVS) are 
particularly well suited for use as thyristor trigger circuits. These 
switches trigger the. thysistor at zero-voltage points in the 
supply-voltage cycle. Consequently, transient-load current 
surges and radio-frequency interference are substantially re
duced. In addition, use of the zero-voltage switch also reduces 
the rate of change of on-state current (di/dt) iii the thyristor 
being triggered, an-important consideration in the operation of 
thyristors. These zero-voltage switches can be adapted for use in 
a variety of control functions by use of an internal differential 
comparator to detect the difference between two externally 
developed voltages. In addition, the availability of numerous 
terminal connections to internal c\rcuit points greatly increases 
circuit flexibility and further expands the types of ac power-con
trol applications to which these integrated circuits may be 
adapted. The excellent versatility of the zero-voltage switches 
makes them particularly useful in circuits designed to provide 
transient-free temperature control in self-cleaning ovens, to con
trol gun-muzzle temperature in low-temperature environments, 
to provide sequential switching of heating elements in warm .. ir 
furnaces, to switch traffic-signal lights at street intersections, 
and to provide other diverse ac power-control functions. 

Functional Description 

RCA zero-voltage switches are multistage circuits that 
employ a diode limiter, a zero-crossing (threshold) detector, an 
on-off sensing amplifier (differential comparator), and a 
Darlington output driver (thyristor gating circuit) to provide the 
basic SWitching action. The dc operating voltages for these stages 
are provided by an internal power supply that has sufficient 
current capability to drive external circuit elements, such as 
transistors and other integrated circuits. An important feature of 
the zero-voltage switches is that the output trigger pulses can be 
applied directly to the gate of a triac or a silicon controlled 
rectifier (SCR). The CA3058 and CA3059 zero-voltage switches 
also feature an interlock (protection) circuit that inhibits the 
application of these output trigger pulses to the thyristor in the 
event that the external sensor is inadvertently opened or 
shorted. An external inhibit connection (terminal No.1) is also 

480 

available, so that an external signal can be used to inhibit the 
output drive. This feature is not included in theCA3079; other
wise, the three integrated-circuit zero-voltage switches, CA3058, 
CA3059, and CA3079, are electrically identical. 

Overall Circuit Operation 

Fig. 4 shows the interrelation of the functions in a zero-volt
age switch, the external sensor, the thyristor being triggered, and 
the load elements, in an on/off type of ac power-control system. 
Fig. 5 shows the detailed circuit diagram for the inte
grated-circuit zero-voltage switches. Figs. 4 and 5 are repre
sentative of all three RCA zero-voltage switches, the CA3058, 
CA3059, and CA3079; the shaded areas in the figures indicate 
the circuitry that is not included in the CA3079. 

92CS-20B49 

Fig. 4-Functional block diagram of CA3059IC zero-voltage SWitch. 

As shown in Fig. 4, each of the three zero-voltage switches 
incorporates four primary functions: 

I. Limiter-Power Supply - permits operation directly from 
anacline. 

2. Differential On/Off Sensing Amplifier - tests the con
dition of external sensors or command signals. Hysteresis 
or proportional-control may be implemented easily in this 
section. 

3. Zero-Crossing Detector - synchronizes the output pulses 
of the circuit at the time when the ac cycle is at a zero-volt
age point and thereby eliminates radio-frequency inter
ference when the ZVS is used with resistive loads. 

4. Triac Gating Circuit - provides high-current pulses to the 
gate of the power-controlling thyristor. 

In addition, the CA3058 and CA3059 are provided with the 
following important auxiliary features: 

1. A built-in protection circuit that may be actuated to re
move drive from the triac if the sensor becomes· open or 
short-circuited. 

2. An internal diode gate connected to terminal I that can be 
used to inhibit thyristor firing. 
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Fig. 5-Schematic diagram of CA3059 zero-voltage switch. 

3. A means of attaining dc comparator operation by over
riding the action of the zero-crossing detector. This over
ride is accomplished by connecting terminal 12 to 
terminal 7. Gate current to the thyristor is continuous 
when terminal 13 is positive with respect to terminal 9, 
but is time-deviation limited and a function of the filter 
capacitor and the terminating impedance at terminal 4. 

The limiter stage of the zero-voltage switch clips the incoming 
ac line voltage to approximately ±8 volts. This signal is then 
applied to the zero-voltage crossing detector, which generates an 
output pulse each time the line voltage passes through zero. The 

. limiter output is also applied to a rectifying diode and an ex
ternal capacitor, CF, that compose the dc power supply. The 
power supply provides approximately 6 volts, as the V CC 
supply, to the other stages of the zero-voltage switch. The on/off 
sensing amplifier is basically a differential comparator. The 
thyristor gating circuit is enabled when the line voltage is 
approximately zero volts, the sensing-amplifier output is high, 
the external voltage to terminal I is a logical zero, and, for 
the CA3058 and CA3059, the output of the fail-safe circuit 
is high. Under these conditions, the thyristor (triac or SCR) is 
triggered when the line voltage is essentially zero volts. 

THYRISTOR TRIGGERING CIRCUITS 

Diodes DI and D2 in Fig. 5 form a symmetrical clamp that 
limits the voltages on the chip to ±8 volts; diodes D7 and D 13 
form a half-wave rectifier that develops a positive voltage on the 
external storage capacitor, CF' 

The output pulses used to trigger the power-switching 
thyristor are actually developed by the zero-crossing detector 
and the thyristor gating circuit. The zero-crossing detector con
sists of diodes D3 through D6, transistor Q I, and the associated 
resistors shown in Fig. 5. TransistorsQI and Q6 through Q9 and 
the associated resistors compose the thyristor gating circuit and 
output driver. These circuits generate the output pulses when an 
ac input is at a zero-voltage point, so that rfi is virtually elimi
nated when the zero-voltage switch and thyristor are used with 
resistive loads. 

The operation of the zero-crossing detector and thyristor 
gating circuit can be explained more easily if the on state (i.e., 
the operating state in which current is being delivered to the 
thyristor gate through terminal 4) is considered as the operating 
condition of the gating circuit. Other circuit elements in the 
zero-voltage switch inhibit the gating circuit unless certain con
ditions are met, as explained below. 

In the on state of the thyristor gating Circuit, transistors Q8 
and Q9 are conducting, transistor Q7 is off, and transistor Q6 is 
on. Any action that turns on transistor Q7 removes the drive 
from transistor Q8 and thereby removes gate drive from the 
thyristor. Transistor Q7 may be turned on directly by appli
cation of a minimum of ±1.2 volts at 10 microamperes to the 
external-inhibit input terminal I. (If a voltage of more than 1.5 
volts is available, an external resistance must be added in series 
with terminal 1 to limit the current to 1 milliampere.) Diode DlO 
isolates the base of transistor Q7 from other signals when an 
external inhibit signal is applied, so that this signal is the highest 
priority command for normal operation. (Although grounding 
of terminal 6 creates a higher priority inhibit function, this level 
is not compatible with normal DTL or TTLIogic levels.) 
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Transistor Q7 may also be activated by turning off transistor 
Q6 to allow current flow from the power supply through resistor 
R7 and diode 0 I 0 into the base of Q7 . Transistor Q6 is normalIy 
maintained in conduction bi current that flows into its base 
through resistor R2 and diodes 08 and D9 when transistor Q 1 is 

off. 
Transistor Q I is a portion of the zero-crossing detector. When 

the voltage at terminal 5 is greater than +3 volts, QI can be 
turned on by a current flowing through resistor Rl, diode 06, 
the base-to-emitter junction of transistor QI, and diode D4 to 
terminal 7. This action inhibits the delivery of a gate-drive out
put signal at terminal 4. For negative voltages at terminalS that 
have magnitudes greater than 3 volts, the current flows through 
diode OS, the emitter-to-base junction of transistor QI, diode 
03, and resistor Rl, and again turns on transistor QI. Transistor 
Q I is off only when the voltage at terminalS is less than the 
threshold voltage -of approximately ±2 volts. When the inte
grated-circuit zero-voltage switch is connected as shown in 
Fig. 4, therefore, the output is a narrow pulse which is approx
imately centered about the zero-voltage time in the cycle, as 
shown in Fig. 6. In some applications, however, particularly 

Fig. 6-Waveform showing output-pulse duration of zero-voltage switch. 

those that use either slightly inductive or low-power loads, the 
thyristor load current does noi reach the latching-current 
value* by the end of this pUlse. An external capacitor, CX, 
connected between terminal 5 and 7, as shown in Fig. 7, can be 
used to delay the pulse to accommodate such loads. 

