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INTRODUCTION

We would like to express our heartfelt thanks for your use
of TOSHIBA semiconductor devices.

In recent years, the electronics industry has attained rapid
technological advancements. Especially, semiconductor
products now play a leading role in the electronic industry,
expediting the electronization of all kinds of equipments for
both industrial and consumer field. This has been a decisive
factor in energy saving and rationalization in an age of low
economic growth and has contributed greatly to the inno-
vation of industry and to raising living standards.

In particular, transistors with flexible and extensive appli-
cations are expected to make greater strides in the future,
being applied in a wider range of use as the pivot of active
elements.

TOSHIBA intends to devote itself to enriching and de-
veloping products in this field and to producing excellent
product groups with both high capacity and high reliability.
This volume comprises detailed technical data for small
signal trnsistors among our numerous transistor and diode
groups. Please use it in combination with the volume on
power transistors.

We look forward to ypur continued patronage.

March 1983.

TOSHIBA CORPORATION
SEMICONDUCTOR GROUP
Tsuyoshi Kawanishi

Group Executive



IMPORTANT NOTICE

Toshiba does not assume any responsibility for use of any circuity
described; no circuit patent licenses are implied, and Toshiba reserves
the right, at any time without notice, to change said circuitry.
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Selection Guide

Ensistors (Consumer Use)

S~ [
“‘\\ Uses Small Signal
i i | Application T Km_p}ificat?h _'_Oscmbn =i | Large Signal
Frequency ™ ‘
(MHz) b J o e
[ | RS L - o R T o S
0.55 —— ‘ TV AGC 2SC1815, 2SA1015, | 25C1815 '
synchronization | 28C2458, 2SA1048 | 25C2458
‘ 2SC380TM
' 1 |~ BCBand Radio | 25C1815, 28C2458, | 25C2669
’ | 25C380TM, 25C2669 ‘ ‘
‘ | 28C941TM, 25C2670 |
‘ L~ TV Video 25C1959, 28C1815, | | 28C2229, 25C2068,
' amplification 28C2458 ‘ 28C1569, 28C2482,
28C2333, 28C3334,
2503335, 25A1320,
‘ | | 25A1321, 28A1322,
20 —— $1298, S2057/A, S2058/A
oy . BF422, BF423, BF457
| ‘ BF458, BF459, BF469
‘ . | BF470, BF471, BF472
OIS . T T T S TR e B S MR
Lo
4i I s TVSIF | 2SC380TM |
[ | ' 28C2669
| Short Wave Radio ‘ 2SC380TM, 28C2669,| 28C2995
| | 25C2995 |
i
‘ ® FMIF I25C380TM,28()2669,
| 28C2995 |
20 — —‘l; 28C2668, 2SC2669 | 28C2995 28C1678, 28C2098
: | 2802995, 25C1923, |2SC380TM | 28C1036, 28C2075
! 2SC380TM, 3SK59, | 25C2669 ‘
: AM, SSB_ 3SK73, 35K101 |
| | ®— Transceiver 25K161 _
‘ 1E: |25K241,25K192A : i




Frequency
(MHz)

Uses

Application

Small Signal

Amplification

Oscillation

Large Signal

30

50

100

200

TV PIF (Europe)
TV PIF (USA)
B— Transceiver

TV PIF (Japan)

FM

28C3125

28C221s, 28C2216,

28C2717
2SC382TM (1st),
2SC383TM (31d),
2SC388ATM (31d),
28C1923, 25C2668,
28C2995

28K161, 2SK192A
3SK59, 35K73,
3SK101, 2SK241,
3SK114

25C1923
25C2668
28C2995

VHF

35K101, 3SK114

25C2805, 25C2806,
28C3122, 28C2347,
28C2348, 25C3123,
258C3136, 25C3172
3SK63

25C2806
25C2349
28C3124

28C994

28C1199
25C1164, 2S5C2318,
(CATV)

300

500

UHF

25C2498, 25C2499,
25C2644, 2SC3098,
25C3099, 25C2804,
25C2805, 25C3137,
28C3119, 25C3120,
28C3121, 3SK115,
38K102, 3SK121,

28C3120
28C3121
28C3137
25C2805
28C2347

28C1164, 25C1199,
25C2318,28C2319
(CATV)

1000

28C2753, 28C3011,
25A1245

28C2876, 25C3268,
28C3301, 25C3302

5000

- 14 -




General Purpose Low Frequency Transistors (Classification Table)

Silicon Transistor
. Collector
C‘:::is(;fnl- Dissipation Vceo (VCER)
Pc ~50V 50V~79V | 80V~09V |100V~120V | 121V~400V | 1000V~
25C2878 2SK30ATM
(2SK146 25K 246
28173 28K 117
25K 147 2SK118
Low 25K170 25K 184
Power | < 28174 (2SA1015 (2sc224o
Low S00mW (2SK147 B5Cials - (25C2868 25A970
Noise 28172 2SC732TM  |\2SA1158
25K270 (ZSC2458
25390 2SA1048
(TBC547~550 (TBC546
TBC557~560/\TBCS56
(2sc1959
Low 2SA562TM (ZSC1815 (2sc224o
Power |05~dW  [(25C2710 2SA1015 2SA970
Amplifi- | 2SA1150 (2SC2458 (2scz459
cation TBC327/8 (\2SA1048 2SA1049
TBC337/8
(2sc2120
2SA950 25C2229*
25C2703 <2sczsss @gﬁ}fl? <2SA949
25C2500 2SA1020 58C1627A 25C2230*
2SA1160 (2sc495 2SAS17A (2502235 2SC2230A*
(2SC2236 2SA505 (25 K965 25C2482*
Medium |05~ 254966 25C2794 (28C2383*
(2SC496 (BD137 BD139 2SA1013*
Power 2SA496 BD138 (BDI 10 (2302705
Output (30135 2SA1145
BD136
(25A2877
2SA1217 (ZSA1626 25C2704
1.1~10W |(25C2270 2SA816 2SA1144
(Tc=25°C) \2SA1120 (s1375 25C2068*
(2sc1173 S1376 S1377*
25A473

*. TV use (: Complementary pair 3 Ask separately




Silicon Transistor

ieo Collector
Cclztsii;t:' Dissipation Vceo (Vcer)
Pc ~50V 50V~79V | 80V~99V [100V~120V | 121V~400V | 1000V~
25C1569*
28C2231*
25C2231A*
25C1624
2SA814
25C2562 25C2073*
<28A1012 2SA940
(2sc790 25C2233*
2SA490 25C2456*
11~30W | /BD233 (25‘)380 @ggggg @gﬁﬁ: 25C2242+
(Tc=25°C) (BD234 25B834 BD237 25C1625 | 25€2238
(60v) (8D238 (2sasts | 25A%6s
2SD1052 25C2238A
2SD1052A 2SA968A
BD235 28C2238B
(BD236 2SA968B
25C2481*
2SA1021*
25C2483*
2SA1195*
High Power 2SD818*
Output 2SD819*
2SD820*
2SD821*
2SD822*
2SD811*
2SD525 . .
2SB553 <2sa753 (233595 3331333* 333323*
31~60W (251)553 2SD843 (25D716 5C1617* | 2SD870*
(Tc=25°C) 28D754 $1236 2SB686 BU407D* 2SD871*
(25])844 S$1237 %/ 2SC3180 BU326A* 2SD1279*
2SA1263 BU205*
BU208*
BU208A*
BUY71*
$2818*
S2818A*
(28D424
X28C3181 25B554 | 55p1425+
X(2smzs4 (gggg;‘g 2SD1426*
*
Gne | stk e
2SD1092* 28C2563 25A1094 2SD1429*
61~200W 2SD777* 2SD1187 (2SA1093 25C2565 | 55p1430%
(Tc=25°C) 2SD1294* 2SD1148 (28A1095 2SD1431*
2SD1208* (ZSB863 <ZSC2706 2SD1432+
%/28C3182 Saalids, | 2sp1433
*
2SA1265 (ZSC3182 2SD1434
2SA1265
<ZSC3280
25A1301
>:<(28C3281
25A1302

*: TV use (: Complementary pair 3 Ask separately.
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Transistors For Audio Equipment

AM/FM Tuner
Ve Rackage | 10.92 Mini Super Mini |  TO-72 H-SSTM B-X DO-35
2SC2668 28C2714
2SK161 28K211 38K101
RF 25C1923 1 osk1924 | 25K210 38Ks9 KIS 3ski14
2SK241 25K 302
35K101
FM | MIX 25C1923 25C2668 25C2714 3S8K59 38K73 3SK114
25C2668 28C2714
Lo 28C1923 1552995 | 2502996
IF 2SC380TM | 28C2669 28C2715
AFC 1S2236%
RF 2SC941TM | 2SC2670 258C2716
AM | conv | 2sCi81s 25C2458 258C2712
25C2669 258C2715
& 2SC380TM
IF 25C941TM | 25C2670 28C2716
258C2995 25C2996
ISV100*
AM Tuning ISV102*
ISV149*
ISV101*
FM Tuning ISV103*
ISV147*
FM AGC ISV99* ISV128*
*Diode '
Low Frequency Small Signal Amplification
Application Package
TO-92 Mini Super Mini
General purpose | 25C1815 2SA1015 |2SC2458 2SA1048 28C2712 2SA1162
25C2868 | 2SAI1158 | 95C2459 | 2SA1049 | 25C2713 | 2SA1163
General purpose | 25C18150 | 2SA10150 | 25C2458D) | 25A1048D) | 2SC3323 | 2SA1311
(Low Noise) 2SC732 TM
E.Q Amp Diff. 2SC2240 | 25A970 25C2459 | 2SA1049 | 25C3324 | 25A1312
Main Amp Diff. |2SC2240 | 2SA970 25C3324 | 2SA1312
Low Frequency |2SC2120 |2SA950 | 2SC2710 | 2SA1150 |25C3265 | 2SAl1298
Amplifier 2SC1959 | 2SA562TM " | 2sc2s5e | 2sA1187
Impeadance 2SK246 | 28J103 2SK330 25105 2SK208 257106
Converter 2SK30ATM 2SK118 2SK208
Low NoiseAudioAmplifier 2SK117 2SK184 2SK209
Muting 2SC2878 25C3327 25C3326

- 17 -




Structure Single Type Dual Type
Application N-ch P-ch N-ch P-ch
2SK170 | 2SJ74 | 2SK240 | 2SJ75
EQA 2SK147 | 25]72
SaAm | RKss | syin1 | 2SKu6 | 25073
2SK270 | 25J90
2SK389 | 257109
Main Amp 2SK270
Diff 2SK389 | 257109
Power Amplifier
HF Series
Stage Diff. A Pre. Driver Driver Out Put
Po - Ame NPN PNP NPN PNP NPN PNP
3w - - - 28C1959 - 28C2236 2SA966
5W - - - 28C1959 - 25C2877 2SA1217
20W 2SA1015 25C1627 - 25C1627 2SA817 2SD880 2SD834
25W 2SA1015 25C1627 - 28C1627 2SA817 2SD526 2SB596
2SD716 2SB686
35W 2SA1015 25C2705 2SA1145 2SC1627A | 2SA817A 35C3180 3541263
2SD718 2SB688
S50W 2SA970 28C2705 2SA1145 28C2235 2SA965 2SC3181 2SA1264
2SD1148 2SB863
70W 2SA970 258C2705 2SA1145 25C2824 2SA1184 5503182 2SA1565
2SD845 2SB755
80W 2SA970 25C2705 2SA1145 25C2824 2SA1184 25C3280 2SA1301
100W 2SA970 2SC2705 2SA1145 25C2238 2SA968 25C3281 2SA1302
2SD845X 2 | 2SB755X 2
150W 2SA970 28C2704 2SA1144 28C2238 2SA968 25C3281X 2| 2SA1302X 2
SHF Series
50W 2SA970 28C2705 2SA1145 25C2824 2SA1184 2SC2563 - 2SA1093
T0W 2SA970 28C2705 2SA1145 28C2238 2SA968 28C2706 2SA1146
80OW 2SK270 2SC2705 2SA1145 2SC2238 2SA968 2SC2564 2SA1094
100W 2SK270 25C2704 2SA1144 25C2238 2SA968 25C2565 2SA1095
150W 28K270 28C2704 2SA1144 25C2238A | 2SA968A 28C2564X 2 | 28A1094X 2
200W 2SK270 28C2704 2SA1144 2SC2238B | 2SA968B 2SC2565 X 3| 2SA1095 X 3
70W 2SK270 - - 25C2704 2SA1144 2SK405** | 28J115%*
120W 2SK270 - - 2SC2704 2SA1144 2SK405X2%** | 28T115X2**

** : Power MOS FET.




Transistor For TV

Tuner
Package Equivalent
- - - - - -2J1A
Uses T0-92 | u-X toT0-236' 5GIA| DO-35 [1-2G1A|1-2J1
KIMOS)
BKI2GaAy
RF SKIISMOS)
25C2304 | 25C3119
MIX 25C2805 | 25C3121
UHF 25C3137 | 25C3120
osc | 25C2347 | 25C2805 | 25C3121
25C3137 | 25C3120
Tuning 1Sv123* 1SV153*
AFC 1SV123* | 152004* 1SV153*
SKIIMOS)
RF BKIMOS)
25C2348 25C3122
2SC3136 | 2SC3172 | 25C3123
MIX BKIIMOS)
SKIUMOS)
VHF [osc | 25C2349 | 25C2806 | 25C3124
1Sv123* 1SV153*
Tuning 1SV138*
1SV75*
AFC 1SV123* | 152094° 1SV153°
Band SW 1S2186* | 1SS155°
% : Diode
Video, Chroma-System
Stage Color TV B/W TV Type
L M S L M S
n | ] | ] 2SA562TM
Driver BE B B B = = 2SA1015
| I BN | 2SC1815
2SC2068/51298
il B n TBFaci/ TBEars
[ | [ ] | [ | 2S5C2482
2SC2456
Output e el 2SA1322/2SC3335
= = 2SC2229
2SA1321/25C3334
25C3333/2SA1320
e L BF422/BF423
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Vertical Deflection System

Stage Color TV B/W TV Type
L M S L M S
| | | 2SC1815
Oscillator
] [ | [ | 2SA1015
[ | | ] 25C2229
Driver
[ | [ | | 25C1959
2SC2073,72SA940
U S1236,°S1237
| || [ ] | 2S5C2481,72SA1021
[ ] | 2SD880 ,2SB834
Qutput
| | | 2SC1173,72SA473
| 2S5C496 /2SA496
| || 2SC2236./2SA966

L : Large Size Screen
M : Middle Size Screen
S : Small Size Screen

PIF, SIF, AGC, Synchronpus Separation,

Synchronous Amplifier
PIF Synchronous | Synchronous
1st nd 3rd SIF AGC Separation | Amplification
25C382TM|2SC382TM|2SC383TM [2SC380TM | 2SC1815 | 2SC1815 | 2SC1815
25C2215 |2SC2215 |2SC388ATM|2SC380ATM| 2SA1015 | 2SA1015 | 2SA1015

25C2216

28C2717

2SC3125




Sound Output

Stage

Color TV

B/W TV

Type

Output

25C2483 72SA1195

25C2481/25A1021

25C2231 X2
or2SC2231A X2

25C2230% 2
or2SC2230A X2

25C2383/2SA1013

25D880 ,/2SB834

2SC1173 /2SA473

25C2236 /2SA966

25C2120,/25SA950
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Horizontal Deflection System

