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IMPORTANT NOTICES

The circuit examples illustrated herein are presented only as a guide

for the performances or the applications of our products.

Keep in mind that no responsibility is assumed by TOSHIBA for its

use, nor for any infringements of patents or other rights of the third parties

which may result from its use, and that no license is granted by implication

or otherwise under any patent or patent rights of TOSHIBA.



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 tech-
nological advancements. Especially, semiconductor products now
play a leading role in the electronic industry, expediting the elec-

tronization 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 con-
tributed greatly to the innovation of industry and to raising living

standards.

In particular, transistors with flexible and extensive applications
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 developing
products in this field and to producing excellent product groups
with both high capacity and high reliability.

This volume comprises detailed technical data for power transis-

tors among our numerous transistor and diode groups. Please use
it in combination with the volume on small signal transistors.

We look forward to your continued patronage.

March 1983.

TOSHIBA CORPORATION
SEMICONDUCTOR GROUP
Tsuyoshi Kawanishi

Group Executive
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Selection Guide

Transistors (Consumer Use)

General-Purpose High Frequency Transistors (Classification Table)

"% Uses\
Frequency^,
(MHz) \

Application

Small Signal

Large Signal
Amplification Oscillation

TVAGC
synchronization

—- BC Band Radio

2SC.1815, 2SA1015,

2SC2458, 2SA1048

2SCl8l5,2SC2458,
2SC380TM, 2SC2669
2SC941TM, 2SC2670

2SC1815
2SC2458
2SC380TM
2SC2669

U.jj

1.0

—-TV Video
amplification

2501959,2301815,
2SC2458

2SC2229, 2SC2068,
2SC1569, 2SC2482,
2SC2333.2SC3334,
2SC3335, 2SA132Q,
2SA1321.2SA1322,
S1298,S2057/A,S2058/A
BF422, BF423, BF457
BF458, BF459, BF469
BF470,BF471,BF472

z.u

3.0

TV £TF

2SC380TM.2SC2669,
2SC2995

2SC380TM
2SC2669
2SC2995Short Wave Radio

ii>

FMIF 2SC380TM, 2SC2669,

2SC2995

2SC2668* 2SC2669
2SC2995,2SC1923,
2SC380TM, 3SK59,

3SK73, 3SK101
2SK161
2SK241,2SK192A

2SC2995
2SC380TM
2SC2669

2SC1678, 2SC2098
2SC1036,2SC2075

20

AM, SSB
1—" Transceiver

Illllllllllll i
:

1 1 i
1

1
1

1 1
1

1
n 1

1

lllllllllllllllllllliillilljilllllllllllllllllllll: hill TOSHIBA COnPORATIQN
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n. Uses

Frequency^
(MHz) \

Small Signal

Large SignalApplication
Amplification Oscillation

30

TV PIF (Europe)

TV PIF (USA)
—- Transceiver

TV PIF (Japan)

FM

2SC3125

2SC2215.2SC2216,
2SC2717
2SC382TM (1st),

2SC383TM (3rd),

2SC388ATM (3rd),

2SC1923, 2SC2668,
2SC2995
2SK161,2SK192A
3SK59, 3SK73,
3SK101.2SK241,
3SK114

2SC1923
2SC2668
2SC2995

jU

100

3SK101.3SK114

2SC2805, 2SC2806,

2SC3122, 2SC2347,
2SC2348, 2SC3123,

2SC3136, 2SC3172
3SK63

2SC2806
2SC2349
2SC3124

2SC994

2SC1199
2SC1164.2SC2318,
(CATV)

2UU vnr
TV

300

UHF
TV

2SC2498, 2SC2499,
2SC2644, 2SC3098,
2SC3099.2SC2804,
2SC2805,2SC3137,
2SC3119.2SC3120,
2SC3121.3SK115,
3SK102, 3SK121,

2SC3120
2SC3121
2SC3137
2SC2805
2SC2347

2SC1164, 2SC1199,
2SC2318,2SC2319
(CATV)jUU

1UUU

2SC2753, 2SC3011,
2SA1245
2SC2876, 2SC3268,
2SC3301.2SC3302

5000

TOSHIBA CORPORATION mil
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General Purpose Low Frequency Transistors (Classification Table)

Classifi-

cation

Collector

Dissipation

Pc

Silicon Transistor

Vceo (Vcer)

~50V 50V~79V 80V~99V 100V~120V 121V~400V 1000V~

Low
Power
Low
Noise

<500mW

2SC2878
/2SK146
USJ73
2SK147
/2SK170
\2SJ74
/2SK147
\2SJ72

2SK270
2SJ90
/TBC547-550
\TBC557~<560

2SK30ATM
2SK246
2SK117
2SK118
2SK184
/2SA1015
\2SC1815
2SC732TM
/2SC2458
\2SA1048
/TBC546
ITBC556

/2SC2868
\2SA1158

/2SC2240
\2SA970

Low
Power
Amplifi-

cation

0.5~1W

/2SC1959
\2SA562TM
/2SC2710
V2SA1150
/TBC327/8
ITBC337/8

/2SC1815
12SA1015
/2SC2458
USA1048

/2SC2240
USA970
/2SC2459
\2SA1049

Medium
Power
Output

0.51~1W

/2SC2120
\2SA950
2SC2703
/2SC2500
\2SA1160
/2SC2236
\2SA966
/2SC496
USA496
/BD135
\BD136

/2SC2655
\2SA1020
/2SC495
USA505
2SC2794
/BD137
\BD138

/2SC1627
\2SA817
/2SC1627A
USA817A

/BD139
\BD140

/2SC2235
\2SA965

/2SC2229*

USA949
2SC2230*
2SC2230A*
2SC2482*
/2SC2383*
V2SA1013*
/2SC2705
\2SA1145

1.1~10W
(Tc=25°C)

/2SA2877
\2SA1217
/2SC2270
\2SA1120
/2SC1173
\2SA473

/2SA1626
\2SA816
/SI 375

VS1376

/2SC2704
V2SA1144
2SC2068*
S1377*

*: TV use (: Complementary pair & Ask separately.

iiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiN CORPORATION
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f*r\ 1 1 a#*+/%r
Silicon Transistor

Classifi-

cation

OOlleCIOr
Dissipation

PC
Vceo (Vcer)

~50V 50V~79V 80V~99V 1 100V~120V 121V~400V 1000V~

2SC1569*
2SC2231*
2SC2231A*
2SC1624
2SA814

/2SC2562
\2SA1012

2SC2073*
2SA940

/2SC790
\2SA490

2SC2233*

/2SD526
\2SB596
/BD237
I.BD238

/2SC2824
V2SA1184
/2SC1625
USA815

2SC2456*

11~30W
(Tc=25°C)

/BD233
\BD234

/2SD880
USB834
(60V)

2SC2242*
2SC2238
2SA968

2SD1052 2SC2238A
2SD1052A 2SA968A
/BD235
UD236

2SC2238B
2SA968B
2SC2481*
2SA1021*
2SC2483*
2SA1195*

High Power 2SD818*
Output

/2SD525
V2SB595

2SD1069*

2SD819*
2SD820*
2SD821*
2SD822*
2SD811*
2SD868*

/2SB553
\2SD553

/2SB753
\2SD843

2SD1090* 2SD869*
31~60W /2SD716

\2SB686
2SC1617* 2SD870*

(Tc?=25 C) /2SD754
USD844

S1236 BU407D* 2SD871*
S1237 */2SC3180

\2SA1263
BU326A* 2SD1279*

BU205*
BU208*
BU208A*
BUY71*
S2818*
S2818A*

/2SD424
\2SB554*/2SC3181

USA1264
2SD1425*

/2SD845
\2SB755

2SD1426*
/2SD718
V2SB688

2SD1427*
2SD717 /2SC2564

\2SA1094
2SD1428*

2SD1092* /2SC2563
V2SA1093

2SD1429*
61~200W 2SD777* 2SD1187 /2SC2565

\2SA1095
2SD1430*

(Tc=25°C) 2SD1294* /2SD1148
USB863
*/2SC3182

V2SA1265

2SD1431*
2SD1208* /2SC2706

^2SA1146
2SD1432*
2SD1433*

2SC1195* 2SD1434*
/2SC3182
\2SA1265
/2SC3280
\2SA1301

&/2SC3281
\2SA1302

TOSHIBA *cSS9&3BS^H^KPmiiiiiiiiiiiiiiiiiiiHiiiiiiiimiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiitiiiinHiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiniiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii

16



Transistors For Audio Equipment

AM/FM Tuner

Uses ^^-\^^
TO-92 Mini Super Mini TO-72 H-SSTM M-X DO-35

FM

RF 2SC1923

2SC2668
2SK161
2SK192A
2SK241

2SC2714
2SK211
2SK210
2SK302

3SK59 3SK73
3SK101
3SK114

MIX 2SC1923 2SC2668 2SC2714 3SK59 3SK73 3SK101
3SK114

LO 2SC1923
2SC2668
2SC2995

2SC2714
2SC2996

IF 2SC380TM 2SC2669 2SC2715

AFC IS2236*

AM

RF 2SC941TM 2SC2670 2SC2716

CONV
&
IF

2SC1815
2SC380TM
2SC941TM

2SC2458
2SC2669
2SC2670
2SC2995

2SC2712
2SC2715
2SC2716
2SC2996

AM Tuning
ISV100*
ISV102*
ISV149*

FM Tuning

ISV101*
ISV103*
ISV147*

FM AGC ISV99* ISV128*

*Diode

Low Frequency Small Signal Amplification

Application
Package

T0-92 Mini Super Mini

General purpose 2SC1815
2SC2868

2SA1015
2SA1158

2SC2458
2SC2459

2SA1048
2SA1049

2SC2712
2SC2713

2SA1162

2SA1163

General purpose
(Low Noise)

2SC1815© 2SA1015© 2SC2458© 2SA1048© 2SC3323 2SA1311

2SC732 TM

E.Q Amp Diff. 2SC2240 2SA970 2SC2459 2SA1049 2SC3324 2SA1312

Main Amp Diff. 2SC2240 2SA970 2SC3324 2SA1312

Low Frequency
Amplifier

2SC2120 2SA950 2SC2710 2SA1150 2SC3265 2SA1298

2SC1959 2SA562TM 2SC2859 2SA1182

Impeadance
Converter

2SK246 2SJ103 2SK330 2SJ105 2SK208 2SJ106

2SK30ATM 2SK118 2SK208

Low NoiseAudioAmplifitr 2SK117 2SK184 2SK209

Muting 2SC2878 2SC3327 2SC3326

iNHtiinHNniiiiniinnMiMtiiiiMiMMiitiiiiiiiiMiiiiiHiiiiiitMiiiiiiiiiiiMiiiiiuniiiiJMiiiiiiniiiiiMiiiiHiiiiiiiiiuiiiniiiiiiiniiiiMUiiiii iHiiiiiiHiiiiiiiniiiMiiiiiiiiiiiiiiiiiiiiitHiiii ~r~^3^l—ll^3^X. CORPORATION
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^\^ Straw*

Application^.

Single Type Dual Type

N-ch P-ch N-ch P-ch

E.Q.Amp

Diff

2SK170 2SJ74 2SK240 2SJ75

2SK147
2SK369

2SJ72
2SJ111

2SK146 2SJ73

2SK270
2SK389

2SJ90
2SJ109

Main Amp
Diff

2SK270
2SK389 2SJ109

Power Amplifier

HF Series

^\Stage
Po X^ Diff. Amp

Pre. Driver Driver Out Put

NPN PNP NPN PNP NPN PNP

3W - - - 2SC1959 - 2SC2236 2SA966

5W - - - 2SC1959 - 2SC2877 2SA1217

20W 2SA1015 2SC1627 - 2SC1627 2SA817 2SD880 2SD834

25W 2SA1015 2SC1627 - 2SC1627 2SA817 2SD526 2SB596

35W 2SA1015 2SC2705 2SA1145 2SC1627A 2SA817A 2SD716
2SC3180

2SB686
2SA1263

50W 2SA970 2SC2705 2SA1145 2SC2235 2SA965
2SD718
2SC3181

2SB688
2SA1264

70W 2SA970 2SC2705 2SA1145 2SC2824 2SA1184
2SD1148
2SC3182

2SB863
2SA1265

80W 2SA970 2SC2705 2SA1145 2SC2824 2SA1184 2SD845
2SC3280

2SB755
2SA1301

100W 2SA970 2SC2705 2SA1145 2SC2238 2SA968 2SC3281 2SA1302

150W 2SA970 2SC2704 2SA1144 2SC2238 2SA968
2SD845 X 2

2SC3281X2
2SB755X2
2SA1 302X2

SHF Series

sow 2SA970 2SC2705 2SA1145 2SC2824 2SA1184 2SC2563 2SA1093

70W 2SA970 2SC2705 2SA1145 2SC2238 2SA968 2SC2706 2SA1146

SOW 2SK270 2SC2705 2SA1145 2SC2238 2SA968 2SC2564 2SA1094

100W 2SK270 2SC2704 2SA1144 2SC2238 2SA968 2SC2565 2SA1095

150W 2SK270 2SC2704 2SA1144 2SC2238A 2SA968A 2SC2564X2 2SA1094X2

200W 2SK270 2SC2704 2SA1144 2SC2238B 2SA968B 2SC2565X3 2SA1095X3

70W 2SK270 - - 2SC2704 2SA1144 2SK405** 2SJ115**

120W 2SK270 - - 2SC2704 2SA1144 2SK405X2** 2SJ115X2**

**
: Power MOS FET.

TOSHIBA e^e^ni^e^V9^^.1~l»^9INI iiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii»iniiiiiiiiiiiiii*i»i«iiii*n
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Transistor For TV

Tuner

"\^Package

Uses ^\ TO-92 ju-X
Equivalent

toTO-236
1-5G1A DO-35 I-2G1A 1-2J1A

UHF

RF

3SK102(MOS)

3SK121(GaAs)

3SK115(MOS)

2SC2304 2SC3119

MIX 2SC2805

2SC3137

2SC3121

2SC3120

OSC 2SC2347 2SC2805

2SC3137

2SC3121

2SC3120

Tuning 1SV123* 1SV153*

AFC 1SV123* 1S2094* ISVI 53*

VHF

RF
2SC2348

3SK101(MOS)

3SK114(MOS)

2SC3122

MIX
2SC3136 2SC3172

3SK10KMOS)

3SK114(MOS)

2SC3123

OSC 2SC2349 2SC2806 2SC3124

Tuning
1SV123*

1SV138*

1SV75*

1SV153*

AFC 1SV123* 1S2094* 1SV153*

BandSW 1S2186* 1SS155*

* : Diode

Video, Chroma-System

Stage TypeColor TV B/W TV

L M S L M S

Driver

2SA562TM

2SA1015

2SC1815

Output

2SC2068/S1298
TBF869/TBF870
TBF871 /TBF872

2SC2482

2SC2456
2SA1322/2SC3335
2SC2229
2SA1321/2SC3334
2SC3333/2SA1320
BF422/BF423

TOSHIBA CORPORATION
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Vertical Deflection System

Stage TypeColor TV B/W TV

L M S L M S

Oscillator

2SC1815

2SA1015

Driver
2SC2229

2SC1959

Output

2SC2073/2SA940
S1236/S1237

2SC2481/2SA1021

2SD880 /2SB834

2SC1173/2SA473

2SC496 /2SA496

2SC2236/2SA966

L : Large Size Screen

M : Middle Size Screen

S : Small Size Screen

PIF, SIF, AGC, Synchronous Separation,

Synchronous Amplifier

PIF
SIF AGC Synchronous

Separation

Synchronous

Amplification1st 2nd 3rd

2SC382TM
2SC2215

2SC382TM
2SC2215

2SC383TM
2SC388ATM

2SC2216

2SC2717

2SC3125

2SC380TM
2SC380ATM

2SC1815

2SA1015
2SC1815

2SA1015
2SC1815

2SA1015

TOSHIBA CORPORATION
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Sound Output

Stage TypeColor TV B/W TV

L M S L M S

Output

2SC2483/2SA1195

2SC2481/2SA1021

2SC2231X2
or2SC2231AX2

2SC2230X2
or2SC2230AX2

2SC2383/2SA1013

2SD880 /2SB834

2SC1173/2SA473

2SC2236/2SA966

2SC2120/2SA950

TOSHIBA CORPORATION
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Horizontal Deflection System

TypeStage Color TV B/W TV

L M S L M S

Oscillator

2SC1815

2SA1015

Driver

2SC2068, S1377

2SC2456

2SC2482

2SC2229

2SC1959

Output

2SD822, 2SD1279, 2SD1433

2SD821, BU208A, 2SD1432, S2000A

2SD820, BU208, 2SD1431, S2000

2SD819, 2SD1430

2SD818, BU205, 2SD1429, S2056

2SD871 * , S2818A * , 2SD1428 * , S2055A

2SD870 * , S2818 * , 2SD1427 * , S2055 *

2SD869*,2SD1426*

2SD868*,2SD1425*

2SC1617, BUY71

2SD1069*,BU407D

2SC2233

* Built in Damper Diode

TOSHIBA CORPORATION
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Power Supply

Type RemarksUses Color TV B/W TV

L M S L M S

w
o
+>
CD

O)
0)
DC

CO

.5?

(/}

Error

Amplifier

2SC2229.S1854 high+ B

2SC1815 Low+B

2SA1015 Low+B

Driver

2SC2229 high + B

2SC1815 Low+ B

2SA1015 Low+ B

Output

2SD1208, 2SD777 high h FE

2SD1092 high h F F.

2SC1195

2SD1090, 2SD1294 high Iikk

2SD880 or 2SB834

2SD1052, 2SD1052A high hFF.

O»
(0

O)
0)
cc

c
IE

Driver

2SC2655

2SC2703

2SC2236

2SC2120

Output

2SD822, 2SD1279
2SD1434

2SD811, 2SD841, BU326A

2SC2790, 2SC2790A High Speed
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Package Type Application
Maximum Rating

VcEO(V) IctmA) Pc(mW)

TO -92

2SC2498 VHF-UHF
Low noise
amplifier

20 50 300

2SC2499 20 30 300

2SC2753 12 70 300

2SC2644
VHF-UHF
Wide-band
amplifier

12 120 500

//-X 2SC2876
VHF-C bandLow noise
amplifier

7.5 80 200

Epuivalent

to TO-23

6
2SA1245 VHF-UHF

Low noise
amplifier

- 8 -30 150

2SC3098 20 50 150

2SC3099 20 30 150

2SC3011
UHF-C bandLow noise
amplifier 7 30 150

Power
Mini

2SC3268
VHF-UHF
Low noise
amplifier

12 70 800

2SC3301
VHF—C band
amplifier

7.5 80 800

Package

TO-92

Type Application
Electrical CharacteristicfTYP)

fT(GHz) S2L 2 NF(dB) f(GHz)

2SC2498 UHF- UHF
Low noise
amplifier

3.5 14.5 2.5
0.5

2SC2499 4.0 15.0 1.7

2SC2753 5.0 10.5 1.7 1.0

2SC2644 4.0 14.5 2.3 0.5

v-X 2SC2876
UHF-C bandLow noise
amplifier

7.0 10.5 2.3
1.0

Epuivalent

to TO-236

2SA1245 VHF-UHF
Low noise
amplifier

4.0 9.5 3.0

2SC3088 3.5 14.5 2.5
0.5

2SC3099 4.0 15.0 1.7

2SC3011
UHF—C bandLow noise
amplifier

6.5 9.0 2.3 1.0

Power
Mini

2SC3268
VHF—UHELow noise
amplifier

5.0 9.5 2.0
1.0

2SC3301
UHF—C band
Low noise
amplifier

7.0 9.0 2.3
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Chip Device For Hybrid IC (1)

Super Mini Transistor (Equivalent to TO-236)

Type Application

Electrical Characteristic

Marking Complementary
Similar Type
TO-92 (mini

transistor)

RemarksVceo
(V)

lc(mA) Pc(mW) TjCc)

2SA1162
Low frequency
amplifier

-50 -150 150 125 S 2CC2712 2SA1015
(2SA1048)

-

2SC2712
Low frequency
amplifier

50 150 150 125 L 2SA1162 2SC1815
(SC2458)

-

2SA1163
Low frequency
high voltage

amplifier

-120 -100 150 125 C 2SC2713 2SA970
(2SA1049)

-

2SC2713
Low frequency
high voltage

amplifier

120 100 150 125 D 2SA1163 2SC2240
(2SC2459)

-

2SC2714
FMRF
amplifier

30 20 150 125 Q - 2SC1923
(2SC2668)

-

2SC2715
AM convertor,

FM IF amplifier
30 50 150 125 R - 2SC380TM

(2SC2669)
-

2SC2716
AMRF
amplifier

30 100 150 125 F - 2SA941TM
(2SC2670)

-

2SA1182
Low frequency
amplifier

-30 -500 150 125 Z 2SC2859 2A562TM -

2SC2859
Low frequency
amplifier

30 500 150 125 W 2SA1182 2SC1959 -

2SC2532 LED driver 40 300 150 125 A - 2SC982TM -

2SC2996
FMRF
amplifier

30 50 150 125 G - (2SC2995) -

2SA1255
High voltage

amplifier
-200 -50 150 125 O 2SC3138 - -

2SC3138
High voltage

amplifier
200 50 150 125 N 2SA1255 - -

*2SC3011
UHF~Cband
low noise

noise amplifier

7 30 150 125 MA - -
fT=6.5GHz

*2SC3098
VHF~UHF
band low noise

amplifier

20 50 150 125 MB - 2SC2498 fx=3.5GHz

*2SC3099
VHF~UHF
band low noise

amplifier

20 30 150 125 MC - 2SC2499 fT=4GHz

*2SA1245
High speed
switching

-8 -30 150 125 MD - -
fT=4GHz

2SC3119
UHF-TV RF
amplifier

20 20 150 125 HA - - fT=900
MHz

2SC3120
UHF-TV
convertor

15 50 150 125 HB - - fT=2.4GHz

2SC3121
UHF-TV
oscillator

15 50 150 125 HC - - fT=1.5GHz

2SC3122
VHF-TV RF
amplifier

30 20 150 125 HD - 2SC2348 fT=400MHz

2SC3123
VHF-TV
convertor

20 50 150 125 HE - 2SC3136 fT =900MHz,
MIN

2SC3124
VHF-TV
oscillator

15 50 150 125 HF - 2SC2349 fT=600MHz,
MIN

2SC3125
TVPIF
amplifier

25 50 150 125 HH - 2SC388ATM it=350MHz

*Microwave transistor
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FET

Type Application

Electrical characteristic (Ta = 25°C)

Marking
Similiar

Type
Remarks

Vdsx * *

Vgdo
Vgrd*
(V)

Ig,Id*

(mA)
Po(mW) iDSs(mA) lYfsl (mS)

2SK208
Low frequency

amplifier
-50 10 100 0.3 ~ 6.5 1.2 MIN. J 2SK30ATM

2SK209
Low noise low
frequency

amplifier

-50 10 150 0.6 ~ 14 15 X 2SK117

2SK210
FMRF
amplifier

-18* 10 100 3.0 ~ 24 7TYP. Y 2SK192A

2SK211
FMRF
amplifier

-18* 10 100 1.0~10 9TYP. K 2SK161

2SK302
VHF band
amplifier

20** 30* 150 1.5 ~ 14 10TYP. T 2SK241 MOS type

FET

Diode

Type Application

Electrical Characteristic (Ta = 25°C)
Marking

Similar

TypeVr(V) lF(mA) Ct(PE) NF(dB) Rs(n)

ISS154
UHF~Sband
mixer detecter

6 30 0.8 9 MAX. - BA -

ISV128
VHF~UHF
band attenuator

50 50 0.25 - 7 BB ISV99

ISS181
High Speed

Switching
80 100 4.0 - - A3 - Cathode

Common

ISS184
High Speed

Switching
80 100 4.0 - - B3 - Anode

Common

ISS226
High Speed
Switching

80 100 4.0 - - C3 - Series

Type

TOSHIBA CORPORATION
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Chip Device For Hybrid IC (2)