120 V RMS 
60 H. 

RS 
10K 

eXI 

92CS·22587 

Fig. 7-Use of capacitor between terminals 5 and 7 to delay 
. output pulse of zero-voltage switch. 

Continuous gate current can be obtained if terminal 12 is 
connected to terminal 7 to disable the zero-crossing detector. 
This mode of operation is useful when comparator operation is 
desired or when inductive loads must be switched. (If the 
capacitance in the load circuit is low, most rfi is eliminated.) 
Care must be taken to avoid overloading of the internal power 
supply in thismode'since the filter capacitor and gate impedance 
at terminal 4 affect the regulation of the internal power supply. 

Effect of Thyristor Load Characteristics 

The zero-voltage switch is designed primarily to gate a 
thyristor that switches a resistive load. Because the output pulse 
supplied by the switch is of short duration, the latching current 
of the triac becomes a significant factor in determining whether 
other types ofloads can be switched. (The latching-current value 
determines whether the triac wilI remain in conduction after the 
gate pulse is removed.) Provisions are included in the zero-volt
age switch to accommodate inductive loads and low-power 
loads. For example, for slightly inductive loads, it is possible to 
retard the output pulse with respect to the zero-voltage crossing 
by insertion of capacitor Cx from terminal 5 to terminal 7. The 
insertion of capacitor Cx permits switching of triac loads that 
have a slight inductive component and a power dissipation 
greater than approximately 200 watts (for operation from an ac 
line voltage of 120 volts rms). However, for loads less than 200 
watts .(for example, 70 watts), it is recommended that the user 
employ the T2300Bt sensitive-gate triac with the zero-voltage 
switch because of the low latching-current requirement of this 
triac. 

For loads, such as a solenoid valve, that have a low power 
factor, the user may operate the zero-voltage switch in the dc 
mode. In this mode, terminal 12 is connected to terminal 7,aIld 
the zero-crossing detector is inhibited. Whether a "high" or 
"low" voltage is produced at terminal 4 is then dependent only 
upon the state of the differential comparator within the inte
grated-circuit zero-voltage switch, and not upon the zero 
crossing of the incoming line voltage. Of course, in this mode of 
operation, the zero-voltage switch no longer operates as a 
zero-voltage switch. However, for many applications that jn
volve the SWitching oflow·current inductive loads, the amount of 
rfi generated can be tolerated. . 

SWITCHING OF INDUCTIVE LOADS 

Gate drive must be applied to a· thyristor in full-cycle 
operation soon after the current through the device reverses. 
When resistive loads are used, this reversal occurs as the line 
voltage reverses. With loads of other power factors, however, 
the current reversal occurs out of phase with the line voltage. 

There are several methods for switching an inductive load at 
the proper time. If the power factor of the load is high (i.e., if the 
load is only slightly inductive), the pulse may be delayed by 
addition of a suitable capacitor between terminals 5 and 7, as 
described previously. For highly inductive loads, however, this 
method is not suitable, and different techniques must be used. 

*The latching current is the minimum current required to sustain conduction immediately after the thyristor is switched 
from the off to the on state and the gate signal is removed. 

tFormerly RCA40526 
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If gate current is continuous, the triac will automatically 
reverse current. This mode of operation is established by con
nection of terminals 7 and 12. The zero-crossing detector is 
then disabled, so that gate·current is supplied to the triac 
whenever called for by the sensing amplifier. Although the 
rfi-eliminating function of the zero-voltage switch is inhibited 
when the zero-crossing detector is disabled, the problem is 
minimal if the load is highly inductive because the current in 
the load cannot change abruptly. 

Circuits that use a sensitive-gate triac to shift the firing point 
of the power triac by approximately 90 degrees have been de
signed. If the primary load is inductive, this phase shift 
corresponds to firing at zero current in the load. However, 
changes in the power factor of the load or tolerances of com
ponents will cause errors in this firing time. 

The circuit shown in Fig. 8 uses a CA3018 integrated-circuit 
transistor array to detect the absence of load current by sensing 
the voltage across the triac. The internal zero-crossing detector is 
disabled by connection of terminal 12 to terminal 7, and control 
of the output is made through the external inhibit input, 
terminal I. The circuit permits an output only when the voltage 
at point A exceeds twoVBE drops, or 1.3 volts. When point A is 
positive, transistors Q3 and Q4 conduct and reduce the voltage 
at terminal I below the inhibit state. When A is negative, tran
sistors Ql and Q2 conduct. When the voltage at point A is less 
than ±1.3 volts, neither of the transistor pairs conduct; 
terminal I is then pulled positive by the current in resistor R3, 
and the output is inhibited. 

The circuit shown in Fig. 8 forms a puls~ of gate current, and 

Rp 

120 vAC 
50- 60 HI 

.TC 
SENSOR 

92CS-22601 

Fig. 8-Use of CA3058 or CA3059 together with CA3086 
for switching inductive loads. 

can supply the high peak drive needed to power triacs, with a 
low average current drain on the internal supply. The gate pulse 
will always last just long enough to latch the thyristor, so that 
there is no problem with delaying the pulse to an optimum 
time. As in other circuits of this type, rfiresults at initial tum
on if the load is not suitably inductive because the zero
crossing detector is disabled and initial tum-on occurs at 
random. The gate pulse is generated because the voltage at 
point A is less than 1.3 volts. When the thyristor is on, 
therefore, the output of the zero-voltage switch is inhibited, 
as described above. Resistor divider RI and R2 should 
be selected to assure this condition. When the triac is on, the 
voltage at point A is approximately one-third of the instan
taneous on-state voltage (VT) of the thyristor. For most RCA 
thyristors, VT (max) is less than 2 volts, and the divider shown is 
a conservative one. When the load current passes through zero, 
the triac commutates off. Because the circuit is still being 
driven by the line voltage, the current in the load attempts 
to reverse, and voltage increases rapidly across the "turned-ofP' 
triac. When this voltage exceeds 4 volts, one portion of the 
CA30l8 conducts and removes the inhibit signal to permit 
application of gate drive. When the triac is turned on, the voltage 
across it drops, and the gate pulse ends. If the latching cuirent 
has not been attained, another gate pulse forms, but with no 
discontinuity in the load current. 

LATCHING CIRCUITS FOR RESISTIVE LOADS 

When a resistive load, such as in an indicator lamp or heater 
element, is to be latched on, and the elimination of tum-on 
transients must be minimized, the circuit of Fig. 9 provides 

Fig. 9-Circuit that provides zero-voltage switching at the onset 
of turn~n and at each half cycle thereafter. 

zero-voltage switching at the onset of turn on and at each 
half-cycle thereafter until switched off. In addition, this circuit 
provides dc power to the COS/MaS logic directly from the in
ternal supply of the zero-voltage switch. The unused portion of 
the CD400 I can be applied to the other functions or to the same 
function if multiplicity of operation is required. 
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In the circuits of Figs. 2 and 9, the f1ip.f1op logic function 
is' implemented with low.power COS/MaS gates. However, in 
Fig. 9, the output, Q, controls the level of voltage at the input 
of a voltage comparator in the ZVS, tennlnal 13. Gate pulses 
generated at each zero.voltage crossing are generated from the 
ZVS at terminal 4 and drive the triac in the 1+ and III+ gate 
modes. In Fig. 9 the triac Is gated on at the beginning of each 
half cycle of ac line voltage, including the first half cycle, and 
rfi is virtually eliminated. However, because the gate pulses 
generated are very narrow (approximately 100 microseconds 
wide) at a time when line voltage is near zero (approximately 
2.4 volts), this circuit is not recommended for use with highly 
inductive or low.power loads which prevent the minimum 
triac.latching current from flowing through the load circuit 
prior to the end of the gate pulse. The circuit of Fig. 10, a 
latching type circuit for electromechanical loads that uses the 
same basic logic as the circuit of Fig. 9, is suggested for the 
control of inductive-loads by a triac. 

LATCHING CIRCUITS FOR INDUCTIVE LOADS 

Fig. 10, a modification of the zero·voltage switch using a 
CAJOl8 transistor array, effectively converts the CA3059 into a 
zero load-current switch and provides a gate pulse long enough 
to assure that latching current is achieved. In this mode of oper· 
ation the initial turn on can occur at random; however, as a result 
of the inductive -nature of the load, rfi is usually minimal. 