Stage Color TV B/W TV Type
L{mM[s]|L[mM]s
Oscillator H B BN N u| E| 251815
N B E N B | 25A105
[ AN BN | 25C2068, S1377
L AN BN | 25C2456
Driver 'H | H | B 25C2482
W W | W 25C2229
N W W | 25C1959
L N | [ 2SD822, 2SD1279, 2SD1433
[ I | [ | 25D821, BU208A, 25D1432, S2000A
[ N [ 25D820, BU208, 2SD1431, $2000
[ BN | W | B | 2SD819, 2SD1430
[ W W | B | 2SD8I8, BU205, 2SD1429, S2056
Output [ N | [ | 2SD871 #, S2818A #, 2SD1428 %, S2055A
[ N | » 2SD870 %, 52818 *, 25D1427 %, 2055 %
BN W | B | 25D869 *, 2SD1426 %
[ BN | B | W | 2SD868 %, 2SD1425 %
L N | 25C1617, BUY71
| BN | 2SD1069 *, BU407D
W | | 25C2233

* Built in Damper Diode
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Power Supply

Uses Color TV B/W TV Type Remarks
Li{mM|[s]|L]|M]|Ss
BB 25C2229, S1854 high+ B
i:,g,'mer B W | W 25C1815 Low+B
m|m|m| 2sa105 Low+B
5 CRERE ] 2SC2229 high+B
‘—§ Driver W W B | 2SCI1815 Low+B
2 ®(®m|®| 254105 Low+B
< RICRE 2SD1208, 2SD777 high hee
;—; CRE] 2SD1092 high hee
] LI 2SC1195
Output -
CRE] 2SD1090, 2SD1294 high hee
m | m | m| 25D880 or 2SB834
] W | ®m | 2SD1052, 2SD1052A high hee
5 CBE) CRE] 25C2655
;‘g Driver CR] CRE] 25C2703
§ ] B | 25C2236
o ] B | 25C2120
£ = (w| [w[w[ [ zpEE o
£ | Output B |®m [ ® | B | ® | 25D81125D84], BU326A
Z [ ] 25C2790, 2SC2790A High Speed
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Maximum Rating -

Package|  Type Application Vceow) | Icma Pcmw
25C2498 | VHF - UHF 20 50 300
25C2499 | Low noise 20 30 300
TO-92 [35Ca753 | amplifier 12 70 300
25C2644 | Widenand” 12 | 120 | 500
wX | 28C2876 | Low moied™™ | 7.5 80 | 200
e 2S5A1245 VHF ~UHF — 8 —-30 150
2 g 25C3098 Low noise 20 50 150
2 o [ 25C3099 | amplifier 20 30 | 150
&R | 2sc301 Eow ndies™ 7 30 | 150
Power | 25C3268 | Low nowe” 12 70 | 800
Mini | 2sc3301 | EeW aciee™™ | 75 80 | 800
L Electrical Characteristic(TYP)
Pmkage Type Application fTGH | S21e2 [NFupy| fiGHz
2SC2498 UHF ~ UHF 3.5 14.5 2.5 0.5
T0-92 25C2499 Low noise 4.0 | 15.0 | 1.7 :
25C2753 | amplifier 5.0 ]105] 1.7 | 1.0
25C2644 40 [145] 23 ] 05
X | 2502876 | o poee™™ | 7.0 (105 [ 23 [
2 2SA1245 VHF ~UHF 4.0 9.5] 3.0
% g 2SC3088 Low noise 3.5 145 2.5 0.5
2 o [ 25C3099 | amplifier 4.0 150 1.7 |
&eP | 2sc3onn Lot nciad™™ [ 6.5 | 9.0 2.3 | 1.0
25C3268 | Low moe™ | 5.0 | 9.5] 2.0
quer amplifier 1.0
Mini | 95c3301 Eowacied™™ | 7.0 [ 9.0 | 2.3




Chip Device For Hybrid IC (1)

Super Mini Transistor (Equivalent to TO-236)

Electrical Characteristic Similar Type
Type Application Vceo -~ | Marking |Complementary| TO-92 {mini | Remarks
(V) le(mA) | Pe(mW) | Ty(C) transistor)
Low frequency 2S8A1015 -
2SA1162 amplifier -50 | —-150 150 125 S 2CC2712 (2SA1048)
Low frequency 2S8C1815
2S8C2712 amplifier 50 150 150 125 L 2SA1162 (SC2458) -
Low frequency 2SA970
2SA1163 |high voltage -120 | —100 150 125 C 28C2713 (2SA1049) -
amplifier
Low frequency
25C2713 |high voltage 120 100 | 150 |125| D 25A1163 (2255%22:509) -
amplifier
FM RF 28C1923
2S8C2714 amplifier 30 20 150 125 Q - (25C2668) -
AM convertor, 2SC380TM
2SC2715 FM IF amplifier 30 50 150 125 R — (25C2669) —
AM RF 2SA941TM
28C2716 amplifier 30 100 150 125 F - (25C2670) -
Low frequency
2SA1182 amplifier -30 -500 150 125 Z 28C2859 2A562TM -
Low frequency
25C2859 amplifier 30 500 150 125 w 2SA1182 28C1959 -
28C2532 |LED driver 40 300 150 125 A - 2SC982TM -
FM RF
28C2996 amplifier 30 50 150 125 G - (25C2995) -
High voltage
2SA1255 amplifier -200 -50 150 125 (6] 25C3138 - -
High voltage
25C3138 | I8N Yol 200 | 50 | 150 [125 | N | 25A1255 - -
UHF ~ C band
*2S8C3011 |low noise 7 30 150 125 MA — - fr=6.5GHz
noise amplifier
VHF ~ UHF
*28C3098 |band low noise 20 50 150 125 MB - 25C2498 fr=3.5GHz
amplifier
VHF ~ UHF
*28C3099 (band low noise 20 30 150 125 MC - 25C2499 fr=4GHz
amplifier
*25A1245 | (8% speed -8 | -30 | 150 125 | MD - - |f=4GHz
2sc3119 | JPT AV RF 20 20 | 150 (125 | HA - ~  |tr=900ME]
2sc3120 | JHETV. 15| 50 | 150 |125 | HB - - fr=2.4GHz
2sc3121 [SHETV 15| 50 | 150 |125| HC - ~  [fr=1.5GHz
VHF-TV RF fr=400MHZ
25c3122 | YHEIV 30| 20 | 150 125 | HD - 25C2348 oMH
VHF-TV fr=900MHz
28C3123 convertor 20 50 150 125 HE - 28C3136 MIN.
VHF-TV fr=600MHz
2SC3124 oscillator 15 50 150 125 HF - 2SC2349 MIN.
28C3125 :Xpl:ilfl-:er 25 50 | 150 |125 | HH - 2SC388ATM |fr=350MHz

*Microwave transistor
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FET

Electrical characteristic (Ta = 26°C)

o Vosx** . Similiar
Type Application Marking Remarks
V Ig,lo* . Type
Vo | omy | PomW) | lossimA) | I¥rsims) Ye
v)
25K 208 | Low frequency | _ 4, 10 100 |03~65|12MIN.| J |2SK30AT™
amplifier
Low noise low
25K209 |frequency -50 10 150 |0.6~14 15 X |2sK117
amplifier
FM RF N _
25K210 | R ~18 10 100 |3.0~24 | 7TYP. Y |25K192A
FM RF . _
2sk211 |0 RE ~18 10 100 |1.0~10 | 9TYP. | K 25K161
VHF band ~ MOS type
25K302 |VHE ban 20%* 30* 150 |1.5~14 |10 TYP. T |2sk2a1 VX
Diode
Electrical Characteristic {Ta = 25°C) Similar
Type | Application [\ v [ jimA) | CHPE) | NF(@B) | Rsig) |Marking | ‘rype
1ss154 |UHF ~S band 6 30 0.8 9 MAX. - BA -
mixer detecter
VHF ~ UHF
1svizg [NE~UHE | 5o 50 0.25 - 7 BB 1SV99
155181 [High Speed 80 100 | 4.0 - - A3 - |Gathode
Switching : Common
1ss184 |High Speed 80 100 4.0 - - B3 - Anode
Switching Common
155226 |High Speed 80 100 4.0 - - c3 - Series
Switching Type
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Chip Device For Hybrid IC (2)

Power Mini Transistor (Equivalent to SOT-89)

Electrical Characteristic (Ta = 25°C) S_;_miIar
L * T . Complement- ype
Type Application V(‘\:;? (IAC) &‘;) :l?l) (oé) Marking ary pair T?_?gg%D Remarks
High voltage
2SA1200 |switching, -150 | -0.05] 0.5 0.8 150 B 25C2880 2SA949
audio pre-driver
High voltage .
2SC2880 |switching, 150 0.05 | 0.5 0.8 150 A 2SA1200 28C2229
audio pre-driver
Power amplifier,
2SA1201 audio driver -120 | -0.8| 0.5 1.0 150 D 25C2881 2SA965
Power amplifier,
25C2881 audio driver 120 081} 0.5 1.0 150 C 25A1201 28C2235
Power amplifier,
2SA1202 audio driver -80 | -04] 05 1.0 150 F 25C2882 2SA817A
252882 |Poweramplifier, gy | 04|05 | 10 | 150 | E |25a1202 |2sci6274
2SA1203 |Poweramplifier | —30 | —1.5| 0.5 1.0 150 H 28C2883 2SA966
25C2883 |Power amplifier 30 1.5]1 05 1.0 150 G 25A1203 28C2236
2SA1204 |Power amplifier] —30 | -0.8 | 0.5 1.0 150 R 25C2884 (2SA950)
2SC2884 |Power amplifier 30 08| 0.5 1.0 150 P 2SA1204 (28C2120)
Power amplifier, Low
2SA1213 switching -50 | -2.0] 0.5 1.0 150 N 28C2873 2SA1020 Ver(sat)
Power amplifier, Low
28C2873 switching 50 201 0.5 1.0 150 M 25A1213 28C2655 Vc(sat)
2S5C2982 [Strobo flash 10 20|05 1.0 150 S - 28C2500
RF Low noise VHF ~
28C3268 amplitcer 10 0.07 { 0.3 0.8 125 ME - (28C2753) UHF
RF Low noise VHF ~C
28C3301 amplitcer 7.5 0.08 | 0.3 0.8 125 MA - - Band

PC *Mounted on 250mm2 x 0.8mm Ceramic board
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Chip Device For Hybrid IC (3)

Power Mold Transistor

Electrical Characteristic (Ta = 25°C) Similar
Type Application Vceo Ic Pc Pc* Ts Complimentary Type Remarks
(V) (A) (W) (W) (°C) Pair TO-126,220
Driver
2SA1225 Power amplifier -160 | -1.5 1.0 10 150 | 2SC2983 2SA9688
25C2983 | Driver 160 | 1.5 | 1.0 10 | 150 | 2SA1225 25C2238
Power amplifier * :
2SA1241 |Power amplifier -50 | -2.0 1.0 10 150 28C3076 **2SA1020
Power amplifier
25C3076 Strobo flash 50 2.0 1.0 10 150 2SA1241 **28C2655
Medium power
2SA1242 amplifier -20 | 5.0 1.0 10 150 | 2SC3072 2SA1120
Strobo flash
2SC3072 |Medium power 20 5.0 1.0 10 150 2SA1242 28C2270
amplifier
2SA1243 |Power amplifier -30 | -3.0 1.0 10 150 28C3073 2SA473
2SC3073 |Power amplifier 30 3.0 1.0 10 150 2SA1243 28C1173
Large current
2SA1244 switching -50 | -5.0 1.0 20 150 | 2SC3074 2SA1012
Large current
2SC3074 switching 50 5.0 1.0 20 150 | 2SA1244 28C2562
'g\g] vertical
eflection output
2SB905 TV Sound —-150 | -1.5 1.0 10 150 28SD1220 2SA1021
output (B class)
g’\;’_lvertical
eflection output
2SD1220 TV Sound 150 1.5 1.0 10 150 2SB905 28C2481
output (B class)
Low frequency
28B906 power amplifier -60 | -3.0 1.0 20 150 | 2SD1221 2SB834
Low frequency
28D1221 power amplifier 60 3.0 1.0 20 150 | 2SB906 2SD880
Switching .
2SB907 Power amplifier —40 | -3.0 1.0 15 150 | 2SD1222 28B677 Darlington
Switching .
28D1222 Power amplifier 0 3.0 1.0 15 150 | 2SB907 2SD687 Darlington
Switching ) X
2SB908 Power amplifier —-80 | —4.0 1.0 15 150 28SD1223 2SB676 Darlington
Switching .
2SD1223 Power amplifier 80 4.0 1.0 15 150 2SB908 2SD686 Darlington
2SD1224 |Power amplifier 30 1.5 1.0 10 150 - 28SD549 Darlington
2SD1160 |Motor control 01 20 10 | 10 {150 - -
(Vces)
High voltage
28C3075 power amplifier 400 0.8 1.0 10 150 - —

PC* TC = 25°C **T0O-92MOD
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Transistors (Industrial Use)
Classification Table
Classification Silicon Transistor (NPN)
Ic Pc Basic Product High High High Low For Governmental Offices
(Max.) | (Max.) Jypical Product | Cpagsification Frequency | Speed Voltage Noise | nik standards| Remarks
N gggggg TI\N} 25CT526T™
g _ 2SC3720TM 2SCIR0ACTM
% | ~150mA | ~400mw | BAT2C] BSCBICTM | SCHAGTY SRS asciomo
[
& 25C2551
i 2SC400
$ | ~100mA| ~250mw | 28C400 | 25Co70 2SC1380A | 2SC587®)
& 2SC1380
] 2SC3T0TM | 23C366GTM™
& | ~500mA | ~400mW | 25C982TM P 2SC395A 28C595®
25C2550
25C2550
= 25C505
5100 _ 25C507
2 | Ddooma | ~750mW | 25Cs04 | 236507 25C506 25C594®
2 507
£ sscupn | SEHEA
& | 600 ~800mW | 25C503 | 25C503 25CI08A | 25C505 25C5600
2| ~800mA SSCadoT | Seeaos 2SC109A | 25C506
e 25C5090T™
§ 2SC510 gggslg
=10 B 5 51
§|2A 800mW| 55Ca655 | 25C2655
s 25C3007
25C522
280686 | 35Cs24
2SCs22 | 29D877 25C2534
15~5A | 50W |53C922 | 5SDess 25Co534 | A3CEM 25C833
: (Te=25¢) | 52D088 | 25687 25C2552 | 53C2002 25C598
25C2534 gg%gg
2SCoshe | 230689,
:
g 519
2 25C2200 | 25C520A 22200
E 50w | Saceen Sobaay 25C2535 25D510
sl ~ 51
_ | TTA l(me=25¢) | 25DB23 | 29D633 18czs aaczoes 2SD51A®M
g 2SD633 | 2SD634 208
H 2SD553 | 2SD635 Saprs.
& 25D553
< 25D843
E)
B 2502555
230369 25C2650
25D
_15a | loow | ZECIST6 | 25C2L3 25C1576 2SD52AM
(Te=25¢) | 530528, | 30067 25D640 2SD53®)
15€2790 2SD53AM
2SD717
S
25D1187 gzl
25C2793




Classification

Silicon Transistor (NPN)