Power Mini Transistor (Equivalent to SOT-89)

Type Application

Electrical Characteristic (Ta = 25°C)

Marking

Complement-
ary pair

Similar

Type
T092MOD
(TO-92)

RemarksVceo
(V)

Ic

(A)

Pc
(W)

Pc*

(W)

Tj

(°C)

2SA1200
High voltage

switching,

audio pre-driver

-150 -0.05 0.5 0.8 150 B 2SC2880 2SA949

2SC2880
High voltage

switching,

audio pre-driver

150 0.05 0.5 0.8 150 A 2SA1200 2SC2229

2SA1201
Power amplifier,

audio driver
-120 -0.8 0.5 1.0 150 D 2SC2881 2SA965

2SC2881
Power amplifier,

audio driver
120 0.8 0.5 1.0 150 C 2SA1201 2SC2235

2SA1202
Power amplifier,

audio driver
-80 -0.4 0.5 1.0 150 F 2SC2882 2SA817A

2SC2882 Power amplifier,
audio driver

80 0.4 0.5 1.0 150 E 2SA1202 2SC1627A

2SA12-3 Power amplifier -30 -1.5 0.5 1.0 150 H 2SC2883 2SA966

2SC2883 Power amplifier 30 1.5 0.5 1.0 150 G 2SA1203 2SC2236

2SA1204 Power amplifier -30 -0.8 0.5 1.0 150 R 2SC2884 (2SA950)

2SC2884 Power amplifier 30 0.8 0.5 1.0 150 P 2SA1204 (2SC2120)

2SA1213
Power amplifier,

switching
-50 -2.0 0.5 1.0 150 N 2SC2873 2SA1020

Low
VcE(sat)

2SC2873
Power amplifier,

switching
50 2.0 0.5 1.0 150 M 2SA1213 2SC2655

Low
VcE(sat)

2SC2982 Strobo flash 10 2.0 0.5 1.0 150 S - 2SC2500

2SC3268
RF Low noise

amplitcer
10 0.07 0.3 0.8 125 ME - (2SC2753)

VHF~
UHF

2SC3301
RF Low noise

amplitcer
7.5 0.08 0.3 0.8 125 MA - - VHF~C

Band

PC *Mounted on 250mm2 x 0.8mm Ceramic board

iiiiillllllllll»MtliiiitiiiiiiiiiitiitiiitiiiiiiiitiiiiiiiiiiitliaiiiiiitiiiiitiiitiiiiiiiliiitfiitiiilltiiiiMlitiiiiiiiiitiiillltlttiiiiiiiti4iiiliMllllllitiiiiillMtiitiiiiiiiiiililllMillllllllltltiiiiiitli(llfl ~B~^^»^^a—^^.^EV^ CORPORATION

-27-



Chip Device For Hybrid IC (3)

Power Mold Transistor

Type Application

Electrical Characteristic (Ta = 25°C)

Complimentary
Pair

Similar

Type
TO-1 26,220

RemarksVceo
(V)

Ic

(A)

Pc
(W)

Pc*

(W)
Tj

(°C)

2SA1225
Driver

Power amplifier
-160 -1.5 1.0 10 150 2SC2983 2SA9688

2SC2983
Driver

Power amplifier
160 1.5 1.0 10 150 2SA1225 2SC2238

2SA1241 Power amplifier -50 -2.0 1.0 10 150 2SC3076 **2SA1020

2SC3076
Power amplifier

Strobo flash
50 2.0 1.0 10 150 2SA1241 **2SC2655

2SA1242
Medium power
amplifier

-20 -5.0 1.0 10 150 2SC3072 2SA1120

2SC3072
Strobo flash

Medium power
amplifier

20 5.0 1.0 10 150 2SA1242 2SC2270

2SA1243 Power amplifier -30 -3.0 1.0 10 150 2SC3073 2SA473

2SC3073 Power amplifier 30 3.0 1.0 10 150 2SA1243 2SC1173

2SA1244
Large current
switching

-50 -5.0 1.0 20 150 2SC3074 2SA1012

2SC3074
Large current

switching
50 5.0 1.0 20 150 2SA1244 2SC2562

2SB905

TV vertical

deflection output
TV Sound
output (B class)

-150 -1.5 1.0 10 150 2SD1220 2SA1021

2SD1220

TV vertical

deflection output
TV Sound
output (B class)

150 1.5 1.0 10 150 2SB905 2SC2481

2SB906
Low frequency
power amplifier

-60 -3.0 1.0 20 150 2SD1221 2SB834

2SD1221
Low frequency
power amplifier

60 3.0 1.0 20 150 2SB906 2SD880

2SB907
Switching
Power amplifier

-40 -3.0 1.0 15 150 2SD1222 2SB677 Darlington

2SD1222
Switching
Power amplifier

3.0 1.0 15 150 2SB907 2SD687 Darlington

2SB908
Switching
Power amplifier

-80 -4.0 1.0 15 150 2SD1223 2SB676 Darlington

2SD1223
Switching
Power amplifier

80 4.0 1.0 15 150 2SB908 2SD686 Darlington

2SD1224 Power amplifier 30 1.5 1.0 10 150 - 2SD549 Darlington

2SD1160 Motor control
50

(VCES)
2.0 1.0 10 150 - -

2SC3075
High voltage

power amplifier
400 0.8 1.0 10 150 - -

PC* TC = 25°C **TO-92MOD
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Transistors (Industrial Use)

Classification Table

Classification Silicon Transistor (NPN)

Ic

(Max.)
Pc

(Max.)

Basic Product
High

Frequency
High
Speed

High
Voltage

Low
Noise

For Governmental Offices

Typical Product
Description Classification NHK Standards Remarks

o
GO

'to

c
CO

H
CD

§
o
Q.

To

E
CO

~ 150mA ~400mW 2SC372©TM
2SC2551

2SC372©TM
2SC373©TM
2SC980OTM
2SC980A©TM
2SC2551

2SC387A©TM

2SC752©TM

2SC780A©TM
2SC2551

2SC1000©TM

~100mA ~250mW 2SC400
2SC1380

2SC400
2SC979
2SC979A
2SC1380

2SC1380A 2SC587®

~500mA ~400mW
2SC367©TM
2SC982TM
2SC2550

2SC366©TM
2SC367©TM
2SC982TM
2SC2550

2SC395A 2SC595®

o

<n
c
(0

CD

O
a.

E
3

C
CD

2

100
~300mA ~750mW 2SC594 2SC507

2SC594

2SC505
2SC506
2SC507

2SC594®

600
~800mA ~800mW

2SC108A
2SC503
2SC509©TM

2SC108A
2SC109A
2SC503
2SC504
2SC509©TM

2SC108A
2SC109A

2SC505
2SC506

2SC560®

~2A ~800mW 2SC510
2SC2655

2SC510
2SC512
2SC2655
2SC3007

o
</>

'to

c
CO

CD

5
o
0L

-C
o>

X

1.5~5A ~50W
(Tc=25°C

)

2SD686
2SD687
2SC522
2SD688
2SD689
2SC2534
2SC2552

2SC522
2SC524
2SD877
2SD686
2SD687
2SD688
2SD689
2SC2562

2SC2534
2SC2552

2SC2534
2SC2552
2SC3148

2SC833®
2SC598®

~7A ~50W
(Tc=25'C)

2SC2200
2SC2535
2SC519A
2SD523
2SD633
2SD553

2SC2200
2SC519A
2SC520A
2SC521A
2SD523
2SD633
2SD634
2SD635
2SD553
2SD843

1SC2535
2SC2553

2SC2200
2SC2913
2SC2535
2SC2553
2SD798
2SD799
2SD1088

2SD51®
2SD51A®

~15A -100W
(Tc=25°C)

2SC1576
2SD524
2SC2790

2SD369
2SC1576
2SD524
2SC2139
2SD867
2SC2555
2SD717
2SD1087
2SD1187

2SC2555
2SC2650
2SC2139
2SC2914
2SC1576
2SD640
1SC2790
2SC2790A
2SC2791
2SC2792
2SC2793

2SD52®
2SD52A®
2SD53®
2SD53A®
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Classification Silicon Transistor (NPN)

Ic

(Max.)
Pc

(Max.)

Basic Product High
Frequency

High
Speed

High
Voltage

Low
Noise

For Governmental Offices

Typical Product

Description
Classification NHK Standards Remarks

2SD552 2SD641

15-40A -300W
(Tc=25°C)

2SD552
2SD873
2SD878

2SD797
2SD1313
2SD1314
2SD842

2SD642
2SD1313
2SD1314

2SD55®

2SK11
2SK15 2SK12 2SK15

Junction
2SK112
2SK113
3SK28

2SK15
2SK48
2SK112
2SK113

3SK28
2SK113
3SK28

2SK112
2SK113

2SK48
2SK112
3SK28

2SK12®

2SK18 2SK18
(Dual)

2SK18
2SK72

2SK72
2SK18A

2SK18A
2SK72

2SK72®

Field Effect

Transistor

(FET)

MOS 3SK38A 3SK38A

2SK324 2SK324
2SK355 2SK355
2SK357 2SK324 2SK357

^-mos 2SK386
2SK387

2SK325
2SK355

2SK385
2SK387

( Power 2SK417 2SK356 2SK417
MOS) 2SK419

2SK421
2SK357
2SK358

2SK418
2SK420
2SK325
2SK356
2SK358
2SK386
2SK388
2SK419
2SK421
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Classification Table

Classification Silicon Transistor (PNP)

IC (Max.) PC (Max.)

Basic Product
High

Withstand
Voltage

Low Noise

NHK Standard

Typical
Product

Description
Classification

NHK
Standards

® «_

3 o
o £
°- •£
= c
CD (0

~ 150mA ~400mW 2SA495©TM
2SA1091

2SA495©TM
2SA1091

2SA429©T
2SA1091 2SA493©TM

~ 100mA ~250mW 2SA500 2SA499
2SA500

2SA522®
2SA522A®

~ 500mA ~ 300mW 2SA476©TM
2SA1090

2SA476©TM
2SA1090

0)

2
o
°- 5
E S

o 5
a) <5

2H

100

~ 300mA
~750W 2SA594 2SA594

600
~ 800mA ~800mW 2SA503

2SA509©TM

2SA503
2SA504
2SA509©TM

~1.5A ~800mW 2SA510
2SA1020

2SA510
2SA512
2SA1020

o

c
CO

1-

?
O
Q.

.c
O)

I

1.5 ~5A
8~30W
(Tc=25°C)

2SB676
2SB677
2SB502A
2SB434
2SB678
2SB679

2SB502A
2SB503A
2SB434
2SB435
2SB676
2BB677
2SB678
2SB679
2SA1012

2SA739

~7A ~50W
(Tc=25°C)

2SA656A
2SB673

2SA656A
2SA657A
2SA658A
2SB673
2SB674
2SB675
2SB553
2SB753

2SA739

~15A ~100W
(Tc=25°C)

15 ~40A ~300W
(Tc=25°C)

2SB552
2SB833

2SB552
2SB833

Notes: 1. 3SK38A is MOS FET and others are Junction FETs.

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

($):NHK standards ® transistor

3. Complimentary transistor

2SC372 TM.2SC367 TM-2SA467 TM,2SC400-2SA500,2SC503F-2SA503F,

2SC510F-2SA510F,2SC595(S)-2SA522(S),2SC560(S)-2SA560(S),2SC516(S)-2SA516(S),

2SC516A®-2SA516A®,2SB502F-2SD102F,2SC519AF-2SC519AF-2SA656AF,2SD552-2SD522
2SC255-2SA 1090.2SC255 1 -2SA 1 09 1 F:Family
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Selection Table

Application
Frequency
Range

Power
Range

Silicon Transistor

RemarksP N P N P N

Vceo<40V Vceo>40V Vceo<40V Vceo>40V

2SK12 2SC1000©TM Notes: 1©:
Low AF 2SK12® 2SC1380A Green transistor

Noise (audio ~100mW 2SA493©TM 2SK15 2SC18 for industiral

Amplifier frequency) 2SK48
2SK72

2SK18A
2SK112

use.

Notes: 2®:

~100mW 2SA500
2SA522

2S495©TM
2SA499
2SA522A®

2SC400®
2SC595

2SC372©TM
2SC373©TM
2SC979
2SC979A
2SC980©TM

NHK standards®
transistor

Notes: 3. *:

for UHF.

AF
(audio

2SC980A©TM

lOOmW
2SA467©TM
2SA500

2SA495©TM
2SA499

2SC367©TM
2SC366©TM
2SC505

frequency) ~300mW 2SA522® 2SA522A® 2SC400 2SC507
2SK112

2SC503

300mW
~3W

2SA509©TM

2SA504
2SA503
2SA510

2SC509©TM

2SC510
2SC507
2SC594

Low
Frequency

2SA594
2SA1020

2SC594
2SC504

Amplifier 2SC2655

Oscillation
LF
(low

frequency)

2SC3007

3W~10W 2SC522

2SC519A
2SD51®
2SD52®
2SD53®

2SA1012 2SD55®
2SA656A 2SD234©
2SB434© 2SD235©

10W~ 2SB435©
2SB502A
2SB503A
2SB552
2SB553
2SB833
2SB753

2SD633
2SD640
2SD641
2SC1576
2SD523
2SD524
2SD552
2SD553
2SD843
2SD842
2SC2562
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Application
Frequency
Range

Power
Range

Silicon Transistor

RemarksP N P N 1
s N

Vceo<40V Vceo>40V Vceo<40V Vceo>40V

2SC372©TM

VHF
Amplifier

Oscillation

~100mW 2SA500
2SA522

2SA495©TM
2SA499
2SA522A®

2SC400
2SC595®
3SK28

2SC373©TM
2SC979
2SC979A
2SC980©TM
2SC980A©TM

2SC366©TM

lOOmW
~300mW

2SA467©TM
2SA500
2SA522®

2SA495©TM
2SA499
2SA522A®
2SA594

2SC367©TM
2SC595®

2SC507
2SC594
2SC594®
2SC383TM
2SC2216
2SK113

2SA504 2SC503

High

Frequency HF 300mW 2SA503
2SA510

2SC510
2SC507

Amplifier
(high ~3W

2SA594 2SC594

Oscillation
frequency)

2SA1020 2SC504
2SC2655

2SC522
2SC519A

2SC1763 2SC2913
2SC1764 2SC914

3W~ 2SA656A
2SA1012

2SC2335
2SC2099
2SC2290
2SC2510

2SC2790
2SC2552
2SC2553
2SC2555
2SC2650
2SC2652

~100mW 3SK28

lOOmW 2SA594 2SC387A©TM

VHF
Amplifier VHF

~300mW

2SC998
Oscillation 2SC1001*

2SC1165*
UHF 2SC1169
Amplifier UHF 300mW 2SC1199*
Oscillation ~3W 2SC1765*

2SC1955
2SC2117
2SC2118
2SC2318*
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Application
Frequency
Range

Power
Range

Silicon Transistor

Remarks
P N P N P N

Vceo<40V Vceo>40V Vceo<40V Vceo>40V

UHF
Amplifier

Oscillation

HF
(high

frequency)

VHF

UHF

3W~ 2SA598

2SC2101
2SC2102
2SC2103A
2SC2178
2SC2180
2SC2104*
2SC2105*
2SC2106*
2SC2379*
2SC2380*
2SC2381*
2SC2391*
2SC2420
2SC2638
2SC2639
2SC2640
2SC2641*
2SC2642*
2SC2643*
2SC2782
2SC2783*

TOSHIBA C^C^B=*^^^^P9,^X.~V
-
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Selection Table

Application
Frequency
Range

Power
Range

Silicon Transistor

P N P

Vceo<40V Vceo>40V

N P N

Vceo<40V Vceo>40V

Remarks

DC
Amplifier

Low Level

Amp.
Chopper

DC -lOOmW

2SK12
2SK12®
2SK15
2SD38A
2SK48
2SK72

2SK18
2SK18A
2SC1000©TM
2SC1380A
2SK112
2SK113

<100mW
2SA500
2SA522(

2SA495©TM
2SA429©TM
2SA499
2SA522A®
2SA1090

2SC400
2SC752©TM

400kHz

2SC372©TM
2SC780A©TM
2SC979
2S979A
2SC980©TM
2SC980A©TM
2SC2550

lOOmW
~300mW

2SA467©TM
2SA500
2SA522®

2SA495©TM
2SA499
2SA522A®
2SA1090
2SA1091

2SC367©TM
2SC400
2SC587®
2SC595®

2SC366©TM
2SC505
2SC2550
2SC2551

-lOOmW
2SA500
2SA522I

Logical

Circuit

Control

Circuit

2SA495©TM
2SA499
2SA522A®
2SA1090

2SC372©TM
2SC373©TM
2SC400
2SC595®

2SC979
2SC979A
2SC980©TM
2SC980A©TM
2SC2550

100kHz
~lMHz

lOOmW
~300mW

2SA467©TM
2SA500
2SA522®

2SA495©TM
2SA499
2SA522A®
2SA1090

2SC367©TM
2SC400
2SC595®

2SC366©TM
2SC505
2SC2550

300mW
~3W 2SA504

2SA503
2SA510
2SA1020

2SC108A
2SC503
2SC504
2SC507
2SC510
2SC594
2SC594®
2SC2655

~100mW 2SA500
2SA522I

2SA499
2SA522A®

1MHz
~5MHz

2SC752©TM
2SC400
2SC587®
2SC595®
2SC372©TMA
2SC373©TMA
2SC395A

2SC979
2SC979A
2SC980©TM
2SC980A©TM
2SK112
2SK113

lOOmW
~300mW

2SA467©TM
2SA500
2SA522®

2SA499
2SA522A®

2SC395A
2SC400

2SC594
2SC594(

5MHz
~15MHz 400mW 2SC752©TM

Notes: 1.

3SK38A is

MOS FET and
other are

Junction FETs.
Notes: 2.

© : Green
transistor for

industrial use.

(©TM transistor

is TO-92 package)

Notes: 3.

®:NHK
standards®
transistor.
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Frequency
Range

Power
Silicon Transistor

Application Range P N P N P N Remarks

Vceo<40V Vceo>40V Vceo<40V Vceo>40V

2SC510
2SC522
2SC519A
2SC833®
2SC979
2SC2139
2SC2200
2SC2534
2SC2535
2SC2552
2SC2553
2SC3051
2SC3075

2SA1020 2SD51®
Control 2SA1012 2SD52®
DC-DC Converter 2SA510 2SD53®

Oscillation 2SA656A 2SD55®
Power 2SB502A 2SD523

Supply

Regulator

2SB552 2SD524
2SB553 2SD552

DC-DC 2SB753 2SD553

Converter 2SD640

DC-AC 2SD641

Converter 2SD797
2SD867
2SD873
2SD878
2SD843
2SC2655
2SC2562
2SC2913
2SC2914
2SD717
2SD1187

2SA1020 2SC503

2SA504
2SC504

Amplifier 2SA503
2SA510
2SA594

2SC510
2SC594
2SC594®
2SC2655

2SC372©TM

Comparator
Detecter

2SA467©TM
2SA500
2SA522®

2SA495©TM
2SA499
2SA522A®

2SC367©TM
2SC400

2SC373©TM
2SC366©TM
2SC505
2SC594

~100mW
2SA429©TM 2SC780A©TM

High

2SA1091 2SC2551

lOOmW 2SA499 2SC366©TM
Voltage ~300mW 2SA522A 2SC505
High
Power 300mW 2SA503 2SC503

2SC507
2SC510

Switch ~3W 2SA510

3W~10W 2SC522
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Application
Frequency
Range

Power
Range

Silicon Transistor

RemarksP N P N P N

Vceo<40V Vceo>40V Vceo<40V Vceo>40V

High

Voltage

High
Power
Switch

~50W

2SA656A
2SA739
2SB434©
2SB435©
2SB553
2SB834

2SC519A
2SC2200
2SC3148
2SD51®
2SD234©
2SD235©
2SD523
2SD553
2SD633
2SD877
2SD798
2SD799
2SD1088

~150W 2SB552

2SC1576
2SC2139
2SD52®
2SD53 ®
2SD55 ®
2SD1313
2SD524
2SD552
2SD640
2SD641
2SD797
2SD867
2SD873
2SD878
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Regulator Transistor

System Type
Maximum Rating *Tc=25°C

Package
Vcbo(V) Vcko(V) lc(A) *Pc(W) TICC)

o
*»
CO

3
a>
CD
DC

o>
c
Z

5w

2SC3051

500 400

0.8 10

150

Mold
package

2SC3075 0.8 10

2SC2534 2 20

2SC2552 2 20

2SC2535 5 40

2SC2553 5 40

2SC2555 8 80

2SC2650 10 100

2SC2200 7 40

Can
package

2SC2913 7 40

2SC2137 7 80

2SC2139 10 100

2SC2914 10 120

2SC2444 30 250

System Type
Maximum Rating *Tc=25°C

Package
Vcbo(V) Vceo(V) lc(A) *Pc(W) TjfC)

o

o>

ce

c

a
5
in

2SC3148 900

800

3 40

150

Mold package

2SC2790/A 850 2 80 Can
package2SC2791 900 5 100

2SC2792 850 2 80 Mold
package2SC2793 900 5 100

o
<3

3
O)
(D
oc

CO
»
cB

2SD880

60

60 3 30

150
Mold
package

2SD1052 50 3 30

2SD1052A 50 3 30

2SD877 110 80 3 25

175
Can
package

2SD867 130 110 10 100

2SD878 100 60 15 115

2SD873 160 140 16 150

2SD797 100 80 30 200
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Regulator Transistor

Toshiba Supreme Power Transistors

lc

(A)

*Vceo
(sus)

VCEO

(V)

Type
fr

TYP
(MHz)

Pc

(W)

Tc=25°C

Package
NPN PNP hFE

Vce
(V)

lc

(A)

VcE(sat)

MAX(V) lc

(A)

Ib

(A)

10

60
2N3713 2N3789 25-90 2 1 1.0 5/4 0.5/0.4 4MIN 150 TO-3

2N3715 2N3791 50-150 2 1 0.8/1.0 5 0.5 4MIN 150 TO-3

80

2N3714 2N3790 25-90 2 1 1.0 5/4 0.5/0.4 4MIN 150 TO-3

2N3716 2N3792 50-150 2 1 0.8/1.0 5 0.5 4MIN 150 TO-3

TSB3055 20-100 4 4 1.1 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 1.25 2.5MIN 175 TO-3

* 350 2N6251 6-50 3 10 1.5 10 1.67 2.5MIN 175 TO-3

15

60 2N3055 20-70 4 4 1.1 44 0.4 2.5MIN 115 TO-3

300 2N6546 12-60 2 5 1.5 10 2 15 175 TO-3

400 2N6547 12-60 2 5 1.5 10 2 15 175 TO-3

16 140 2N3773 15-60 4 8 1.4 8 0.8 0.2MIN 150 TO-3

20

60 2N3772 15-60 4 10 1.4 10 1 0.2MIN 150 TO-3

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

30

40 2N3771 15-60 4 15 2.0 15 1.5 0.2MIN 150 TO-3

* 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 Vce (sat) Series

Collector Current

lc

(A)

Collector- -Emitter Breakdown Voltage Vceo (V)
Collector

Power
Dissipation

* Pc (W)

20 (V) 50 (V) 80 (V)

PNP NPN PNP NPN PNP NPN

12 2SA1328 2SC3345 2SA1329 2SC3346 40

10 2SA1327 2SD717 2SD1187 80

7

2SB754 2SD844 60

2SB553 2SD553 2SB753 2SD843 40

5

2SA1012 2SC2562 25

2SA1120 2SC2270 10

2

2SA1300

2SA1160
(Vceo=10V)

2SC3279

2SC2500

(Vceo=10V)
2SA1020 2SC2655 2SA1315 2SC3328

0.9

(Ta=25°C)