In Fig. 10, the CA3018 transistor array is used to sense the on 
state of the triac by monitoring the T1 to T2 voltage. Once the 
triac has latched on, the T1 to T2 voltage will be no greater 
than about 2.0 volts for any RCA tri~c operating within its 
ratings. The CA3018 interfaces with the ZVS switch at terminal 
1. Terminal 12 is tied to terminal 7 to disable the zero.voltage 
crossing sensor. In this configuration, a gate output pulse at 
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terminal" 4 occurs when the following two conditions occur 
simultaneously; f1ip·f1op output, Q, high, and triac T2 voltage 
greater than apprOximately 4 volts. As in the preceding circuits, 
de supply voltage is available directly from the internal regu· 
lated supply of the ZVS. 

An alternate logic function in some machine processes re· 
quires activation of the load after the start switch has been 
closed and opened; Fig. II is a typical electromechanical circuit 
which accomplishes this function. When switch S is moved to the 
B position, relay K is activated and latched on through the KB 
contacts. Load current is blocked by the open contact A at 
switch S; the contact remains open until switch S is released. 
Load current flows after switch S is released until the latched 
relay is de-energized by interrupting the current in the relay coil 
by opening switch R momentarily. 

LATCHING CIRCUITS WITH HOLD·OFF FUNCTION 

Fig. 12 shows a solid·state circuit whosefunctionisidenti~al 
with the circuit of Fig. I 1. In Fig.l2, the ZVS is used as in Fig.9; 
Fig. 2 or Fig. 10 may be modified similarly, as the only change 
required involves the COS/MOS logic circuitry. No' additional 
components are necessary to accomplish this logic function. In 
Fig. 12, a third dual·input NOR gate (unused in the circuits 
previously described) holds the Q output of the flip·flop off as 
long as the set or start switch, S, remains closed because the A 
input to gate III is held high. The closure of S has also changed 
the state of Q to a low level. When S is released or opened, the A 
and B inputs of gate III are both low, and the output, C, goes 
high and enables the ZVS to generate gate pulses to the triac. 
Capacitor CI serves to integrate the set· or start·voltage step, 
thereby allowing time for switch contact bounce to subside; 
otherwise, transient pulses may appear at output C during 
closure of switch S. 

I 
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I 
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* FOR SELECTION OF RSAND CgSEE RCA APPLICATION' NOTE AN-4745 
'ZCM-23,,,,j 

Fig. to-A latching.type circuit for electromechanical loads. 
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FIg. t I-Electromechanical circuit that activates the load after the 
start switch has been closed and opened. 

The circuit in Fig_ 10 may be unusable in some applications 
requiring very low turn-on transients_ Turn-on in this circuit can 
occur anywhere within the first positive or negative half cycle 
and can cause a significant rate of change of current in the load, 
particularly if the load is resistive in nature_ Once latch-up of the 
trigger circuit is complete, each half-cycle trigger will occur 
when approximately ±4 volts appear across the main terminals 
of the thyristor. 

DELAYED LATCHING WITH ZERO-VOLTAGE SWITCHING 
Fig. 13 is a latching circuit which switches the triac on at the 

first zero-voltage crossing following the initiation of the oper
ating cycle. Thereafter, each gate pulse occurs as the triac voltage 
increases in magnitude to greater than 4 volts. This circuit 
utilizes the ZVS as a zero-voltage clock to initiate a change of the 
state of the flip-flop at a zero-voltage crossing when the S orstart 
switch is closed. The CA3083, a S-transistor array, serves the 
same function as the CA3018 in the previously described 
circuits. In addition, Q2 is used as a triac gate current driver in an 
emitter-follower fashion. Within 8.3 milliseconds after the start 

0.001 92CS-i!'393B 

Fig. 12-Solid-state circuit that accomplishes the function 
of the electromechanical circuit of Fig. t 1. 

RS 
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Fig. 13-Latching circuit that switches the triac on at the first ze'~voltage crossing 
following initiation of the operating cycle. 
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switch is momentarily depressed, a pulse from the ZVS will 
change the state of the flip-flop, causing i:i (A input to gate III) 
to go low _ This change occurs within 2.4 volts of the zero-voltage 
crossing. The CAJ083 circuit holds the B input of gate III at a 
high level until the triac T2 voltage approaches approximately 4 
volts. At this time the CA3083 circuit clamps the B input of gate 
III to a low level and allows the gate III output to go to a high 
level. Transistor Q2 is biased on, which gates the triac on. As 
soon as the triac is latched on, the CAJ083 circuit senses a low 
triac T2 voltage, approximately 2 volts, and causes the B input of 
gate III to go high and inhibit any additional gate drive to the 
triac. The inductive load causes a phase lag of current with 
respect to the line voltage. During the first half cycle of con
duction, the triac will be on for more than one half cycle, as 
illustrated in Fig. 14. The beginning of the second and subse-
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Fig. 14-Time relationship of various signals in th~ circuit of Fig. 13. 
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quent half cycles of conduction will be out of phase with the 
zero-voltage crossings. However, gate triggering will occur each 
time 1:I)e T2 triac voltage is greater than the value of 
approximately ±4 volts until the reset or stop switch is 
momentarily closed. The reset does not depend on ZVS pulses as 
the triac inherently commutates off at zero current. Fig. 14 
illustrates the time relationship of the various signals in the 
circuit of Fig. 13. 

In each of the latching circuitsincorporating'a CA3059, an 
additional control input or feedback signal may be used to 
modulate a control function. One very common feedback 
function in machine controls is temperature. A thermistor may 
be substituted for one of the two resistors biasing terminal 13 of 
the zero-voltage switch, as shown in Fig. 4. This variable element 
will inhibit output pulses at terminal 4 whenever the voltage on 
terminal \3 is reduced below the voltage at terminal 9. This 
approach is not directly applicable to the circuit of Fig. 13; 
however, temperature feedback can be used to prevent initiation 
of a process control function with this circuit. 
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Thyristors in CD Ignition Systems 

Capacitive-discharge (CD) ignition systems have been in use 
since the introduction of SCR's. The early recognition and 
application of the benefits of the SCR CD ignition in limited 
areas of the small-engine market (one·cylinder, two-and 
four-cycle engines, and marine engines) has since expanded to 
nearly 100 percent penetration of that market. Each day 
additional applications are added; chain saws, lawn mowers, 
snowmobiles, motorcycles, mini-bikes, fence chargers and 
auxiliary power sources are relying on the maintenance·free, 
high performance CD ignition system. Large-engine systems, 
such as the automotive CD systems have emerged as 
replacement-market product primarily for economic reasons. 
However, expansion in this area is expected to increase because 
of the energy crisis, which has stimulated the demand for greater 
fuel economy with improved performance. A third class of CD 
ignition system also relates to the energy crisis. The line
operated ignition system, or solid state pilot light used to ignite 
gas and oil burners in the home and industry, has taken on a new 
importance because of its reliable, energy-saving performance. 

This Note describes the requirements of small-engine ignition 
systems (those deriving electrical energy from a flywheel 
alternator system), automotive or battery-powered systems, and 
the ac line-operated igniters. The merits of both capacitive and 
inductive systems are compared. Both systems are described in 
terms of performance and limitations. Practical circuits are 
shown. 

BASIC CONSIDERATIONS FOR AUTOMOTIVE SYSTEMS 

Under worst-case conditions, about 22 kilovolts are required 
to ignite the combustible mixture in the cylinder of an 
automobile engine. In addition, a minimum energy of about 20 
millijoules must be available in the spark to assure propagation 
of a stable flarne front originating at the spark. The exact values 
of voltage and energy required under all operating conditions 
depend on many factors, including those described in the 
following paragraphs. 
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Condition of Spark Plugs 

Fouled plugs reduce both the voltage and the energy available 
for ignition. The plug gap also affects both the voltage and the 
energy reqUired. As the plug gap is increased, the required 
voltage increases, but the required energy decreases. 

Cylinder Pressure 

The cylinder pressure depends on both the compression at the 
point of ignition and the air-fuel mixture. The minimum 
breakover voltage in any gas is a function of the product of gas 
pressure and electrode ·spacing (paschen's Law). In automobile 
engines, the minimum voltage increases as this product increases. 
Therefore, higher pressures also require higher voltages. 
However, the energy required decreases as the pressure increases, 
and increases as the fuel·air mixture deviates from the optimum 
ratio. Worst-case conditions occur when the engine is started, at 
idle speeds, and during acceleration from a low speed because 
carburetion is poor and the fuel-air mixture is lean. The 
combination of a lower cylinder pressure and a dilute fuel-air 
mixture under these conditions results in a high energy 
requirement. 

Spark Plug Polarity 

The center electrode of the spark plug is hotter than the 
outside electrode because of the thermal resistance of the 
cerarnic sleeve that supports it. If the center electrode is made 
negative, the effect of thermionic emission from this electrode 
can reduce the required ignition voltage by 20 to 50 percent. 