I Pec Basic Product High High High Low For Governmental Offices
(Max.) (Max.) m mmam Classification Frequency Speed Voltage Noise NHK Standards| Remarks
2SD552
_aoow |28Ds52 | 25D797 23D
15~40A | (7.2 2SD873 | 28D1313 2SD55®
(Te=25TC) 2SD878 23D1314 2SD1313
23D842 2SD1314
2SK11
%gﬁ?z %gﬁ%z 2SK113 2SK112 %gﬁ}lg
. 5 .
Junction | 3305115 |5%Kae  |3K28  |3Skes  |2SK13  |2sKile | 2SK12®
3SK28 2SK112 3SK28
2SK113
2SK18 2SK18
(Dual) |23K18 | 25K7 9SKI8A | 2SK72®
" 2SK18A 25K72
Field Effect
Transistor MOS [3SK38A 3SK38A
FET,
{ ) 2SK324 2SK324 2SK325
2SK355 2SK355 2SK356
2SK357 2SK324 2SK357 2SK358
T-MOS | 25K386 2SK325 2SK 385 2SK386
25K 387 2SK355 2SK 387 25K 388
(Power | 2SK417 2SK356 2SK417
MOS) | 25K419 2SK357 2SK418 2SK419

2SK421 25K358

25K420 25K421
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Classification Table

Classification

Silicon Transistor (PNP)

2. @TM:Green transistor for industrial use (TO-92 epoxy package)

@:NHK standards @ transistor
3. Complimentary transistor

28C372 TM,2SC367 TM-2SA467 TM,25C400-2SA500,2SC503F-2SA503F,

28C510F-2SAS10F,2SC595Q)-2SA 522®),2SC560Q)-2SA 560, 2SC516Q)-2SA516(),

Basic Product High NHK Standard
1C {(Max.) | PC (Max.) Typical Withstand Low Noise NHK
Product Classification Voltage Standards
Description
. 2SA4950TM | 2SA495GTM |2SA429CT
§ . [~ 150mA |~400mW 2SAT0C ™ |3SAT0 | 3SAT091 28A4930T™
58
L8[ _ 2SA499 2SA5220
= £ |~100mA |~250mW |25A500 oAt A
E L5
52 [ sonma |~ soomw [BAES™ | ZA0eGT™
. | 100 ~T50W  |25A594 25A594
§ | <300ma
2SA503
< 5 | 600 2SA503
8 ~ 800mW 2SA504
5 2 ~ 800mA 2SAS09QTM |55A5000TM
°
2 C 2SA510
2F | 154 |~800mw Ay [2sAs12
25A1020
2SB502A
2SB676 2SB503A
2SB677 2SB434
8~30W |[2SB502A  |2SB435
1.5~5A |(Tc=25°C) |2SB434 2SB676 25A739
_ 2SB678 2BB677
5 2SB679 2SB678
B 2SB679
g 2SA1012
= 2SA656A
5 2SA657A
5 50W  |2SA656 %SAG%A
& ~ SA656A SB6 ,
g |~7A (Tc=25°C) | 28B673 25B674 25A739
2 2SB675
2SB553
2SB753
~ 100W
~ 154 (T¢=25°C)
~300W |2SB552 2SB552
15~40A | (1c=25°C) [25B833 2SB833
Notes: 1.3SK38A is MOS FET and others are Junction FETs.

2SC516AN)-2SA516A[),2SB502F-2SD102F,2SC519AF-2SC519AF-2SA656 AF,2SD552-2SB522
28C255-25SA1090,28C2551-2SA 1091

F:Family
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Selection Table

Silicon Transistor
Application F’gqa‘:g;cy ;‘;‘:1";; PNP NP N Remarks
Vceo< 40V Vceo>40V Vceo< 40V Vceo>40V
2SK12 2SC10000TM | Notes: 1© :
Low AF 28K 120 2SC1380A Green transistor
Noise (audio ~100mW 2SA493QTM |2SK15 25C18 for industiral
Amplifier | frequency) 2SK48 2SK18A use. ©
2SK72 2SK112 Notes: 2N):
oG | NI ndateS
2SC3T3QT™M ' i
Loomw 2SAS00 gg‘/‘f‘fgm 25C400® | 25C979 Notes: 3. *:
~UmMW 1354522 2SC595 2SC979A or .
2SA522A® 2SCOR00TM
2SC980AGTM
AF 2SC366GTM
. TOTM |2SA4950TM
(audio 100mW 32:‘5‘80© 25 A499© 28C367GTM | 25C505
frequency) |~300mW ISAS2E ISASDAR | 25C400 28C507
2SK112
258C503
2SAS04 28C510
300mW 2SA503 28€507
2SA509GTM 2SC509QTM | 28C594
~3W 2SA510 550304
o 254594 25C504
Frequency 2SA1020
Amplifier i 28C2655
Oscillation 2SC3007
(Lllgw 3W~10W 25C522
frequency) %gg 55 }%’5&
2SD52®
2SD53®
2SA1012 2SD55Q
2SA656A 2SD2340)
2SB4340) 2SD235Q)
10W~ 2SB4350) 2SD633
2SB502A 2SD640
2SB503A 2SD641
2SB552 28C1576
2SB553 2SD523
2SB833 2SD524
2SB753 2SD552
2SD553
2SD843
2SD842
28C2562
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Silicon Transistor

N Frequency Power -
Application Range Range PNP N PN Remarks
Vceo<40V | Veeo>40V | Veeo<40V | Veeo>40V
2SC372QT™
VHF 2SA495GTM | 2SC400 25C373GT™
. 2SA500 2sCsos@ | 25€979
Amplifier |~100mW |50/ 25A499 2SC979A
Oscillation 2SAS2A® | 35K28 2SCO0OTM
2SC980AQTM
25C366QTM
2SAG6IQTM | 2SA4SOT™ 25C507
100mwW 2SA499 25C594 .
2SA500 25C367QT™
~300mwW 2SA52E 2SAS22AM 25C595® 28C594Q)
2SA594 2SC383TM
28C2216
25K113
2SA504 %ggg?g
High 25A503 =
HF 300mwW 35C507
Frequency |\ W 25A510 25C594
Amplifier | L o | 25A594 25C504
Oscillation 2SA1020 2SC2655
25C522
2SC519A
25C1763 25C2913
25C1764 25C914
W 2SA656A  |25C2395 2SC2790
2SA1012  |2SC2099 25C2552
25C2290 25C2553
25C2510 25C2555
25C2650
25C2652
~100mW 3SK28
100mwW 2SA594 2SC387AQTM
VHF ~300mW
Amplifier VHF 25C998
Oscillation 2SC1001*
25C1165*
UHF 25C1169
Amplifier UHF  |300mW 25C1199*
Oscillation ~3W 2SC1765%
25C1955
28C2117
2SC2118
25C2318*
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Application

Frequency
Range

Power
Range

Silicon Transistor

PNP

N PN

Vceo< 40V Vceo>40V

Vceo< 40V

Vceo>40V

Remarks

UHF
Amplifier
Oscillation

HF
(high
frequency)

VHF

UHF

3IW~

2SA598

28C2101
25C2102
2SC2103A
28C2178
25C2180
28C2104*
28C2105*
28C2106*
28C2379*
28C2380*
25C2381*
28C2391*
25C2420
25C2638
28C2639
28C2640
28C2641*
28C2642*
25C2643*
28C2782

2SC2783*
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Selection Table

Silicon Transistor

o Frequency Power
Application Range Range PNP NPN Remarks
Vceo< 40V Vceo> 40V Vceo<40V Vceo>40V
28K12° 28K18 Notes: 1.
ng fier 2SK12®  |2SK18A 3SK38A is
2SK15 2SC1000QTM | MOS FET and
Low Level DC 100mW 2SD38A  |2SC1380A | other are
ch p- 2SK48 2SK112 Junction FETs.
opper 2SK72 28K113 Notes: 2.
2sc3nom™ | 9 c?feenf
2SA495QTM 2SCT80AQTM | [ransistor for
2SA4290TM 25C979 industrial use.
2SA500 ; 2SC400 . . (QTM transistor
~100mW (3450 | 2SA499 2SCT52GTM | 259794 ST0.97 packios)
2SA522AQ0 2SC980QTM | o * = 3P“° 8
2SA1090 2SC980AQTM | ~otes: 5.
28C2550 ®: NHK
~100kHz standards @
2SA4EIOTM 3223359@)“4 2SC367QTM | 2SC366QTM | transistor.
100mW 2SC400 2SC505
2SA500 2SA522AQ0
~300mW S ® | 2541000 2SC587® | 2SC2550
25A1091 2SC595Q)  |2SC2551
2SA495QTM | 25C37120T™M %ggg;g A
100mw |25A500 25SA499 25C373CT™ | 3¢ Coeaam™
~A0UMW 125A522®  [28A522A® | 25C400 2SCIB0AQTM
Logical 25A1090 35C95® | 5509550
Circuit
Control 25A461QT™ | 23A49SQTM | 25¢367QTM | 25C3660TM
ontry 100mW 2SA499
Circuit ~300mW 2SA500 2SA522A® 2SC400 2SC505
100KHz 254520 |55a1090 25C595@®  |28C2550
~1MHz
2SC108A
2SC503
2SC504
2SA503
300mW ) a504 2SA510 25C507
~3W 3541020 25C510
25C594
25C594®
25C2655
PoCean 2SC979A
L0omw | 284500 2SA499 SCS8TQ) | 25¢980QT™M
~100mW 1554522 ®  |25A522A® | 25C595®  |a5cos0AQT™
LNslﬁil z 2SC3713QTMA’ 2SK113
2SC395A
100mW | 28A467QTM | 354499 2SC395A  |25C594
~300mW gg:ggg o 2SA522AQ |[25C400 28C594®
SMHz . |~100mW 25C7520T™
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Application

Frequency
Range

Power
Range

Silicon Transistor

PNP

NPN

Vceo< 40V

Vceo>40V

Vceo< 40V

Vceo>40V

Remarks

Power
Supply
Regulator
DC-DC
Converter
DC-AC
Converter

Control

DC-DC Converter
Oscillation

2SA1020
28A1012
2SA510
2SA656A
2SB502A
2SB552
2SB553
2SB753

2SC510
25C522
2SC519A
25C833®
25C979
28C2139
28C2200
28C2534
25C2535
25C2552
25C2553
25C3051
25C3075
2SD51®
2SD52®
2SD53Q
2SD55®
25D523
28D524
28D552
2SD553
2SD640
2SD641
2SD797
2SD867
2SD873
2SD878
2SD843
28C2655
25C2562
25C2913
25C2914
2SD717
2SD1187

Amplifier

25A1020
2SA504
2SA503
2SAS510
2S8A594

25C503
25C504
28C510
25C594
28C594®
25C2655

Comparator

Detecter

2SA467QTM
2SA500
25A522@

2SA495QTM
2SA499
2SA522A®

25C367QTM
2SC400

28C37120T™
28C373QTM
28C366(QTM
28C505 °
28C594

High
Voltage
High
Power
Switch

~100mW

2SA429QTM
2SA1091

2SC780AQTM
28C2551

100mW
~300mW

2SA499
2SAS22A

2SC366QTM
25C505

300mwW
~3W

2SA503
2S8A510

25C503
28C507
2SC510

3W~10W

28Cs522
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Application

Frequency
Range

Power
Range

Silicon Transistor

PNP

N PN

" Vceo< 40V

Vceo>40V

Vceo< 40V

Vceo>40V

Remarks

High
Voltage
High
Power
Switch

~50W

2SA656A
2SA739
2SB434Q
2SB435©
2SB5S3
25B834

2SC519A
28C2200
25C3148
2SDS1®
2SD2340
28D235@
2SD523
2SDS53
2SD633
25D877
2SD798
2SD799
2SD1088

~150W

28B552

258C1576
28C2139
28D52®
2SD53 ®
2SDs55 ®
2SD1313
2SD524
2SD552
25D640
25D641
28D797
2SD867
2SD873
2SD878
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Regulator Transistor

Maximum Rating *Tc=25°C
Systom| Type T e To(A) [wPow)] TiCe) | e
25C3051 0.8 10
2SC3075 0.8 10
2SC2534 2 20
25C2552 2 20 Mold
5 | 2sC2535 5 40 package
S
2 2SC2553 5 40
& | 2sCos55 w0 | s &L 8 | o
> | 25C2650 10 | 100
£ | 2scaz00 7| 40
& | 2scaes 40
25C2137 7 80 S:;‘kage
25C2139 10 | 100
25C2914 10 | 120
25C2444 30 | 250
Maximum Rating *Tc=25°C
Swem | TYPe W) [Vera (V)] To(A) [xPow)] TicO) || 2oke9®
5 |2sC3148 | 900 3 40 Mold package
%, 2SC2790/A| 850 2 80 Can
< |2scara 900 | 800 5 100 150 | package
£ [escarez | 850 2 80 Mold
& [2scares | 00 5 | 100 package
2SD880 60 3 30
_[zspos2z | 60 | 50 3 30 | 150 g’;‘c’ﬁfage
8 |2sDi0s24 50 3 30
3 |2sD877 10 | 80 3 25
€ [25D867 130 | 10 | 10 | 100
2 2SD878 100 | 60 15 | 15 | 175 g:é‘kage
®  125D873 160 140 16 150
2SD797 100 | 80 30 | 200




Regulator Transistor

Toshiba Supreme Power Transistors

* Vceo Type fr Pc
e (sus) . VcEe(sat) T
P (W) Package
A) | Veeo N h Vee | e | MAX(V) lc Is
v | PN v | W | W | MHD g
g0 LZN37T13 | 2N3789 | 25~90 | 2 1 1.0 5/4 | 0504 | 4MIN| 150 TO-3
2N3715 2N3791 | 50~150 | 2 1| 0810 5 0.5 4MIN | 150 TO-3
2N3714 2N3790 25~90 2 1 1.0 5/4 0.5/0.4 4MIN 150 TO-3
10 80 | 2N3716 2N3792 50~150 2 1 0.8/1.0 5 0.5 4MIN 150 TO-3
TSB3055 20~100 4 4 11 4 0.4 8 70 TO-3P
200 | 2N6249 10~50 3 10 1.5 10 1 2.5MIN 175 TO-3
275 | 2N6250 8~50 3 10 1.5 10 125 2.5MIN 175 TO-3
350 | 2N6251 J 6~50 3 10 15 10 1.67 2.5MIN 175 TO-3
60 | 2N3055 20~70 4 4 1.1 44 0.4 2.5MIN llf; TO-3
15 300 | 2N6546 12~60 2 15 10 2 15 175 TO-3
400 | 2N6547 12~60 2 1.5 10 2 15 175 TO-3
16 140 | 2N3773 15~60 4 14 8 0.8 0.2MIN 150 TO-3
60 | 2N3772 15~60 4 10 1.4 10 1 0.2MIN 150 TO-3
20 80 | 2N5303 15~60 2 10 1.0 10 1 2MIN 200 TO-3
* 75 | 2N5039 20~100 5 10 2.5 20 5 60MIN 140 TO-3
90 | 2N5038 20~100 5 12 2.5 20 5 60MIN 140 TO-3
40 | 2N3771 15~60 4 15 2.0 15 15 0.2MIN 150 TO-3
30 40 | 2N5301 2N4398 15~60 2 15 0.75 10 1 2MIN 200 TO-3
60 | 2N5302 2N4399 15~60 2 15 0.75 10 1 2MIN 200 TO-3
DC-DC Converter Transistor
LOW VE (sat) Series
Collector- - Emitter Breakdown Voltage Vceo (V)
Collector Current 9 ggcveec:or
(IAC) 20 V) 50 V) 80 (V) Dissipation
PNP NPN PNP NPN PNP NPN *Pc (W)
12 2SA1328 25C3345 25A1329 2SC3346 40
10 2SA1327 2SD717 2SD1187 80
2SB754 2SD844 60
7
2SB553 2SD553 2SB753 2SD843 40
2SA1012 2SC2562 25
5
2SA1120 25C2270 10
2SA1300 25C3279 0.9
2 2SA1160 2SC2500 2SA1020 2SC2655 2SA1315 2SC3328 (Ta=25C)
(Vceo=10V) | (Vceo=10V) :
* Tc=25C