*Tc=25°C
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Darlington Type Transistor

30 V 40 V 60V 80 V 100V 150V 200 V 250 V 300 V 350 V 400 V 450V 600 V 900 V

0.3A 2SC982TM*

1.5A
2SD549*
2SD1140*

2SB678*
2SB679*
2SD688*
2SD689*

3 A

4 A 2SB676*
2SD686*

6 A 2SD1088* 2SD798* 2SD799*

7 A 2SB675*
2SD635*

2SD664*
2SB674*
2SD634*
2SD523*

2SB673*
2SD633*

10A 2SD685*

15A 2SD524* 2SD1087*
2SD641*
2SD683*

2SD683A*
2SD1314*

30 A 2SB833*
2SD842*

2SD703*
2SD643*
2SD699*

2SD694*
2SD695*

2SC2444*
2SD644*
2SD645*

40 A 2SD702* 2SD642*

50 A 2SD696A*
2SD646A*
2SD547*

tOOA 2SD697A 2SD647A* 2SD1165A*

120A 2SD548*

200 A
2SD70O*

2SD700©*
2SD1166*

300 A 2SD1034A*

400 A 2SD648A*

600 A 2SD698A*

* : Can package
SS : Plastic package

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

(Small Signals)
G-TR Module (Insulated Type)

Type Application Structure

2SKI 1 chopper, switching

N-channel junction type2SKI2 chopper, switching

2SKI5 Low frequency low noise amplifier

2SKI8 Differential amplifier
N-channel junction type

(dual)complete separation type
2SK 1 8A Differential amplifier

2SK48 Medical equipment N-channel junction type

2SK72 Differential amplifier
N-channel junction type

(dual)complete separation type

2Sk 1 1

2

Low frequency low noiselhigh gm)

N-channel junction type

2SKI 13-R Constant-current, switching

2SK 1 1
3-0 Switching, chopper

2SKI 13-Y Analog switch, chopper

3SK28 Video preamplifier

3SK38A Chopper circuit
N-channel MOS type
(enhancement type)

lc (A) VcKO(SLS)(V) Polarity Structure Type

±15 450 NPN Darlington MGI5GIAL2

30 450 NPN Darlington MG30GIBL2

±30X2 450 NPN Darlington MG30G2CL2

50 450 NPN Darlington MG50G1BL2

±50X2 450 NPN Darlington MG50G2CL2

±75X2 500 NPN Darlington MG75H2DL1

±100 450 NPN Darlington MG100G1AL2

±100X2 550 NPN Darlington MG100H2DLI

±200 550 NPN Darlington MG200H1ALI

Power MOS FET ( fC MOS)

Type
Maximum Rating

Package
Vdsx(V) Vcss(V) MA) Pi>(W)

2SK324 400 ±20 10 120

120

TO-3

2SK325 450 ±20 10 TO-3

2SK355 150 ±20 12 120 TO-3

2SK356 250 ±20 12 120 TO-3

2SK357 150 ±20 5 40 TO-220AB

2SK358 250 ±20 5 40 TO-220AB

2SK385 400 ±20 10 120 TO-3P(L)

2SK386 450 ±20 10 120 TO-3P(L)

2SK387 150 ±20 12 150 TO-3P(L)

2SK388 250 ±20 12 150 TO-3P(L)

2SK417 60 ±20 10 60 TO-220BS

2SK418 400 ±20 2 50 TO-220BS

2SK419 450 ±20 2 50 TO-220BS

2SK420 400 ±20 5 60 TO-220BS

2SK42I 450 ±20 5 60 TO-220BS

2SK422 60 ±20 0.7 0.9 TO-92MOD
2SK423 100 ±20 0.5 0.9 TO-92MOD
2SK405 160 ±20 8 100 TO-3P

2SJ115 160 ±20 8 100 TO-3P
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Uni-junction Transistor

Model Use Structure

2SH20
Thyristor gate turn on

Timer
SIP emitter planar type

2SH21
Thyristor gate turn on
Timer

SIP emitter planer type

RF Power Transistors

\ Package

Po(W) X^ TO-220AB
^2^09.5 ^^^012.7

HF/CB
30MHz

3-3.5 2SC1678 2SC2075

10~ 12PEP 2SC2098 2SC2395

20PEP 2SC2099

40PEP 2SC1763*

60PEP 2SC2290

80PEP 2SC1764*

100PEP 2SC2879

150PEP 2SC2510*

200PEP 2SC2652* *

& : E-CasE
* : Vcc=28V

* * : Vcc = 50V

Package

Po(W) TO -39 09.5 D6.5 012.7

VHF
175MHz

2SC994 2SC998*

2.5 2SC547 2SC1169^

2.8 2SC1955* 2SC2117*

2SC2118*

2SC2101 2SC2638

15 2SC2102 2SC2178 2SC2639

27 2SC2103A 2SC2508

32 2SC2420 2SC2640

40 2SC2181

50 2SC3147

2SC2782

Package

Po(W) TO-39 09.5 6.5 012.7

UHF
470MHz

2SC1165 2SC1001

2.8 2SC1765

2SC2104 2SC2391

2SC2105 2SC2379 2SC2641

12 2SC2106 2SC2380 2SC2642

25 2SC2173 2SC2381 2SC2643

40 2SC2783
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RF Power Module

Type Application
Output Power

P ( »

(W)

Frequency Range

f

(MHz)
Type Application

Output Power

Po
(W)

frequency Range

f

(MHz)

S-AV5
10W FM
Amateur radio 15 144-148 S-AU3

10W FM
Amateur radio

15 430-450

S-AV6 25W FM
Marine radio 28 154-162 S-AU4

10W FM/SSB
Amateur radio 17 430-450

S-AV7 25W FM
Amateur radio

28 144-148
S-AU5L

5W FM
Land Mobile

7

400-440

S-AU5M 440-480

S-AV8
10W FM/SSB
Amateur radio 17 144-148

S-AU5H 480-512

S-AU6L
10W FM
Land Mobile 13

400-440

S-AV9L 5W FM
Land Mobile

8
135-155 S-AU6M 440-480

S-AV9H 150-175 S-AU6H 480-512

S-AVIOL 10W FM
Land Mobile

14
135-155

S-AU7
10W FM
Land Mobile 15 806-825

S-AVIOH 150-175

Condition:Vcc, Vco.\:12.5V, Pi:0.2W

Diodes

Detector & Switching

VR(V ,
IFM(-A) 50-100 300 300-500 750

30 1SS176 1S1555
IS 1588

1SS104

50 1SS177
1S1554

IS 2460

1S1586

1S1587

60 1S1553

70 1S2095A

80 1SS178 1S1585

100 1S2091 1S2461 IN4148

200 IS 2092 IS 2462

Type Use

1S1553

1S1554

1S1555

General Purpose

1N4148
1S1585
1S1586

1S1587
1S1588

1SS176-178

High Speed SW

1S2091

IS 2092
High Voltage SW

1S2095A Hjgh Current SW

IS 2460

1S2461

IS 2462

IS 2463

High Voltage

1SS104 Low Leakage
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Zener Diode

List of Zener Diode Products

Vz

(V)
250mW Type 500mW Type

1 W Type
- 5W Type 1 OW Type

Epoxy Metal

2.0-4.8

02BZ2.2
02BZ2.7
02BZ3.3
02BZ3.9
02BZ4.7

05Z2.0 05Z3.3
05Z2.2 05Z3.6
05Z2.4 05Z3.9
05Z2.7 05Z4.3
05Z3.0 05Z4.7

IS 220 1S262

4.8-5.8 05Z5.1 05Z5.6 1S221 1S263

5.8-7.0
fTeipratire compensatkii type)

1SZ57-1SZ59 05Z6.2
05Z6.8

1Z6.2
1Z6.8 1S222 IS 264

7.0-8.4 05Z7.5
05Z8.2

1Z7.5
1Z8.2 IS 223 IS 265

8.4-10 05Z9.1
05Z10 1Z9.1 IS 224

1S225
IS 266
IS 267

10-12 05Z11
05Z12

1Z10
1Z11

IS 226
IS 227

1S268
IS 269

12-14 05Z13 1Z12
1Z13

IS 228
IS 229

1S270
1S271

14-17 05Z15
05Z16

1Z15
1Z16 1S230-232 IS 272 -274

17-20 05Z18
05Z20

1Z18
1Z20 IS 233 -235 1S275-277

20-24 05Z22
05Z24

1Z22
1Z24

1S236
IS 237

IS 278
1S279

24-29 05Z27 1Z27 1S238
IS 239 5Z27 1S280

1S281

29-35 05Z30
05Z33

1Z30
, 1ZM30
*1Z33

1S240
1S241

IS 282
1S283

35-42 05Z36
05Z39

*1Z36 1S242
IS 243

1S284
1S285

42-50 05Z43
05Z47

1ZM50
* 1Z47

1S244-247 1S286-289

50-60 05Z51
05Z56 S1Z51 1S248

1S249
IS 290
1S291

60-72 05Z62
05Z68 *1Z68 1S250

1S251
1S292
IS 293

72-86 05Z75
05Z82

51Z75
S 1Z82

1S252
1S253

1S294
1S295

86-100 05Z91
05Z100 J 1Z100

1S254
1S255

1S296
IS 297

100-120 I1Z110 1S256-258 1S298-300

120-140 1S259
IS 260

1S301
1S302

140-170 * 1Z150 1S261 IS 303

170-200 * 1Z180

200-400 i 1Z330

$ 1Z390

t :New product
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05Z Series (500mW)

Zener Voltage

Type X Y 2
Current

- Iz(mA)
MIX. MAX. MIX. MAX. MIX. MAX

05Z2.0 1.88 2.12 2.05 2.24 10
05Z2.2 2.08 2.33 2.20 2.45 10
05Z2.4 2.28 2.55 2.45 2.70 10
05Z2.7 2.50 2.75 2.65 2.95 2.85 3.10 10
05Z3.0 2.80 3.05 2.95 3.25 3.15 3.40 10
05Z3.3 3.10 3.35 3.25 3.55 3.45 3.70 10

05Z3.6 3.40 3.65 3.55 3.85 3.75 4.00 10
05Z3.9 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
05Z4.7 4.40 4.75 4.65 5.00 4.90 5.20 10
05Z5.1 4.80 5.10 4.95 5.25 5.10 5.40 5

05Z5.6 5.30 5.60 5.50 5.80 5.70 6.00 5

05Z6.2 5.80 6.15 6.00 6.35 6.25 6.60 5

05Z6.8 6.40 6.75 6.65 7.00 6.85 7.20 5

05Z7.5 7.10 7.46 7.34 7.70 7.54 7.90 5

05Z8.2 7.70 8.10 7.96 8.40 8.26 8.70 5

05Z9.1 8.60 9.05 8.85 9.30 9.15 9.60 5

05Z10 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
05Z12 11.40 11.95 11.70 12.25 12.05 12.60 5

05Z13 12.40 13.10 12.90 13.60 13.40 14.10 5

05Z15 13.90 14.65 14.40 15.15 14.85 15.60 5

05Z16 15.40 16.15 15.90 16.65 16.35 17.10 5

05Z18 16.90 17.80 17.55 18.45 18.20 19.10 5

05Z20 18.80 19.80 19.50 20.50 20.20 21.20 5

05Z22 20.80 21.80 21.50 22.50 22.30 23.30 5

05Z24 22.80 24.00 23.50 24.70 24.40 25.60 5

05Z27 25.1 26.5 26.3 27.7 27.5 28.9 5

05Z30 28.0 29.6 29.3 30.8 30.4 32.0 5

05Z33 31.0 32.7 32.2 33.9 33.3 35.0 5

05Z36 34.0 35.7 35.2 36.9 36.3 38.0 5

05Z39 37.0 38.8 38.1 39.9 39.2 41.0 5

05Z43 39.0 42.0 41.0 45.0 44.0 47.0 5

05Z47 43.0 46.0 45.0 49.0 48.0 51.0 5

05Z51

05Z56

47.0 50.5
1 49.5 53.5 52.5 56.0 5

551.0 62.0
05Z62 56.0 68.0 5

05Z68 62.0 75.0 5

05Z75 68.0 82.0 5

05Z82 75.0 91.0 5

05Z91 82.0 100 5

05Z100 91.0 110 5
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Bidirectional Zener Diode

Vz Typical Value

(V)

1W Type
(Resin Mold Type)

Vz Typical Value 1W Type
(Resin Mold Type)

17-24 72-140 :izmioo

24-35 :iZM27 140-200 :iZM180

35-72 HZM47 200-400
,:iZM330

:iZM390

1ZM30 and 1ZM50 are also available.

I :New product

Variable Capacitance Diode

Tuning

Type Package
Vr
(V)

Ct Ct
Application

( PF) Vr(V) (PF) Vr(V)

1SV100

Mini

15 450-600 1 20-33 9 AM car radio, portable radio

1SV101 15 28-32 3 12-14 9 FM car radio
,
portable radio

ISVI 02 30 360-460 2 15-21 25 AM Hi-Fi tuner

ISVI 03 35 37-42 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
1-5G1A

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

ISVI 53 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
Vr

(V)

Ct

( PF)
Application

Vr(V)

IS 2094 DO 35 18 7-11 4 VHF % UHF TV AFC

IS 2236 DO 35 15 7-14 4 FM tuner AFC

TOSHIBA CORPORATION
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PIN Diode

Type Package
(V)

If

(mA) (Q)
Application

lK(mA) f(MHz)

1S2186 DO-35 20 100 l.OMax 10 100 VHF, UHF TV Band SW

1SV99 Equivalent to To-92 50 50 lOMax 10 100 Variable ATT, ANT SW, FM AGC

1SV128 Equivalent to TO-236 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

Miscellaneous

Type

1S144

1S2093

Application

Meter protection

Trigger diode triode AC switch turn on

Magnetic Electric Transducer (Hall Effect Device)

Type

THS102A

THS103A

Structure

Ga-As ion impla planar

Ga-As ion impla planar

Application

Magnetic-electric transducer

Magnetic-electric transducer

TOSHIBA CORPORATION
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Ratings of Transistors
MIK!

ShK*

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 principle,

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 circuit, care must be ex-

iniiiimifMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiitiiiiiiiiiiiiiiiiiiiimuiiii ill iillMIIHIHIMltUIIII i Hill

ercised not to exceed any of the absolute maxi-

mum ratings, while taking into account fluctu-

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 (Vcb), collector-to-emitter

voltage (VnO, <>r emitter-to-base voltage

Breakdown voltages which determine vol-

tage ratings are classified into those inherent

to individual transistors (V(BR)CBO, V<bR)CEQ,

and so on) and those dependent on input circuit

conditions (Vibiocek, V(br)CEX, 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:

V(br)cbo: maximum collector-to-base vol-

tage with the emitter opened

I
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.TO
j c

VB=common base

-=^—, f avalanche breakdown
voltage

~\T I .Af (O=0O)

It

-?Vb V.c„

VA=common emitter

avalanche breakdown

voltage

[v™T]^

rCK
Va 7 Vb Vck

V(BK) CEK

TV.

Rb =
I
R,,=

! .Smaller
Larger

Vl-KR

-y-i

r^~\^
1£Z

T~J Vb Vci

"Va 7^i

Fig. 1 Maximum collector voltage

V(br)ceo: maximum collector-to-emitter

voltage with the base opened
V(br)ces:- maximum collector-to-emitter

voltage with the emitter and the

base short-circuited

V(br)cer: maximum collector-to-emitter

voltage with a resistance R be-

tween the emitter and the base
V(br)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(br>cbo and
V(BR)CES:

V(BR)CBO > V(BR)CES > V(BR)CEX >
V(BR)CER > V(BR)CEO

(a) Maximum collector-to-base voltage with
the emitter opened, V(br)cbo

—Common base avalanche breakdown vol-

tage—

TOSHIBA CORPORATION

Maximum collector-to-base voltage with
the emitter opened, V(br)cbo 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 ICbo 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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M =
^fYcB

V Vb
p

The total current amplification factor oc is

represented by—

a = tfo-M (2)

Where,
Vb= true avalanche breakdown voltage

Vcb= voltage applied between collector and
base

a = 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— 7 for Ge NPN transistors, 2— 4 for

Si PNP transistors, and 2—3 for Si

NPN transistors.

Vb is determined by a concentration of

impurities on the high resistance side; the

higher the concentration, the smaller becomes
the VB .

It is this Vb 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(br)cbo to represent

a voltage at which the collector current

reaches a predetermined value. In general,

the stated value V(br)cbo is smaller than Vb of

the transistor.

The thermal coefficient of Vb is positive be-

cause it is related to mobility of a carrier.

However, the V(br)cbo may become smaller in

the low-current region at high temperatures,

because Icbo 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—

aoM
1-aroM

(4)

The factor )3 becomes infinite when a M=l
or M=l/a . In other words, as the collector

voltage Vcb 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 (yj3 =a ) injected from

the emitter, due to emitter efficiency y reach-

ing the depletion layer with the conductivity

rate j8 . Base current to support the collector

current then becomes unnecessary, or )3=oo,

and avalanche multiplication occurs.

At this point, from M=l/« and from equa-

tion (D- / VcB \n

In developing equation (5) for the collector

voltage or the common emitter avalanche

breakdown voltage Va at which a M=l—

Va = VbVI — ao = V<br)ceo (6)

For collector voltages smaller than Va,

base current flows forward; the polarity of j8

is positive. On the other hand, for voltages

larger than Va, base current flows in reverse;

the polarity turns to negative.

The relationship between /8 and the total

current amplification factor a is shown in Fig.

2 as a function of the collector voltage.

Ic = fflE+ MICBO (3)

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 = /?Ib+ (0+ 1)M Icbo (7)

Temperature dependency of V(br)ceo is de-

termined by that of Vb, «o» and Icbo Gceo) ;

the polarity cannot be defined uniformly.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiH CORPORATION

(b) Maximum collector voltage in open-base

common emitter connection V(br)CEO

—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 j3 becomes infinite. The factor /3

can be represented as a function of oc and ex-

pressed as—
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(c) Common emitter voltage rating as a func-

tion of circuit configuration—

V(BR)CER, V(BR)CES, V(BR)CEX
When a transistor is operated with a resis-

tor Rb inserted between the base and the emit-
ter, the total collector leakage current MIcbo
flows through the internal base resistance rb
and external resistor Rb. When the emitter
junction 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 V(br>cer at this moment is repre-
sented by the equation—

V(BR)CER = VB
"

A/l-^-(RB+rb)Y Vd
(8)

Vcer is in reverse proportion to Rb; the
breakdown voltage takes the largest value
when Rb=0. When Rb is zero, voltage is ex-
pressed as base-to-emitter short-circuit
breakdown voltage, or V(br>ces; (See Fig. 1-c)

When the base is opened (or R=oo), opera-
tion of the transistor is controlled by ft. All of

the leakage current MIcbo flows through the
base and forms a collector current equal to

(ft+1) MIcbo- Breakdown voltage occurs at a
collector-to-emitter voltage where ft—°°.
This is the voltage previously defined as Va
(common emitter avalanche breakdown vol-

tage) .

Breakdown voltage corresponding to other
values of Rb is larger than Va but smaller
than Vb. In other words, after emitter injec-

tion starts, total current amplification factor
(=a M) becomes larger than 1, causing ft to

change to negative. Figure 2 shows that the
negative values of ft increase with a reduction
of Vcb, in the region where Vce is larger than
Va. At the breakdown point, emitter injection

occurs and Ic increases suddenly. This in-

crease in Ic reduces collector voltage Vc due
to a voltage drop across terminal resistance.

A decrease of Vc increases ft and Ic.

This effect is accelerated accumulatively,
and the transistor represents a negative resis-

tance. Vc approximates Va where ft—<».

Figure 3(a) reveals the characteristics of

Rb and the breakdown voltage; Fig. 3(b)

shows the relationship between V(br)cer and
Rb and that between Icer and Rb. These fig-

ures represent the same characteristics.

TOSHIBA CORPORATION

MIcbo locus

I VcKS

Va < Vibkicks Vb

VlBR) CHR

Fig. 3 (a) Characteristics of Rb and breakdown
voltage

— log R
Fig. 3(b) Characteristics of V(br)cer, Icer and

Rb

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

Va' = VbV 1
ffoRB

(9)
Rb + Re

If the emitter/base is reverse-biased by
using Veb as shown in Fig. 1(f), the voltage
takes the maximum value when emitter injec-

tion occurs, similarly to V(br)cer; it approxi-
mates Va thereafter, displaying negative
resistivity characteristics.

The maximum voltage thus obtained,
namely Vcex, is obtained by the following
formula and is larger than V(br) ces:

IcBOTb
V(br)cex = VbV 1

—
Vd+ VEB

(2) Voltage ratings of emitter

Maximum emitter voltage with the collector

opened, V(br) ebo, is similar to the above-
mentioned V(br)cbo 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-
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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 conducting 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 Ifimax forward direction and that

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

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.

(2) Current at which DC amplification

factor hFE is lowered to l/2~l/3 or less

of a peak value—namely for switching

purposes, hFE— 10 for medium-power

transistors or hFE — 3 for large-power

transistors.

(3) Current at which internal leads are

blown off— The maximum value of the

base current Iemax generally takes the

value—

I

Bmax —1/2—1/6X I Cmax .

4. Temperature ratings

Maximum junction temperature Tjmax ,

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 Lm # A+ TjT

1 i

(ID

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 Tstg 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.
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0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0

Junction temperature Ta regulated by standard

temperature To

T,-
Ti
~ T°

Tj max — To

Fig. 4 Relationship between failure rate and
junction temperature of transistors

(based on MIL-HDBK-217A)

Therefore, the upper limit for allowable

junction temperature based on defect ratios-

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 Ic » Vcb
and the emitter loss IE - Vbe- Normally, howev-
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er, it is determined by the collector loss Pc =
IcVcb ~ IcVce> since the emitter junction is

forward-biased— thereby VCB > VBe and Ic— Ie-

Major parameters limiting maximum power
dissipation Pcmax include the maximum allow-
able junction temperature Tjmax and the stan-
dard temperature To (ambient temperature
Ta or case temperature Tc) ; it is well known
that these parameters are related to each
other in the following manner by thermal
resistance 9 (or R th)

Per
1 j max 1 (

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
pCmax to assure large power dissipation. It is

very important to rationally design heat radi-
ation in power transistors.

Maximum ratings PCmax stated in manu-
facturers' catalogs or other materials general-
ly represent those at normal ambient tempera-
ture (Ta = 25°C) or those at Tc = 25° C if use
of a radiator is expected. It is possible to

obtain thermal resistancebetween the transis-

tor junction and the environmental tempera-
ture, or between junction and case by using
former equation (12)

.

6. Derating
Transistor circuits may be designed by

using the maximum ratings of voltage, cur-
rent, and power (junction 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 VCE0)

.

• Current: Currents at worst operating con-

ditions (including surge current)

should be 80% or less of rated value.

• Power: Power dissipation at worst condi-
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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

jp
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 destruc-
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 CD.
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/b, 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 Vceo or Vcbo;
If the base bias condition differs, however, the

S/B inrush point (Vs/b, Is/b) 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 junction, or unbalanced mounting of the

chip on the header material serves as a trig-

ger.

Post S/B curve

s DC S/B curve

1 J Constant Ib curves

Common emitter avalanche

'breakdown

/ '

~ ^ 10
4

3a 5
« £io'

& U
c o 10
01 P.

g g 10

*}

^s'6

lO^slOO/zs 1ms 10ms

Pulse width

ICBO locus

Fig. 5 Collector output characteristics and S/B

curve

Fig. 6 Relationship between pulse width and

Es/B,Ps/B

(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

occurs 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/b 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/b is storongly related

to frequency characteristics of a transistor. A
negative correlation exists between fr andIg/B
irrespective of the pulse width.