Spark Plug Voltage Waveshape 

The spark plug voltage waveshape is shown qualitatively in 
Fig. 1. The Voltage. starts to rise at point A and reaches ignition 
at point B. The region from B' to C represents the sustaining 
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Fig. 1 - Ignition-voltage waveSh8pe. 

voltage for ionization across the spark plug. When there is 
insufficient energy left to maintain the discharge (at point C), 
current flow ceases and the remaining energy is dissipated by 
ringing. The fmal small spike at point D occurs when the ignition 
coil again starts to pass current. 

The two most important characteristics of the voltage 
waveshape are its rise time (from A to B) and the spark duration 
(from B' to C). A rise time that is too long results in excessive 
energy dissipation with fouled plugs; a rise time that is too short 
can lead to loss by radiation through the ignition harness of the 
high-frequency components of the voltage. The minimum rise 
time should be about 10 microseconds; a 50 microsecond rise 
time is acceptable. Conventional systems have a typical rise time 
of about 100 microseconds. It should be noted that, at an engine 
speed of 5000 revolutions per minute, one revolution takes 12 
milliseconds. Engine timing accuracy is usually no better than 2 
degrees, which corresponds to 67 microseconds. The error 
caused by the rise time is therefore comparable to normal timing 
errors. At normal cruising speeds (about 2000 revolutions per 
minute), the 2-degrees timing error corresponds to about 165 
microseconds, and rise-time effects are negligible. 

Energy Storage 

The energy delivered to the spark plug can be stored in either 
an inductor or a capacitor. Although the inductive storage 
method is the more common approach, both are used; both are 
discusSed below. One requirement common to both methods is 
that, after the storage element is discharged by ignition, it must 
be recharged before the next spark plug is fired. For an 
eight-cylinder engine that has a dwell angle of 30 degrees, the 
time T between ignition pulses (in milliseconds) is equal to 
15,000 dMded by the engine r/min, and the time ton during 
which the points are closed is equal to IO,OOO/r/min. When the 
engine r/min is 5000, ton is 2 milliseconds. Therefore, the 
charging time constant for either an inductive or a capacitive 
storage system should be small compared to 2 milliseconds. 

INDUCTIVE-DISCHARGE AUTOMOTIVE SYSTEM 

Fig. 2 shows the basic circuit for an inductive-discharge 
Rp I:N rTm .... ,,"" 

V".'IT '{s 
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Fig. 2 - Basic ;nductive-d/scharge ignition circuit (Kettering system). 
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system. The total primary-circuit resistance (ballast plus coil) is 
represented by Rp; the primary inductance of the coil is 
represented by !.p. Switch S represents the points in a 
conventional system. The step-up turns ratio of the transformer 
is N. When the points close, current increases exponentially with 
a time constant tL equal to !.p/Rp. The maximum primary 
current Ip is equal to VBAT/Rp,and the energy eLstored in the 
coil is equal to !.pIp2/2. When the points open, a voltage V p is 
generated across the primary' terminals; this voltage is equal to 
-!.p(dIp/dt), where Ip is the primary current as a function of 
time t. The secondary voltage V s' which is delivered to the spark 
plugs through the distributor, is equal to NV p. 

The maximum current is limited to about 4 amperes by 
possible burnout of the points. The total energy stored in the 
coil must be about 50 millijoules to provide for energy losses by 
radiation, fouled plugs, and the like. For a battery voltage of 12 
volts and a primary-circuit resistance of 3 ohms, Lp must have a 
value of about 6 millihenries. The time constant tL is then about 
2 milliseconds; the coil current does not reach its maximum 
value at high engine speeds. Fig. 3 shows primary current and 
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Fig. 3 - Performance of conventional inductive-discharge ignition 
system. 

secondary voltage as a function of engine speed for a typical 
non-transistorized ignition circuit. The degradation in secondary 
voltage follows the primary current. The available energy 
decreases even more rapidly because it is proportional to the 
square of the current. This problem can be even more severe than 
indicated because some conventional ignition coils have 
inductances as high as 12 millihenries, and the time constant is 
correspondingly longer. 

CAPACITIVE-DISCHARGE SYSTEMS 

The basic capacitive-discharge system is illustrated in Fig. 4. II 
is important to note that the transformer serves simply as a pulse 
transformer. Therefore, performance at high engine speeds is not 
affected by the primary inductance of the transformer but, 
instead, is governed by the time required to charge capacitor C to 
the desired voltage level. 



____________________________ AN-6288 

DC 
SDURCE 

PULSE 
cr ____ ~----l~-T~R~A:;NSFORMER 

(bl 

92CS-21B04 

Fig. 4 - Basic configuration for capacitillB-discharge ignition circuits: 
faJ storage capacitor connected across input tlo/tage source; 

(b) storage capacitor connected in series with input voltage 
,Quretl and pulse transformer. 

Basic Circuit Operation 

The trigger control circuit (which can be a transistor switch) is 
controlled by the distributor points. More sophisticated 
distributor control, such as that available from distributors in 
which the voltage pulses are derived magnetically or photo
optically, can also be used to control the trigger circuit. The 
capacitoris charged to the dc voltage; the stored energy e is equal 
to C(vcl2/2, where Vc is the capacitor voltage. At the 
appropriate time, the trigger control circuit fues the SCR. The 
capacitor discharges through the transformer, which steps up the 
voltage to a value Vs equal to KNVs. N is the transformertums 
ratio and K is a constant that is dependent mainly on the value of 
the capacitance and of the transformer leakage inductance, and 
generally ranges between I and 1.5. The stored energy is thus 
delivered to the spark plug in the form of a high-voltage pulse. 
Typical values for V c and C are about 350 volts and I 
microfarad, respectively. Thus, the energy e is about 60 
rnil1ijoules. 

Because the energy dissipated in the spark gap is equal to the 
energy stored in the capacitor minus the losses in the 
transformer and SCR, the energy available in the system is 
relatively easy to calculate. Examination of the basic circuits 
shows that the energy is transferred only when the SCR is 
forward conducting with the gate biased on. However, part of 
the energy is not available in the basic circuit because the 
capacitor and inductor form a tuned circuit when the SCR is on, 
and the energy that would normally flow back from the inductor 
to the capacitor is stopped by the high reverse impedance of the 
SCR. This energy is, therefore,lost as available spark energy. The 
duration .of the spark is limited, then, to approximately one-half 
cycle of the natural 1£ frequency of osciUation. 

Some of the energy lost can be regained and used to increase 
the spark duration by installing a diode in the basic circuit of Fig. 

4 as shown in Fig. 5. The diode not only bypasses the reverse 
impedance of the SCR but eliminates the possibility that the 
SCR might conduct in the reverse direction should the gate of 
the SCR be biased on at this time. Thus, in addition to improving 

DC 
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Fig. ,5 - Basic circuit configurations shown in Fig. 4 modified by the 
addition of a diode in shunt with the SCR switching device. 

the low-temperature performance of the system by increasing 
spark duration, the diode reduces the possibility of excessive 
heating and damage to the SCR that could accompany reverse 
conduction, and thereby reduces the overall cost of the system 
by reducing the reverse blocking requirement of the SCR. The 
ratio of spark duration to charging time decreases with 
increasing r/min, so that in some applications an r/min limit may 
be reached which is below the desired maximum because of 
charging-time requirements. 

CAPACITIVE VS INDUCTIVE SYSTEMS 

Economic Considerations 

The capacitive-discharge system is generally acknowledged to 
be technically superior to the inductive-discharge system. Its 
chief disadvantage is economic. Although the transformer may 
be less expensive than an ignition coil, the capacitor must be of 
fairly high qUality. The SCR and its associated trigger circuit are 
generally more expensive than comparable transistors and 
trigger circuits for inductive·discharge systems. Finally, the 
capacitor charging circuit in an automotive ignition system is a 
dc-to-dc converter, which represents an additional cost element. 
Such converter circuits typically require a transformer, two or 
four diodes for rectification, and one or two transistors. With the 
increasing use of ac alternators in automobiles, it may eventually 
be possible to tap off the ac voltage, step it up to the desired 
voltage by use of a simple transformer, and rectify it. However, it 
is not clear at this time that this approach is desirable or less 
costly. Despite these considerations, there are a number of 
capacitive-discharge systems available on the replacement 
market. 
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Technical Considerations 

An important advantage of the capacitive~ischarge system is 
that the input power increases in direct proportion with the 
increased spark plug power required as engine speed increases. In 
the inductive~ischarge system, on the other hand, the opposite 
is true, as shown in Fig. 6. The required power is the product of 

120 

I 
100 

;0 
I eo 

0: 

- -~_ I 
~G£ -... 