Darlington Type Transistor

VcEo
| %V | sov | eov | sov | 10ov | 1sov | 200v | 2s0v | soov | ssov | 400v | 4sov | eoov | soov
0.3A 2SCORTM A
2SBGT *
1.5A |25D54o% 23B679%
SA | 5Spila0w 9SD688 #
23D689 %
3A
25B6T6 X
4A 2SD68E %
6A 2SD1088 | 25DT98% 2SD799 %
25D664 *
1A 9SB675% | 29B674% | 2SB673H
2SD35% | 23D6343 | 2SD633 %
23D523 %
10A 25D685
2SD641 * | ZSDGBIA *
15A 2SD524 % | 25D1087% 250641 % | 290683
2SB&33 # 25D643 + 25D694 25D644
A 2SD842 2SDT03* | 53peg 29D695 % | 2SCH4* [3eneic s
40A 25D702 % 25D642 *
2SD46A +
50A 2SD6%6A + Deteh
100A 2SD6YTA | 2SDB4TA* | ISDIIGSA &
120A 2SD548
25DT00
200A e 2SD1166 %
300A 2SDIBA K
400A 2SD648A *
600A 25D6%AS

* :Can package
# : Plastic package

[ Giant transistor is shown in a rectangle.
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FET for Commnications Industry

G-TR Module (Insulated Type)

(Small Signals)
Type Application Structure I (A) Vekosts (V) | Polarity Structure Type
+15 450 NPN Darlington | MG15G1AL2
2SK1 | chopper, switching 30 450 NPN Darlington | MG30GIBL2
+30X2 450 NPN Darlington | MG30G2CL2
2SKi2 chopper, switching N-channel junction type 50 450 NPN Darlington | MG50G1BL.2
26K(S N +50%2 450 NPN Darlington | MG50G2CL2
Low frequency low noie ampiier +75%2 500 NPN | Darlington | MG75HZDL1
2sK18 Differential amplifier ) . +100 450 NPN Darlington | MG100G1AL2
Ial-crannell junction tytpe +100%2 550 NPN | Darlington | MG100H2DL1
'2SKIBA |Differential amplifier | GUalicomplete separation type 200 550 NPN | Darlington | MG200FIAL
25K48 Medical equipment N-channel junction type
25K72 Differential amplifier N-channel junction type Power MOS FET ( 14 -MOS)
(dual)complete separation type
25Kl 12 Low frequency low noisefhigh gm) Maximum Rating
i il TYPe T VoexiV) [ VesstV | IotA) | Potwy | Fackage
2SK1 13-R |Constant-current, switching 25K324 400 +20 10 120 TO-3
2SK325 450 +20 10 120 TO-3
2SK113-0 |Switching, chopper N-channel junction type 2SK355 150 +20 12 120 TO-3
2SK356 250 +20 12 120 TO-3
2SK1 I3-Y |Analog switch, chopper 2SK357 150 £20 5 40 TO-220AB
2SK358 250 +20 5 40 TO-220AB
asK28 Video pre-amplifier 2SK385 400 +20 10 120 TO-3P(L)
2SK386 450 +20 10 120 TO-3P(L)
3SK38A | Chopper circuit N-channel MOS type 25K387_| 150 £20 12 150 | TO-3P(L)
enhancement type) 25K388 250 +20 12 150 TO-3P(L)
2SK417 60 +20 10 60 TO-220BS
25K418 400 +20 2 50 TO-220BS
2SK419 450 £20 2 50 TO-220BS
2SK420 400 +20 5 60 TO-220BS
2S5K421 450 +20 5 60 TO-220BS
2SK422 60 +20 0.7 0.9 TO-92MOD
25K423 100 +20 0.5 0.9 TO-92MOD
2SK405 160 +20 8 100 TO-3P
28J4115 160 +20 8 100 TO-3P
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Uni-junction Transistor

Model Use Structure

2SH20 Thyristor gate turn on SIp it ) i
Timer emitter planar type

2SH21 Thyristor gate turn on SIP emitter planer type

Timer

RF Power Transistors

Package \
P &
Po(W) TO-220AB 9.5 #12.7
HF/CB| 3~3.5 25C1678 2SC2075
80MHz 1 PEP| 25C2098 25C2395
20PEP 252099
40PEP 2SC1763 *
60PEP 25C2290
80PEP 2SC1764 %
100PEP 25C2879
150PEP 25C2510 % : : E—Cazs;v
200PEP 25C2652 * * . x  Veesov
Package
oy 5| IR | e | SP
Po(W) TO-39 Flange ¢9.5 #9.5 6.5 #12.7
VHF 1|2SC994 2SCH98 3
175MHz 2.5 |2SC547 2SC1169%
2.8 |25C1955% 2SC2117 %
5 2SC21183%
6 2SC2101 252638
15 25C2102 25C2178 2SC2639
27 2SC2103A 25C2508
32 25C2420 2SC2640
40 25C2181
50 2S5C3147
80 25C2782
Package = % < 2 @
I T0-39 =3
Po(W) TO-39 Flange 9.5 9.5 6.5 #12.7
UHF 1|2sC1165 2SC1001 |
470MHz 2.8 25C1765
3 25C2104 25C2391
6 25C2105 2SC2379 25C2641
12 2SC2106 2SC2380 25C2642
25 2SC2173 25C2381 25C2643
40 2SC2783
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RF Power Module

Output Power | Frequency Range Output Power | Frequency Range
Type Application Po £ Type Application Po f
(W) (MHz) (W) (MHz)
10W FM 10W FM
S-AVS Amateur radio 15 144~148 S-AU3 Amateur radio 15 430~450
s-ave | DWFM 2 | 1sa-162 | s-aua | o EM/SSE 17| 430~450
25W FM S-AUSL 400~ 440
S-AV7 ) 28 144~148
Amat d - 5W FM —
ma e“’/'a 1 z AU:: Land Mobile 7 4:2 :?g
10W FM/SSB -AU 480~
S-AvV8 Amateur radio 17 144~148 S AUBL 00—430
S-AVSL 135~155 s-auem | L0W EM 13 440~ 480
5W FM ) 8 Land Mobile
S-Av9H | Land Mobile 150~175 S-AUBH 480~512
S-AVIOL | 10w FM 135~155 10W FM .
S-AVIOH | Land Mobile 14 50-175 S-AU7 Land Mobile 15 806 ~825
Condition:Vce, Veon:12.5V, Pi0.2W
l Diodes Type Use
151553
Detector & Switching 151554 General Purpose
151555
vreys FMAYT 50100 | 300 | 300~500 750 1N 4148
151588 151585
%0 ISS176 | 1S1555 |y oq0g }giggg High Speed SW
151554 151586 151588
50 ISSI77 | 1so60 | 151587 1SS176~178
60 151553 152091 .
152092 High Voltage SW
70 1520954 1520954 Hjgh Current SW
80 1SS178 151585 152460
152461 High Voltage
100 1S2091 | 1S2461 | IN4148 152462
152463
200 152092 152462 1SS104 Low Leakage
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Zener Diode

List of Zener Diode Products

Vz 1 W Type
v) 250mW Type | 500mW Type yp 5W Type | 10W Type
Epoxy Metal
02BZ2.2 | 05Z2.0 0523.3
02BZ2.7 | 05Z2.2 0523.6
2.0~4.8 | 02BZ3.3 | 0522.4 0523.9 15220 15262
02BZ3.9 | 05Z2.7 05Z4.3
02BZ4.7 | 05Z3.0 05Z4.7
4.8~5.8 05Z5.1 05Z5.6 15221 15263
‘ (Temperature compensation type)
5.8~7.0 | 1SZ57~1SZ59 9526.2 126.2 15222 15264
7.0~8.4 oezr.s 1275 | 1s22 15265
_ 0529.1 15224 15266
8.4~10 05210 129.1 15225 15267
1012 05211 1210 15226 15268
05212 1Z11 15227 15269
~ 1212 15228 15270
12~14 05213 1213 15229 15271
14~17 gsz1s 1215 |1s230~232 1272~274
17~20 g5z18 1218 |1s233~235 1S275~277
2024 05222 1222 15236 15278
05Z24 1224 15237 15279
N 15238 15280
24~29 05227 1227 15238 5227 18280
N 05230 1Z30 15240 15282
%-8 05233 | x1ZM30 | igay 15283
N 05Z.36 x 15242 15284
85~42 05239 x 1236 15243 15285
42~50 05243 x 1ZM50 1s244~247 15286 ~289
N 05251 15248 15290
50~60 05256 %1251 15249 15291
N 05262 15250 15292
60~72 05268 %1268 15251 15293
7285 05275 $1275 15252 15294
05282 X 1282 15253 15295
N 05291 15254 15296
86~100 05Z100 | *12100 | jgoes 15297
100~120 ¥1Z110  [1S256~258 15298~300
~ 15259 15301
120~140 15260 15302
140~170 ¥1Z150 | 15261 15303
170~200 x 17180
¥ 12330
200~400 x 17990

1 :New product




05Z Series (5 00mW)

Zener Voltage

Type X Y z Curt
1z(mA)
MIX. [MAX.| MIX. [MAX.| MIX. [MAX.
0522.0| 1.88] 2.12 2.05] 2.24 10
0522.2| 2.08| 2.33 2.20| 2.45| 10
0522.4| 2.28| 2.55 2.45| 2.70| 10
0522.7| 2.50| 2.75| 2.65| 2.95| 2.85| 3.10| 10
0523.0| 2.80 3.05| 2.95| 3.25 3.15| 3.40| 10
0523.3| 3.10| 3.35( 3.25| 3.55| 3.45( 3.70| 10
0523.6| 3.40| 3.65| 3.55( 3.85| 3.75| 4.00| 10
0523.9 3.70( 3.95| 3.85( 4.20( 4.10| 4.40] 10
05Z4.3| 4.00| 4.35| 4.25| 4.60| 4.50| 4.80| 10
0524.7| 4.40( 4.75| 4.65 5.00] 4.90| 5.20| 10
0525.1| 4.80| 5.10( 4.95| 5.25| 5.10| 5.40| 5
0525.6| 5.30) 5.60( 5.50 5.80| 5.70| 6.00| 5
0526.2| 5.80| 6.15| 6.00| 6.35| 6.25| 6.60| 5
0526.8| 6.40) 6.75| 6.65| 7.00| 6.85| 7.20] 5
0527.5( 7.10| 7.46| 7.34| 7.70| 7.54| 7.90| s
0528.2| 7.70| 8.10| 7.96| 8.40| 8.26| 8.70| 5
0529.1| 8.60| 9.05| 8.85 9.30| 9.15| 9.60| 5
05210 | 9.40| 9.90| 9.75|10.25|10.10|10.60| 5
05Z11 (10.40(10.95(10.65(11.20(11.05(11.60] 5
05212 |11.40{11.95(11.70|12.25|12.05|12.60| 5
05Z13 12.40|13.10(12.90 13.60|13.4014.10| 5
05215 |13.90|14.65(14.40(15.15|14.85|15.60| 5
05216 |15.40(16.15|15.90|16.65|16.35|17.10| 5
05218 |16.90(17.80(17.55(18.45(18.20(19.10| 5
05220 |18:80|19.8019.50 20 50|20.20]21 20| 5
05222 |20.80(21.80 21.50| 22.50| 22.30/23.30| 5
05224 |22.80|24.0023.50|24.70| 24.40 | 25.60| 5
05227 |25.1 |26.5 (26.3 [27.7 |27.5 |28.9 | 5
05230 |28.0 |29.6 [29.3 [30.8 (30.4 |32.0 | 5
05233 (31.0 (32.7 (32.2 [33.9 [33.3 (350 | 5
05236 34.0 |35.7 (35.2 [36.9 |36.3 |38.0 | s
05239 37.0 [38.8 (38.1 [39.9 (39.2 [41.0 | 5
05243 (39.0 [42.0 [41.0 [45.0 (44.0 |47.0 | 5
05247 43.0 [46.0 (45.0 [49.0 |48.0 |51.0 | 5
05Z51 |47.0 |50.5 [49.5 |53.5 |52.5 [56.0 | 5
05256 [51.0 62.0 | 5
05262 |56.0 68.0 | 5
05268 |62.0 5.0 5
05Z75 |68.0 8.0 5
05282 |75.0 9.0 | s
05291 [82.0 100 5
052100 | 91.0 110 5




Bidirectional Zener Diode

Vz Typical Value | Type Vz Typical Value 1W Type
(V) {Resin Mold Type) (Resin Mold Type)
17~24 72~140 11ZM100
24~35 $1ZM27 140~200 11ZM180
35~72 1ZM47 200~ 400 #1ZM330
* $1ZM390
1ZM30 and 1ZM50 are also available.
: :New product
Variable Capacitance Diode
Tuning
Vr Cr Cr L
T ki lication
vee Pockage | ) | 6B [Va] OGP [VaW) Applicatio
1SV100 15 450 ~600 1 20~33 9 AM car radio, portable radio
1Sviol 15 28~32 3 12~14 9 FM car radio, portable radio
1SV102 . 30 360 ~460 2 15~21 25 AM Hi-Fi tuner
1SV103 Mini 35 3742 3 13.2~16.2 25 | FM Hi-Fi tuner
1SV147 15 28.5~32.5 3 11.7~13.7 8 FM car radio, portable radio
1SV149 15 435~540 1 14.9~30.0 8 AM car radio, portable radio
1SV75 15GIA 28 26~32 3 4.5~6.0 25 VHF TV tuner
1SV123 30 12.04~13.63 3 2.172~2.454 25 VHF, UHF TV tuner
1SV153 1-2J1A 30 14.16~16.25 2 2.11~2.43 25 VHF, UHF TV tuner
1SV138 1-5G1A 30 26~34 2 2.4~3.2 25 CATV tuner
AFC
Type Package Ve Application
(V) (pF) Vr(V)
152094 DO-35 18 7~11 4 VHF, UHF TV AFC
152236 DO-35 15 7~14 4 FM tuner AFC




PIN Diode

Vr Ir rs .
Type Package Application
(V) | (mA) Q) |1(mA) |f(MH2)
152186 DO-35 20 100 1.0Max 10 100 VHF, UHF TV Band SW
1SV99 Equivalent to To-92 50 50 10Max 10 100 Variable ATT, ANT SW, FM AGC
1SV128 Equivalent to TO236 | 50 50 | 7(TYP) 10 100 VHF, UHF Band SW Variable ATT
1SS155 1-2G1A 30 100 0.9Max 2 100 VHF, UHF TV Band SW
Mixer Diode
Type Structure Application
1SS154 Si Epi-pl, Schottky barrier UHF-C band mixing, detection
Miscellaneuous
Type Application
1S144 Meter protection
152093 Trigger diode triode AC switch turn on

Magnetic Electric Transducer (Hall Effect Device)}

Type Structure Application
THS102A Ga-As ion impla planar Magnetic-electric transducer
THS103A Ga-As ion impla planar Magnetic-electric transducer
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Ratings of Transistors

1. Maximum ratings of transistors

The maximum allowable limits of currents,
suppliable voltage, and power dissipation are
defined as the maximum ratings for each kind
of transistor.