This relationship is shown in Fig. 8 below.
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Electrode

Collector

Fig. 7 (a) Planar type transistor

+ Vb

PQ

a be
Fig. 7 (b) Emitter voltage (forward bias)

Vd: Threshold voltage of base-emitter

diode. A minority carrier is

injected from the emitter in

shaded portion.

PQ

Fig. 7 (c) Emitter voltage (reverse bias)

PQ

Constant dependent upon base width,

drift field, and bias conditions

Transition frequency, fr

Fig. 8 Relationship between Is/b and fT

(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

Es/b depends on conditions lying between the

base/emitter and the inductance L, as shown
in Fig. 9.

w

Inductance L
Base-to-emitter voltage Vbe
Base-to-emitter resistance Rbe

Fig. 9 Dependency of S/B triggering energy Es/b

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 Vebo,

Vcbo, and Vceo 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 Es/b mentioned above,

thereby indicating that the transistor may be

easily destructed.

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 Ts/b

method, which is an improved version of the

S/B method.

Fig. 12 shows the Ts/b 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 Vce 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 Ic

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 Vce, and by drawing a graph

with the operating time as a parameter on the

curve of Ic and Vce, the SOA can be obtained.

ifCJf^R-
— 9
a

© Vt

D: S/B detecting and protective circuit

SI, S2: Switches to be actuated by signals from D

Fig. 10 DC-supplied S/B method.

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
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D: Detecting circuit

SI: 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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(Tk) <W-

J^Vkk = 5(Vkb)^
@Vcc*2(VCB )^

Fig. 12 Forward-biased SOA measuring circuit

(Ts/b 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)

DUT Resistance R of L

t Vbbi jt"Vb

— O— i

RBB2 Scope
"*" Common

Rs }
V«

20(Ic)

(Noninductive)

Load condition

A

Fig. 13 Reverse-biased SOA measuring circuit

(latching method)

(3) Transient thermal resistance method
(AVbe, 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
TOSHIBA CORPORATION

Vbe Measuring terminal

Vcc Ri$ Ic Measuring

terminal

AVbe: Temperature drop as a result of power supply

suspension

SI, S2: Switches to be actuated depending on conditions

of the Vbe measuring terminal

Fig. 14 Transient thermal resistance method
(AVbe method)

voltage in advance. The" 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
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deviates from the iso-power line of the Pc=
constant. The gradient ranges from —1.5 to

—4 according to the types of transistors. Note
that the relationship of Is/b=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

2SA473 shown in Fig. 15 is, at TC=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 Vce 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 dT is

shown as follows for the thermally limited

region provided that the case temperature of

the transistor Tc=60°C:

dT =
100

1 j max LiD

(Tj Tc)%

By substituting Tjmax=150°C, dT=72%.

Concerning the derating ratio in the S/B

limited region (ds/B), 2SD526 must be derated

by 50% at 150°C because it is a triple diffused

mesa transistor; thus, ds/B=2/5 (150-Tc)+
50%. And ds/B at Tc=60°C is 86%.

In conclusion, it is derated by dT=72% and

ds/B=86% at Tc=60°C. This is indicated in

Fig. 16 by using dashed lines.

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

®Sing e nonrepetit- The curves must
ive pulse be derated line -

arly with increa-

I : i "T"\
1

:
\\

K MAX. D
\\

N Co -jR
<>

°4\

I*

&H=3T -\ V
VWt ^ \. ^

*- \h^ Cu
'<v SQ
(*Lv- vS

s' \ V

-3 -5 -10 -30-50 -100

Collector-to-emitter voltage

Fig. 15 SOA for 2SA473

10 =ic MAX.Pulsed«

a 0.5
o
O

0.3

^Single nonrepeti-

tive pulse

The curves must
be derated linea-

rly with increase

in temperature

5 10 30 50 100

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-
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(a) Triple diffused type

50 100 150 200

Tc CO

(b) Epitaxial type

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 (c) show the derating of

Ic when Vbb2 and Rbb2 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, Rbb2,

Vbb2, 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 Fig. 19 and which dis-

play oscillation or partial flickering on the

load line.

20 40 60 80 100 120

(b) RBB2 (Q)

12 Rbb2=50Q .

10
L=125//H yS

8

6

4

2

£ "-9-8 -7 -6 -5 -4 -3 -2 -1

(c) VBB(2) (V)

Fig. 18 Examples of SOA for reverse-biased

transistors

Vhbl>=0 Rbb2=220£

L=0.5H

O
700 VcKRISCS.

Collector-to-emitter voltage

Measurement is taken at the point (A) above where

collector current drops to 100 mA when supplying 150

mA of collector peak current.

Fig. 19 Example of SOA for reverse-biased

transistors
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Identification System

(Transistors, Accessories, and Radiator Holders)

1. Transistors
Example: 2SC 780 A G

1st 2nd 3rd 4th groups

1st group: Represents the types of transistors

as shown in the following Table:

1st group Types of transistors

2SA

2SB

2SC

2SD

2SH
2SJ
2SK

PNP transistor, fundamentally

high-frequency use

PNP transistor, fundamentally

low -frequency use

NPN transistor, fundamentally

high-frequency use

NPN transistor, fundamentally

low-frequency use

Uni-j unction transisto-

r-channel field effect transistor

N -channel field effect transistor

2nd group: Figure starting from 11 (EIAJ
number)

3rd group: Suffix denoting modifications in

alphabetical order

4th group: Suffix denoting special applica-

tions

4th group

G :

D :

N :

Types of special applications

Green transistors for communica-

tions and industry applications

Products specially approved by

NTT (Nipon Telegraph and Tele-

phone Public Corp.)

Products specially approved by

NHK (Japan Broadcasting Corp.)

2. RF Power Amplifier Modules

Example: jj - AU5L
'-One or two alphabets

representing subdivision

of frequency

-Serial No.

represents types of modules

LSymbols representing operating

frequency ranges H: HF range,

V: VHF range, U: UHF range

-Represents an amplifier

L Represents semiconductors

3. GaAs hall sensor

Example: THS 102 A
' "X Suffix denoting modifications

in alphabetical order.

Numerals starting from 101

represent product division

—Represents Toshiba Hall Sensor

'llllllllll!:!; .
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4. Giant transistor modules
Example: MG 50 G 2 C L 1 Table 1

Serial No.

Symbols representing

polarity and
structure
(L: NPN Darlington; K: NPN
Triple Darlington; M: N-ch
MOS FET)

1— Symbols representing

circuit structure

(Table 1)

L_ Numeral showing the

number of G-TR

Symbols representing

breakdown voltage

(Table 2)

Collector current (A)

Symbol representing

G-TR module

Table 2

Char-

acters

Max. voltage

range (V)

Char-

acters

Max. voltage

range (V)

Z 25 or more to

less than 50
J 600 or more to

less than 700

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

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

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

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

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

G 400 "~500 "

Q 1200 "-1300 "

H 500 "~600 "

B

Circuit structure

(2)

c

D

(i)

Others

#

TOSHIBA CORPORATION
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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

Example 2: 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.

Sic
S =

(1)
die no

That is, this shows a change of collector cur-

rent Ic when a change was produced in collec-

tor cutoff current Icbo by temperature.

Among transistor parameters, those that

depend most on temperature are leakage cur-

rent Icbo (I ceo) and base -emitter voltage

Vee- These are expressed as function of tem-

perature as follows.

ICBOCTxJ = IcBOCTo>eK(T!£
~To '

' ®)

Ik = Icbo e
,VBK/KT *

(3)

where
To: Reference temperature

Tx: Temperature to be found

K: Temperature coefficient:

generally G.07—O.QSrC when material is

silicon

q: Electric charge

k: Boltzmamvs constant

T; Absolute temperature

Suppose that the dissipation applied to the

junction is Pe and that a variation of APc was
produced in this dissipation by some cause.

There appears a temperature change of

APc0j a in the junction. (0j a : thermal resis-

tance from the junction to the open air, which

will be described in the following chapter).

Consequently, changes are produced in Icbo

and Vbe- These changes AIcbo an(* AVbe
cause changes of S-Icno and gm -AVbe to col-

lector current.

(The gm of the transistor is defined by

gm = dlc/dVUK)

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,

JPC ^ VC (SAlcHO i ^AVek) (4)

where, Vc: Collector supplied voltage.

Under the above condition, it is considered

that stability can be obtained.

Expression (4) is transformed as follows:

Vc*S
AIcbo

JPc
V

AY
C*gm

A\\
1

As AT = AFc#ja can be considered, ex-

pression (2) is differentiated by Pc.

Alcnci Alrua AT
JPc AT

ICBO(To)*e

JPc

K(Tx T Ijft)
(6)

Then, obtain the temperature characteristic

of Vbe by making emitter current I e constant

in expression (3)

.

JVhk . KkT
AT

= -2.0X10 *V/*C (7)

q

Note:

Generally, -1.8 mV/°C--2.2 mV/°C can be obtained

according to tilt bias condition of the transistor, but

the above — 2 mVTC is usually used as a typical

practical value. In Darlington transistor, temperature

coefficient becomes twofold, and —4.0— —4.5 mVTC is

used as a typical value, depending on operating

conditions.
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Consequently,

JVbe = JVbe AT ,

AVc AT 'zfPc
? -2.OXKr 3 X0j

(8)

Expressions (6) and (8) are substituted for

expression (5)

Vc-S-K-0j a TcBo<To)-eK(Tx
-To+Pc -* ja)

-2.OXl(T 3 -0ja-Vc-gm^ 1 (9)

where,

Tx—To+ Pc ' #ja^ Tj max—To
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 Vbe 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:

Vc-K- 0ja-S-IcBo<To)eK(Tx
-To+Pc -* ia) ^ 1

(10)

where, Tx—To+ Pc -#ja ^ Tj max—To
Here, critical voltage V crit is defined as fol-

lows.

(a) (b) •)

Ri W

<? Vcc
Ro

1+X

-C)
S

i+d-«)x

x = Ri

oVcc

Ri p3

i—iW ii

Vcrit —
1

(ID

K' 0ja'STcBO(To)

Expression (11) is substituted for expres-

sion (10)

;

Vc
Vc

eK(Tx-To+Pc-0ja) ^ i

By transforming the above and making
k=0.08, reference temperature (ambient tem-

perature ) To=25°C,

Vc
Pc- 0ja+T-25 ^ 29 log-— (13)

Vcrit

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.

(d)

,Vcc

1+
Ri

9 Vcc

s-

K =

R-a(R
2
+KR3)

R1+R2

Rx

R = R2+K(R3+R4 )

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

iiimiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiimiiiiiiH CORPORATION

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
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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), according 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 (0ja or Rth) from junction to ambient

(open air) depending on the radiating condi-

tions to be described.

Tii^LZ
T.

(w) (H)•TCmax —

l(Z max —
Tj Tc

ft

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 electric 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)

0s : Thermal resistance of insulating plate

0c: Thermal resistance of contact (in contact

with radiating plate)

Ti Tc
-i—w—</w—

i

Fig. 2 Radiation Equivalent Circuit

0f : Thermal resistance of heat sink (to the

open air)

The total thermal resistance 0ja to the open

air, viewed from the junction, is given by ex-

pression (15) from the radiation equivalent

circuit illustrated in Fig. 2.

fl,(ft + ft + ft)*'~ ft +
ft+ ft + ft + ft

(15)

As transistors with middle or lower output

generally use no heat sink, 0ja will be:

0ja = di + db • (16)

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 0ja given by expression (16) and Tj max . is

available.

PCmax(Ta=25°C)
1 j max Zb

The thermal resistance 0b from the case to

the open air depends on the material and con-

T
J (t) Rm m-1 Rm-1

Cm-1

Pj(t)

n "-n 3 R3 2 R2 1 Ri
» vw—» » » vw » » w—

*

*
T
^

T T
^ T*T

w—T~

Cn C3 C2 Ci

Fig. 3

Tj(MAX)

jS Tj(AVG)
2

f Tj(MIN)
1

Ta i

Ti

Timet Timet

Fig. 4
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figuration of the case, but it is a considerably

large value as compared with 0i,9 c ,9 s and Of.

Therefore, expression (15) is simplified and
the following expression can be used in prac-

tice.

0ja = di + dc + ds + dl (18)

In dealing with direct current dissipation, it

is possible to realize a radiation design satisfy-

ing the maximum rating by finding expression

(18).

In using transistors in a pulse circuit, etc.,

great care must be taken so that the peak
value of Tj must not exceed Tjmax •

(2) Pulse response ofjunction 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 Pj (t) shown in

Fig. 4 is applied to the circuit shown in Fig. 3,

a temperature change Tj (t) that appears in

the mth CR parallel circuit is given by the fol-

lowing expression.

(1) In the region of Pj (t) = Po;
m

Tj(t)2 {(PoRn)-Tn(m,n)} X

{l-eXP (-t/CnRn)}+Tn<m in> (19)

(2) In the region of Pj (t) = 0;

m

Tj(t)2 Tn(max)eXp(-t/CnKn) (20)

n—

1

By supposing n=4 for common transistors,

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

ofTj.

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

Fig. 5 shows the characteristic of 2SC3236
as an typical example of transient thermal
resistance characteristic.

When single nonrepetitive rectangular

pulse (pulse width T1? peak value P ) is ap-

plied, the transient thermal resistance rth (t
x
)

to pulse width Ti is obtained and Tjpeak is

given by the following.

Tjpeak = rth(Tl)-P + Ta (21)

When continuous pulses of cycle T are ap-
plied, the Tjpeak is given by the following ex-
pression in thermally stable state.

1 j peak — r o Y^-+(i-
Ti

T ) Tth( T + TI

— rth(T) +rth(Ti) + Ta

The above expression (22) can be applied

only in a region where current concentration

is not caused by the so-called secondary break-

down.

In the radiation design of pulse circuit, great

care must be taken so that the Tjpeak in ex-

pression (22) may not exceed the Tjmax of the

transistor.

rth - tw

o
55

EH
ai
i—

i

GO
H
PS

a
<
PS
H
W
Eh

Eh

55

02
55
<
PS

o
100

10 =

CUI
THI
(sn

(i)]

(2)]

IVES SH
]RMAL I

fGLE NC
NFINIT
VTO HEA]

OULDE
JMITE]
)NREPE
EHEAT
rsiNK

IE I>

0A
,TI1

SII

lPPLII

REA.

TVEP

]DIN

ULSE.)

1 ~CD-

= EE

,( L)M

0.1

0.001 0.01 100 1000.1 1 10

PULSE WIDTH tw (sec)

Fig. 5 Transient thermal resistance (2SC3236)
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In the above analysis, the rectangular wave
is discussed, but in adapting transistors to

equipment in practice, Pj (t) may not be a rec-

tangular wave.

Pc(t)

Pjtt)

Tj T2
Timet

Actual Dissipation Waveform

n PD

^T~

i rTi
T = ^-\ Pc(t)dt

Time t
Approximate Waveform

Fig. 6

In such case, by approximating a dissipation

waveform to a rectangular waveform, Tjpeak

can be calculated by expression (22)

.

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).

(2) Contact thermal resistance 0c

Contact thermal resistance 0c is determined

by the contact state between transistor case

and heat sink, and is greatly influenced by
plainness of contact, surface, its coarseness,

contact area and tightness. For example, with

silicon grease applied to the surface, an in-

fluence by coarseness and plainness can be re-

duced.

In cases TO-3, TO-66, TO-220, etc., which
are designed to be installed directly to heat

sink, the contact thermal resistance comes to

about 0.5°C/W if grease is applied.

However, in middle or lower output transis-

tors that are not designed to be installed

directly because of the miniatualization and
economy of cases, the contact thermal resis-

tance comes to a considerable large value

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) 0i

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 Tc=25°C,
the maximum dissipation allowable to the

transistor is given by:

1 C max —
Tj Tc

Tj 25

0,

(W)

(W)-

Table 1 Case-Heat sink Thermal Resistance

Value (9c + 9S)

Package

TO-3

TO-66

TO-220AB

TO-220BS

TO-220IS

(TO-3P)

2-16BIA
2-16CIA

(TO-3P II)

2-34A1A
(TO-3P(L)

2-21F1A

Insulating plate

No insulating plate|0.

Teflon

Mica (50~100/x)

No insulating plate|0.

Mica (50—100/0
Mylar (50~ 100/0

No insulating plate 0.

Mica (50~100/0 fa

No insulating plate|0.

Mica (50—100//.)

No insulating plate 0.4—0.6

No insulating plate|0

Mica (50—100/1)

No insulating plate|0.

Mica (50—100/0
In insulating plate

Mica (50~100/O

9C +0S [°C/W]

Silicon grease

Present

10

70—0.80
5-0.7

15-0.2
6-0.8
6-0.8

3-0.5
0—2.5

.3-0.5

.0-2.5

.1-0.2

.5—0.8

1-0.2
10.5-0.7

0.1—0.2

0.5-0.7

Absent

0.3

1.25-1.45

1.2-1.5

0.4—0.5

1.5—2.0

1.2-1.4

1.5-2.0

4.0-6.0

1.5-2.0

4.0-6.0

1.0—1.5

0.5—0.9

2.0-3.0

0.4—0.7

1.2-1.5

0.4—1.0

1.2-1.5

depending on installation, when heat sink are

used. For improving radiation for middle or

lower output transistors, there are radiator

holders that enable the transistors to be in-
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stalled effectively to radiators according to

their external diameters.

30

^^ ^.
^ "s „<:

i-mm iron sheet
i

4
i_iiii

1-mm iron shpft.
fcs A
^s "-«

«!7—

,

""J >?^\

2-mrn ailuminum sheet

]

]

L-

-i

mrr

mm
» copper

alumin

sh(

um
jet

shee t

30 50 100

Area of Heat Sink

300 500 1000

Fig. 7 Area of Heat Sink and Thermal
Resistance (0f)

(3) Insulating plate thermal resistance 0s

In case the transistor needs to be insulated

from the radiator, an insulator should be used

between the transistor and .the radiator. The
thermal resistance 0s by this insulator is

determined by its material, thickness and

area, being a value that can not be neglected.

Regarding insulator conductivity, mica is

the best and can be used at high temperature,

but is hard to make a sheet of insulator with a

uniform thickness and has a disadvantage of

brittleness. Mylar is inferior to mica in respect

of thermal conductivity but can provide uni-

form and thin insulators.

Generally, the Si transistor has a high junc-

tion temperature and adopts mica as insulator.

In these days, silicon rubber is used. This

has good thermal conductivity but is hard to

thin, so that careful study is required for its

application.

When an insulating plate is used, it can not

be considered independently of contact ther-

mal resistance, because its thermal contact

state is different from that of metal.

The thermal resistance (9c + 9s) of each in-

sulating plate including contact thermal resis-

tance is as shown in Table 1.

In design, the sum of contact thermal resis-

tance and the thermal resistance of an insula-

tor plate s considered to be installation ther-

mal resistance (0c -I- 9s). When mica is used

and silicon grease is applied, it is appropriate

to use 1.0°C/W for TO-3 and TO-66, 3.0°C/W

for TO-220, and 1.2°C/W for TO-3P, with

some allowance.

(4) Radiator thermal resistance 0f

Radiator thermal resistance is considered

to be distributed-constant thermal resistance

of the path by which heat escapes from the

radiator surface to the open air.

This is related with the state of the open

air, the temperature difference between
radiator and the open air and the useful area

of the radiator and is hard to express by a

numerical expression. At present, this is total-

ly determined by actual measurement.
Fig. 7 shows the actual thermal resistance

value measured with the radiator set in a

vertical position when a transistor is installed

in the center of the radiator.

In recent years, radiator manufacturers
have been manufacturered various radiators,

it will be convenient to refer to their data for

practical use.

For accessories necessary for installing the

power transistor to the radiator and installa-

tion method, refer to the item "Accessories"

4. Calculation Example for Radiation
Design
On the basis of the data described hereto-

fore, an actual calculation example is shown.

The constants to be given or obtained in calcu-

lation are classified into 4 as follows.

(a) Transistor (0i,Tjmax )

(b) Power dissipation of transistor (PdC )

(c) Ambient temperature (Ta)

(d) Radiator thermal resistance (0f

)

(1) With transistor, ambient temperature and
power dissipation given, a radiator is

found.

Example 1 :

Giving power consumption P dc=15W to

2SD1187, find a radiator necessary to permit

operation up to ambient temperature

Ta=60°C.
According to the catalog of 2SD1187, the

given conditions are Pcmax^OW (Tc=25°C),
Tjmax=150

o
C, Pdc=15W and Ta=60°C.

Jf mica is used for insulation and silicon

grease is applied, 9c + 9s = 0.8°C/W.

TOSHIBA CORPORATION
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From expression (14),

6i =
1 j max 1 C

1 C max

150—

80

25

R.„ - 1 j max -Ta 150--60

found.

Example 3:

When 2SD797 is to be installed on an alumi-

num heat sink with dimensions of 100 X 100 X

2 mm, being insulated by mica (silicon grease

is applied), find the maximum ambient tem-

perature permitting operation with the maxi-

mum power dissipation of 15 W.
According to the catalog, the given condi-

tions are Pcmax=200W (Tc=25°C), Tjmax
=

175°C and from Fig. 7, f=5.4°C/Wor Pdc
=

15W, and 0c + 0s = 1°C/W.

First, from expression (23)

,

0i = Ti
:

ax
~ Tc = 1Z|r^ = 0.75°C/W

re max ZOO

From expression (18),

0ja = 0i + 0c+0s + 0f

= 0.75+ 1 + 5.4

^7.2°C/W
From expression (14)

,

la — 1 j max C/ja*lac

= 175-7.2X15
= 67°C

That is, the maximum ambient temperature
permitting operation is 67°C.

5. 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

junction 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.
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= 1.6°C/W

- P. 15
=6°C/W

Consequently, from expression (18),

Si = 0ja-(0i + 0c + 0s)

= 6- (1.6+ 0.8)

= 3.6°C/W

A radiator whose thermal resistance is

under 3.6°C/W is necessary. With a 2-

mm-thick aluminum sheet, an area of 200 cm2

is required from Fig. 7. Therefore, an alumi-

num heat sink with dimensions of 140 X 140 X
2 mm is used.

(2) With transistor, ambient temperature and

radiator given, the maximum power dissi-

pation allowed to the transistor is found.

Example 2:

When 2SC3258 is to be installed on an alu-

minum heat sink with dimensions of 100 X

100 X 2 mm, being insulated by mica, and to be

operated up to ambient temperature

Ta=60°C, find the maximum power dissipation

allowed to the transistor.

According to the catalog, the given condi-

tions are P C=30W (Tc=25°C), Tjmax =150°C

and Ta=25°C, and from Fig. 7,0f=5.4°C/W or

0c + 0s = 3°C/W.

First, from expression (23)

,

Tjmax—Tc 150— 25

Pc 30
= 4.2°C/W

Consequently, from expression (18)

,

0ja = di + Oc + ds + di

= 4.2+ 3+ 5.4

= 12.6°C/W

Pdc =
1 j max 1 a

6)3.

150-60

12.6

= 7.1W

That is, the maximum power consumption

of 7.1 W is allowable.

(3) With transistor, radiator and power con-

sumption given, the maximum ambient

temperature permitting operation is
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In order to avoid this, sufficient derating is

required for junction temperature and its

change.

A calculation example of the radiation de-

sign considering reliability is shown in Exam-
ple 4.

Example 4:

When 2SC524 is operated at the maximum
ambient temperature of 55°C with power dis-

sipation of 3 W, let's find the necessary heat

sink size.

According to the catalog of 2SC524, the

given conditions are P Cmax=10W (T C =25°C)

andTjmax=175°C.
First, from expression (19)

,

Tjmax- Tc 175 25
1

c„ ,„.
ft
=— = =15C/W

re max ±U

For performing high reliable design, the

maximum operating junction temperature is

derated by 50°C, and the maximum operating

junction temperature is:

Tj(o P ) max = 175-50 = 125°C

From expression (17),

- 1 j (op) max 1 a max

Pdc

= 125~ 55 #23.3t/W

Consequently, with 0c + Of = 1°C/W and

from expression (18)

,

Bi = 0ja-(0i + 0C+0s)

= 23.3- (15+ 1)

= 7.3°C/W

A radiator whose thermal resistance is less

than 7.3°C/W is required. From Fig. 7, an alu-

minum heat sink with dimensions of 80 X 80 X

2 mm is appropriate.