;0 

2 60 ... 
~ 
::i 40 
~ 

20 

--~ c,,"pp.c,1\'lJE -,- lON\"{ION 

1000 2000 3000 4000 5000 6000 
ENGINE SPEED - r Imln. 

92CS-2J806 

Fig. 6 - Ignition power requirements 

the energy required per ignition pulse and the number of ignition 
pulses per second. The upper curve of Fig. 6 was determined 
experimentally for the circuit of Fig. 2 for a battery supply of 14 
volts. In the capacitive-discharge system, input power can be 
made proportional to the required spark plug power because the 
capacitor is charged once per ignition pulse and holds Ibis charge 
until needed. In addition, feedback can be used to tum the 
converter off after the capacitor is charged and, thus, to cut off 
the input power to the system. The input power can therefore be 
made proportional to engine speed, and higher efficiency can be 
achieved at all speeds. The curve shown in Fig. 6 applies for a 
commercially available capacitive~ischarge system. The higher 
efficiency of this system is apparent. 

A second important advantage of the capacitive·discharge 
system is that faster rise times are more readily obtained because 
. the transformer acts only as a pulse transformer and not as an 
energy storage element. Therefore, its high.frequency response 
characteristic is governed by its leakage inductance, which is 
much smaller than the primary magnetizing inductance. This 
advantage is obtained even when a conventional ignition coil is 
used as the pulse transformer. Secondary voltage rise times of 
approximately 15 to 30 microseconds are readily obtained. As 
discussed previously, the shorter rise time greatly enhances the 
ability of Ibis system to fire fouled plugs. 

A major operating point that must be considered in the 
·capacitive discharge system is when to charge the capacitor. In 
some systems the capacitor is charged soon after discharge, in 
others, just before discharge. The second method is the better in 
that it minimizes the losses resulting from leakage, but this 
advantage is somewhat negated because of the precise timing 
required to institute the charge just prior to discharge. This 
requirement can result in complex mechanical or electrical 
arrangements. 
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Component Requirements 

The reliability and performance of CD circuits depend heavily 
on the proper rating of the SCR and the quality I!f the storage 
capacitor. Because the specifications and characteristics of the 
spark coil are usually known, the design of an ignition circuit is 
usually begun there; the spark duration and energy required 
determine the size of the capacitor and the charging voltage. 
Once the charging voltage and capacitor size are known, the rate 
of change of current can be determined as well as the peakcurrent 
which occurs in the capacitor·SCR-coil circuit. The maximum 
temperature just prior to and during operation of a CD circuit is, 
perhaps, the most important consideration in characterizing the 
SCR for the circuit, as these conditions dictate the permissible 
forward.blocking leakage level at the required blocking voltage. 
A leakage level which becomes excessive will discharge the 
voltage on the storage capacitor rapidly, and adversely affect 
performance. This condition is of particular concern during 
starting of a hot system because cranking speeds are slow, and 
engine temperatures may be higher than normal running 
temperatures. 

Economic trade-offs in component selection should be 
considered at this point. A higher charging voltage may be 
considered to permit the use of a high.voltage regulator to 
compensate for leakage in both the capacitor and SCR. A circuit 
designed to charge the capacitor just prior to discharge would 
also tolerate a higher level of leakage current in the SCR. 
However, the rate at which the capacitor is charged is limited by 
the capability of the SCR to withstand practical amounts of 
static dv/dt at the worst-case temperature. Low-temperature 
operating limits require consideration of gate-firing 
characteristics. The SCR gate voltage and, to a greater degree, 
the gate current required, increase as temperature decreases. 
Gate-current sensitivity must be kept to a low enough level at 
high-temperature extremes to avoid spurious or false tum on. 
This sensitivity establishes the gate current requirement at the 
low-temperature extreme. In most CD applications, minimum 
and maximum gate-current requirements are specified at 250C 
and are correlated with minimum and maximum limits at the 
temperature extremes of operation. 

The SCR parameter values that must be specified to assure 
reliable operation in ignition circuits are shown in Table I. To 

TABLE I - SCR PARAMETER VALUES OF IMPORTANCE IN 
IGNITION CIRCUITS 

IDROM when VD =VCapacitor+ 20% ata case temperature TC of 
lOOoC. 

when VR = 25 volts when using a diode asin the circuit of 
Fig.S. 

or 

when VR = Vpeak reverse due to flywheel effect in the 
flywheel charged system. In both cases, TC i.1 OOOC. 

VT when I = lpeak' the value ofVTisapproximately 2.S t04 
volts depending on current pulse amplitude, repetition 
rate, and ca~ temperature. 

Vgate at 12 volt. with RA = 30 ohm •. Vgate and IBate will be 
maximum or minimum limits depending on trigger-circuit 
requirements. Higher limits help prevent spurious rlring as 
a result of noise. 
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determine the rate of rise of charging voltage, the relationship i = 
C dV{dt can be applied to the charging circuit values. During 
discharge of the capacitor, the rate of rise of discharge current, 
the peak anode current, and the maximum repetition rate must 
not exceed the ratings of the SCR: Ipk = Ecap{ LC, di{dt = 
Ipk{2{TI, as illustrated in Fig. 7. The repetition 'rate is 

The ac potential across transformer TI is rectified by diode D2, 
and charges capacitor CI to the required voltage. Resistor RI, 
which may be part of the charging·winding resistance,limits the 
current and prevents the SCR from firing as a result of the 
imposition of a dv{dt value in excess of the capability of the 
SCR. The combination of diodes DI and D2 prevents the 
charging winding of transformer TI from impressing a high 
reverse voltage across the SCR. Resistor R2 damps variations in 
the input impedance of the SCR. The SCR is triggered at the 
appropriate time, and the energy stored in the capacitor is 
transferred into the primary of T2, thus causing a spark at the 
spark gap. The voltage required to break down the spark gap is a 
function of the spacing of the electrodes and pressure in the 
cylinder in the vicinity of the gap. The spark in the gap lasts until 
the value of current passing through the SCRis below its holding 
current. When the SCR stops conducting, DI and D2 start 

1£:-----..,~--..,L----'~--7"'.<::..---- t conducting in the reverse direction and lengthen spark duration. 

92CS-24851 

Fig. 7 - SCR ratings. 

determined by the average power dissipation and the maximum 
junction temperature for worst-case high-temperature 
operation. 

The ignition coil used in the capacitive-discharge circuit can be 
a specially wound, low-inductance unit or the existing coil. The 
existing coil has an advantage in that it can be used with a 
breaker-point distributor to provide the ignition function in the 
event of an electronic failure. The major disadvantage ofthe use 
of the existing coil is that the benefits of ignition pulses with 
sharp rise times, the type of pulses needed to fire fouled spark 
plugs, are reduced because of the inductance of the coil. Because 
of the ease of obtaining a trigger pulse and the circuit simplicity, 
the SCR capacitive-discharge system is used almost exclusively 
on small engines. 

TYPES OF CAPACITIVE-DISCHARGE SYSTEMS 

There are three systems in which capacitor-discharge ignition 
circuits can be used to good advantage: the flywheel-charged 
small .. ngine system, the inverter-charged system such as that 
used in automotive and stationary engine systems, and the 
line-charged ignitor used with gas-operated appliances such as 
dryers and furnaces. All of these systems are operated 
similarly: energy stored in a capacitor is transferred to a spark 
gap through a transformer and SCR; the SCR assures a 
short-duration spark. 

The circuit of Fig. 8 is typical of that used in the three systems. 
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Fig. 8 - Typical circuit configuration for a capacitive-discharge ignition 
system. 

Mter the SCR turns off, CI is discharged, and the circuit is ready 
to repeat the cycle. 

Flywheel-Charged Systems 

Some of the simplest ignition systems are constructed using 
the flywheel-charging method as this method affords a reliable 
circuit with a minimum of active components. The system 
makes use of a rotating magnetic field to charge the capacitor 
and to trigger the SCR; mechanical position determines timing. 
The designer has several options in the determination of when 
the charging of the capacitor takes place in the flywheel system. 
The most advantageous time occurs just before the capacitor is 
to be discharged. However, some voltage regulation problems 
must be considered. Because V = Nd4>{dt where d4> and N are 
constant, the voltage produced across the charging winding 
varies with r{min. At low flywheel speeds, there may not be 
enough voltage available to produce the energy required; at high 
flywheel speeds, it is possible to have too high a voltage and 
therefore to exceed the voltage breakdown rating of the SCR 
and cause premature triggering. Ii the breakdown voltage rating 
of the capacitor is also exceeded, the capacitor will be damaged. 
Therefore, some means of accommodating or regulating the 
voltage must be considered. 