The maximum ratings of transistors are one
of the most important factors in determining
the effective transistor drive and in expecting
sufficiently high reliability of transistor cir-
cuits over intended periods of operation.

The most typical characteristic inherent to
transistors, diodes, and other semiconductors
is the temperature dependency of their electri-
cal properties. Maximum ratings for semi-
conductors are mostly determined based on a
thermal variation of electrical properties. For
example, should the ambient temperature be
increased while supplying constant voltage to
a transistor, such an increase of ambient tem-
perature in turn will increase conductivity of
the transistor or current flow in the device.
Thus, increased power dissipation of the
transistor further raises the device tempera-
ture and increases the current. This endless
circulation of temperature rise and current in-
crease will finally result in thermal runaway
and eventual damage to the device.

Transistor maximum ratings constitute
those strict limits which must not be exceeded,
in any phase, to assure long service life and
high reliability of the transistors. Ratings,
which are dependent on materials, structure,
design, and fabricating conditions of transis-
tors, differ according to the kinds. In prineiple,
maximum ratings are regarded as absolute
maximum ratings.

The term “absolute maximum rating”
refers to a value that the operating conditions
must not exceed at any phases—even momen-
tarily. Should more than one item be deter-
mined as having an absolute maximum rating,
neither of them should be applied to the
transistor simultaneously.

Should an absolute maximum rating be ex-
ceeded, the properties of the transistor may
not be recovered in certain instances. When
designing a transistor cirecuit, care must be ex-

ercised not to exceed any of the absolute maxi-
mum ratings, while taking into account fluetu-
ation of the supply voltage, deviation in prop-
erties of the electrical components, exceeding
the maximum ratings while adjusting the cir-
cuits, variations in ambient temperature, and
fluctuations of input signals.

Major items for which maximum ratings
must be determined included the emitter,
base, and collector currents, voltages between
electrodes, power dissipation, junction tem-
perature, and storage temperature of transis-
tors. Because of the close correlation among
these properties, none of these ratings can be
considered’ independently of each other; the
ratings are largely dependent on external con-
nections.

2. Voltage ratings

Transistors are composed of input and
output circuits by using one of the electrodes—
namely, emitter, base, or collector —as the
common terminal. Consequently, voltage rat-
ings for transistors are rated as collector-
to-base voltage (Vgp), collector-to-emitter
voltage (Vcg), or emitter-to-base voltage
(VEeB).

Breakdown voltages which determine vol-
tage ratings are classified into those inherent
to individual transistors (V(srico, V(BRICEO,
and so on) and those dependent on input circuit
conditions (V@r)cer, Vercex, and so on).
Generally, the breakdown voltage is a function
of the individual characteristics of the circuit
and the transistor.

(1) Voltage ratings of collector

Since transistors are normally used in a
common base or in a common emitter mode,
ratings for collector voltages are most impor-
tance to these operation modes.

Fig. 1 reveals a breakdown of collector vol-
tages in various operation modes; the break-
down voltages shown therein may be defined
as follows:

Vericpo: maximum collector-to-base vol-

tage with the emitter opened



Vp=common base

avalanche breakdown
voltage

Visr) cer

< Va=common emitter
avalanche breakdown
voltage

Va / \l/s Ve

Viar) cex

Fig. 1 Maximum collector voltage

V@BRricEo: maximum  collector-to-emitter
voltage with the base opened
V(BRr)cEs:- maximum  collector-to-emitter
voltage with the emitter and the
base short-circuited
V@®R)CER: maximum collector-to-emitter
voltage with a resistance R be-
tween the emitter and the base
V@®Rr)CEx: maximum collector-to-emitter
voltage with reverse bias voltage
applied between the emitter and
the base
When comparing magnitudes of these
breakdown voltages, they may be arranged in
the following order, although no significant
difference is seen between V@rcro and
Ver)cEs:

Vericso > Verices > VERICEX >
V®ricer > V@R)CEO

(a) Maximum collector-to-base voltage with
the emitter opened, VBr)cso
Common base avalanche breakdown vol
tage—

Maximum collector-to-base voltage with
the emitter opened, Vsr)cro is equivalent to
diode characteristics between the collector
and the base. When reverse bias voltage is ap-
plied between the collector and the base, small
leakage current Icgo flows between them. By
increasing such bias voltage, the depletion
layer is expanded on both the collector and the
base sides. After this process is repeated over
and over, in which a small amount of carrier
accumulates high energy from this accelerated
electric field and collides with Ge or Si atoms
to finally produce electrons and holes, a so-
called avalanche multiplication phenomenon is
produced in which a large amount of free car-
riers are produced, causing large current to
flow rapidly.

This avalanche breakdown phenomenon re-
stricts the maximum suppliable voltage ap-
plicable to a transistor.

When avalanche multiplication is present,
the multiplication factor M of multiplication
in junction-type transistors is experimentally
represented by
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;(TB)" ........................ 1)
Vs

The total current amplification factor « is
represented by —

@ = @0 VI sorererrrrrreeernener (2)
Where,
Vp=true avalanche breakdown voltage
Vcp= voltage applied between collector and
base
@y= common base current amplification
factor in voltage where no avalanche
multiplication occurs
n= Figure determined by the type of
transistor; 3—4 for Ge PNP transistors,
4—T7 for Ge NPN transistors, 2—4 for
Si PNP transistors, and 2—3 for Si
NPN transistors.

Vg is determined by a concentration of
impurities on the high resistance side; the
higher the concentration, the smaller becomes
the V.

It is this Vg that definitely determines the
maximum value of withstand voltage of a
transistor. However, in manufacturers’ cata-
logs, maximum ratings for transistors are usu-
ally described by using V@r)cpo to represent
a voltage at which the collector current
reaches a predetermined value. In general,
the stated value Vgrycro is smaller than Vs of
the transistor.

The thermal coefficient of Vg is positive be-
cause it is related to mobility of a carrier.
However, the V(gr)co may become smaller in
the low-current region at high temperatures,
because Icpo rises in accordance with the tem-
perature rise.

When constant input current is supplied to
the emitter of a common base transistor, the
collector current Ic is—

Ic = aIE+MICBO ......................... (3)

M=

(b) Maximum collector voltage in open-base
common emitter connection V®r)cE0
—avalanche breakdown voltage in
common emitter connection Va —

Avalanche breakdown of a common emitter
transistor occurs at a collector voltage in
which the common emitter current amplifica-

tion factor B8 becomes infinite. The factor B

can be represented as a function of o, and ex-

pressed as— '

aoM
A= 1—acM

The factor B becomes infinite when a,M=1
or M=1/a,. In other words, as the collector
voltage Vcp is low, collector current is mostly
supplied by the base. But, at a certain collector
voltage Va, which is sufficiently high to
create an avalanche phenomenon, the amount
of carriers caused by electron multiplication
becomes equal to that (yB8,=a,) injected from
the emitter, due to emitter efficiency 7y reach-
ing the depletion layer with the conductivity
rate B,. Base current to support the collector
current then becomes unnecessary, or B=00,
and avalanche multiplication occurs.

At this point, from M=1/a, and from equa-

tion (1) - (YE)"
a0 =1 Ve
In developing equation (5) for the collector
voltage or the common emitter avalanche
breakdown voltage Va at which ayM=1—

Va=VB"1—ao = VBRCEQ **+++ (6)

For collector voltages smaller than V,,
base current flows forward; the polarity of 8
is positive. On the other hand, for voltages
larger than Vj, base current flows in reverse;
the polarity turns to negative.

The relationship between B and the total
current amplification factor « is shown in Fig.
2 as a function of the collector voltage.

............................... )

oo
| e o
cur
« _y I'Yd“a\.ma&""“ :
1—a ! 9.“‘9“ 1
al 1.0 ! &ﬁcwt :
0 = —=
—-1.0 I Va —= Vg | 8
| 8 Ve
|
— 00

Fig. 2 Current amplification factor and coll
ector voltage

When the input base current is retained
constant, collector current Ic of a common
emitter transistor is represented by the
formula—

Ic = ,BIB+ (ﬂ“f‘l) M IGBQ *rorvereeeveers (7)

Temperature dependency of V@gr)cro is de-
termined by that of Vg, ,, and Icgo (Icro);
the polarity cannot be defined uniformly.
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(c) Common emitter voltage rating as a func-
tion of circuit configuration —
V@®Rr)cER, VBRICES, VBRICEX
When a transistor is operated with a resis-
tor Rp inserted between the base and the emit-
ter, the total collector leakage current MIcgpo
flows through the internal base resistance ry
and external resistor Rg. When the emitter
Jjunction is forward-biased (or when its vol-
tage becomes larger than the contact voltage
Vd), emitter injection occurs; also, breakdown
occurs between the collector and the emitter.
The voltage Vgr)cer at this moment is repre-
sented by the equation —

V@R CER = VBn\/]__ @M (8)
d

VCER is in reverse proportion to Rp; the
breakdown voltage takes the largest value
when Rp=0. When Rp is zero, voltage is ex-
pressed as base-to-emitter short-cireuit
breakdown voltage, or Vgryces; (See Fig. 1-¢)

When the base is opened (or R=00), opera-
tion of the transistor is controlled by 8. All of
the leakage current MIcpo flows through the
base and forms a collector current equal to
(B+1)MIcpo. Breakdown voltage occurs at a
collector-to-emitter voltage where B—oo,
This is the voltage previously defined as Va
(common emitter avalanche breakdown vol-
tage).

Breakdown voltage corresponding to other
values of Rp is larger than Va but smaller
than Vg. In other words, after emitter injec-
tion starts, total current amplification factor
(=a,M) becomes larger than 1, causing B to
change to negative. Figure 2 shows that the
negative values of B increase with a reduction
of Vg, in the region where Vg is larger than
Va. At the breakdown point, emitter injection
occurs and Ic increases suddenly. This in-
crease in Ic reduces collector voltage Ve due
to-a voltage drop across terminal resistance.
A decrease of Ve increases B8 and Ie.

This effect is accelerated accumulatively,
and the transistor represents a negative resis-
tance. Ve approximates Va where 8— oo,

Figure 3(a) reveals the characteristics of
Rp and the breakdown voltage; Fig. 3(b)
shows the relationship between V@@r)cer and
Rg and that between Icgr and Rp. These fig-
ures represent the same characteristics.

1 | MlIcgo locus
¢ I
1

Vces

b - —_————

Va \ Vir ces Vs Ver
Visr) cer
Fig. 3(a) Characteristics of R and breakdown
voltage E

g Visr) cer

g Visr) cEs

=

¥

- Visr cko

—— log R

Fig. 3(b) Characteristics of V gr)cgr, Icer and

Rg

If Rg is inserted in the emitter side as
shown in Fig. 1(e), the negative feedback by
RE increases the avalanche voltage R as rep-
resented by the equation —

— n _UO—IQB. ..............
Va'=Vs"y/ 1 Rot Re (9)

If the emitter/base is reverse-biased by
using Vep as shown in Fig. 1(f), the voltage
takes the maximum value when emitter injec-
tion occurs, similarly to Vgr)cer; it approxi-
mates Va thereafter, displaying negative
resistivity characteristics.

The maximum voltage thus obtained,
namely Vcgx, is obtained by the following
formula and is larger than V(gr) cgs:

IcBo 1
J— n —_— T eeeees 10
Ver cex = Ve™/ 1 Vot Ver {10

(2) Voltage ratings of emitter

Maximum emitter voltage with the collector
opened, V@®r) B0, is similar to the above-
mentioned V@r)cgo in terms of essential.
However, it is only a few volts in conventional
types of transistors because the concentration
of impurities is high in the emitter. Unlike the
avalanche breakdown previously mentioned,
zener breakdown caused by a tunnel effect is
produced if breakdown voltage is around 6V
or less. Care must be exercised if the base/em-
itter is reverse-biased at higher voltage; oth-
erwise transistor characteristics will be dete-
riorated or damaged.
(3) Measuring the voltage ratings

The maximum voltage of a transistor is ob-
tained by measuring the voltage which ap-
pears between the specified electrodes when
supplying a specified current to specified elec-




trodes under specified conditions. Such mea-
surement is usually effected-by regulating the
peak current of sinusoidal half-wave to a
specified value.

Always refrain from conduecting this test by
using direct current; otherwise is will ther-
mally breakdown the elements.

3. Current ratings

The current ratings for a transistor include
the maximum value of current suppliable in
the emitter Ig,,, forward direction and that

which is suppliable in the collector Igpay
reverse direction. Generally speaking, Icp .. =

IEmax in most instances. Thus, current ratings
are usually determined by duly considering
the following items:

(1) Current at which internal power dissi-
pation does not exceed a rated value
even though limited collector saturation
voltage exists—namely, the current at
which junction temperature does not
exceed a rated value.

(@) Current at which DC amplification
factor hgg is lowered to 1/2~1/3 or less
of a peak value—namely for switching
purposes, hrg= 10 for medium-power
transistors or hrg == 3 for large-power
transistors.

(3) Current at which internal leads are
blown off —The maximum value of the
base current Ip,.. generally takes the
value—Ip; . =1/2~1/6 X I pay.

4. Temperature ratings

Maximum junction temperature Timaxs
specified in accordance with the quality of
component materials and their reliability,
should be determined by duly considering the
characteristics related to reliability (such as
deterioration and service life), and not by
refering solely to operability.

Generally speaking, transistor deterioration
is more accelerated if the junction tempera-
ture is higher. The following relationship is
found between the average service life Lm
(hours) and the junction temperature Tj (°K),
with A and B as constants inherent to transis-
tors. B

log La= A+ U AR 1)

Therefore, the upper limit for allowable

junction temperature based on defect ratios.

and reliability of components is specified for
transistors whose long service life must be
guaranteed ... 70 ~ 90°C for Ge transistors,
100 — 150°C for Si transistors, and 150 ~
200°C for Si planar transistors whose surface
is stabilized.

Storage temperature Ty, indicates the tem-
perature range in which a transistor can be
stored without causing the transistor to oper-
ate. This is also specified according to the
quality of component materials and reliability.
Fig. 4 reveals the relationship between failure
rate and junction temperature of transistors.

1
0.6 - s
Y
0.4 Q$?
0 e
= 0.3
S S A
S 0.2 éQ/ 74
] _
@ 0.15 (& e 74
D‘ .
E AN
- .
Q
£ 0.08 T >
pZ
F0.04—® 55
[ / pd
0.03 — v
0.02
0.015
0.01

0.1 0.2 0.3 0.40.50.6 0.8 1.0
Junction temperature Ta regulated by standard
temperature To
_ Ti—To
- Tj max — To
Fig. 4 Relationship between failure rate and
junction temperature of transistors
(based on MIL-HDBK-217A)

Ta

5. Power ratings _

Power dissipated in a transistor is convert-
ed into thermal energy which in turn causes a
temperature rise.

Internal power dissipation of a transistor
operating at a certain operating point is repre-
sented by the sum of the collector loss I+ Vg
and the emitter loss I+ Vgg. Normally, howev-
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er, it is determined by the collector loss Pg =
IcVep = IoVeg, since the emitter junction is
forward-biased —thereby Vog > Vgg and Ig
=Ig.