In this design, as compared with the design

at maximum rating, an approx. two-figure

(centuple) improvement of reliability is ex-

pected in the case of operation at an ambient

temperature of 25°C, and an approx. 1 -figure

(tenfold) improvement of reliability can be ex-

pected even in the case of operation at the

worst temperature of 55°C.

Hlllllllll Illllllllllllllllllllllllllllliiiillilililllllililiiii Illlllllllllllllllllllllllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiii iiiiiiiiiiiiiiiiiiiiiiiiiini iiiiiiillllllllllll Illlllll TOSHIBA CORPORATION

-73-



Precautions on Utilizing Transistors

Tt 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 optimise 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)

• TransiiSLor

.Insulating mica

This notice is not applicable to metal-sealed

transistors.

(2) Mounting accessories for tightening

screws and nuts

It is recommended following the mounting

procedures shown in Fig. 2 (TO- 3, Toshiba

2-21D1A), Fig. 3 (TO-66, Toshiba 2-13A1A)

and Fig. 4 (TO-220AB, Toshiba 2-10A1A),

so that transistors are electrically insulated

from the heat sink and thus increase the heat

sink effect.

Machine screw M3 X 0,5 X 2PCS
AC604

Mica insulator AC201

Insulating bushing

AC310X2PCS

Solder terminal AC501 ***{*»

Spring lock washer
M3X2PCS
AC401
Nut

;

M8XQ.5X2PCS ^-^flE
AC701A

AC73

o±n

•R2

Transistor

Mica insulator

Heat :sink
"

Insulating bushing

<M.O

#u
£8,9

Fig. 2 Mounting transistor TO-3

(2-21D1A) on a heat sink

^^m- 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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AC74

I

Machine screw M3 X 0.5 X 2PCS
AC604 ^T|

Mica insulator AC203

Insulating bushing

AC311X2PCS
Solder terminal .

AC501
Spring lock washer M3 X 2PCS

AC401 !

Nut _—-a£> Op
M3X0.5X2PCS

I AC701A
03.7

Transistor

Mica insulator

Heat sink -"^"^'nTy n>

Insulating bushing _ J [_
. „

^

03.6

04.9 Holder

Mounting plate

Fig. 3 Mounting transistor

TO-66 (2-13A1A) on a heat sink

AC75

.-14 ^Machine screw M3 X 0.5

AC604

Holder RH

Mica insulator

AC229

Insulating bushing

AC311
Flat washer

AC402
Spring lock washer
M3AC401
Nut ^^P
M3X0.5X2PCS
AC701A ^3.7

Transistor

Mounting plate

Holder

Mica insulator

Heat sink

Insulating bushing

03.6

03.2

04.9

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

Outline

Screw tightening

torque (MAX.)JEDEC
Toshiba

product No.

TO-3 2-21D1A 8kg • cm

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

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.

lkg or less lkg or less

lkg or less

lkg or less

—- lkg or less

I lkg 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

£X 3mm or
i more

Good

3mm or
more

A

7TS A
A

(Bad) n
*30° or less 60° or less

* Do not bend 2-10 types

even though the bending angle

is 30° or less.

**Curvature should be

lmm 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 circuit

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 underclothing.

(Ambient conditions: 25°C, 25% RH, Unit: kV)

Underclothing

Work uniform

Cotton Wool Acryl Polyester Nylon Vinylon +
cotton

Cotton 100% 1.2 0.9 12 15 1.5 1.8

Vinylon/cotton

(55%/45%)

0.6 4.5 12 12 4.8 0.3

Polyester/rayon

(65%/35%)

4.2 8.4 19 17 4.8 1.2

Polyester/cotton

(65%/35%)

14 15 12 7.5 15 14

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 10MH or so, rather

than directly grounding.

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

forms of chemical 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.

TOSHIBA CORPORATION
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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 circuit 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 circuit

WS/J///////ZZ

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.

Ws//////s///%ffi/A

Fig. 8 Example of soldering method

(3) Cleaning method
To remove flux, cleaning is often conducted

after soldering transistors to printed circuit

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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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, cheeking design criteria, and estab-

lishing estimating methods and criteria con-

sidering application. After clearly solving

these problems, the development and trial pro-

duction 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
TOSHIBA CORPORATION llllillllllllllllllllllllllllllllllllllllliuiiillimilllll

in a stabilized condition, The ability of produc-
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 prompt-
ly, and required data can be fed back correct-

ly-

It is quite important to control the quality

of component parts and materials. By stan-

dardizing individual specifications and quality

control procedures, stringent quality control

results.

Since semiconductor products and devices

have made surprising progress over recent

years, they have contributed to laborsaving,

automation, and an improvement in quality

and reliability. The facilities and instruments
for quality control processes constitute impor-
tant factors in quality control- Therefore,
these factors are regularly controlled and
calibrated in accordance with Toshiba's stan-

dards as well as national agencies.

In addition, the ZD (Zero defects) move-
ment, small-group activities such as QC cir-
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cles, and training and education programs as

conducted to improve employees' work-

manship and morale.

Fig. 1 Quality Assurance Process
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Table 1 Control system for product development

Development steps
Approval Test System

(ATS)

Departments
participating

Research and
designing

Research, study, and
establishment of quality

and reliability goals so

that products to be

developed fulfill the

expected functions

Design check Development designing,

application engineering,

and quality assurance

depts.

Trial run for

development
Establishing production

processes by duly

considering economic

merits and mass
production capability, and

by establishing quality

and reliability

Estimation and approval

of designs, DAT (Design

Approval Test)

Application engineering,

manufacturing engineering,

fabrication group, and
quality assurance depts.

Trial run for

mass production

Establishing quality and

reliability levels and

process stabilizing/quality

controlling methods

Estimation 'and approval

of quality and reliability

levels QAT (Quality

Approval Test)

Production technology,

quality assurance,

production, and
production control depts.

Mass production]

Establishment of all

controlling systems to

manufacture standard

products

DAT or QAT is conducted

in accordance with the

importance of any
changes in components,

materials, processes, and

Production technology,

quality assurance,

production, and

production control depts

(3) Quality assurance of delivered goods
The quality of products to be delivered is as-

sured under the aboverfrfentioned quality con-

trol, such as intermediate inspections and
tests at each stage of processing and lot quali-

ty assurance tests (electrical properties, ex-

ternal appearance, structure, and service life)

.

Reliability check tests are regularly con-

ducted to supervise quality and reliability

levels. Results and data obtained from these

inspections and tests are effectively utilized

and filed for improving designing and produc-

tion processes, as well as for estimating quali-

ty in the market.

The above-mentioned flow of products is

shown in Fig. 2 quality assurance and confir-

mation flow chart.

The quality assurance criteria of Toshiba

Corporation are based on the LTPD method

which is in accordance with MIL-S-1900.

Quality assurance levels of the criteria are

as listed in Table 2.

Table 2 Lot quality assurance level (LTPD
method)

^^~^^^Quality
Communi-
cations

industry use

Household

use

External

appearance/

structure/

electrical

properties

Catastrophic

defects
1.5% 5%

Major
defects

5% 10%

Minor
defects

10% 25%

(4) Service activities after shipment

Market information related to quality and
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Fig. 2 Quality assurance and confirmation flow

chart
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/structure inspection
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sties inspection

Physical appearance
inspection

3
{ Shipment J

Precision sampling
test

Electrical
characteristics test

Physical
appearance inspection

Steady state
operation life test

Storage life test

High-temperature
storage life test

Low-temperature
storage life test

High-temperature/high-
humidity storage life test

Environment test

Soldering heat test

Temperature
cycling test

Thermal shock test

Moisture resistance

Seal test

Mechanical test

Vibration test

Shock test

Constant
acceleration test

Terminal
strength test

Solderability test

Salt atmosphere test

Others

Acceleration test

reliability of products already shipped is very

important for quality control purposes as well

as for sales activities. Especially, any informa-

tion in which the history and conditions of

trouble occurrence are clarified is effective as

a direct guideline for improving the quality

and reliability of such products.
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A variety of information obtained through

contacts with customers is processed and

computed to serve for studying the causes of

trouble and for determining preventive mea-
sures, thus contributing to quality improve-

ment.
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2. Concept and scale of reliability

The quality that makes an element highly

reliable is, that when it is used as a part of

equipment, it "offers objective functions

under stable conditions without failure for a
specified duration of time", such an element
should be easily compatible in electrical prop-
erties when replaced if necessary.

To quantitatively represent reliability, the

degree of reliability or the ratio of failure is

used to express it as a function of distribution

in which time is used as one of the parameters.
Therefore, the exponential distribution or the

Wieble distribution is often used for semi-

conductor products.

Fig. 3 illustrates failures observed in ordi-

nary electronic parts and semiconductors
with time as a parameter; it has been recog-

nized that this curve shows a certain trend.

Initial failure period

-

Random failure
r \ m

Wearout failure

period period

Time (Optional graduation)

Fig. 3 Variation of failure rate regarding
elapsed time

This trend is divided into three periods:

• Initial

• Random failure period

• Wearout failure period

Failure of semiconductor products is char-

acteristic of a gradual reduction in the failure

ratio during the random failure period; it is

important to minimize the failure ratio in this

period because failure occurs at random.

To represent the reliability of semiconduc-

tor products, an approximation is conducted

by using various types of distribution func-

tions. When assuming an exponential distribu-

tion, the most basic distribution pattern in life

distribution of electronic components, the

reliability function R(t) can be expressed by

the equation—

R(t)=exp (-At)

The instantaneous failure ratio A(t) and
average life (jl are expressed as—

A (t)=A (constant irrespective of time lapse)

/*=1/A

At=l/Ai=MTTF.

Generally, the failure ratio of semiconductor
products is expressed by %/l,000 hours
through assuming that time (t)= 1,000 hours.

Since failure is rare and the failure ratio is

small judging from the field data and esti-

mated failure ratio, 1/104 times this value—
namely 10"4 (%/1,000 hours) =10"9 (failures/

hour) —is used under the unit of 1 Fit.

3. Reliability factors
The reliability of transistors should be

handled not only for the transistors them-
selves, but by also taking operational stress

and environmental stress into consideration.

They are so closely related to each other that

the following explanation will help users to

utilize them with higher reliability.

(1) Operating conditions

Voltage and current supplied to transistors

and the operating conditions surrounding
equipment are important factors which affect

transistor reliability. The operating points

should be determined by selecting and ap-
propriate element for an objective circuit and
by designing an appropriate circuit.

It is known that the transistor failure ratio

is substantially affected by temperature, and
as the temperature rises, the ratio is in-

creased. However, small-signal transistors

handle such low voltage and current that no
special consideration need be given to tem-
perature, except for those circuits with special

operation.

Instead of considering the influence of tem-
perature, attention should be paid to the appli-

cation of surge voltage and deviation in char-
acterises caused by external influences or in-

duction. By lowering the limit values for al-

lowable fluctuations in characteristics, to

widen the difference between theoretical and
actual operation limits when designing a cir-

cuit, it is possible to substantially increase the
service life of a transistor, and hence, that of

the equipment. On the other hand, power
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transistors which handle comparatively large

voltage and current have large dissipations as

a result of a far larger volume of current com-
pared with voltage.

This power dissipation causes a transistor

to heat up, adversely affecting both its charac-

teristics and its reliability. Such heat should'

be efficiently discharged. Refer to the expla-

nation in the previous section for details of

heat discharge.

It is recommended that derating be applied

to the voltage, current, and temperature
specified by maximum ratings, so that transis-

tors may be employed with high reliability.

Since derating is determined as a compromise
between reliability and economic values, it is

rather difficult to consistently specify the

degree of derating. The degrees mentioned
below are those generally recommended:

Voltage: 70—80% or less for maximum
rating

Current: 50% or less for maximum rating

Power: 50% or less for maximum rating

Regarding the degrees of derating, certain

government agencies in Japan have estab-

lished their own standards for operation and
designing, and have limited the application

ranges. Such a movement constitutes one of

the basic activities for improving transistor

reliability.

05 0.005

0.03

0.01

2.2 2.4 2.6 2.8 3.0 3.2

Temperature 103/T (°K)

Fig. 4 Derating curve for silicon transistors

Fig. 4 shows an example of relations be-

tween the temperature and the failure ratio
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by using a Toshiba silicon transistor. It is evi-

dent from that figure that the failure ratio is

substantially affected by the operating tem-

perature and that higher reliability can be ex-

pected by effecting derating.

(2) Variations in transistor quality

The automatization of production processes

and the improvement and progress of produc-

tion technology have been outstanding. The
quality and reliability of transistors have con-

tinued to be improved year after year thanks
to such development, and by positively adopt-

ing newly developed technology.

It has probably been stated that there are

no variations in quality thanks to the use of

modern controlling methods and the full auto-

mation of processes. However, transistors and
other semiconductor products are extremely
small in shape, structure, and size, and are

based on microtechnology for conducting their

high-precision control, reinforced by physical

and chemical technology. Therefore, even the

slightest deviation exercises a large influence

upon a transistor's characteristics. It is rather

difficult to maintain various types of charac-

teristics uniform, even by making full use of

today's latest technology.

(3) Resistance against environmental factors

The housings of semiconductor products are

classified into the plastic resin-sealed type
and the airtight-sealed type using metal. The
plastic resin-sealed type, less expensive and
possible to mass produce, recently has been
employed in the majority of cases, covering

application ranges from small signal to large

power transistors.

This trend is backed by the facts that resins

with high mechanical strength and excellent

electrical insulation and resistance against en-

vironmental factors have been developed and
employed, and that the reliability of this type
has been greatly enhanced thanks to progress
in molding techniques and surface treatment
know-how.
The plastic resin-sealed type up to now has

reached the level of the airtight-sealed type
except concerning special environments, al-

though transistors are subjected to many envi-

ronments in the markets. Since the plastic

resin-sealed type is not airtight, humidity in-

filtrates the transistor interior through the
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resin. It is recommended employing the

airtight-sealed type if the equipment or

system is intended for use under a high-

humidity environment or when high reliability

is required.

Be careful not to directly expose semi-

conductor products to dust, harmful gases,

salty (sea) air, radioactive rays, or similar en-

vironments; otherwise, they will suffer from
unstable characteirstics or rust in the lead

wires.

4. Precautions of handling
(1) Mounting on printed circuit boards
When mounting a transistor on a printed

circuit, it is assumed that lead wires will be
processed or reformed due to space limitation

or relations with other components. Even if no
such special processing or reforming is con-

ducted, exercise care on the following points:

(a) Make the spaces of lead wire inserting

holes on the printed circuit board the same
as those of lead wires on a transistor.

(b) Even if the spaces are not the same, do not

pull the lead wires or push heavily against

the transistor element.

For TO-220AB-type transistors, do not

apply stress in the direction of the lead

wire thicker side.

(c) Use a spacer for form a lead maintain
space between a transistor and a printed

circuit board, rather than closely contact-

ing them with each other.

(d) When forming a lead prior to mounting
onto a board:

• Bend the lead at a point 3 mm or more
apart from the body. (Lead root)

• Bend one lead wire after securing the

other lead wire (near the main body)

.

• Keep space between the transistor main
body and a fixing jig.

• When bending the lead along the jig, be
careful not to damage it with an adge of

the jig.

• Follow other precautions described in

respective standards.

(e) When mounting a transistor onto a heat
sink:

• Use the specified accessory.

• Drill threaded holes on the heat sink as

per specifications and keep the surface

free drom burrs and undulations.

• Use Toshiba's recommended silicon

TOSHIBA CORPORATION

grease.

• Tighten the screws within the specified

torque.

• Never apply a pneumatic screwdriver
to a transistor main body.

(f) Do not bend or stretch the lead wires
repeatedly.

When pulling in the axial direction,

apply 500g or 1 kg power, depending on
the shapes of lead wires.

(2) Soldering

When soldering a transistor to a printed cir-

cuit board, the soldering temperature is usual-
ly so high that it adversely affects the transis-

tor. Normally, tests are conducted at a solder-

ing temperature of 260°C for 10 seconds or

350°C for 3 seconds. Be sure to complete
soldering procedures under these conditions

of temperature and time.

Be careful to select a type of flux that will

neither corrode the lead wires nor affect the
electrical characteristics of a transistor.

The basic precautions for soldering proce-
dures are as follows:

(a) Complete soldering procedures in a time
as short as possible.

(b) Do not apply stress to a transistor after

soldering by correcting or modifying its lo-

cation or direction.

(c) For a transistor employing a heat sink,

mount it on the heat sink first; then solder

this unit to a printed circuit board after

confirming that it is fully secured.

(d) Do not directly solder the heat-radiating
portion of a transistor to a printed circuit

board.

(e) In flow solder jobs, transistors are apt to

float on the solder due to solder surface
tension. When adjusting the locations of

transistors, be careful not to apply exces-

sive stress to the roots of the transistor

lead wires.

(f) When using a soldering iron, select those
which have less leakage, and be sure to

ground the soldering iron.

(3) Cleaning a circuit board
After soldering, circuit boards must be

cleaned to remove flux. Observe the following
precautions while cleaning them,
(a) The below-mentioned solvents are recom-

mended for cleaning purposes:
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reaches several kV or tens of kV. Should this

high voltage be discharged through the elec-

trodes of transistors, high-frequency transis-

tors and MOS-FET transistors which are less

resistive to such high voltage in structure,

they may be deteriorated or break down.

Since protective devices to be mounted on the

transistors themselves are restricted for the

purpose of assuring electrical characteristics,

pay special attention to handling procedures

and to separate protective circuits.

Such wires as I/O signal wires and control

wires connected to a printed circuit are often

connected with other types of electronic

components, and they are often very long.

Should noise or surge voltage caused by in-

duction be added to these I/O signal wires and
control wires, transistors may sometime dete-

riorate or break down. Take advance protec-

tive measures such as inserting protective cir-

cuits.

5. Failure mode and failure mechanism
Types of failure are classified into open cir-

cuits, short circuits, and deterioration.

(1) Open failure

Factors causing open failure are

(a) Structural flaws related to or caused by
bonding

(b) Those caused by electrochemical reaction

such as electromigration and local cell for-

mation

(c) Application of stress exceeding that guar-

anteed by the standards

It is also possible that bonding wires and
aluminum wires may be fused off as a result of

a combination of the above three factors.

(2) Short failure

Principal factors causing short are

(a) Excessive stress caused by overvoltage

and overcurrent

(b) Short failure caused by an extreme exam-
ple of degradation

(c) Electrochemical reaction

(3) Degradation

From the viewpoint of electrical charac-

teristics, degradation denotes a reduction of

withstand voltage lower than the specified

value, an abnormal increase in current, and a

drift of characteristic values.

Since transistors are produced based on
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• FreonTE,TF
• Di-Freon Solvent S3-E

(b) Do not rub the indication marks with a

brush or one's fingers when cleaning or

while a cleaning agent is applied to the

markings.

(c) There areultrasonic wave cleaning meth-

ods which offer a high cleaning effect

within a short time. Since these methods

involve a complicated combination of fac-

tors such as the cleaning bath size, ul-

trasonic wave vibrator output, and printed

circuit board mounting method, there is

fear that the service life of airtight seal-

type transistors may be extremely short-

ened. Therefore, as far as possible avoid

using the ultrasonic wave cleaning

method. This concern is not applicable to

plastic-type transistors, although below-

mentioned basic requirements should be

followed:

• Basic requirements of ultrasonic wave
cleaning method
Frequency

:

27- 29 kHz
Output: 300W or less (about

0.3W/cm2 or less)

Recommended sol-Refer to details

vents: above

Cleaning time: 30 seconds or less

Conduct ultrasonic wave cleaning with both

the printed circuit board and the transistors

floating in the solvent, so that neither product

comes in direct contact with the ultrasonic

wave vibrator.

It is recommended adopting steam cleaning

or jet stream cleaning methods which exert

less influence on transistors than dose ul-

trasonic wave cleaning; it is assummed that

various types of transistors are mounted on a

printed circuit board.

(4) Static electricity

The maximum ratings designated for

transistors denote those values which should

not be exceeded even an instant, as described

in the previous section; this is applicable com-
monly to semiconductor products.

It is probable, however, that static electrici-

ty or surge voltage that exceed such values

may be applied to transistors directly or indi-

rectly while handling or operating them.

Especially, static electricity sometimes
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physical and chemical technology, it is as-

sumed that thermodynamic changes on the

surface or in the interior of a transistor

caused by voltage, current, temperature, or

humidity will result in changes in its physical

and chemical properties. As such changes in-

crease gradually, the specified values will be
finally exceeded.

The principal factors for deterioration are

supposedly—

(a) Structural flaws

(b) Designing problems

(c) Operating problems

Table 3 Lists the relations between failure

modes caused by these factors and failure

mechanisms.

Table 3 Relationship between failure modes and failure mechanisms

Structural items Seal Interior Surge

O
E
a>
Sh

Eh

^s^ Failure mechanisms

Failure factors ^\

02

S3

13
Sh
s
u
g
TO

a
§

s S
«* .2

a
0)
0)

CO

.2 a
cS C
« S
^S
62

CD
3
.ho

<v

Eh

bo

.sm
3
O

0)

_>
'3
u

CD

Q

to

.S
"c3
CD

TO

J

Sh
0>

ft

6
a
_o
*3
o
a
3

CD

a
a
03
J3o
0)

«4-H

Sh
3
TO

03
Ct
hO

a
ho
'53

u
«S

-o
0)

ft

S
1

Sh „

a a
W.2

a
_o
'*3

o
3
a
o

u
'a
o

a

o
Sh
Sh
O
o

a

Sh
3
Sh
CD
>
o

ho
a!

>
Sh

>o

'3

u

'•*3

aS

TO

-4^

'3

.g
3
a

a

Open lead (fused) o

Open lead (mechanical) o o

Abnormal bonding. O o o o o

'3
u
.Sh
'3

t
o
-3
TO

C
_o
•3
as
T3

fi
bo
a>

Q

Junction short circuit o o o o o

Arcing o o

Pellet crack O o o

Infiltrated foreign matter o O

Contact between leads o o o O

Atmosphere O O O O o

Smears o O O o o

Influence of surface oxidized film o O o o

Junction interior o o O

Arcing o O

Pellet cracks o o o

E
a>
-a
+j
O

Defective external lead wires o o o

Housing surface leak o o

Rust o

6. Reliability test

Reliability tests are conducted either for

maintaining and confirming reliability assur-

ance levels or for comprehending the design

margins and limit levels for using such data

when renewing a design.

The reliability test methods and conditions

differ according to respective objectives. Nor-
mally, an accelerated life test and an environ-

ment test are conducted based on maximum
ratings by simulating stresses to which tran-

sistors will be subjected in actual operation.
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Since some tests posses destructive charac-

teristics, it is important to establish reproduci-

ble, generally applicable test methods and con-

ditions.

Standard test methods applicable to semi-

conductor products include JIS, EIAJ, MIL,
and IEC standards. Some typical standards

among them are described hereunder; the con-

tents of reliability tests are listed in Table 3.

• Japanese Industrial Standards (JIS)

JIS C5003 General test procedure of

failure ratio for electronic

components

JIS C5700 General rules for reliabil-

ity assured electronic

components

JISC7021 Environmental testing

methods and endurance

testing methods for dis-

crete semiconductor de-

vices

JIS C7030 Testing methods for tran-

sistors

JISC7032 General rules for tran-

sistors

JIS C7210 General rules for reliabil-

ity assured discrete semi-

conductor devices

• Electronic Industries Association of

Japan (EIAJ) Standards

EIAJ SD-121 Environmental and me-
chanical test methods for

discrete semiconductor

devices

EIAJ SD-71 Transistor test methods

EIAJ SD-31 Field-effect transistor

test methods
• U.S. Military Standards (MIL)

MIL-STD-202 Test methods for elec-

tronic and electrical com-
ponents parts

MIL-STD-750 Test methods for semi-

conductor devices

MIL-S-19500 Semiconductor devices,

general specifications for
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Table 4 Types and Contents of Reliability Tests

Gasifi-

cation
Types Description Applicable

standards

Initial

performance

test

Initial characteristics test Items of electrical characteristics specified as
ratings by respective standards are tested to
confirm they fall within requirements of the
standards.