The design of the trigger coil is also important. It must be 
capable of providing voltages and currents high enough to gate 
the SCR into conduction at all temperatures. In addition, 
consideration should be given to the fact that the gate pulse 
should end before the current through the SCR ceases to flow so 
that the device is not gated during the period of reverse voltage. 

As is evident in the above discussion, a major factor in the 
performance of the flywheel ignition circuit is the design of the 
magnetic components used for the triggering and charging 
functions. A typical example of a fly-wheel charged ignition 
circuit is shown in Fig. 9. 

Regulation of the charging voltage may be accomplished with 
a zener diode or an SCR. The zener-diode method in Fig. 10 
regulates by clamping the charging voltage to a set level. 
However, dissipation within the zener may be difficult and 
costly to contend with in some applications. The SCR regulator 
in Fig. II provides a crowbar mode of regulation which 
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Fig. 9 - Flywheel-charged igniter circuit. 
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Fig. 10 "- Zener-diode regulator. 92CS-24B52 
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Fig. 11 - SCR regulator. 92CS-24853 

dissipates a minimum of power but requires additional gate 
triggering circuitry. In most flywheel charging systems, the 
open-circuit charging voltage may approach 1000 volts. In the 
event of an open gate circuit or malfunctioning trigger coil, the 
capacitor voltage will tend to build up toward the open-circuit 
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charging voltage and cause damage to the charging components, 
capacitor, or SCR if the charging voitage is not regulated. 

Because of the inherent simplicity of flywhee\-Charged 
systems, a gate trigger pulse can be easily generated from a 
flywheel magnet and pick-up coil. The shape of the magnetic 
core of the pick-up coil can be tailored to provide multiple pulses 
for gating. Air gap and core size can be formed as in Fig. 12 to 
provide an earlier than normal gate pulse of very lowamplitude 
at low flywheel speeds. As engine speeds build up, the amplitude 
of the earlier gate pulse will be sufficient to trigger the SCR. In 
this manner, an automatic timing advance can be designed into 
the CD system. In small engines, which are usually hand started, 
this automatic timing advance provides easier "no kick" starting 
with timing advanced once the engine reaches normal running 
speed. 

Inverter-Charged Systems 

A system that eliminates the need for flywheel magnetics is 
the inverter-charged system. This system is used where a battery 
is available, such as in an automobile. 

There are some practical considerations which limit the use of 
the inverter system. The first limitation is starting under low 
temperature. At an ambient temperature of -400 C, the 
available battery voltage in a "12-volt" automotive syStem 
(12-volts nominal at 250 C) may be as low as 6 volts dc because of 
the starter current required at this temperature and the reduced 
battery capability. In addition, at this" temperature , the fuel-air 
mixture is "wet, particularly in a two-cycle engine. For reliable 
starting, the full spark energy must be available inunediately. 
This means "t.'lat the inverter must be capable of producing the 
full energy at low supply voltages. The voltage step-up ratio of 
the system transformer is constant and therefore cannot be 
increased as the temperature decreases; such an action would 
assure sufficient voltage at low temperatures, but would subject 
the capacitor and SCR to voltages in excess of their ratings under 
normal conditions and after starting. The problem of starting at 
low temperature may be circumvented by regulating the voltage 
on the capacitor or by using a transformer With a higher step-up 
ratio than required and then shutting down or removing the 
inverter, with its transformer, from the circuit at a time that will 
prevent any voltages from becoming a problem. 

As the maximum r!min of the engine increases, the demands 
on the inverter also increase; this variation in demand can be 
alleviated by ballasting. When ballasting of the ignition is 
accomplished by means of a regulator Circuit, external ballasts 
are not needed. A typical example of an inverter-type ignition 
system with regulator ballasting is shown in Fig. 13. The trigger 
circuit shown in the figure is subject to the same variations in 
potential as the inverter circuit in addition to others arising from 
the need to gate the SCR with a high-current at low temperature 
when the available voltage is low. This gating problem can only 
be solved by a compromise between overdriving of the gate at 
high temperature and maintaining only an adequate drive at low 
temperatures; there are many circuits that can be used to achieve 
this compromise. 

The inverter must be capable of handling a power level, 
typically between 20 and 50 watts, representing an energy level 
of 80 millijoules per pulse, for a 4-cycle, 8-cylinder engine. The 
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inverter circuit should operate at a frequency high enough to 
make use of smaller transformer-core sizes and yet be able to 
incorporate !ow-cost power devices. The RCA line of home
taxia! power transistors is generally very reliable and economical 
in inverter ignition systems. 

CAPACITIVE·DISCHARGE 
AUTOMOTIVE IGNITION SYSTEM 

Fig. 13 - Block diagram of an inverter-charged ignition system. 

Fig. 14 shows the circuit diagram for a low-cost transistorl 
SCR capacitor-discharge ignition system for passenger automo· 
biles. This system offers the advantages of reduced maintenance, 
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C1 = 0.25 p.F, 200V 
C. = 1 p.F, 400V 
C3 = 1 p.F, 25V 
C. = 0.25 p.F, 25V 
F = SA 
L1 = 10 p.H, lOOT of No. 28 wire are wound 
on a 2W resistor (100 ohms or more) 
R1 = 1000 ohms 
R. = SO ohms, 5W 
R. = 22000 ohms 
R. = 1000 ohms 
R. = 10000 ohms 
Ro = 15000 ohms 
R. = 8200 ohms 
R. = 0.39 megohm 
R. = 220 ohms, lW 
R10 = 1000 ohms 
Rll = 68 ohms 
R12 = 4700 ohms 
R13 = 27000 ohms 

T. = Tronsformer, wound as follows: A 112 in. 
bobbin ando EI slack of grain oriented silicon 
sleel are used; first, 1 SO turns of No. 28 wire 
are wound and labeled start 1 and finish 1 
on the winding: second, SO turns of No. 24 
and No. 30 wires are wound bifilar and 
labeled start 2 and finish 2; third, 150 turns 
of No. 28 wire are wound and labeled start 
3 and finish 3. All windings are wound in the 
same direction. A total air gap of 70 mil (35 
mil spacer) is used. Connections are made as 
shown in Fig. 783. 

All the resistors are lhW unless otherwise 
indicated 

o These components are subiect to excessive 
temperature rise unless provision is made to 
Iransfer the heat to the ambient air by means 
of an appropriate heat sink. 

Fig. 14 - An SCR capacitive-discharge automotive ignition circuit. 
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Fig. 15 - Details of inverter transformer (Tt) shown in Fig. 14. 

smaller current drain on the automobile battery, fun output 
voltage at low battery voltage (down to 4 volts), and a 
high-voltage output pulse that has a rapid rate of rise_ As pointed 
out previously, this latter factor provides greater assurance of 
the firing offouled spark plugs_ 

The SCR ignition system is essentially a combination of eight 
basic circuit units, as fonows: (1) A single-ended, self-oscillating 
swinging-choke inverter is used to provide the dc-to-ac inversion 
and the step-up of the battery voltage_ (2) An output circuit that 
includes an SCR, a storage capacitor, an ignition coil (a standard 
automotive ignition coil is used), and a commutating diode 
develops the fast-rising high-voltage pulse for the spark plugs_ (3) 
The commutating diode and a single rectifying'diode form a 
capacitor-charging circuit to transfer energy from the inverter to 
the output-circuit storage capacitor_ (4) A regulator stage 
controls the frequency of the inverter stage to provide efficient 
regulation of the voltage across the storage capacitor_ (5) A 
protection circuit (limiting inductance and resistance) prevents 
damage to the system by transients that may be developed in the 
case of an open or shorted ignition coil or because of 
high-voltage arcing to either primary terminal of the ignition 
coil. (6) A shutdown circuit holds the inverter inoperative when 
the ignition breaker points are open_ (7) A trigger circuit 
suppresses the normal bounce of the breaker points and also 
prevents SCR triggering by the residual voltage across the closed 
points_ (8) A method of SCR commutation is used that involves 
the interplay of several parts of the overan system_ 

Inverter. Regulator.;and Capacitor-Charging Circuit 

The inverter uses a 2N3055 transistor (Qj} in a single-ended 
output stage, a 2N3053 transistor (~) in an emitter-fonower 
driver stage, and a 2N21 02 transistor (Q3) in a control stage that 
is part of the shutdown circuit which holds the inverter 
inoperative when the ignition breaker points are open. 
Regenerative feedback is coupled from the feedback winding of 
the inverter output transistor TI back to the bases of the driver 
and output transistors. The high gain provided by the 
combination of transistors QI and Q2 assures osciUation and low 
drive-power requirements for the inverter. The starting resistor 
R5 provides a forward bias that drives transistors QI and Q2 into 
conduction to initiate oscillation in the inverter. The 
regenerative action of the circuit very quickly drives the output 
transistor QI into conduction, and essentially the full battery 
voltage is then applied across the primary of the inverter output 
transformer TI. The resultant current increase in the 
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transformer primary winding induces a voltage across the 
feedback winding that supplies sufficient current through 
resistors RI and R4 and diode 01 to maintain the output 
transistor QI in saturation. During this part of the operating 
cycle {i.e., during the conduction of transistor QI, the voltage 
across the secondary winding of transformer TI reverse-biases 
the rectifying diode 02 in the capacitor-charging circuit, and no 
energy is transferred to the output circuit of the ignition system. 