Major parameters limiting maximum power
dissipation Pyax include the maximum allow-
able junction temperature Tjy,, and the stan-
dard temperature To (ambient temperature
Ta or case temperature Te); it is well known
that these parameters are related to each
other in the following manner by thermal
resistance 8 (or Ry) —

_ Tj max*TO
PCmax - 4

Thermal resistance is a physical value rep-
resenting the ratio of junction temperature
rise per unit-power dissipation—or in other
words, a difficulty in exhausting heat. Thus, it
is necessary to select a transistor with a large
Pomax to assure large power dissipation. It is
very important to rationally design heat radi-
ation in power transistors.

Maximum ratings Pgp., stated in manu-
facturers’ catalogs or other materials general-
ly represent those at normal ambient tempera-
ture (Ta = 25°C) or those at Te = 25°C if use
of a radiator is expected. It is possible to
obtain thermal resistance between the transis-
tor junction and the environmental tempera-
ture, or between junction and case by using
former equation (12).

...................... 12

6. Derating

Transistor circuits may be designed by
using the maximum ratings of voltage, cur-
rent, and power (jurction temperature)
stated in a manufacturer’s catalog and by es-
tablishing appropriate heat radiating condi-
tions. However, it is a common practice to
derate to a considerable extent the operating
conditions of high-reliability circuits.

To balance both system 'reliability and
economy, the following derating is recom-
mended:
® Voltage: Voltages at worst operating condi-

tions (including surge voltage)
should be 80% or less of maximum
rated voltage (especially Vogg).
® Current: Currents at worst operating con-
ditions (including surge current)
should be 80% or less of rated value.
® Power: Power dissipation at worst condi-

tions (including surge) should be
50% or less of derated maximum al-
lowable loss at the maximum am-
bient temperature of equipment.

Temperature: The operating maximum
junction temperature T, when con-
sidering surge and power concen-
tration should be 70—80% or less of
the rated maximum junction tem-
perature Tjmax-

To calculate the power dissipation of
transistors for switching use, the peak values
of voltage, current, and power—as well as
junction temperature, including surge condi-
tions—must not exceed maximum ratings.
However, average power dissipation will suffi-
ciently support system reliability if derating
is effected by taking reliability into account.

7. Safe Operating Area (SOA)

The safe operating area represents that
area where a transistor retaining high relia-
bility can be used without suffering destrue-
tion or deterioration.

Usually, the operating limit of a transistor
is determined by its maximum ratings—such
as maximum voltage, current, and collector
loss. However, when using power transistors
in a high-power amplifier or a circuit having
an inductive load, deterioration of characteris-
tics or destruction may sometimes result even
when they are operated within the maximum
ratings. This is caused by secondary break-
down (S/B) of the transistor.

Ever since this phenomenon was first dis-
covered in 1958 by C.G. Tharnton and C.D.
Simmons, additional consideration has been
required for the concept of SOA, as well as for
maximum ratings, when determining the
operating limits of a transistor.

It would be very difficult to design high-
reliability, economical transistor circuits with-
out properly comprehending the SOA concept
as mentioned above.

(1) Secondary breakdown (S/B) phenomenon

As shown in Fig. 5, the secondary break-
down phenomenon further increases current
following the primary breakdown. When the
current reaches a certain volt-ampere point
(Vs, Is/B), voltage between the collector and
the emitter rapidly drops, descending to a low-
impedance area within several microseconds
or less, frequently causing destruction of a
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transistor.

Such a phenomenon may be observed when
the base-emitter bias is in a forward or
reverse direction, as well as at Vggo or Vcpo;
If the base bias condition differs, however, thé
~ S/B inrush point (Vg Igp) will vary and

align on the locus of the S/B curve shown in
Fig. 5. This figure applies to DC. Since the
inrush to the S/B possesses an energy
dependency, the S/B curve varies in accor-
dance with pulse width of the impressed pulse.

This curve determines an SOA for im-
pressed pulses. Fig. 6 shows the relationship
between the pulse width of impressed power
and S/B. As the pulse width becomes smaller,
the S/B power increases, while the S/B
energy decreases. (S/B energy is termed
“triggering energy”, which implies energy ab-
sorbed by a transistor before the energy
rushes into the S/B.)

Although various explanations have been
given regarding the causes of this S/B, it is
generally accepted as an established theory at
present that a hot spot is created by a local
concentration of current, and causes local
thermal runaway. The possible causes for cur-
rent concentration phenomena are assumed to
be a fall of electric potential or instability of
laterial temperature distribution in the base
area.

Sometimes current will be concentrated
when a lack of uniformity of the base width,
faulty junection, or unbalanced mounting of the
chip on the header material serves as a trig-
ger.

Post S/B curve
/ DC S/B curve
Constant Ip curves

Ic

- Common emitter avalanche
\ . ~breakdown
N\ -
71
— - 4 ‘ '
- N
S~ o = ~eQ N v h
——= _‘Q\:\b'\
IcBo locus
Vce

Fig. 5 Collector output characteristics and S/B
curve

—
(=3
S

N
A

1010;:5100#5 Ims I0ms
Pulse width

S/B inrush energy Eg/p (mJ)
S/B inrush power Pg/g (W)

Fig. 6 Relationship between pulse width and
Es, Ps

(2) Forward biased S/B

When forward bias exists between the base
and the emitter, a hot spot as a result of local
current concentration is created on the emit-
ter periphery.

This is because a fall of electric potential
oceurs in the base area as a result of the base
current immediately flowing laterally below
the emitter, and because the emitter periphery
is more strongly biased than its center. There-
fore, a minority carrier supply to the base is
concentrated around the emitter periphery,
and the current density rises higher there, as
shown in Figs. 7(a) and 7(b).

When this carrier passes through the deple-
tion layer of the collector, it causes a power
loss, which leads to local heating, creating a
repetition that results in a concentration of
current, forming of a hot spot, and S/B.

(Relationship between S/B and transistor
characteristics) Current at the inrush point
Is/p during the forward bias is closely related
to transistor characteristics. When the carrier
supplied from the emitter to the base region
arrives at the collector junction, it is usually
fanned out in a cone-shaped pattern. There-
fore, when the transit time of the carrier in
the base region becomes longer, the current
density becomes lower when it arrives at the
collector depletion layer, due to this fan-out
effect. And resulting in a hot spot hard to
cause. This transit time of the carrier depends
on the base width and drift field in the base
region. Consequently, Is/p is storongly related
to frequency characteristics of a transistor. A
negative correlation exists between fr and Ig/g

irrespective of the pulse width.

This relationship is shown in Fig. 8 below.
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Vd: Threshold voltage of base-emitter
diode. A minority carrier is
injected from the emitter in
shaded portion.
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Fig. 7(c) Emitter voltage (reverse bias)

S/B inrush current, Ig/B

Constant dependent upon base width,
drift field, and bias conditions

Transition frequency, fr

Fig. 8 Relationship between Ig/g and f1

(3) Reverse biased S/B

When reverse bias exists between the emit-
ter and the base the direction of a fall of elec-
tric potential in the base region becomes con-
trary to that during forward bias.

Therefore, the carrier supplied from the
emitter is concentrated on the center of the
emitter. See Fig. 7(c). (The extent of this car-
rier concentration varies according to the
type of transistor. For a ring-shaped emitter,
pattern, the carrier concentrates on one point
of the emitter center. For a combshaped emit-
ter pattern, it concentrates on one line at the
emitter center.)

When reverse bias is higher, the area of con-
centration at the emitter center becomes smal-
ler. Consequently, triggering energy (energy
absorbed by a transistor before it rushes into
S/B) during reverse bias becomes far smaller
than that during forward bias. The carrier
supplied from the emitter, similarly to the
case of the forward bias mentioned above, is
also fanned out; thus, the base width and the
existence of a drift field in the base region are
closely correlated with S/B.

Reverse bias S/B occurs mostly in the case
of an inductive load. The triggering energy
Eg/B depends on conditions lying between the
base/emitter and the inductance L, as shown
in Fig. 9.

S/B triggering enérgy Eg/p

— Ve

Inductance L
Base-to-emitter voltage Vgg
Base-to-emitter resistance Rgg

Fig. 9 Dependency. of S/B triggering energy Eg/p
on load inductance and base-to-emitter
condition
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(4) S/B phenomenon and destruction or dete-
rioration of transistors

Influences of the S/B phenomenon on the
electrical characteristics of transistors vary
depending on the types of transistors.

If the impressed power is small, or if the
power supply is interrupted at the moment
S/B occurs, unusual changes may or may not
occur in the electrical characteristics, or a
transistor may become deteriorated very
slowly, even when S/B is caused to occur
repeatedly.

Care must be exercised, however, because
some transistors are destroyed when they are
subjected to S/B just once. Electrical charac-
‘teristics upon transistor deterioration or de-
struction due to S/B generally reveal the fol-
lowing aspects: maximum values of Vepo,
VcBo, and Vcgo usually become lower, or one
of them is often short-circuited. Especially, a
short circuit between the emitter and the col-
lector indicates a characteristic deterioration
of S/B, where a melted spot is formed running
from the emitter to the collector. Otherwise,
durability against S/B is sometimes reduced
even though the electrical characteristics
remain unchanged. This is caused by a smaller
S/B trigger energy Egsp mentioned above,
thereby indicating that the transistor may be
easily destructed.

8. Measurement of SOA

Various methods have been proposed for
measuring the SOA. Parameters in selecting
an appropriate method include circuit configu-
ration, transistor operating conditions, and
other factors.

When attempting to directly measure the
SOA, in some cases transistors may be deteri-
orated or destroyed. Thus, for confirming the
SOA, it is recommended that the operating
conditions of a transistor be measured immedi-
ately before the current rushes into the secon-
dary breakdown.

There are three typical methods available
for measuring the SOA —

(1) S/B method

(2) Latching method

(3) Transient thermal resistance method
Actual examples of these measuring meth-

ods are described subsequently herein.
(1) S/B method

This is a methods for actually measuring
S/B inrush values by supplying voltage and
current between the collector and the base or
between the collector and the emitter of a
transistor. (See Figs. 10 and 11.)

When applying this methods, a transistor
may become deteriorated unless it is mounted
in a high-performance protective circuit.

There is another way termed the Ty
method, which is an improved version of the
S/B method.

Fig. 12 shows the Tsp method which is a
measuring circuit for obtaining a forward-
biased SOA when the time of supplied pulse
is comparatively long or when using a current
similar to DC. A transistor is operated by
applying Vcg and Ic under a specified tem-
perature (case temperature or ambient tem-
perature) while forward-biasing between the
emitter and the base. Measured by this
method is the operating time required until I¢
fluctuates more than *10% or exceeds the
specified final value. By repeating this mea-
surement to obtain operating time in combina-
tions of Ic and Vcg, and by drawing a graph
with the operating time as a parameter on the
curve of I¢c and Vcg, the SOA can be obtained.

Terminal conditions

D: S/B detecting and protective circuit
S1, S2: Switches to be actuated by signals from D

Fig. 10 DC-supplied S/B method.

+

On Vce

Re3 Ic

S, '“I = Vce

D: Detecting circuit
S1: Switch to be actuated by the signals from D

Fig. 11 Pulse-supplied S/B method (pulse to be
supplied between emitter and base)
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Fig. 12 Forward-biased SOA measuring circuit
(Ts/z methods)

(2) Latching method

This is a method for measuring the SOA of
a transistor by setting it under specified con-
ditions after keeping it in a saturated area
under constant current or inductive load con-
ditions. . ’

It is possible to observe oscillation phenome-
na which occur when the S/B is started by
using this method. (Fig. 13)

Resistance R of L

DUT
L%

B
3 Ro

R. o
&
ki L
Qo

Vee Load condition
Rs= 200 A B c

(Noninductive)

Fig. 13 Reverse-biased SOA measuring circuit
(latching method)

(3) Transient thermal resistance method
(AVgE, AVce method)

Since S/B is regarded as a local temperature-
rise in the junction of a transistor, the S/B
inrush condition can be determined by
measuring the junction temperature. Fig. 14
illustrates a typical example. Measure the

temperature coefficient of junction forward

VBE Measuring terminal ¢,
—
N fij———oIc

o—wW-
S, R If‘E:Rz
T VEE CL:: I

r .
terminal

e

AVgg: Temperature drop as a result of power supply
suspension

81, S2: Switches to be actuated depending on conditions
of the Vg measuring terminal

Fig. 14 Transient thermal resistance method
(AVgg method)

voltage in advance. Thé temperature rise in a
junction can be obtained by measuring the dif-
ference between forward voltage before and
after supplying power, transient thermal
resistance thus being obtained.

This method displays an apparently narrow-
er SOA compared with the two methods men-
tioned above, and cannot be used to measure
reverse-biased SOA.

9. SOA of forward-biased transistors

Fig. 15 and 16 show examples of the SOA of
forward-biased transistors.

The SOA implies that the safety operation
of a transistor is assured when it is used
within the indicated range.

The DC regions of these figures are applied
to transistor operations in a DC circuit. A
pulse-driven transistor may be used at larger
power dissipations as shown in the pulse
region of these figures, but safe operation of
the transistor is assured only within the given
pulse duration.

As shown in Figs. 15 and 16, the lower vol-
tage region shows the thermal resistance limi-
tation while the higher voltage region is limit-
ed by S/B. In the thermally limited region, the
collector loss Pc is constant and I=PV-1; thus,
the thermal limitation gradient is —1 when
plotted on a logarithmic graph. On the other
hand, collector loss in the S/B limited region

Vee R, g Ic Measuring




deviates from the iso-power line of the Pe=
constant. The gradient ranges from —1.5 to
—4 according to the types of transistors. Note
that the relationship of Igs=PV~N reduces
the allowable collector dissipation.

Since the transistor SOA is reduced with a
temperature rise, a derating curve shown in
Fig. 17 must be used.

When temperature rises, the SOA is far
more affected by thermal limitation than by
the S/B limitation. Fig. 17 reveals an example
of a derating curve for the S/B limitation and
the thermal limitation ranges, as a perameter
of case temperature. The SOA for transistor
285A473 shown in Fig. 15 is, at T¢=100°C.,
rendered as narrow as shown by the dashed
lines in Fig. 15. This is because the thermally
limited and S/B_ limited regions are derated
by 40% and 49% respectively according to the
derating curve shown in Fig. 17 (b). For
transistor 2SD526 shown in Fig. 16, where
Vce is lower and in the thermally limited
region, the derating ratio based on thermal
limitation must be considered.

Thermal derating ratio in the S/B limited
region differs according to the structure of
transistors, as shown in Fig. 17. If Vcg is high
voltage and within the S/B limited region,
derating is effected by using the derating
curve of the S/B limitation shown in Fig. 17.

Taking as an example transistor 2SD526, il-
lustrated in Fig. 17, the derating ratio dr is
shown as follows for the thermally limited
region provided that the case temperature of
the transistor Te=60°C:

_ 100
Tj max_25

By substituting T'jmax=150°C, dr=T72%.

Concerning the derating ratio in the S/B
limited region (ds/p), 28D526 must be derated
by 50% at 150°C because it is a triple diffused
mesa transistor; thus, dgp=2/56 (150—Te)+
50%. And dg/ at Te=60°C is 86%.

In coneclusion, it is derated by d1=72% and
dg/p=86% at Te=60°C. This is indicated in
Fig. 16 by using dashed lines.

dT (T] max'_TC)% (14)

10. SOA of reverse-biased transistors
The SOA of reverse-biased transistors
cannot be determined so simply as that of
forward-biased transistors. However, the
SOA in this direction is as important as that
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i I -arly with increa-
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Fig. 15 SOA for 2SA473

*Single nonrepeti-
tive 'pulse

1

Pulsed *—3

r -
. DC. ]

=
T
-~
=
e
I

o
I
a
2
>
=

/\*

&

A+
e

w
7.