Appearance, dimensions,
and structure tests

Tests are conducted to confirm that materials,
polarity, structure, external shapes, dimensions,
marking, and external appearance of a
transistor are in normal condition or within the
allowable limits specified.

CO
a>

,a>

|
u
<v
(XO

Steady state operation

life test:

Durability of a transistor is judged by applying
electrical stress (voltage and current) and
thermal stress (including temperature rise

caused by load) to that transistor over a long
period.

This test is normally conducted by continuously
applying voltage, current, or power at 25±5°C.

EIAJ SD-121 B-4
JIS C7021 B-4
MIL-STD-750B: 1026

Intermittent operation
life test

:

Electrical and mechanical durability of a
transistor is judged by intermittently feeding
power to that transistor and by
raising/lowering temperature in accordance
with ON/OFF conditions.

This test is normally conducted at 25±5°C
under separately specified electrical and time
conditions (such as power feeding cycle and
interrupting cycle.)

EIAJ SD-121 B-6
JIS C7021 B-6
MIL-STD-750B: 1036

CO

<D
bO
CS
Sh
O

High-temperature
storage life test:

Durability of a transistor is judged by storing
the transistor at high temperature.
Normally, the test temperature is the
maximum rated storage temperature (Tstg
Max).

EIAJ SD-121 B-9
JIS C7021 B-10
MIL-STD-750B: 1031

Low-temperature
storage life test:

Durability of a transistor is judged by storing
the transistor at low temperature.
Normally, the test temperature is the minimum
rated storage temperature (Tstg Min)

.

EIAJ SD-121 B-9
JIS C7021 B-12

High-temperature/high-h
umidity storage life test:

Durability of a transistor is judged under
operation and storage at high relative humidity
over a long period. Normally, the test

conditions' are 60°C and 90%RH.

EIAJ SD-121 B-10
JIS C7021 B-ll
MIL-STD-202E: 103B

TOSHIBA ^S^^RB^^^F^^ev^^BC^a^a iiiiiiiiiiitllllllllllllllllllllilitliliiillltllltllllllllllllllflllMlllllllllllllllllllllllllllllltllllltllllltillliiMiiiitiiitlltllllllllllllllllllltllllllltliitlliiltiiifiiiiiiiiiiiitiiiiiiiiiiiKiiillltillllltlllli



Clasifi-

cation

Types Description
Applicable

standards

CO
0>
-u
-u
C
4>

s
a
o
>
c
W

Soldering heat test: Heat resistance of a transistor is determined
against heat to which it is subjected while
soldering.

Normally, the test conditions are 206±5°C for
10 seconds.

EIAJ SD-121 A-l
JIS C7021 A-l
MIL-STD-750B: 2031

Temperature cycling

test:

Thermal resistance of a transistor is

determined by exposing it to high and low
temperatures.
Normally, the test is conducted for 5 cycles of
minimum and maximum storage temperatures.

EIAJ SD-121 A-4
JIS C7021 A-4
MIL-STD-750B:.1051

Moisture resistance test

(temperature/humidity
cycling test)

:

Durability of a transistor is determined by
exposing it to high humidity under low and high
temperature cycles.

Normally, the test conditions are Ta=25°C —
65°C to -10°C and RH=90 - 98%.
The test is conducted for ten cycles, with one
cycle continued for 24 hours.

EIAJ SD-121 A-5
JIS C7021 A-5
MIL-STD-750B: 1021

Seal test: Air tightness of the seal is determined. Tiny
gas leakages are detected by using tracer gas,

large leakages by air bubbles.

EIAJ SD-121 A-6
JIS C7021 A-6
MIL-STD-750B: 1071

CO
0)

'2
ca

o

Solderability test: Ease in soldering lead wires is determined.
Normally, the test is conducted at 230±5°C for

5 seconds.

EIAJ SD-121 A-2
JIS C7021 A-2
MIL-STD-750B: 2026

Vibration test: Durability against vibration during
transportation or operation is determined.
Normally, changes in vibration frequency (100
— 2000 Hz) are applied.

EIAJ SD-121 A-10
JIS C7021 A-10
MIL-STD-202E: 2046,
2056

Shock test: Structural and mechanical durability is judged.
The test is conducted by applying 1500G three
times each in four directions.

EIAJ SD-121 A-7
JIS C7021 A-7
MIL-STD-750B: 2016

Constant acceleration

test:

Durability against constant acceleration is

determined. The test is normally conducted by
applying 20,000G for 1 min. in six directions.

EIAJ SD-121 A-9
JIS C7021 A-9
MIL-STD-750B: 2006
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Gasifi-

cation

Types Description
Applicable

standards

4)

u
'S
a
o
0)

Drop test: Structural and mechanical durability is judged.
Normally, a test piece is dropped three times
from the height of 75cm onto a maple board.

EIAJ SD-121 A-8
JIS C7021 A-8

Lead strength test: Lead strength is determined as to whether or
not leads are strong enough to endure force to

be applied while mounting, wiring, or operating.

Normally, lead wires are bent three times by
90° through applying a 250g weight.

EIAJ SD-121 A-8
JIS C7021 A-8
MIL-STD-750B: 2036

Salt atmosphere test: Corrosion resistance of a transistor is

determined.
Normally, the test is conducted at 35°C room
temperature by spraying with 5% salt solution

for 24 hours.

The test is conducted for ten cycles, with one
cycle continued for 24 hours.

EIAJ SD-121 A-2
JIS C7021 A-2
MIL-STD-750B: 1046

CO

-4J

G
_o

2
JO

oo

Acceleration test: Generally, life tests consume a long time; at

present, especially, the time when the

reliability of transistors has been enhanced
substantially, life tests require an extremely
long time and many samples. Therefore, a
forced deterioration test is conducted by
increasing stresses exceeding the rated values.

The types of forced deterioration factors which
should be used such a this test differ

substantially depending on the mechanism to

cause failures. It is important, therefore, to

select forced deterioration factors suitable for

the mechanism to be inspected. Additionally, it

is necessary to fully comprehend the relations

with normal life tests.

7. Reliability data
Tables 5 and 7 display the results of reliabil-

ity tests as a typical example of tests conduct-

ed in accordance with the above-mentioned
test methods, by using a plastic resin sealed-

type, small-signal transistor.

Typical criteria for judging failures in

these tests are listed in Tables 6 and 8.

Variations by time of various characteristic

parameters in operation tests are often ana-
lyzed in detail as one of the most basic proce-

dures for estimating transistor reliability.

Variations by time of such parameters in life

tests conducted as to Tables 5 and 7 are shown
in Figs. 5 and 6 as typical examples.

It is evident from these data that initial

characteristics are maintained over long

hours despite the fact that these tests were
conducted based on test conditions using maxi-
mum ratings.

It is presumed, therefore, that high reliabili-

ty can be expected under actual operating con-

ditions of equipment or a device.
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Table 5 Results of reliability tests using plastic resin sealed-type small-signal transistor 2SC1815

Test item
Applicable

standards
(JIS C7021)

Test conditions Sample size Failures Remarks*

go

Steady state

operation
B-4 Vc=25V, Pc=300mW

Ta=25°C, lOOOHrs
230 0.4

High-temperature

storage
B-10 Ta=125°C, lOOOHrs 210

High-temperature/
High-humidity
storage

B-ll
Ta=60°C, RH=90%

lOOOHrs
230

Environmental

test

Soldering

heat
A-l 260°C, 10 sec, 1 time

(up to 1.5mm from lead root)

170

Temperature

heat
A-4 -55°C~25°C~125°C~25°C

20 cycles
530

Thermal

shock
A-3 100°C~0°C, 10 cycles 190

Moisture

resistance
A-5 Ta=~65°C, RH=90~98%

10 cycles
190

GO

s
CS

o

Vibration A-10 100-2000Hz 20G

3 directions x four times each
60

Shock A-7 1500G, 0.5ms

4 directions x 3 times each
60

Constant

acceleration
A-9 20000G,

6 directions x 1 min.
60

Lead

strength
A-ll 250g,

90° bending x 3 times
90

Drop A-8 75cm, maple board 90

Solderability
A-2 230°C, 5 seconds

(using specified flux)

90

Failure ratio = %/l,000 hrs, 60% confidence level
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2SC1815 PC=300mW OPERATION
(VC=6.0V IC=2mA)

hFE

300

250

200

150

• • • •

•• • •• ••

••••• ••••• •••• ••••

••• •••• •••• ••••

• •• ••• ••• • ••

• •• •• • •

• • • •

1 1 1 1

168 500 1000

TEST TIME/HRS

Fig. 5 Typical example of results of steady state

operation life test of plastic resin

sealed-type 2SC1815

14

12

10

3 (mA)

2SK117Vdg=20V OPERATION
(VDS=10V Vgs=0V)

• •• •• «

t • •• •••• • •
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• • •• 4

• • • 4» ••••

» ••• •• •• ••
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> • • «

i i i

168 500 1000

TEST TIME/HRS

Fig. 6 Typical example of results of steady state

operation life test of plastic resin

sealed-type 2SK117
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Table 6 Criteria on failures for 2SC1815

Items of characteristics Symbols Measuring conditions (Ta=25°C) Criteria* Remarks

Collector cutoff current Icbo VCB=60Vm IE=0 USLx2 0.2/i.A Max

Emitter cutoff current Iebo Veb=5V,Ic=0 USLx2 0.2ju,A Max

Static forward current

transfer ratio

hFE Vce=6V, Ic=2mA USLxl.2

LSLxO.8
56-480

*USL: Upper specification limit, LSL: Lower specification limit

Table 7 Extracted results of reliability tests using plastic resin sealed-type FET transistor 2SK117

Test item
Applicable

standards
(JIS C7021)

Test conditions Sample size failures Remarks*

-4J
CC

Steady state

operation
B-5 Vds=20V

Ta=25°C, lOOOHrs
190 0.5

High-temperature

storage
B-10 Ta=125°C, lOOOHrs 190

High-temperature/

High-humidity

storage

B-ll
Ta=60°C, RH=90%

lOOOHrs 190

'Failure ratio = %/l,000 hrs, 60% confidence level

Table 8 Criteria on failures for 2SK117

Items of characteristics Symbols Measuring conditions (Ta=25°C) Criteria* Remarks

Gate leak current Igss VGS=-30V, Vds=0 USLx2 -2.0nA Max

Gate drain voltage with

source short-circuited to drain
Vgds Vds=0, Ig=~100M LSLx0.9 -45V Min

Drain current
Idss Vds=10V, Vgs=0

USLxl.2

LSLxO.8
0.48~16.8mA

*USL: Upper specification limit, LSL: Lower specification limit
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Characteristics of Transistor

Equivalent parameters of a transistor in-

clude the device parameters which closely re-

spond to the internal operating mechanism of

a transistor and the circuit parameters which

are indicated as a matrix obtained from

regarding a transistor as a terminal circuit

network.

These parameters are also divided into

small-signal equivalent circuits (analog cir-

cuits) and large-signal equivalent circuits

(digital circuits), in accordance with the

extent of signals (amplitude) to be handled.

Equivalent circuits have been developed

very much. It is necessary for circuit de-

signers to select an optimal one by paying at-

tention to the application ranges and operating

limits of respective equivalent circuits. Table

1 lists equivalent circuits presently employed.

Among others, small -signal eqivalent circuits

are hereafter described, since they are gener-

ally used.

Table 1 List of transistor equivalent circuits

Transistor equivalent

cire Li its

Small-signal

equivalent circuits

(general linear

circuits such as

amplification,

oscillation,

modulation, and
demodulation)

Device parameters *

Circuits parameters

Early's T-type equivalent circuits

(common base circuit)

Large-signal equivalent circuit— device

parameter (nonlinear circuit saefa as

pulse, digital, and switching circuits)

Giacoletto's ff-fcype equivalent circuit

(emitter and collector common circuit)

Matrices showing the relation among
the input and the output by voltage

and current

a,b matrices;

g,h matrices (low frequency)

;

y.z matrices (high frequency)

Matrix showing the relation among
the input and the output by power

s matrices

(superhigh frequency)

(transmittance coefficient,

reflection coefficient indication)

Current control model by Evers-Moll;

Charge control model by Beaufoy-Sparkes;

Density control model by Lin v ill;

other nonlinear models

1, Device parameter
(1) Early's T-type equivalent circuit

(Bipolar transistor)
T^^i—©~~i—r~©

—

x

I—[|—I jttVcb' ^
ce

Figure 1 shows Early's T-type equivalent

circuit,

re: Emitter resistance,

This is represented by the following

equation, since it is forward -biased resis-

tance with emitter-to- base junction:
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Fig. 1 Early's T-type equivalent circuit
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kT
re=^(Q) (1)

qlE
where,

k: Boltzman's constant

(I.38X10-26J/°K)

T: Absolute temperature (°K)

q: Electric charge of electron

(1.60 X 10- 19C)

Ie : Emitter current (A)

Equation (1) is changed as follows at

normal temperature (300°K) if the emitter

current is represented by mA:

re= r7^y(Q) (2)

Ie (mA)
C e : Emitter capacitance (CTe+CDe)

This is represented as a sum of the de-

pletion layer capacitance and the diffusion

capacitance. Normally since the depletion

layer capacitance in an emitter-to-base

junction is far smaller than the diffusion

capacitance, it can be ignored.

The depletion layer capacitance CTe
and the diffusion capacitance CDe are rep-

resented as—

where,

^-eqnN

00— Vbe
(F)- (3)

Ae: Emitter junction area (m2
)

e: permittivity

an: Majority carrier density (m~3
) on

high specific resistance side (NPN in

this case)

<f> : Contact potential difference (potential

fault when balanced) (V)

Vb'e : Potential applied to both ends of base

to emitter junction (1)

CDe -2kTD
(F) (4)

where,

W: Base width (m)

D: Diffusion coefficient of minority car-

rier in base area (m2/sec)

fi : Voltage feedback ratio (Early constant)

This constant, known as the Early

effect, is a base width modulation

parameter,

kTdc
^ 3qW(0o-Vb-c)

where,

d c : Width of collector depletion layer (m)

r c : Collector resistance

This is a kind of base width modulation

parameter, represented as follows:

rc= ,\ X (Q)

Ie
da

(6)

The value of r e is usually 1— 2Mft or

so.

C c : Collector capacitance

Similarly to emitter capacitance, this is

shown as the sum of depletion layer

capacitance and diffusion capacitance of

the collector-to-base junction. However,
since the diffusion capacitance of the

collector-to-base junction is far smaller

than the depletion layer capacitance, it

can be ignored. The depletion layer

capacitance is represented as

Ctc=Ac 3 e
2qa

12
(F) (7)

DO— Vbe

where,

A c : Collector junction area (m2
)

a: Impurity concentration gradient (m~4
)

Vb'c : Potential applied to both ends of base

to collector junction (V)

Usually the value of Cc is 1— lOpF.
« : DC forward current transfer ratio

This is the only parameter among
Early's T-type parameters that depends on

frequency, represented by the equation

m
1+jcuCere

therefore,

ia
1

27rCere

ao

l+j
.f

(8)

ia

where,

« : Value of a at low frequency
fa :

«-interrupting frequency (frequency
at which a is reduced by 3db less than

«o)
Fig. 2 shows the frequency locus of a. When

actually measuring a, the difference between
theoretical and measured values is increased
as the frequency approaches fa. This is be-
cause Early's equivalent circuit is based on
the primary approximation of physical phe-
nomena.

To correct it, Thomas-Moll introduced
excess phase m and offered the equation
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ffO
-jm

l+j
ia

ia.

Re a

(9)

(2) Giacoletto's 7r-type equivalent circuit

(bipolar transistor)

Fig. 3 shows the u-type equivalent circuit.

This equivalent circuit is in itself the same as

Early's T-type equivalent circuit mentioned

above. The only difference from Early's

T-type eqivalent circuit is that each parame-

ter has— in principle— no frequency response.

Since the physical meaning of each parame-

ter is easy to understand, this circuit is

popularly employed. When actually employed

for circuit calculation, it will prove convenient

if the basic style shown in Fig. 3 is slightly

simplified by considering frequency range.

Fig. 2 Frequency locus of «

The above equation agrees well with mea-

sured values in frequencies less than fa .

DC Current gain (/3) at common
emitter is represented as follows:

rb'c

b rbb' b'

O iA/V> •—

Tb'e

Cb't

f Cb'e

„Vb',

Tee

Fig. 3 Tr-type equivalent circuit

ao

(1 — «o) + j
—
ia

The /^-interrupting frequency ip is

defined as the frequency at which the

absolute value of j8 becomes j3o/\/27

similarly to fa, fy is represented as—
ao

u =^-f«

therefore,
ft"

P
Po

l+j

rbb' Base diffusion resistance

This is resistance from the center of

base area to the external base terminal

which actually contributes to transistor

action and is determined according to

shape and dimensions of the transistor

and base specific resistance.

Qb
rbb Q (11)

8ttW
where,

qB : Specific resistance of base area (ft«m)
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Paramaters of the T-type equivalent circuit

and those of the 7r-type have the correlation

shown in Table 2.

Table 2 Relationship between paramaters of

T-type and 7r-type equivalent circuits

a-type equivalent T-type equivalent

circuit paramaters circuit paramaters

Cb'e Ce

Tb'e
re

1 — ffO
'

Cb'c Cc

1 1 /i(l-aro)

rb'c rc r e

Tee

Te

M

g">
ao

Te

rbb' rbb
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(3) FET equivalent circuit

Similarly to bipolar transistors, FET can be
indicated by using an equivalent circuit. Fig.

4 is a schematic diagram of the equivalent cir-

cuit by relating to its structure.

Source (S) Drain (D)

Fig. 4 equivalent circuit in relation to structure
of an FET

This diagram is rewritten into an equivalent

circuit in Fig. 5(a), and further rewritten into

a practical, simplified equivalent circuit in

Fig. 5(b).

Cgd, Cgs and Cds shown here are parasitic

capacitances. Since their values are relatively

small, it is possible to ignore them unless this

circuit is used in VHF regions.

However, when using transistors whose

capacitances between electrodes are large,

such as a power FET and a high-gm FET in

low-frequency regions, these capacitances

must be considered fully.

For FET to be used in chopper circuits, it is

necessary to keep the difference between Cdg
and Cgs small to prevent spikes.

This equivalent circuit shows the charac-

teristic of an FET very well, because it is

related to the structure of an FET and it is

shown by using basic parameters not depend-

ing on frequency.

As shown in the simplified equivalent cir-

cuit, for example, it is understood that DC
input resistance (which is infinity) can be

practically ignored and that Cd (internal

feedback capacitance) is an unstable factor at

high frequency.

At low frequency, it is possible to ignore

capacitance; input resistance is infinity, while

output resistance=RDS . This is almost the

equivalent circuit of a vacuum tube.

Cgd*

Rg

C|'T J-^

fCs
Cgs^Rs

Cds!

(a) Equivalent circuit

"
Cd Rd

C

ei

= CS
gmej

e

•Rs

6 1
,—,;

(b) Simplified equivalent circuit

Fig. 5 Equivalent circuit

2. Circuit parameters
This is a method used to describe a transis-

tor by regarding it as a four-terminal circuit

network and by using the electrical charac-

teristics of terminals irrespective of the physi-

cal characteristics of the transistor.

(1) Matrices showing the relation among the

input and the output by voltage and
current.

Those matrices have the six types shown in

Table 1 (a, b, g, h, y, and z matrices) . Among
others, both"h "and"y" matrices are used com-

paratively often.

Fig. 6 and 7 show the definitions of"h"and"y"

matrices. Classification between the common
emitter and the common base is shown by
using suffixes e or b after i, r, f, or o.

— 11— ll2 Vl 12—
hi, hi2 IT .

V2I
1 hiiQ

(J) nh22 I
h2i h22 — hl2V2^

1 I J

vi]Ifhn Mfiiirhi hr][ii

i 2 J lh.21 I122J Lv2 J Ihf h„J[v2

Fig. 6 Circuit network by using "h" matrix
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•yizv2 y2i vi .—

vi|yun ® C)ny22

ill fyn yielfvil Tyi yrlfvil

i2j [y2i y22jLv2j [yf y..JLv2 J

Fig. 7 Circuit network by using "y" matrix

The physical meanings of each parameter in

Figs. 6 and 7 are as follows:

hi : input impedance
h r : voltage feedback ratio

hf : current gain

h : output admittance

yi : input admittance

yr : reverse transfer admittance

y f : forward transfer admittance

y : output admittance

The h matrix are often used for the low-

frequency regions, and y matrix for the high-

frequency regions.

(2) Matrix showing the relation among the

input and the output by power

Such phenomena as the reflection and trans-

fer of waves in microwave circuits (such as

waveguides and cavity resonators) are usually

indicated by a "s" matrix (scattering matrix)

.

As the frequency limits for semiconductor

products expand, the "s" matrix is occasionally

used as a circuit paramater.

The definition of the "s" matrix is shown in

Fig. 8; the physical meanings of each parame-

ter are as follows:

sn : input reflection coefficient

si 2 : reverse transfer coefficient

Table 3 Conversion of parameters

[H] [Y] [S]

[H]

hi hr

hf ho

yi yi

yf yiy -y ryfyf

yi yi

(1+So) (l+ Si)-SrSf

(l-Si)(l+So)+SrSf

2Sr

(l-Si)(l+So)+SrSf

-2sf

(l-Si)(l+So)+SrSf

(1— Si) (1— So) — SrSf

(1 — Si) (1+So) +SrSf

[Y]

1 _hi
hi hi

hf hiho— hrhf

hi hi

yi yr

yf y

(l+So)(l-Si)+SrSf

(1+Si) (l+So)-SrSf

-2Sr

(1+Si) (l+So)-SrSf
-2sf

(1+Si) (1+So) — SrSf

(l+Si)(l-So)+SrSf

(1+Si) (1+So) "SrSf

[S]

(hi-l)(ho + l)-hrhf

(hi + 1) (ho + 1) -hrhf

2hr

(1—y0 (1+yo) +y ryt

(l+yi)(l+yo)-yry f

-2y r
Si

Sr

Sf So

(hi + 1) (ho + 1) -hrhf

-2hf

(hi + 1) (ho + 1) -hrhf

(l+hi)(l-ho)+hrhf

1
(hi + 1) (ho + 1) -hrhf

(1 + yO (l+y )-y ryf

-2yf

(1+yO (1+yo) -y ryt

(1+yO (1— yo) +y ryt

(1+yO (l+y )-y ryf
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S21 : forward transfer coefficient

S22 : output reflection coefficient

Suffix b or e is used to indicate the common
base or the common emitter in the same
manner as y parameters and h parameters.

fbi] Sll S12 ai Si Sr ai

lb2 J v
S21 S22^

sa2. v
Sf So, .a2.