With transistor QI operating with fixed base current (in 
saturation), its conector current rises to a value beyond which it 
cannot increase. As a result, the feedback voltage is decreased, 
and no longer maintains base drive to transistor QI, and the 
transistor starts to turn off. The regenerative action of the 
inverter circuit causes a rapid reversal of the base drive for 
transistors QI and Q2. These transistors, therefore, are quickly 
cut off, and a "flyback" voltage pulse is gen~rated at the 
conector of the output transistor QI. Diode 03 blocks the 
reverse voltage and limits the reverse base drive. The reverse-bias 
current that turns off transistors QI and Q2 is applied through 
resistors R3 and RI, respectively. The flyback-pulse voltage is 
stepped up across the secondary of transformer T I. The polarity 
of this pulse, however, is such that the rectifying diode D2 
becomes forward-biased. As a result, the energy previously 
stored in the primary winding of transform~r TI is transferred 
through the secondary winding, rectifying diode 02 and 
commutating diode 03 to charge the output-circuit storage 
capacitor C2. The capacitor CI connected across transistor QI 
reduces the amplitude of the leakage·inductance pulse and 
restricts the rate of rise of the collector voltage of transistor QI. 
The charging current for capacitor C2 is shunted around the 
ignition coil by the commutating diode 03 so that no energy is 
transferred into the ignition coil and from there to the spark 
plugs. 

When the collector voltage of transistor QI decreases to a 
value less than the battery voltage, it again begins to conduct, 
and the cycle is repeated to charge the storage capacitor C2 to a 
higher voltage. Until the voltage across the storage capacitor rises 
above a predetermined value, the voltage applied to the zener 
diode 04 from the voltage divider formed by resistors R6 and Rg 
is insufficient to cause the zener diode to conduct. If the ignition 
breaker points are closed during this time, resistor R7 is returned 
to ground and transistor Q3 cannot conduct. When the capacitor 
voltage rises to a level high enough to cause zener diode 04 to 
conduct, transistor Q3 turns on and shunts base drive current 
from transistor ~. This effect reduces the base drive of 
transistor Q 1 and causes this transis~or to pull out of 
saturation at a 'lower collector-current level which, in tum, 
increases the frequency of oscillation. The cutback in peak 
primary current reduces the charging rate of the storage 
capacitor C2 to the level required to replenish circuit losses and 
prevents further rise in the output voltage. 

Transistor Q3 also holds the inverter inoperative when the 
ignition breaker points are open. When these points open, the 
current fed from the voltage at the breaker points through 
resistor R7 causes transistor Q3 to conduct heavily. This effect 
shorts the base oftransistor ~ and stops the oscillation. 
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Fig. 16 shows that the collector vohage of transistor Q I swings 
alternately between the saturation level and the peaks offlyback 
pulses of increasing amplitude. The change in frequency that 
results from regulator action is apparent in the voltage 
waveform. The coUector vohage then decreases to the supply 
voltage when the ignition breaker points open and shut down the 
inverter. Fig. 17 shows an expanded view of the tum-off and 
flyback characteristics of transistor QI at a point when the 
storage capacitor is being charged. 
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Fig. 16 - Collector voltage of the inverter output transistor 01 (top) 
and ignition-coil primary voltage (bottom) as fUnctions of 
time f2000r/min; Vee"" 12 V). 

Output Circuit 

When a high voltage pulse is required, the RCA S26200 SCR 
in the output circuit is gated on. As a result, the anode vohage of 
the SCR decreases to approximately zero, and the voltage across 
the charged storage capacitor is applied to the primary of the 
ignition coil. (The value of the inductance LI is negligible in 
camparsion to the inductance of Ihe ignition coil and is not 
considered in this analysis.) The ungrounded (+) side of the 
ignition-coil primary (terminal 3 on the connecting plug) is 
driven negative with respect to the capacitor potential. Diode 
03, in parallel with the coil, is reverse·biased at this time. The 
discharge of the capacitor into the primary of the ignition coil 
generates a high-voltage pulse across the secondary. 

The capacitor discharges into the primary inductance of the 
ignition coil and builds up the primary curren tin the coil. When 
the voltage across the capacitor (and coil primary) decreases to 
zero and starts to reverse, the commutating diode 03 becomes 
forward-biased and begins to conduct. The current through the 
primary of the ignition cail is at a peak at the time the diode 
begins to conduct. The current then suddenly switches out of 
the SCR and into the diode. The primary-coil voltage remains 
clamped at zero, and the primary current decays at a rate 
determined by the L!R ratio of the coil. Because of the clamping 
action of the commutating diode 03 the duration of the spark in 
the spark plug is lengthenod. 

When the SCR is on, it effectively places a short across the 
secondary of the inverter transformer. However, the inverter is 
off when the SCR is on (because oflhe shut-down circuitry); the 
inverter, therefore, does not operate into the short. 

Figs. 18 and 19 show the SCR voltage and current as a 
function of time. The starting point of the waveform shown in 
Fig. 18 occurs at the instant the ignition points open. The anode 
voltage of the SCR decreases to zero and the anode current 
builds up to the peak value in a quarter cycle. The current is then 
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Fig. 17 - Expanded collector lIo/tage (top) and current (bottom) of the 
inverter output transistor (01) as functions of time during 
turn.."ff when the storage capacitor (C2J is being charged 
(Vee = 12 VI. 
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Fig. 18 - SCR flo/rage (top) and current (bottom) as a function of tima 
(2000r/min; Vee= 12 VI. 

switched out of the SCR, and SCR current decreases suddenly 
almost to zero. The small residual current is a result of the energy 
stored in the inverter transformer during the period that the 
inverter is inoperative. This stored energy causes a current to 
circulate from the secondary of the transformer through the 
SCR. When the i!inition points close and the capacitor recharges, 
the SCR blocks the voltage on the capacitor. 

The starting point for the wov.form ~hown in Fig. 19 occurs 
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Fig. 19 - SCR flo/rage (top) and current (bottom) as a function of time 
(oscilloscope sweep triggered at instant ignition breaker 
points are closing: 4000 r/min; VCC= 12 V). 

at the instant that the ignition points close. The period between 
the instant at which the points close and that at which the 
voltage first begins to rise is the time during which the collector 
current of transistor QI builds up to the switching level. The 
significance of this time is explained subsequently during the 
discussion on commutation of the SCR. 
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Fig. 20 shows the waveforms for voltage and current in the 
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Fig. 20 - Primary lIoltage (top) and current (bottom) as a function of 
time (t-mH coil used in place of standard ignition coil: 2000 
,/min; VCC- 72 VI. 

primary of the ignition coil that result when a 7-millihenry 
inductor is used to simulate the primary of the ignition coil. The 
primary voltage increases rapidly to a peak negative value, then 
decays sinusoidally to zero as the current builds to a peak. The 
primary voltage is then clamped at zero, and the current decays 
exponentially. 

It should be noted that an actual ignition coil, operated with 
the secondary open, will reflect a tuned circuit into the primary. 
This operation causes a ringing on top of the waveforms, as 
shown in Fig. 20. The anode voltage of the SCR may actually 
reverse for a short time because of this ringing. The SCR 
essentially blocks this reverse voltage except for a small current 
,that flows because of the presence of positive gate signal. As a 
result, some instantaneous dissipation 'occurs in the reverse
blocking function of the SCR. The SCR can safely withstand this 
dissipation for the short period of time reqUired. The gate signal 
is kept positive through the ringing cycle so that the SCR 
continues to conduct when the anode voltage rings back 
positive. This ringing does not occur when the secondary voltage 
fires a plug because the ionized plug shorts the secondary 
winding. 