R N
N K\

A
D723

3
N
1 \\Qf'

{9

T
0.5t The curves must
be derated linea-
rly with increase \

in temperature

0.1 N
5 10 30 50 100

)4
>

{

4

Collector current 1. (a)
el

1D

Vceo MAX.

Collector-to-emitter voltage

Fig. 16 SOA for 2SD526 and an example of
derated SOA at Tc = 60°C

in the forward-biased direction because high
collector voltage is supplied frequently to a
transistor in an inductance-loaded switching
circuit, a horizontal deflection output circuit
of TV receivers, or a DC-DC converter, while
the base-to-emitter voltage is biased in the
reverse direction.

In such operations, the worst load conditions
are given by an inductive load. The SOA of
reverse-biased transistors is ordinarily ob-



(a) Triple diffused type

Derating ratio (%)

£ 100

2

®

L]
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w

g 0

A 0 200

Te (°C)
Fig. 17 Thermal derating of the SOA

Note: The above figures shown examples of thermal
derating of the SOA for thermally and
S/B-limited regions by types of transistor
structures.

For a concept of the thermal derating of the
SOA, refer to this section on “The SOA of
forward-biased transistors.”

tained by using the load condition C of the
measuring circuit shown in Fig.13. Fig.18 (a)
illustrates Ic-L curves of a transistor under
specified reverse-bias conditions.

Figs. 18 (b) and 18 (¢) show the derating of
Ic when Vppz and. Rpp2 are changed.. It is
possible to obtain the SOA for simple L-loaded
circuits directly by using the curves shown in
Fig. 18. For complicated circuits, however,
the effective L must be obtained before utiliz-
ing the curves of Fig. 18.

However, plotting a typical SOA for a
reverse-biased transistor as shown in Fig. 18
is quite difficult. It is also hard to obtain an ef-
fective L accurately from an actual load cir-
cuit for users. At Toshiba, the SOA is deter-
mined by selecting an adequate Ic, L, Rsse,
VsB2, and other data for specific transistor ap-
plications and by regarding as defective those
transistors whose load characteristics are out-
side the region shown in Fiig. 19 and which dis-
play oscillation or partial flickering on the
load line.
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transistors




Identification System
(Transistors, Accessories, and Radiator Holders)

1. Transistors

Example: 25C 780 A G
st 2nd 3rd 4th groups

1st group: Represents the types of transistors
as shown in the following Table:

1st group Types of transistors

2SA PNP transistor, fundamentally
high-frequenecy use

28B PNP transistor, fundamentally
low-frequency use

23C NPN transistor, fundamentally
high-frequency use

2SD NPN transistor, fundamentally
low-frequency use

28H  Uni-junetion transistor

28J  P-channel field effect transistor

2SK  N-channel field effect transistor

2. RF Power Amplifier Modules
Example: § — A U 5 L

—‘ —[‘One or two alphabets
representing subdivision
of frequency

Serial No.
represents types of modules

—-Symbols representing operating
frequency ranges H: HF range,
V: VHF range, U: UHF range

Figure starting from 11 (EIAJ
number)

3rd group: Suffix denoting modifications in
alphabetical order

4th group: Suffix denoting special applica-
tions

2nd group

4th group Types of speciai_applications

G : Green transistors for communica-
tions and industry applications

D : Products specially approved by
NTT (Nipon Telegraph and Tele-
phone Public Corp.)

N : Products specially approved by
NHK (Japan Broadcasting Corp.)

- 5‘3 —

L Represents an amplifier

—Represents semiconductors

3. GaAs hall sensor

Example: THS 102 A

Suffix denoting modifications
in alphabetical order.

—Numerals starting from 101
represent product division

‘Represents Toshiba Hall Sensor



4. Giant transistor modules
Example: MG §g G2CL1 Table 1

’- Serial No. Circuit structure

Symbols representing
polarity and

structure . A
(Li: NPN Darlington; K: NPN

Triple Darlington; M: N-ch

MOS FET)
— Symbols representing

number of G-TR

— Symbols representing C
breakdown voltage
(Table 2)

— Collector current (A)

- Symbol representing
G-TR module

(1) (2)
(1) (2)
2o B
circuit structure
(Table 1)
— Numeral showing the sy g
(1) g

Table 2 iy
E =1

Char- Max. voltage Char- Max. voltage o
acters range (V) acters range (V)

Z 25 or more to J 600 or more to o

less than 50 less than 700

A 50 "~100 " K 700 "~ 800 " Z Others

B 100 "~150 " L 800 "~ 900 "

C 150 "~200 " M 900 "~1000 "

D 200 "~300 " N 1000 "~1100 "

F 300 "~400 " P 1100 "~1200 " F

G 400 "~500 " Q 1200 "~1300 "

H 500 "~—600 "

&
| W




5. Accessories and radiator holder

Example: AC 23 A
1st, 2nd, 3rd groups
1st group: AC represents accessory
2nd group: Serial number
3rd group: Suffix denoting modifications

Example2: RH-16 A
1st, 2nd, 3rd groups
1st group: RH represents radiator holder
2nd group: Serial number
3rd group: Suffix denoting modifications
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Thermal Stability and Radiation Design of
Transistor Circuit

One of the characteristics of semiconductor
products such as transistor and diode is that
the electrical characteristic is very susceptible
to temperature. Therefore, in circuit design, it
is necessary to give consideration to operating
temperature and a temperature rise caused
by self-dissipation.

For instance, in case the ambient tempera-
ture rises in a condition that certain voltage is
applied to a transistor, the conductivity of the
element is raised and current increases, and
thereby the transistor consumes more power
and junction temperature rises, thus the cur-
rent being further increased. This vicious
circle leads to a phenomenon that will cause
the transistor to be destructed in the end.

Therefore, a design considering changes of
operating point caused by changes of tempera-
ture is required.

1. Temperature Characteristic of
Transistor
(1) Thermal stability
Performance stability factor S is definied
by the following expression.

dlc

S = Ry " @

That is, this shows a change of collector cur-
rent Ic when a change was produced in collec-
tor cutoff current Icpo by temperature.
Among transistor parameters, those that
depend most on temperature are leakage cur-
rent Icgo (Iceo) and base-emitter voltage
VBE. These are expressed as function of tem-
perature as follows.

ICBO(TX) = ICBO(TO) eK(Tx—TO) ............. (2)
IE = ICBO quBE/KT ....................... (3)
where

To: Reference temperature

Tx: Temperature to be found

K: Temperature coefficient:
generally 0.07~0.08/°C when material is
silicon

q: Electric charge

k: Boltzmann’s constant

T': Absolute temperature

Suppose that the dissipation applied to the
junction is Pc and that a variation of APc¢ was
produced in this dissipation by some cause.
There appears a temperature change of
APcOj, in the junction. (8j,: thermal resis-
tance from the junction to the open air, which
will be described in the following chapter)
Consequently, changes are produced in Icpo
and Vgg. These changes Alcgo and AVgg
cause changes of S-Icpo and gm *AVgg to col-
lector current.

(The gm of the transistor is defined by
gm = dlc/dVBE)

If the variation of the dissipation caused by
this change is larger than APc, the tempera-
ture will continuously rise. Therefore, this
needs to be made small. That is,

APc = V¢ (S4lcBo +gmAVBE) ........ (4)

where, Ve: Collector supplied voltage.

Under the above condition, it is considered
that stability can be obtained.

Expression (4) is transformed as follows:

dlcso AVBE
V e — V cOm* é
c*S 4Pc +Veg 4Pc 1 (5)

As AT = APc-0j; can be considered, ex-
pression (2) is differentiated by Pe.
Alcso _ Adlceo AT
4Pc 4T A4Pc

=K. 0ia_ICBO(TO),eK(Tx—T0+Pc-ﬂja) ..... (6)

Then, obtain the temperature characteristic
of Vg by making emitter current Ig constant
in expression (3).

4Vee . KKT _axr e

— s == —20X107°V/°C -+ (7)
T . 2 /

Note:

Generally, —1.8 mV/°C——2.2 mV/°C can be obtained
according to the bias condition of the transistor, but
the above —2 mV/°C is usually used as a typical
practical value. In Darlington transistor, temperature
coefficient becomes twofold, and —4.0——4.5 mV/°C is
used as a typical value, depending on operating
conditions.
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Consequently,

AVBe 4VBe AT
= . = —2.0X1073X §a
APc 4T 4Pc 20X107"x 6;

..................................................

Expressions (6) and (8) are substituted for
expression (5).

Vc+S+-K- fja-IcBocTo) - eK(Tx—TotPedja)
‘Z.OXIO_S’ Hja'VC'gm =1
where,
Tx—To+Pc - 0ja§ T;j max— 10
That is, if expression (9) is satisfied, the cir-
cuit is considered to be stable. However, ex-
pression (9) is too complicated for practical
use. If a change of Ic to the change of Vg is
included in the definition of S, the second term
in expression (9) can be omitted for practical
use. That is, espression (9) is simplified as fol-
lows:

Ve K- §ja-S-IcBoroeXTx—TotPe-bia) < 1

10
where, Tx—To+Pc:6ja = Tjmax—To
Here, critical voltage Vit is defined as fol-

lows.

.................................................

(b) (c)

V
Vee CC
Izl ]{2 1{1 I‘a
g 1X R,
1+(1-)X S =1+% o—
R 2 R
X =t }12 13

In general, the smaller the stability coeffi-
cient is, the better. However, with a small
coefficient, the direct current dissipation of
the circuit increases, thereby lowering the ef-
ficiency.

If the stability coefficient is made small in
the bias circuit in output stage, this dis-
sipation is made large, resulting in poor econo-
my.
Therefore, the bias circuit in output stage
generally adopts the method of improving
thermal stability by a temperature com-
pensating device.

If the temperature compensating device is

R,

1
K- 8ia-S-IcBocro
Expression (11) is substituted for expres-
sion (10);
Vc
Verit

By transforming the above and making
k=0.08, reference temperature (ambient tem-
perature ) To=25°C,

Verit =

eK(Tx—To+Pcﬂﬁja) <1

Pc- 65+ T—25 =< 29 log ch

........ a3
crit

Consequently, expressions (11) and (13)
are expressions giving stability conditions of
the circuit.

(2) Stability coefficient of bias circuit

As the stability coefficient of the circuit is
described and calculated in various literatures
on bias circuit design, only a few examples are
mentioned below.

Fig. 1 shows what becomes of the stability
coefficient of each bias circuit. (a), (b) and (c)
show general bias circuits, and (d) shows a
case where direct current resistance of an
input transformer can not be ignored.

()

Voo Vee
R
S =ﬁz1+—§)i R,3 §= R-a(R,+KR3)
i o R;+R,
_1 ( R.R, ) R 7R,
R; \R,+R, R = R,+K([R,+R,)

a: common base DC
current gain

used, it is possible to optionally select the sta-
bility. As the temperature compensating
device, thermistor and varister are commonly
used.

For the use of them, refer to the catalog for
each device. In case thermal stability is com-
pletely compensated by the temperature com-
pensating device, it is enough for the transis-
tor to take only the maximum rating of collec-
tor power dissipation into consideration.

2. Radiation Design
(1) Maximum allowable power dissipation and
radiation equivalent circuit



The maximum allowable power dissipation
(Pcmax) of a transistor, if the thermal stability
of the bias circuit described in the previous
item is designed to be stable enough, can be
given by expression (14), aceording to the am-
bient (open air) temperature (Ta) where the
transistor is used, its maximum junction tem-
perature (Tjmax) and the total thermal resis-
tance (8j, or Rth) from junction to ambient
(open air) depending on the radiating condi-
tions to be described.

T' max~— la
Pcmax = ’TT (W) erevenvenennnn 149
ja
_ Tj max—TC
<PC max — é; >

For the path conducting the heat generated
in the transistor junction to the outside, ther-
mal movement is supposed to be equal to cur-
rent, and an eleetric circuit is substituted for
convenience’s sake. Consequently, it is ex-
pressed by thermal resistance and thermal
capacitance. In thermally stationary state, it
can be shown by the radiation equivalent cir-
cuit in Fig. 2.

0i:  Internal thermal resistance (from junc-
tion to case)

0b: External thermal resistance (from case
to ambient)

6s: Thermal resistance of insulating plate

fc: Thermal resistance of contact (in contact
with radiating plate)

Ti® Rm m-t Bm-1 n

Tj T.
1 ? W WWA—WY

0; 8 0c
ATy (PP L4, Or 2

T,

Fig. 2 Radiation Equivalent Circuit

0f: Thermal resistance of heat sink (to the
open air)

The total thermal resistance 6, to the open
air, viewed from the junction, is given by ex-
pression (15) from the radiation equivalent
circuit illustrated in Fig. 2.
& (05 + 6.+ 0f)

b = Ot ot Gt b 19

As transistors with middle or lower output
generally use no heat sink, 0j, will be:

Gia = 0i+0b «ooeenaieiniiiiiiiiiiinn, 19

Though there appears maximum allowable
power dissipation of Ta=25°C in catalogs for
transistors with middle or lower output, the
value given by the following expression with
the 0;, given by expression (16) and Tj max. is
available.

T ] max _25

PC max(Ta=25°%C) = T T rriereceerenns (]7)

ja
The thermal resistance 6}, from the case to
the open air depends on the material and con-

3R3 2 Rz 1 Ry

Cs C2 C1

Ta
Fig. 3
T.
Pc) Tj @ '_f JMAX) . _ 'T _
-—P Tjave |
TjMIN
- . - —
f—T Ty | Ta_ i ! .
0 T: T
0 T Time t Time t
Fig. 4
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figuration of the case, but it is a considerably
large value as compared with 8;, 0., 65 and 0r.
Therefore, expression (15) is simplified and
the following expression can be used in prac-
tice.

Gia = Gi+ OO+ G --rvveeernrrnonronen a9

In dealing with direct current dissipation, it
is possible to realize a radiation design satisfy-
i(ng)the maximum rating by finding expression

18).

In using transistors in a pulse circuit, ete.,
great care must be taken so that the peak
value of T; must not exceed Tjmax.

(2) Pulse response of junction temperature

In general, the thermal impedance of a
transistor is given by such a distributed con-
stant circuit as shown in Fig. 3.

When the pulse dissipation P;(t) shown in
Fig. 4 is applied to the circuit shown in Fig. 3,
a temperature change T;(t) that appears in
the mth CR parallel circuit is given by the fol-
lowing expression.

(1) In the region of P; (t) = Po;

Tj(t)nil {(PoRn) — Tatmin} X

it is possible to approximate to the actual
value. However, in case the values of C and R
are not clear, it is hard to calculate the value
of Tj.

Therefore, in general, Tjpeax is estimated by
using the transient thermal resistance shown
below.

Fig. 5 shows the characteristic of 25C3236
as an typical example of transient thermal
resistance characteristic.

When single nonrepetitive rectangular
pulse (pulse width T;, peak value P, is ap-
plied, the transient thermal resistance ry, (t,)
to pulse width T is obtained and Tjpeax is
given by the following.

T] peak = rth(Tl) 'P0+Ta ............... (21)

When continuous pulses of cycle T are ap-
plied, the Tjpeax is given by the following ex-
pression in thermally stable state.’