Fig. 8 Circuit network by using "s" matrix

Table 4 Conversion formulas for "h" parameters

Converted"h "parameters

Common base Common emitter Common tollector

<0

<H

<U

4>

E
as

l~
to

~°-

Zc

~e

c

GO

5-°
S
S

O

hib Jhb— hrb

1+hfb 1+hfb

—hfb hob

1-i-hfb 1+hfb

hib

1 + hfb

-1

1

hob

1+hfb1 + hfb

I'S

O

hie

1 + hfe

-1

1+hfe

^he — hre

1+hfe

hoe

1+hfe

hie

-(1 + hfe)

1-hre

hoe

1*

<u

p
— hie

hfc

-(1+hfc)

hfc

-Jhc
hfc

hoc

hfc

hie 1-hrc

— (1+hfc) hoc

Jhe hie'hoe — hre'hfe, Ahb = hib ' hob— hrb * hfb, Jhc= hie • hoc— hrc 'hie

Table 5 Conversion formulas for "y" parameters

Converted "y "parameters

Common base Common emitter Common collector

E

0)

s
05
It
es

O
c

^b —
(yrb+ yob)

— (ytb + yob) yob

<£yt>
— (yib+yob)

— (yib+ yrb) yib

Sye — (yre+yoe)

— (yfe+yoe) yoe

y ie -(yie + yre)

— (yie + yoe) lye

y c — (ytc + yoc)

— (yrc+ yoc) 2y c

yic — (yic + yrc)

— (yic+ytc) -£yc

Zy e
= yie + yre + yfe+yoe

-Tyb = yib+ yrb+yfb+yob

2yc = y.c + yrc + yfc + yoc
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Table 6 "h" parameters converted by Early's

T-type device parameters

Common base Common emitter

hib
re+m (1 — ffo) +J7

-

l+j(f/fff)

hie
'

l

re
U

° (l-ffo)+j(f/fff)

hrb j2*fCcirbb'. hre

. f

Jr
" ,rfjCae

(l-ffo)+j(f/fff)

hfb

— ffO

hfe
ffO

l+j(f/iff) (l-ffo)+j(f/fff)

hob j27TfCc hoe
jf(l+jf)

^ faCl
(l-ffo)+j(f/fff)

Table 7 "yw parameters converted by Early's

T-type device parameters

Common base Common emitter

yib iff
yie

(l-ffo)+j^
iff

re +jrbb —
iff

, • ,
f

re + j rbb
—
iff

yrb
'fhf)n x „ fff\ fa/— Z7TIffCc :

—

Te f—
; +J7"

rbb iff

yre o * ^ re fff

27rfffCc , ,

rbb re . . i—
; +J7"

rbb iff

ytb

ffO

yfe

«o

re+jrbb'—
iff

,
. ,f

re+jn>b—
fa

y»b
jf(l + -^ +

jf)
2rfffCe

M ™ U)
Te f—

; +)T-
n>b fa

y»e y b
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fa

* It

re rbb

Re(hib)"

Re(hrb)
-*

ia

I 4
- /

ao
Re(hfb)^ R^hob)-

(1) Common base

Re (hie)-. r ,

r ,,' rbb'+
1 — ao

*/ &
ifi

27daCcTe
Re(hre) —

1 — ao

2?rf«Cc
Re (hoe)

-"

(2) Common emitter

Fig. 9 Frequency locus of "h" parameters

Re(yrb)^
-27daCc

—Re(yfb)-
2rf«Cc(l+re/rbb')

Re(yfb) "

(1) Common base

I
/ f«

>> & ^\n
E ftfi v

1-ao

Te Re(yie)—

Re(yfe)—~
Te

1 -

Re(yre)__
Te

2nfaCc—

;

rbb o

*I

w

Solid line: theoretical curves

Hyphenated line: measured curves

(2) Common emitter

Fig. 10 Frequency locus of "y" parameters

Please refer to Tables 3, 4, and 5 for the cor-
relation and conversion of common base and
common emitter among circuit parameters.
Fig. 9 and 10 shows the frequency locuses of"h"
and "y" parameters obtained from Tables 6 and
7.

The above-mentioned parameters vary ac-
cording to the operating points and tempera-
ture; thus, circuit designers should effect
designing by comprehending the rough trends
of such variations.

3. Low-frequency, low-noise amplifier
circuit

(1) Design for low-noise amplifiers

It is necessary to carefully select the types
and operating methods of transistors to be

used when designing low-noise amplifiers.

Voltage, current, and signal source impedance
conditions to be operated should be fully

checked and operate the transistors within

the best noise characteristic range.

This section describes the concept of noise

characteristics, the most suitable transistor

conditions, and relations between the amplifier

S/N ratio and the noise figure of transistors,

so that circuits can be designed by fully utiliz-

ing the charactristics of low-noise transistors.

(2) Noise characteristics of transistors

The noise figures (NF) of transistors are

represented by the equation

(Esi /Eso \
2

NF = 10 log
Eni Eno/

(dB)

mi iitiiiiMiiiiiiiiiiiiiiiiini iiiiiiiiii iii iiiiiiiiiiiiiiiiiiiiiiiiiiiii mini iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiii minim mm iiiiiiiimiiiii TOSHIBA CORPORATION
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20 log
( Esi xEso \

v^kTRgB En°/
(dB)

Esi: input signal voltage

Eni: input noise voltage

Eso: output signal voltage

Eno: output noise voltage

k: Boltzmann's constant

(1.38X10-23J/°K)

4kT=1.63XlO"20J

T: absolute temperature (
C
K)

Rg: signal source resistance

B: noise bandwidth

or Eni = 4kTRgB

3

3dB oct

6dB/oct

'f2 noise region

White noise region

100~lkHz J fac f/3c

Frequency f (Hz)

Fig. 11

Table 8

^"^^^^^ Types
Items ^^*-\^

1/f noise region White noise region f2 noise region

Discription Noise increasing in reverse

proportion to frequency f

Constant noise irrespective of

frequency
Noise increasing by 6 dB/oct in

proportion to frequency f

Causes Surface fluctuation Thermal noise caused by base
spreading resistance rw

Fluctuation by current
separation

Suitability for audio
application

O O X

Equalizer amplifier © O X

The relations between NF and the frequen-

cy is shown in the above figure. Noise charac-

teristics are divided into® 1/f noise region,©
white noise region, and (D f2 noise region, ac-

cording to the frequency.

eN = vWTRnB
iN = v^qlbB

Assuming that there is an ideal transistor

possessing no noise sources, the above-

mentioned noise figure (NF) can be represent-

ed as

, nl . 4kTRg+ ew2 + JN
2Rg2 + 2yeN-iN

10 log
—

Ideal transistor

I

NF =

(dB)

4kTRg

where, B=l Hz, and "y:=correlated coeffi-

cient of eN andiN
This equation shows the relations between

NF and eN and iN

It is evident from equation (14) that noise

figure NF is dependent upon collector current

Ic and signal source impedance Rg. Assuming

that the total noise voltage=eNT,

Fig. 12

Transistors can be identified by using the

following voltage noise source eN and cu-

rrent noise source iN

eNT
2 = 4kTRg+eN 2 + iN

2Rg2 + 27eN-iw

(15)

Therefore, there is the following relationship

between eNT and signal source impedance Rg.
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1000

IN

10 30 100 300 Ik 3k 10k 30k 100k 300k 1M

Signal source resistance Rg (ft)
#

Fig. 13

100k

NF-Rg,Ic
100k

NF-Rg, Ie

100 1000

COLLECTOR CURRENT

100 1000

COLLECTOR CURRENT
10000

(2SC2240) Fig. 14 Fi£- 15
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When referring to the curve A in the figure

of eNT-Rg, NF can be represented by the dif-

ference B between the curve and the thermal

noise voltageof Rg.

NF=20 (log/3— loga) corresponds to B
in the above figure.

As is evident from equation (15), voltage

noise plays the main role in those regions

where signal source impedance Rg is small,

while current noise plays the main role in

those regions where Rg is large.

The figure termed an NF map, shown Fig.

14, Fig. 15, is obtained by adding the depend-

ability of collector current to the graph of

eNT-Rg-

In this figure, contour lines of the NF are

used to determine optimum operating condi-

tions.

By referring to this NF map, the collector

current Ic at which NFs at f=l kHz and f=10
Hz are minimized is obtained by using the

signal source impedance of a circuit to be
used. When designing low-noise amplifiers, it

is necessary to consider the conditions of cir-

cuits before and after them.

By referring to the foregoing description of

NF, amplifier noise is explained in the next

section.

Gi G 2 G 3

NFi NF2 NFs

NFt

Fig. 16 NF of multistage amplifiers

(3) Noise of amplifiers

The signal-to-noise ratio (S/N ratio) is an

important factor in designing an amplifier.

S/N = 201og
ratedOUtpUtV

°,
ltage

(dB)
output noise voltage

From equation (13) for NF, equation (16) is

connected with NF as follows:

S/N = 20 log

- 10 log

Esq

Eno
Esq2

Eno2

—(IS 10

NF
'

10

= 10 log
Esi

2

4kTRgB
NF (dB)

(17)

|S/N ratio (dB) of amplifier]=| S/N ratio (dB)

of Input-side|-|NF (dB) of Amplifier

(3-1) Noise figure of multistage amplifiers

The NF of the multistage amplifier shown

in Fig. 16 is expressed as—

NFt
NF2— 1 NF3

NFi +
+
+
^ 3

Gi Gi*G2

NFt: total noise figure

NFI

:

first-stage noise figure

NF2: second-stage noise figure

NF3: third-stage noise figure

GI: first-stage power gain

G2: second-stage power gain

G3: third-stage power gain

When using equivalent noise resistance Rn,
the Rnt is expressed as—

RN3
Rnt= Rni+^+

(AiA2)2

Ai A2 A3

Rni RN2 RN3

Rnt

Rnt : total equivalent input noise resistance

Rni : first-stage equivalent noise resistance

Rn2 : second-stage equivalent noise resistance

Rn3 : third-stage equivalent noise resistance

Ai

:

first-stage voltage gain

A2

:

second-stage yoltage gain

Fig. 17 Multistage amplifiers represented by

using equivalent noise resistance
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If the first-stage voltage gain G x
is suffi-

ciently large, the total noise figure NFt is ob-

tained as follows from equations (18)

:

NFT=NF! (20)

Therefore, NFt is determined by the NF of

the transistor to be used at the first stage.

(3-2) Obtaining the noise figure of a circuit

(NFt) by using the NF of transistors

The NFs of transistors shown in catalogs

are generally based on measurements at spot

frequencies (such as 1 kHz, 100 Hz, and 10

Hz). They are not applicable without adjust-

ment to such wide-bandwidth amplifiers as

equalizer amplifiers in which low-frequency

outputs are boosted.

Therefore, conversion is necessary by using

the following method:

Since the f2 noise region is related to high

frequency, both the 1/f noise region and the

white noise region are concerned with low-

frequency amplification (see Fig. 11).

Assuming:

e^ 2
: mean square voltage of thermal noise

produced by signal source resistance R g

elv
2

: mean square voltage of white noise

ei/f
2

: mean square voltage of 1/f noise

and from the definition of a noise figure;

NF (for white noise region)

= NFdkHz)

eg
2 + ew

2

eg'

NF dkHz) =NF at 1 kHz spot frequency

When obtaining e^ 2 from equation (21)

:

2 _ (NF(ikHz)-l)eg
2

Assuming the noise figure at f=10 Hz to be

NFaokHz):

NF(ioHz) =
eg

2 + ew
2 + ei?f(ioHz)

e7

From equation (23)

,

ei/f
2
(ioHz> = (NF(iohz)— NF(ikHz))e g

2
"<24)

Since 1/f noise varies at the rate of 3 dB/oct

with frequency, el/f
2 at normal frequency is

10

f
ei/f

2 = (NF(ioHz)— NFdkHz)) -eg
2 --?-

From equations (22) and (25), the total

noise figure NFt of an amplifier, whose fre-

quency response and bandwidth are as shown

in Fig. 18(a), (b), and (c), can be obtained

from the equations

(a) Flat amplifier

NFt

ff2 _ „

+ ew
2
-f ei/f)df

/*f2_

L^
10(NF(ioHz)-NF(ikHz>)^n

= NF(ikHz>+
f2-fl

(a) Flat amplifier

Response Response Response

(c) NAB

f—

Fig. 18 Frequency response of wide-bandwidth
amplifiers

A 3kHz 4
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(b) Equalizer amplifier (RIAA)

jT|
2

(eg
2+ ew

2+ei
2

/£)(y)
2
df

NFt =
Jr

f2 _ t?

f
'

. XTT^ ,
5(NF(iohz)— NFdkHz))

- =? NF(ikHz)H
II

(c) Equalizer amplifier (NAB)

f /*3kHz _ _ Q|fH7 /*f2 _ _ _ o 1

|JT (eg
2 + ew 2 + ei

2/f)(^) 2 df+ jf
kHz

(eg
2 + ew 2

+ei?f)dfJ

NFt =
f/*3kHz_ 3kHz

2
rf2 -

2
1

Ul *2(—

)

2
df+ J3kHzeg df

|

^ xtt7 _l 5(NF(ioHz)-NF(ikHz)) fi ,, 01 u x XTT?=? NF(ikHz)H ; h ,„, „ N9 (i2— 3kHz)NF(ikHz)
fi (3kHz) 2

Fig. 19 shows an example of actual values

calculated by using these equations. This

figure shows how much the NF (1/f noise) at

10 Hz of a first-stage transistor influences a

circuit in which the low-frequency region is

boosted.

by substituting the wide-bandwidth noise

figure NFt thus obtained with that in equa-

tion (17), the S/N ratio can be calculated.

(4) Example of calculation of amplifier S/N
ratio

By using the above-mentioned method, the

S/N ratio of an amplifier using low-noise

transistor 2SC2240 as the first-stage is cal-

culated as

• Example of an amplifier

n 20
so
a is

I 16

I 14

12
a
03

10

& 'O H
3 >
bO -3 H
IQ S3

a> 'S. 4
•S >>o -u
« «M 2

[J/

?"

A

FL AT -—

H

°0 2 4 6 8 10 12 14 16 18 20

NF at .10 Hz of first-stage transistor (dB)

Fig. 19 Total noise figure of a typical

wide-bandwidth amplifier

Equalizer amplifier

MM cartridge Input
r V^o

K>Rg

Output
o S/N

Response

2SC2240

Signal source resistance (Rg ): 2.2 kH at 1 kHz
Bandwidth (B)

:

10 — 20 kHz= 20 kHz
Minimum input signal level (Esi) : 2 mV
First-stage transistor: low-noise transistor

2SC2240
Frequency response: RIAA

10 20kHz

Fig. 20 Amplifier and typical frequency
response
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Assuming that I c =100aiA at Rg=2.2kO
from the NF map of 2SC2240 above,

NF (1kHz) = 1.0 dB

NF (10Hz) =1.0dB-

and from Fig. 19 and equation (17), (27)

S/N(dB)=101og{
i
^}-1.0(dB)

10 log
(2XHT 3

)
2

1.63 X 10
-20 X 2.2 X 10

3 X 20 X 10
3

-1.0

#67.5 (dB)-l.O (dB)

= 66.5 (dB)

4. Switching characteristics

This section refers to switching characteris-

tics of a bipolar transistor. Should a pulse be

supplied to the base in the circuit shown in

Fig. 21, the waveforms of the base current

and collector current are as shown in Fig. 22.

Delay times of output waveforms to input

waveforms, tr, tstg, and tf, in Fig. 22 repre-

sent switching times of the transistor. The

terms tr, tstg, and tf represent rise time, stor-

age time, and fall time respectively. Equations

related to the switching characteristics of dif-

fused base NPN transistors are generally ex-

pressed as

td = -— 1 CteVbe
1/2

(off>
IB1

+ Ctc[(Vcc 1/2 + Vbe(off))
1/2 -Vcc 1/2

]|

Thus, the S/N ratio of an amplifier in which

2SC2240 is used as the first-stage transistor

is 66.5 (dB). However, IHF-A curve is not

considered in this instance.
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tr = trIife In

tstg = rsln

tf = TFhFEln

IifeIbi

hFElBi-0.9Ic

hFE(lBl — IB2)

Ic— 1ifeIb2

Ic~ 1ifeIb2

0.1 Ic— 1ifeIb2

TR ~ TF
27rfT

+ 1.7RlCtc

rs
0.6 rnc

2;rfb 2

l/IlB2 in

Fig. 21 Switching time

measuring circuit

tr tstg tf

Fig. 22 Definition of switching Fig. 23 Ic dependency of Iife

waveform and switching

time
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where,

Cte emitter transition capacitance

measured at |Vbe(off) -<AoI=1V
contact potential difference at

base-to-emitter junction

Vbe(Off) : base-emitter voltage when tran-

sistor is off

collector transition capacitance
measured at Vcc Vbe(OFF)«Vcc

collector supply voltage

DC current gain at end of satura-

tion region

transition frequency
base cutoff frequency
life time of minority carrier in col-

lector layer

0o

Ctc

Vcc

hFE

fT

fb

By using this method, it is possible to lower
the peak of hFE without lowering hFE at the
operating point, by moving the peak of hFE to

a larger-current side (or the operating point
side) as illustrated by line B. In other words,
the problem is solved by making hFE flat. To
flatten hFE coincides with the objective of the
EPR structure in which the emitter is divided
into minute portions (multi-emitter) to in-

crease the effective area.

Then, research is conducted concerning
equations (33) and (34) which are the loga-

rithmic outer terms of equations (30) to (32).

They include fr and fb, the parameters repre-
senting frequency response of a transistor.

Conventionally, increasing the base width and
depth was unavoidable to increase the break-
down voltage and safe operating area, fre-

quency response thus being sacrificed.

Since transition frequency fT (fT < fb)

amounts to some MHz, the first term of equa-
tion (33) and (34) is assumed to be 10"6 or
10" 7

s. This means that by adopting an EPR
structure based on high-frequency technology
of power transistors, the frequency response
can be improved by one digit or so. The second
term of equation (33), a time constant based
on collector transition capacitance and load

resistance, is normally as small as 10"7 to
10"8

s. On the other hand, the second term of

the equation (34) is as large as 10"6
s, the first

and the second term thus being almost similar

conventionally. As previously mentioned, this

can be improved in a manner such as the first

term being ignored with reference to the

second term.

rnc in the second term can be controlled by
introducing heavy metals called "life time kil-

lers" to the collector layer. By allowing the
first term to be ignored, this controllability is

much enhanced.

As already mentioned, switching time can
be reduced by improving the large current
characteristics of hFE (termed "improving
hFE linearity") and by increasing the high-
frequency response. This is realized by using
the EPR structure in which a multi-emitter is

used. For this reason, the EPR structure has
been widely employed in switching transistors.

GPL structure employed in switching transis-
tor

This section describes new transistors using

TOSHIBA CORPORATION lllMllllllllllltlllllltllllMlllllMlllllllllllllllllllllllltllllllllllllltlllllllllllllllllllttlllllllttlllllltlllllllMllltllltllllllltllttlllMIMlllMIJIIIIItllllllJIIillllMlllilllMttlttllMIIMlllllltlllllMtMtl

Consequently, it is possible to reduce td by
reducing the emitter transition capacitance
from equation (29) and tr by using the high
driving circuit at high hFE' and by increasing

fT from equation (30). tf can be reduced by
lowering the switching current ratio (Ic/Ib2),

though it will be elongated if hFE is increased,

in accordance with equation (32). It is evident

from equation (31) that tstg is related to the

recombination of minority carriers, and that

life time of minority carriers in the base and
collector regions are important factors. hFE
and tstg are in proportion to each other; there-

fore, it' is acknowledged that very difficult

technology is required to collectively speed up
tr, tf, and tstg.

It is clear that equations from (30) to (32)

are dependent upon hFE- Though hFE should

be preferably kept small to lower the switch-

ing time, it must be large to reduce the drive

energy when using a transistor. Thus, hFE
must be kept within a practical range.

When further research is conducted to im-

prove this tradeoff as much as possible, the

following method is found. Fig. 23 shows a col-

lector current dependency of hFE- Normally,
there is a peak similar to A in Fig. 23. The
peak of hFE is often located on the low-current

side from the operating point shown by a hy-
phenated line in that figure. hFE at the operat-

ing point is fairly lower than that at the peak.

When measuring the switching time at the

operating point in the figure, it can be noticed

that the switching time (especially tstg)

depends on hFE at the peak more strongly

than on that at the operating point.
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a GPL structure, including an EPR structure.

Fig. 24 shows the FPR structure; Fig. 25 il-

lustrates a section of the base-to-collector

junction ends of this structure. The hyphenat-

ed lines in the figure illustrate base-

to-collector junction is reverse-biased. It can

be noticed that the depletion layer is narrower

near the surface, and not bent in strict accor-

dance with the junction line. This is caused by

action of the positive charge contained in the

thermally oxidized film (Si02), a protective

film for the surface. Therefore, the electric

field applied to the junction is increased near

the surface, breakdown thus being evident

there (applicable only to NPN transistors).

•Polysilicon resistor

Emitter lead electrode (AD / Common emitter
Base lead electrode (Al) connecting electrode (Al)

Insulating film

/ (Si02)

Collector

Collector

Fig. 24 EPR structure

Fig. 25 Section of base-to-colector junction

ends of EPR structure

In an ideal junction condition, breakdown
voltage of the junction is determined by a con-

centration of impurities contained in the junc-

tion. It is known that even if the concentration

of impurities is designed to assure high break-

down voltage, the objective is not achieved

near the surface, as mentioned above.

To improve this condition, a new GPL struc-

ture is employed. Fig. 26 shows a schematic

sectional view of the GPL structure. This

structure is obtained by peeling off a thin

layer of the Si surface near the junction, form-

ing a glass film there almost flush with the

surrounding surface, and introducing negative

charges into the glass film. This expands the

depletion layer near the surface to reduce the

electric field, which in turn cause breakdown
to occur in the inside junction, thus obtaining

a higher breakdown voltage.

Fig. 27 shows a GPL structure actually em-
ployed in power transistors (Vceo =800V) for

switching regulators. The only difference be-

tween this and that in Fig. 26 is that a floating

junction termed a "guard ring" is mounted
outside the base junction. The reason is as fol-

lows: In Fig. 26, the curved portion of the

inside junction (shown by the arrow) has a

high electric field and determines the break-

down here. In Fig. 27, the same role is played

by the curved portion of the guard ring whose
voltage share is low, thus increasing the

breakdwon voltage. By further mounting a

double or a triple guard ring, breakdown vol-

tage approaches the theoretical value. Then it

is possible to obtain a withstand voltage ex-

ceeding 2,000V without difficulty.

The reason for adopting glass for the pro-

tective film is that it is possible to easily intro-

duce a stable, controllable charge into the

glass film and it is also possible to produce a

film thick enough to prevent the internal elec-

tric field from leaking outside. The glass film

is formed by using an electrophoretic method
that selectively causes glass powder to adhere
onto the chip and by burning at a high tem-
perature.

Conventionally, high breakdown voltage

was obtained by using a mesa structure, but
the existence of mesa grooves rendered pho-
toengraving of fine patterns rather difficult.
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On the other hand, the GPL structure is fea-

ture of the realization of high breakdown vol-

tage while using a planar structure to make a

photoengraving of fine patterns as easy as

those on IC's. As previously mentioned, the

GPL structure is based on the technology of

realizing higher breakdown voltage than that

achieved by using an EPR structure in which
fine patterns of a multi-emitter are used to

produce high frequency and high output.

Glass

Collector

Fig. 26 Sectional view of base-to-collector

junction end of basic GPL

Guard ring

Collector

Fig. 27 Sectional view of base-to-collector
junction end of GPL
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Precautions for Handling Hybrid Application

Devices

Hybrid applicatio. devices are small pack-

age and are assembled in a different method

as compared with conventional TO -92,

TO-92MGD, TO-126, and TO-220. This section

describes general precautions for handling

and other points on which users should take

care.

For further details, refer to the respective

technical data,

1. Hybrid application devices

Hybrid application devices are divided into

the following three groups:

(1) Supermini-transistor (equivalent to

TO-236)
Supermini-transistors are housed equiva-

lents to TO-236 (SOT-23). Outline is shown in

Fig. 1.