Protection Circuit 

, Inductance L 1 is used to protect the system against a shorted 
primary in the ignition coil. The limiting inductance controls the 
rate of change of current (di/dt) and peak current that occurs 
when the SCR is turned on with a short across the primary of the 
ignition coil. Resistance RI3 is used to assure that the voltage 
across the primary of the ignition coil is not negative when the 
coil is open. If this voltage were not clamped, the regulator 
would not operate properly, and the peak collector voltage of 
transistor QI would exceed the limits specified for the device. 

Trigger Circuit 

The triggering circuit performs the following functions: (1) 
triggers and holds the SCR on when the ignition points open (at 
battery voltage down to 4 volts), (2) applies a signal back into 
the inverter shutdown circuitry when the ignition points are 
open, (3) suppresses the inverter signal that rides on the power 
supply so that it does not trigger ,the SCR, (4) prevents the 
residual voltage across the closed points from triggering the SCR, 
(5) prevents normal point bounce that occurs when the points 
close, and (6) maintains proper operation whether, or not the 
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capacitor is present across the breaker points. The 2N2102 
transistor Q4 is used to perform these functions. 

The trigger current for the gate of the SCR is initiated when 
the base voltage of transistor Q4 reaches approximately 0.6 volt 
above the emitter voltage. The trigger current 'flows from the 
supply through resistor Rll, transistor Q4, and capacitor C3 to 
the gate of the SCR. 

When the ignition points open, capacitor C4 (and the 
capacitor across the points) charges because of the current 
through resistor R3. If the points are open long enough (without 
bouncing), the voltage across capacitor C4 becomes high enough 
to turn on transistor Q4. The voltage required to turn on 
transistor Q4 is the sum of the gate-cathode voltage of transistor 
Q5, the voltage across capacitor C3, the emitter·base voltage of 
transistor Q4,and the voltage drop across resistor RIO. (Resistor 
RIO ensures that the voltage across the open ignition points rises 
to a value high enough· to supply sufficient current through 
resistor R7 to shut down the inverter.) At normal engine speeds, 
the average voltage level across capacitor C3 keeps both the 
gateoCathode junction of the SCR and emitter base junction of 
the transistor reverse-biased until capacitor C4 charges high 
enough to turn on transistor Q4. Because transistor Q4 is off and ' 
the gate of the SCR is reverse-biased when the points are closed, 
the desired suppression of inverter signal and residual point 
voltage is achieved. 

If the points bounce during normal operation, they discharge 
C4 (and the distributor capacitor) almost instantly each time 
they close. Thus, each time they bounce open, these capacitors 
must recharge from zero toward the triggering level. With normal 
bouncing, the points do not stay open long enough for the 
triggering level to be reached, so the SCR is not triggered. If 
severe bouncing occurs at very high speeds, the points can stay 
open long enough to cause triggering of the SCR. 

Better filtering is achieved when the automobile distributor 
capacitor is retained, but satisfactory operation is achieved 
without this capacitor. With the capacitor left in the distributor, 
it is possible to switch back to standard ignition by switching the 
plug shown in Fig. 14. 

Commutating the SCR 

All the parts of the system work together in such a manner as 
to cause the SCR current to go to zero for a sufficient length of 
time to cause commutation (turn off). As explained earlier, the 
current through the primary of the ignition coil is switched from 
the SCR and into the commutating diode when the primary 
voltage decreases to zero. From that time on, the diode keeps the 
coil curreni clamped out of the SCR. The SCR then conducts 
only the small current that results from the energy stored in the 
inverter transformer. When the points close again, the inverter 
restarts and, as explained previously, the rectifying diode D2 is 
reverse-biased during the time the collector current of transistor 
Ql builds back up to the Switching level. No current then flows 
in the SCR, and the SCR is allowed to turn off. Fig. 18 shows 
that the current is zero for about 2.5 milliseconds before anode 
voltage is reapplied at a rate of 1.5 volts per microsecond. A 
worst-case SCR commutates in less than 100 microseconds at a 
temperature of 1000C under these operating conditions. 
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Performance 

Fig. 21 shows several performance curves for the SCR 
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Fig. 21 - Performance of capacitive..cJischarge ignition circuit. 

capacitor·discharge ignition system. Fig. 22 shows the open· 
circuit output voltage as a function of time, and Fig. 23 shows 
the output voltage when the load on the secondary consists of a 
I·megohm resistor in parallel with a 50·picofarad capacitor. 

Figs. 24 and 25 show the secondary voltage under sparking 
conditions. Arc duration, as shown in Fig. 24 is 600 
microseconds (single polarity) under wide-gap conditions. The 
narrower·gap conditions shown in Fig. 25 result in an arc 
duration of 200 microseconds. 

Mounting Considerations 

The SCR ignition circuit must be protected from moisture. 
Heat·generating components, however, should not be enclosed 
in noncirculating atmosphere. Still air has a thermal·resistance 
12,000 times that of copper, and generation of heat in this high 
thermal resistance could cause the inside ambient temperature 
to rise above the specified limits. All components subject to high 
temperature rise (marked in Fig. 14with a small circle) should be 
thermally connected to a low·thermal·resistance path to the 
outside environment. For example, the SCR may be mounted to 
an aluminum plate on a mica insulating washer. This plate should 
then be fastened to the inside of the chassis wall that provides 
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Fig. 22 - Open-circuit voltage (standard ignition coil, Delco D511 or 
equivalent;2000r/min: VCC= 12 V). 
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Fig. 23 - Output voltage with fouled spark plugs {standard ignition coil, 
Delco 0511 or equivalent; 50-pf load in parallel with 
I-megohm resistance;2000r/min; Vee = 12 VJ. 
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Fig. 24 - Output voltage showing duration of spark arc (standard 
ignition coil, Delco 0511 or equivalent; 2000 r/min; Vee = 
72 V). 
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Fig. 25 - Output voltage with spark gap shortened (standard ignition 
coil, Delco 0511 orequivalent; 2000r/min; Vee = 12 VI. 

the thermal path to the outside environment. The resistors and 
diodes which require a heat sink should be attached to the 
chassis with a thermally conductive epoxy. 
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IGNITERS 

The previously described CD systems are intended for use in 
internal combustion engines in which the timing of ignition is an 
important part of the circuit design_ A different application area 
in which virtually no timing requirements are necessary is the 
line-charged igniter. 

An igniter is used in place of the conventional pilot light in 
gas-operated equipment and appliances. Some oil-burner appli
cations will also accept a CD igniter as a direct replacement or 
with a minimum of retro-fitting. A primary advantage to the use 
of CD igniters with oil burners is the elimination of high
current-carrying contacts which may bum out or otherwise 
become inoperable with wear and age. When used to replace a 
pilot light the CD igniter has the obvious advantage of reducing 
gas consumption, thereby conserving energy. The line-charged 
igniter has few regulation or charging problems, as it uses the 
power readily available from the ac line and charges at the line 
voltage. The gate trigger pulse is derived by using a diac and an 
RC phase-shift network, as shown in Fig. 26. 
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Fig. 26 - Line-charged ignition circuit. 

SUMMARY 

Inductive-and capacitive-discharge ignition systems have been 
reviewed, and the advantages and disadvantages of both systems 
have been discussed. The criteria for SCR selection has been 
emphasized to provide an insight into reliable and low-cost 
devices for CD applications. The flywheel-charged system has 
been described as an economical capacitive-discharge ignition 
system for small engine applications and marine use. The 
automotive CD ignition system, although not yet accepted by 
the automotive industry, has been proven to be reliable as well as 
beneficial for fuel economy, overall lower maintenance, and 
improved performance. Une operated CD ignition systems have 
been shown to be simply constructed, reliable systems with an 
obvious potential for fuel conservation. In each application 
discussed, the CD ignition system has demonstrated its ability to 
meet the ever-increasing demand for greater economy, iinproved 
performance, and conservation of energy. 

The CD systems described are intended for use as internal
combustion-engine ignitions in which ignition timing is an 
important part of the circuit design. A different application area 
in which there are virtually no timing requirements is the 
line-charged ignition. An igniter may be used in place of the 
conventional pilot light in gas operated equipment and 
appliances. In some oil-burner applications, a CD igniter may be 
installed as a direct replacement, or with a minimum of 
retro-fitting. A primary advantage to the use of a CD ignition in 
an oil burner is the elimination of high -current -carrying contacts 
which may burn out or otherwise become inoperable with wear 
and age. The CD igniter in pilot-light applications has the 
obvious advantage of reducing the consumption of gas, thereby 
conserving energy. The line-charged igniter has few regulation or 
charging problems, as it uses the power readily available from the 
ac line and charges at the linevoltage. 
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