T peak = P, [% 0ja+ (1_%) 'rth( T+ )

—rth(T)‘*“rth(Tl)} + T weeem @2

The above expression (22) can be applied
only in a region where current concentration

{1—exp(—t /CnRun) } + Ttminy =ooeee oo 19 is not caused by the so-called secondary break-
p down.
(2) In the region of P; (t) = 0; In the radiation design of pulse circuit, great
m , o care must be taken so that the Tjpear in ex-
Ti‘”nzl Tamaxexp (—t/CuRn) e pression (22) may not exceed the Tjmax of the
By supposing n=4 for common transistors, transistor.
g 1000
S
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$t
€3] 1
S 100
&
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=
e
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&
1
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Fig. S TRANSIENT THERMAL RESISTANCE CHARACTERISTIC (28C372)
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In the above analysis, the rectangular wave
is discussed, but in adapting transistors to
equipment in practice, P; (t) may not be a rec-
tangular wave.

|

P c(t)
0
Ty T2
Time t
Actual Dissipation Waveform
 S10)
TR 1 (T
T= P-p SO Peq) dt
-—T-A
0 T
i t
Approximate Waveform me
Fig. 6

In such case, by approximating a dissipation
waveform to a rectangular waveform, Tjpeak
can be calculated by expression (22).

3. Thermal Resistance

The thermal resistance in the radiation
equivalent circuit shown in Fig. 2 is explained
as follows.

(1) Junction-case thermal resistance (internal
thermal resistance) i

The internal thermal resistance 0i from
transistor junction to case is directly deter-
mined by transistor structure, material,
mounting methods of the transistor chip to its
case and case filler. Therefore, it is the ther-
mal resistance peculiar to individual transis-
tor.

For measuring this value in practice, it is
necessary to keep the temperature of the
transistor case constant to make a forcedly
cooled state.

In case the transistor operates by cooling
the case temperature to constant Te=25°C,
the maximum dissipation allowable to the
transistor is given by:

_ Tj max_TC

PC max — _0* (W)
= T'"‘_‘;—zj (W) < @9

Though there appears Tc=25°C or maxi-
mum allowable collector power dissipation in
using an infinite heat sink in catalogs for
large-output transistors, it is determined by
the internal resistance of the transistor, as
clarified in expression (14).

4. Radiation Design Considering

Reliability

The fundamental conception and calculation
for thermal stability and radiation in transis-
tor circuit design have already described.

Now, it is necessary to consider the concep-
tion about reliability. Particularly, for com-
munication equipment and equipment using
numerous parts per unit, derating is required
in consideration of reliability.

Generally, the degradation of a transistor
has the relation of exponential function with
junction temperature. An one-figure (tenfold)
improvement of reliability is expected by
derating of 40—50°C with difference among
individual kinds of transistor. In case high
reliability is needed, it is necessary to keep
Jjunction temperature (temperature rise by ap-
plied voltage + ambient temperature) as low
as possible.

A sudden change of junction temperature is
caused by switching on and off of equipment,
and its repetition gives rise to thermal fatigue
of the electrode junction within the transistor.
As a result, a long life may not be expected.

In order to avoid this, sufficient derating is
required for junction temperature and its
change.
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Precautions on Utilizing Transistors

It is necessary to carefully handle semi-
conductor products when operating them,
especially when carrying or mounting them.
The following refers to notes on handling
transistors.

1. Mounting on a heat sink

Power transistors sometimes require heat
sinks depending on the source voltage, current
load conditions, and ambient temperature. In
such a case, the following attentions must be
paid so that the heat sink effect is maximized
and the transistors are subjected to minimum
stress.

(1) Coating with silicon grease

Coat the silicon grease between the transis-
tor and the heat sink to optimize thermal
resistance between them. Coat the silicon
grease thinly and uniformly.

It is recommended for using a nonvolatile
silicon compound. (Should a volatile compound
be used, the grease may be cracked in the long
run, thus degrading the heat sink effect.)

In some cases where silicon grease is applied
to plastic package-type transistors, the base
oil contained in the silicon grease may be
separated and permeate in the transistor inte-
rior, extremely shortening transistor life
time. Be careful when selecting the type of
silicon grease.

Silicon grease
{(Coat the silicon grease thinly and uniformly)

Transistor
%ﬂsuhtmg mica
W/////// Heat sink

Fig. 1 Coating the silicon grease

Silicon Grease YG6260, produced by
Toshiba Silicon Co., is recommended for this
purpose. Its base oil is seldom separated, so
that it does not affect the transistor life time.
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This notice is not applicable to metal-sealed
transistors.
(2) Mounting accessories for

serews and nuts

It is recommended following the mounting
procedures shown in Fig. 2 (TO-3, Toshiba
2-21D1A), Fig. 3 (T0-66, Toshiba 2-13A1A)
and Fig. 4 (T0-220 AB, Toshiba 2-10A1A),
so that transistors are electrically insulated
from the heat sink and thus increase the heat
sink effect.

tightening

Machine serew M3 X 0.5 X2PCS8
ACGE04

| Mica insulator AC201

Insulating bushing
AC310 X 2PCS
Solder terminal AC501

Spring lock washer

ACT73

M3 X 2PCS
AC401
Nut ; I
M3 X 0.56X2PCS q E%D
ACTO1A
4.2
Transistor —_ == o
Mica insulator S % s
Heat sink Ioer i
Insulating bushing r| $3.1
$3.9

Fig. 2 Mounting transistor TO-3
(2-21D1A) on a heat sink



!
Machine screw M3 X 0.5 X 2PCS
AC604 [

Mica insulator AC203
Insulating bushing
ACT4 zsx.ggn : 2qul T~ A &
er termina A
AC501 ——rs AC402°\
Spring lock washer M3 X 2PCS
AC401 ; m‘m
Nut’ ,/’EFJ
M3X0.5%X2PCS
ACT701A
$3.7
Transistor $3.6
Mica insulator
Heat sink :
. - t
Insulating bushing $32
$4.9 Holder
Mounting plate

Fig. 3 Mounting transistor
TO-66 (2-13A1A) on a heat sink

Machine screw M3 X 0.5
AC604 |

Holder RH-14

Transistor

Insulating bushing
ACT5 AC311 — Mounting plate
Flat washer L
AC402 '
Spring lock washer
M3AC401
Nut
M3 X0.5%2PCS
ACT01A $3.7
Holder $3.6
Mica insulator ===
Heat sink A4 |
Insulating bushing / ! $3.2

¢4.9

Fig. 4 Mounting transistor
TO-220AB (2-10A1A) on a heat sink

(3) Screw tightening torque
Should a screw be tightened with excessive
tightening torque, it may be wrenched off or

the transistor system may be strained or dam-
aged.

Fig. 5 illustrates relations between screw
tightening torque and thermal resistance.
Should a certain value of torque be exceeded,
thermal resistance becomes saturated.

It is recommended to force below following
the tightening torque so that optimum thermal
resistance is assured and the transistor is
freed from stress, mentioned below (Table 1).

Table 1 Recommended screw tightening torque

utline
Toshiba Screw tightening|
JEDEC product No. torque (MAX.)
TO-3 2-21D1A 8kg-em
TO-66 2-13A1A 6kg-cm
TO-220AB 2-10A1A 6kg-cm
TO-126 2-8F2A 4kg-cm
— 2-16B1A 8kg-cm
- 2-34A1A 8kg-cm
6(: i as k_
tighting torque

Fig. 5 Relations between screw tightening
torque and thermal Resistance

When using a pneumatic screwdriver, it is
necessary to control the tightening torque so
that its maximum value falls within that listed
in Table. 1

(4) Stress on transistor electrode leads

If excessive stress is applied to a transistor
electrode lead, the internal connection of
wires may be damaged. Especially as to
plastic-packaged transistors, keep the stress
below 1kg, as shown in Fig. 6.

50 ¢

r 1kg or less

1kg or less VUU ikg or less 1k )
1kg or less g or loss

l 1kg or less

Fig. 6 Stress to electrode leads
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(5) Lead Bending
Lead bendings are shown in Fig. 7 if they
are require.

Better Good
Q 3mm or 3mm or
more more

**Curvature should be
Imm or more when
bending the leads.

Fig. 7 Lead bending (common to 2-8F1A and
2-10A1A)

2. Electrostatic breakdown

Each transistor has its own maximum
rating. The circuits are designed so that exces-
sive voltage and current will not be applied.
However, transistors are sometimes damaged
before they are actually mounted on cirecuit
boards. This is often resulted by overvoltage
breakdown before mounting transistors. It is
caused by static electricity produced by a
charged human body or packing materials.

For instance, clothes made of chemical fiber
which are worn daily are particularly charged
with static electricity. Everyone experiences
a static electricity “crackling” sound when
they take off a coat on a fine and dry day.
These values are known from experiments to
be from around several kV to tens of kV as
listed in Table 2.

Table 2 Voltage electrified by clothing friction
kV)
Static electricity in the human body immediately
after removing a work uniform after strongly
rubbing against one’s underelothing.
(Ambient conditions: 25°C, 25% RH, Unit: kV)

*30° or less 30° or less

A ‘Bad) * Do not bend 2-10 types
even though the bending angle
~— is 30° or less.

Underelothing Cotton| Wool | Acryl{ Polyester | Nylon{ Vinylon +
cotton

‘Work uniform

Cotton 100% 1.2 0.9 12 15 L5 1.8
Vinylon/cotton 0.6 4.5 12 12 48 0.3
(55%/45%)
Polyester/rayon 4.2 84 19 17 48 1.2
(65%/35%)
Polyester/cotton 14 15 12 7.5 15 14

(65%/35%)

It has been confirmed that such static elec-
tricity leads a transistor to overvoltage break-
down, when applying it to the transistor
through its electrode. Although this voltage
differs substantially depending on ambient
conditions, such voltage will sometimes cause
an unexpected breakdown in MOS FETs or
high-frequency transistors which are rather
easily affected by excessive voltage.

Therefore, take care of handling such
transistors as follows.

(1) When storing transistors, it is recom-
mended short-circuiting between electrodes
with conductive materials, or to pack the
entire transistor with aluminum foil or simi-
lar material.

Avoid storing or transporting transistors

in nylon or plastic containers which are
easily charged static electricity.
(2) When handling transistors, it is neces-
sary to safely discharge static electricity in
the ambient environment; for example, by
grounding easily charged things on a desk
or a human body. (Note)

Note: To ensure human safety, be sure to
ground an employee’s body through a
resistance of 10MS{) or so, rather
than directly grounding.

(8) As far as possible avoid using work uni-

forms of chemieal fiber, nylon gloves, and

similar fiber.

(4) When mounting transistors for a printed

circuit board (PCB), the board often consti-

tutes a high-impedance circuit if it is with-
out being additionally processed.

Since it sometimes happens to apply over-

voltage on transistors, it is recommended
short-circuiting the electrodes of a PCB
with each other in the same manner as
when storing transistors.
(5) Although this is not caused by static
electricity, when soldering transistors, be
careful as to leakage from the soldering
iron. It is necessary to protect the transistor
from suppling voltage to the solder. It is ad-
visable to ground the tip of the soldering
iron through substantially low resistance.
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3. Soldering
(1) Soldering temperature

When soldering a transistor onto a printed
circuit board, 6/3 solder is usually used. When
using this type of solder, it is expected that
temperature of the soldering bath (such as
flow solder) is about 240—260°C and that of
the soldering iron is, 300°C or more.

Maximum rating for storing temperature of
a transistor is usually from —55° to +125°C or
from —65° to +175°C. It is preferable to
solder transistors in as short a time and at as
low temperature as possible.

Generally it is necessary to maintain a
soldering temperature, 260°C and to shorten
the soldering time to less than 10 seconds,
except for specially designed transistors.

Even when considering use of a soldering
iron, it is necessary to maintain 350°C and 3
seconds or less. It is also recommended that
when using a soldering iron, pincettes or
pinchers be employed to let heat escape from
the transistor main body.

(2) Soldering procedures

As mentioned above, it is necessary that
heat being transferred to a transistor be mini-
mized when soldering it.

It is necessary to separate the transistor
main body from a printed cireuit board or to
form its leads in such a manner as to lighten
the stress from being applied to the main
body, as shown in fig. 8 below.

spacer

Printed cireuit \%

777777777 7777777777

Fig. 8 Example of soldering method

(8) Cleaning method

To remove flux, cleaning is often conducted
after soldering transistors to printed cireuit
boards. This cleaning often involves a cleaning
agent for removing flux or an ultrasonic wave
cleaning method. Since the outline and mark-
ings of semiconductor devices are very deli-
cate, it is necessary to carefully select such
solvents. It is recommended using freon-type
solvents such as Freon TE and Dai-Freon Sol-
vent S3-E.
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When using an ultrasonic wave cleaning
method, stress applied to a transistor differs
substantially depending on the cleaning bath
size, vibrator output, and resonance among
devices. Therefore, it is recommended avoid-
ing the use of an ultrasonic wave cleaning
method for hollow transistors. However, if use
of that method is unavoidable, it is necessary
to position the main body of transistors in loca-
tion not directly exposed to a vibrator and to
reduce cleaning time to less than 30 seconds,
so that no stress is applied to the main body of
transistors.




Reliability of semiconductors

1. Quality assurance program

The quality and reliability of semiconductor
elements are closely related and important to
our daily lives as well as to industrial equip-
ment.

In this section is explained the quality
assurance program as shown in Fig. 1 and
Table 1, including the ATS (Approval Test
System) in which severe approval tests are
defined for each stage of processes from plan-
ning through mass production when develop-
ing a new item, as well as the maintenance ser-
vice after delivery of semiconductors.

(1) Development stage

The quality and reliability of semiconductor
products are highly dependent upon the
designing of element structures. In this stage,
the designing, production technology, applied
technology, and quality assurance depart-
ments and sections cooperate in deliberating
on basic design, production processes, and
quality and reliability, as well as market re-
search.

Some examples of specific jobs in this stage
include setting reliability goals, research on
past data, checking design criteria, and estab-
lishing estimating methods and criteria con-
sidering application. After clearly solving
these problems, the development and trial pro-
duection are started.

In the development and trial production
process, both electrical properties and reliabil -
ity goals are checked and confirmed as to
whether or not they have reached the levels
initially established.

In this stage, production technology, espe-
cially processes peculiar to each product is es-
timated and confirmed. After quality and
reliability are confirmed, a subsequent trial
run for mass production is initiated.

In the trial run stage for mass production,
are priority is given to the stability of produc-
tion process estimates.

In this stage, it is important to check wheth-
er reliability confirmed in the development
and trial run stage are constantly maintained

in a stabilized condition. The ability of produe-
tion processes is confirmed and priority items
are established to realize ideal process control,
thus paving the way for subsequent mass pro-
duction.

(2) Mass production stage

To maintain quality and reliability in the de-
velopment stage for mass-produced items and
to continue stable production with least varia-
tions, it is essential that the production process
be stabilized, that quality control be thorough-
ly effected, and that the quality of parts and
materials be stabilized.

Toshiba has established QCS (Quality Con-
trol Standards) with top priority on in-process
quality control, based on the basic policy that
“the production process plays the main role in
assuring quality and reliability.” The check
points in process control assimilated in the de-
velopment stage are strictly and closely fol-
lowed.

For example, control items, sampling meth-
ods, equipment to be used, and supervisors, as
well as persons to be contacted if any problems
occur, are established for each process so that
any abnormalities can be detected at an earlier
stage, necessary actions can be taken pr