Marking (example)

(unit: mm)

Indication of

hFK (loss) rank

Indication of

Type Name

Klectrode connection

Items 1 2 3

Transistor Emitter Base Collector

2SK208/209 Drain Source Gate

2SK210/211 Gate Drain Source

Pig. 1 Outline of supermini-transistor

1.6 MAX
Ttm'ax"

*J.4

(Unit: mm)

1.6MAX

sill -i
u

,- -

fJ.4H-0 0.-j

I—-h
1.5 + 0.1 1.5 + 0.1 '~0.45*

Indication of Marking (example) Indication of

Type Name h^g (loss) rank

'

'

A
tj—n—

n

Li $ cL

l ! 2
i

:i\

]

ti Base

2. Collector

3: Emitter

Fig. 2 Outline of power mini-transistor

(equivalent to SOT-89)
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(2) Power mini-transistor (equivalent to

SOT-89)

Fig. 2 is outline of the power mini-

transistor. The resin portion is small (2.5H *
4.5LX1.5T, mm). Since the collector fin pro-

trudes outside, it can be directly soldered to a

ceramic substrate, making it possible to in-

crease the collector Power Dissipation. This

type of transistor is a flat package type in

which the emitter, collector, and base leads

are flush on the same surface to facilitate

mounting on a ceramic substrate. Fig. 2 also

shows a example of marking.

(3) Power mold transistor

Fig. 3 is outline of the power mold transis-

tor. The resin portion is smaller (5.5HX

6.5L X 2.3T, mm) compared with TO-126 and

TO-220, equivalent to this type of transistor.

Since the collector fin protrudes outside, it is

possible to increase the collector Power Dissi-

pation by directly soldering the fin to a ceram-

ic substrate.

0.6MAX

face and surrounding units of such hybrid
devices with resin or similar materials
when using them under high-temperature,

high-humidity conditions.

(b) Removing flux after soldering

After soldering a hybrid application de-

vice to a circuit board, flux which may
have adhered while soldering or during
the preflux treatment process must be re-

moved. Should flux remain, rinsing is

necessary because the flux component or

compounds may cause a problem of lead

wires corrosion. Do not attempt to remove
inorganic flux by rinsing, because it can
scarcely be rinsed off. Use of olefin clean-

ers such as Freon TE or Di-Freon Solvent
S3-E is recommended.

(c) Handling of devices assembled with lead

wires

Since the size of supermini-transistors
is extremely small compared with other
hybrid application devices, their lead

wires may be deformed by slight force. Be
careful concerning the following points.

• When mounting on a circuit board, do
not handle the devices directly with the

fingers; use a vacuum pincette or simi-

lar jig. By employing such a jig, the lead

wire surface on which soldering is ef-

fected is kept free of oily contamination,

thus facilitating soldering.

• Do not impart a force of 500g or more to

the resin portion and lead wires while

cleaning a circuit board; otherwise, lead

wires may be deformed or disconnected

and solderability will be reduced.

• Supersonic wave cleaning of circuit

boards

As far as possible avoid using supersonic

wave cleaning when cleaning a circuit

board. Should this method be unavoida-

bly employed, clean the board for a

short period in a supersonic wave bath
of low output.

(2) Precautions on mounting procedures

Preheating

Preheating is required for power mini-

transistors and power mold transistors prior

to mounting them on circuit boards. The fol-

lowing types of preheating methods are

available:

• Method of using a heater
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Fig. 3 Outline of power mold transistor

2. Precaution for handling
(1) General precaution

(a) Since the external resin portion of hybrid

application devices is smaller compared

with the housing of conventional-devices of

equivalent types, the hybrid application

devices may sometimes be inferior to con-

ventional types in humidity experiment.

Therefore, it is necessary to coat the sur-
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damage. Thus, it is recommended using a

soldering iron only for experiments or

repair. When using it, be careful about the

following points:

• Temperature of soldering iron tip (for

bonding) : 250°C, 3 sec. or less

• Diameter of soldering iron tip: <f>l mm
or less

• Do not allow the tip to contact the resin

portions.

(d) Relationship between time and tempera-

ture for soldering and preheating

Figs. 4 and 5 show the relation between

temperature and time for preheating and
soldering in device mounting procedures

such as the solder dip method.

300

250 -

200-

150

Heat an device at 100~150°C/2 mi-
nutes by using an infrared heater or a
heating panel (with built-in heater). Be
careful to raise the temperature as

slowly as possible; the semiconductor
pellets may be damaged if the tempera-
ture rise is abrupt.

• Lamp heat radiating method
This method utilizes a parabolic in-

frared lamp. Avoid an abrupt tempera-
ture rise, the same as in the mehtod
above, by regulating the lamp focus and
the power distance applied.

• Other method
In addition to the foregoing are hot-

air methods and others. If using these

methods, preheat an element at

100~150°C for 2 minutes or similar con-

ditions basically.

(3) Precautions on soldering process

(a) Allowable soldering time and temperature
The relation between allowable solder-

ing time and temperature is as follows.

Establish soldering conditions within

these specifications.

• Supermini-transistors

Soldering temperature... 260°C... 20
sec. or less (only one application

allowed)

• Power mini-transistors and power mold
transistor

Soldering temperature... 250°C... 20
sec. or less (one each for preheating and
soldering)

(b) Solder to be used

Be sure to use solder whose fusing point

is as low as possible. The solder generally

used is 6/3 or 6/4 solder with a fusing point

of about 190°C. General soldering condi-

tions include 220~240°C temperature and
3~5 seconds time.

When using creamy solder for printing

by the metal mask method, use a newly
mixed one as far as possible; be careful to

avoid uneven printing or deformation. The
recommended printing thickness of this

solder printing is 200/Am or more to im-
prove lead wires solderability.

(c) Using a soldering iron

When using a soldering iron to mount an

device on a circuit board, the device is Fig. 5 Reflow soldering method (furnace

often subjected to mislocation or package soldering method)
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Fig. 4 Solder dip method
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(4) Precautions on allowable power dissipation

(steady-state conditions)

The values of allowable power dissipa-

tion differ between an individual transis-

tor and a transistor mounted on a circuit

board. Changes in allowable power dissipa-

tion are described hereunder for typical

models classified by their housing,

(a) Soupermini-transistor

Allowable power dissipation of super-

mini-transistors is 100—200 mW when

they are used separately.

When mounted on a ceramic board, dis-

sipation will be increased as shown in Fig.

4, in accordance with board sizes. The

transistors used for this figure were

2SA1162/2SC2712.

500

400

•S 300

200

100

Conditions:

No. on a board=l
pes, no resin used,

reflow soldering

method40X50X0.8mmt

20X30X0.8
1 1 1

20*1^x08

Single unit

of transistc>r

-20 20 40 60 80 100 120 140

Ambient temperature

Fig. 6 Pc (max) —Ta characteristics of 2SA1162
and 2SC2712 mounted on an alumina

ceramic .substrate.

(b) Power mini-transistor

Being a small-sized housing, a power
mini-transistor has an allowable power
dissipation of 500mW when used separate-

ly. When mounted on a board, however, it

has an allowable power dissipation of a

high 1.0W~2.0W because thermal diffu-

sion from the collector fin to the board is

TOSHIBA CORPORATION

increased. Therefore, it is possible to

effect circuit designing similar to

TO-92MOD (800—900 mW) and TO-126

(1.0-1.2W).
Fig. 5 illustrates examples of allowable

power dissipation for the 2SC2873 and

2SA1213 mounted on a board.

2.0

o 1.0

. 1 1

40X50X0.8mmt Conditions:

pes, reflow solde

rine method

20X30X0.8

15X15X0.8

Single unit

of transistor

Fig.

-20 20 40 60 80 100 120 140 160

Ambient temperature

. 7 Pc(max) —Ta characteristics of

2SC2873 and 2SA1213 mounted on an
alumina ceramic substrate

(c) Power mold-transistor
Allowable power dissipation for the

straight type is Pc=lW; however, that for

the LB type is increased when mounted on

a board through a collector fin. When sol-

dering a power mold transistor to an alu-

mina ceramic substrate, Pc(l) (1000mm2
)

and Pc (2) (2500mm2
) are increased to 2W

and 3W respectively. Fig. 8 shows the re-

lation between the allowable power dissi-

pation Pc and the ambient temperature Ta
by using transistors 2SC3074 and
2SC1244.

(5) Precautions on allowable power dissipation

(transient conditions)

When using a device for stroboscopic

flash and motor driving circuits, the circuit

design requires allowable power dissipa-

tion applicable to a short time in addition

to allowable power dissipation under
saturated conditions. Several types can be

applied to such applications among Toshiba
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power mini-transistors and power mold-

transistors. The relation between allow-

able power dissipation and pulse width

under transient conditions for typical

models for various packages is shown

below:

(a) Power mini-transistor

Shown in Fig. 9.

(b) Power mold transistor

When using power mold transistors, it

is also possible to take larger values of al-

lowable power dissipation in a transient

condition than in a saturated one. By using

2SC3074 and 2SA1244, the allowable

power dissipation shown in Fig. 10 can be

taken.

Be careful on the following points in this

respect:

• Collector Power Dissipation Pc is a value

within an area with restricted thermal

resistance.

• The curve shown in he Figure is based on a

single nonrepetitive pulse.

< l

No 1

Ta=25°C Mounted on

ceramic substrate

5( X 50X0.8mmt

"30X30X0.8

S ,lr>

"of transistor

20 40 120. 14060 80 100

Abmient temperature

Fig. 8 Pc (max) -Ta characteristics of 2SC3074

and 2SA1244 mounted on an alumina

ceramic substrate

160

50

£
30o

0*

a
©

a 10
a,
M

TS b

u
a) 3

a
QJ

£1
cS 1

*
O

< O.b

0.3

Single nonrepetitive pulse

^"^^^ Mounted on ceramic substrate 40 X 5(

\

X 0.8 mm
\
\ 20X30X0.8

\ 15X15X0.8

l with restricted
^ Single urlit of transistor

thermal resistan :e

10m 100m 1 10

Pulse width (sec)

100 1000

Fig. 9 Allowable power dissipation of 2SC2873
and 2SA1213 under transient conditions
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300

100

30

10

3

1 Pc(max) is a value within an area with restricted

thermal resistance

10m 100m 1 10

Pulse width (SEC)

area, it is advantageous to adopt a pad

with as wide an area as possible.

2.0

l/N

rfi
\

1.0 1.0

100 1000
rl.51 1.

Unit: mm

45°

45°

1.0

Fig. 10 Allowable power dissipation Pc— pulse

width (2SC3074 and 2SA1244)

(6) Minimum pad size

(a) Supermini-transistor

Fig. 11 illustrates lead wire mounting lo-

cations and the minimum size of pads in

supermini-transistors. Since the allowable

power dissipation is substantially affected

by the collector conducting pad area, it is

advantageous to adopt a pad with as wide

an area as possible, if the heat sink is

taken into consideration.

0.8MIN

(c)

Fig. 12 Minimum pad size for power
mini-transistors

Power mold transistor

The thermal radiation of power mold
transistors is effected mainly through a

collector fin. If the area of conductor pat-

tern connected to this portion is further in-

creased, the allowable power dissipation is

also increased. Thus, must be increase the

conductor pattern size at the collector as

much as possible. Shown in Fig. 13.

Unit: mm

1

Unit: mm

s
1

_ i

1 2

3

,

0. 35

1 9

Fig. 11 Minimum size of mounting pad size for

supermini-trasistors
Fig. 13 Minimum pad size for

Power-mold-transistor

(b) Power mini-transistor

Fig. 12 shows the lead wire mounting lo-

cations and the minimum size of pads in

power mini-transistors. Since the allow-

able power dissipation is substantially af-

fected by the collector connecting pad
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Hybrid application devices, Group (1)

Supermini-Transistors (equivalent to TO-236)
"Transistor for microwave

Type Name Application
Electrical characteristics

(Ta=25°C) Mark
ing

Comple-
mentary Pair

Type Name
similar to

TO-92

Remarks (mini-

transistor)VcEO
(V)

Ic
(mA)

PC
(mW)

Ti
(°C)

2SA1162 General Purpose -50 150 150 125 S 2SC2712 2SA1015 2SA1048

2SC2712 General Purpose 50 150 150 125 L 2SA1162 2SC1815 2SC2458

2SA1163 High Voltage Amp. -120 -100 150 125 C 2SC2713 2SA 970 2SA1049

2SC2713 High Voltage Amp. 120 100 150 125 D 2SA1163 2SC2240 2SC2459

2SC2714 FMRF. 30 20 100 125 Q - 2SC1923 2SC2668

2SC2715 AM CONV. 30 50 150 125 R - 2SC380TM 2SC2669

2SC2716 AM RE 30 100 150 125 F - 2SC941TM 2SC2670

2SA1182 General Purpose -30 -500 150 125 Z 2SC2859 2SA562TM -

2SC2859 General Purpose 30 500 150 125 w 2SA1182 2SC1959 -

2SC2532 LED driver 40 300 150 125 AN - 2SC 982 -

2SC2996 FMRF. 30 50 150 125 G - — 2SC2995

2SA1255 High-Voltage Amp. -200 -50 150 125 2SC3138 - -

2SC3138 High-Voltage Amp. 200 50 150 125 N 2SA1255 - —
2SC3011 UHF, C-Band RF. 7 30 150 125 MA - - fT =6.5GHz

*2SC3098 VHF, UHF RF. 20 50 150 125 MB - 2SC2498 fT =3.5GHz

*2SC3099 VHF, UHF RF. 20 30 150 125 MC - 2SC2499 fT=4GHz

*2SA1245 High-speed switching -8 -30 150 125 MD - - fT=4GHz

2SC3119 UHF RF. 20 20 150 125 HA - - fT =900MHz

2SC3121 UHF OSC. 15 50 150 125 HC - - fT=1.3GHz

2SC3122 UHF RF. 30 20 150 125 HD - 2SC2348 fT =400MHz MIN.

2SC3123 VHF MIX. 20 50 150 125 HE - 2SC3136 fT =900MHz MIN.

2SC3124 VHF OSC. 15 50 150 125 HF - 2SC2349 fT =600MHz MIN.

2SC3125 PIF Stage 25 50 150 125 HH - 2SC388ATM fT =350MHz

FETs

Type Name Applications
Vdsx **

Vgdo
Vgds

*(V)

Electrical characteristics (Ta=25°C)
Mark-
ing

Similar Type
Name

Remarks

Ic.lD
* (mA)

PD
(mW)

IDSS (mA) Yfs (ms)

2SK208 General Purpose -50 10 100 0.3~6.5 1.2MIN J 2SK30ATM

2SK209 General Purpose -50 10 150 0.4-14 15 X 2SK117

2SK210 FM RF, MIX. -18* 10 100 3.0-24 7Typ. Y 2SK192A

2SK211 FM RF, MIX. -18* 10 100 1.0-10 9Typ. K 2SK241

2SK302 FM RF, MIX. 20** 30* 150 1.5—14 lOTyp. T 2SK241 MOS FET

Diodes

Type Name Applications
Electrical characteristics (Ta=25°C)

Marking Similar Type
Name

RemarksVr(V) IP (mA) CT (PF) NF(bB) Rs(fl)

ISS154 UHF, S Band MIX. 6 30 0.8 9 MAX. - BA -
ISV128 VHF, UHF Attenator 50 50 0.25 - 7 BB ISV99
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Hybrid application devices, Group (2)

Power mini-transistor (equivalent to SOT-89)

Pc; Mounted on ceramic substrate (250mm2 X 0.8t)

Type Name Application

Electrical characteristics (Ta=25°C)
Marking Comple-

mentary Pair
Similar Type

Name
(TO-92MOD)

Remarks

VcEO

(V)

Ic

(A)

PC

(W)

PC*

(W)

Tj

(°C)

2SA1200 High-voltage switching -150 -0.05 0.5 0.8 150 B 2SC2880 2SA949

2SC2880 High-voltage switching 150 0.05 0.5 0.8 150 A 2SA1200 2SC2229

2SA1201 Audio Driver Amp. -120 -0.8 0.5 1.0 150 D 2SC2881 2SA965

2SC2881 Audio Driver Amp. 120 0.8 0.5 1.0 150 C 2SA1201 2SC2235

2SA1202 Audio Driver Amp. - 80 -0.4 0.5 1.0 150 F 2SC2882 2SA817A

2SC2882 Audio Driver Amp. 80 0.4 0.5 1.0 150 E 2SA1202 2SC1627A

2SA1203 Power Switching - 30 -1.5 0.5 1.0 150 H 2SC2883 2SA966

2SC2883 Power Switching 30 1.5 0.5 1.0 150 G 2SA1203 2SC2236

2SA1204 Power Switching -30 -0.8 0.5 1.0 150 R 2SC2884 2SA950

2SC2884 Power Switching 30 0.8 0.5 1.0 150 P 2SA1204 2SC2120

2SA1213 Power Amp., power
switching

-50 -2.0 0.5 1.0 150 N 2SC2873 2SA1020 Low VcB(sat)

2SC2873 Power Amp., power
switching

50 2.0 0.5 1.0 150 M 2SA1213 2SC2655 Low VcE(sat)

2SC2982 Stroboscopic flash 10 2.0 0.5 1.0 150 S - 2SC2500 Low VcE(sat)'

2SA1314 Stroboscopic flash - 10 -2.0 0.5 1.0 150 T - 2SA1160 Low VcE(sat)

2SC3268 VHF-UHF RF. 12 0.07 0.5 0.8 150 UA - -

2SC3301 VHF-UHF RF. 7.5 0.08 0.5 0.8 150 UB - -
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Hybrid application devices, Group (3)

Power mold-transistor
PC*: @Tc=25°C**TO-92MOD

TVpe Name Application

Electrical characteristics (Ta—25°C)
Complementary

Pair
Similar Type

Name
(TO-126, 220)

Remarks
VceO

(V)

ic

(A)

PC

(W)

Pc*

(W)

Tj

CO
2SA1225 Audio Driver Amp. -160 -1.5 1.0 10 150 2SC2983 2SA968

2SC2983 Audio Driver Amp. 160 1.5 1.0 10 150 2SA1225 2SC2238

2SA1241 Power Amp. - 50 -2.0 1.0 10 150 2SC3076 2SA1020

2SC3076 Power Amp. 50 2.0 1.0 10 150 2SA1241 2SC2655

2SA1242 Stroboscopic flash - 20 -5.0 1.0 10 150

2SC3072
Refer to hFE

classification

2SA1120

2SC3072 Stroboscopic flash 20 5.0 1.0 10 150
2SA1242

Refer to hFE
classification

2SC2270

2SA1243 Power Amp. - 30 -3.0 1.0 10 150 2SC3073 2SA473

2SC3073 Power Amp. 30 3.0 1.0 10 150 2SA1243 2SC1173

2SA1244 High-current
switching

- 50 -5.0 1.0 20 150 2SC3074 2SA1012

2SC3074 High-current
switching

50 5.0 1.0 20 150 2SA1244 2SC2562

2SB 905 TV vertical output -150 -1.5 1.0 10 150 2SD1220 2SA1021

2SD1220 TV vertical output 150 1.5 1.0 10 150 2SB 905 2SC2481

2SB 906 Power Amp. - 60 -3.0 1.0 20 150 2SD1221 2SB834

2SD1221 Power Amp. 60 3.0 1.0 20 150 2SB 906 2SD880

2SB 907 Power Switching - 40 -3.0 1.0 15 150 2SD1222 2SB677 Darlington Type

2SD1222 Power Switching 40 3.0 1.0 15 150 2SB 907 2SD687 Darlington Type

2SB 908 Power Switching - 80 -4.0 1.0 15 150 2SD1223 2SB676 Darlington Type

2SD1223 Power Switching 80 4.0 4.0 15 150 2SB 908 2SD686 Darlington Type

2SD1224 Power Amp. 30 1.5 1.0 10 150 - 2SD549 Darlington Type

2SD1160 Motor control 50** 2.0 1.0 10 150 - -

2SC3075 High-voltage power
Amp. 400 0.8 1.0 10 150 - -

2SC3303 High-current
switching 80 ,5.0

"

1.0 20 150 - 2SC3258

2SC3233 High-voltage
switching 400 2.0 1.0 10 ,150 - 2SC2552

": VcES
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POWER MOS FET

To meet the demand for ideal switching

devices ensuring high frequency, high break-
down voltage and high power, the POWER
MOS FET has been developed as an device

that is the nearest to the ideal.

In principle, FET operates by only majority

carrier, and is not influenced by minority car-

rier, as seen in a bipolar transistor (especially,

storage effect tatg in switching and secondary

breakdown region S/B) . Fundamentally, MOS
FET has higher input impedance than J-FET,

In addition, it is easy to handle for enhance-
ment mode.

For these advantages, the bipolar transistor

approaching the utmost of capacity is about to

give its leading status to the POWER MOS
FET.

There are POWER MOS FETs of different

basic structure made by different techniques

of various companies.

Ours is of double diffusion type to meet the

technical rquirements of high reliability, high

breakdown voltage, high speed and low cost,

and .has been named rt -MOS FET for its basic

structure (current flowing form).

1. Structure and Characteristics of
tt-MOS FET

(1) Basic structures of POWER MOS FET
The POWER MOS FET can roughly be

classified into 3 kinds, as shown in Fig. 1.

(a) is an extension of the conventional small-

signal MOS FET, and in this method, ion im-

plantation technology is used in offset-gate

structure and a high resistance layer is added,

thus higher breakdown voltage being ensured.

This method has a disadvantage in respect

of area efficiency (integration rate) because
of its long channel length.

In (b) , the gate is formed in V-groove (or U-
groove) and the channel is formed by double

diffusion and crystal anisotropic etching, thus

higher breakdown voltage being ensured.

In this method, current concentration tends

to occur at the groove end, and it is considered

to be hard to attain higher breakdown voltage.

TOSHIBA CORPORATION n KiKiimllulllllllllllllllllllllllllNNII i.Uinilll

The theoretical limit in high breakdown vol-

tage and large current with regard to mass
production has not reaches our target value.

In (c) , the channel is formed by double dif-

fusion, thus higher breakdown voltage being
ensured. This is called D-MOS (Double Diffu-

sion MOS).
As compared with the previous 2 methods,

this is easy to ensure higher breakdown vol-

tage and large current and also permits mass
production at low cost.

Therefore, TOSHIBA used this D-MOS as

basic structure and adopted a new guard ring

structure for ensuring higher breakdown vol-

tage and stability.

Obtaining high power and low ON resis-

tance, such a fine processing technique as re-

quired for LSI is adopted to realize high effi-

ciency.

(2) Structure of D-MOS
In the structure of the D-MOS, as shown in

Fig. 1 (c), a base area to be served as channels

by using the same diffusion window and a

source area treated with high -concentration

doping are diffused on a high resistance drain

region, and a difference in diffusion depth be-

tween the two areas is used as channels.

The distribution of impurities in the base
drain junction thus formed is less on the drain

side. The depletion layer extends more on the
drain side when drain voltage is supplied, and
less on the channel side, high breakdown vol-

tage thus being ensured even in a very short

channel, resulting from the punch -through
preventing breakdown voltage from being de-

creased.

In addition, by employing a structure that

takes the drain electrode from the base plate

rear side, higher integration becomes possible,

resulting in contributing to the realisation of

higher power, This also offers the merit of

reducing transfer capacitance of the MOS
FET by existance of cascade connected junc-

tion FET
On the other hand, when effecting actual

designing, it is necessary to fully consider the

fact that a parasitic transistor exists between
|||||||||l|l|!IJillHllllllllllllllllllllllllHlll![IILIIllllllllllllllllllllll|ll||::|illlin!llllllll|Hi|llllil|||l|IIIIIINIHIIllMIIIIIIII .11
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the source and the drain.

By adopting the basic structure of the

D-MOS, it becomes possible to assure high

breakdown voltage in the MOS EFT area;

however, a new guard ring structure as shown
in Fig. 2 is adopted to obtain higher break-

down voltage by determining breakdown vol-

tage of the device at the chip peripheral areas.

Unlike conventional guard rings, this newly

developed guard ring structure makes it possi-

ble for the breakdown voltage to be stabilized.

This is facilitated by lowering the potential of

each field plate through connecting guard
rings to these field plates, in a greater degree

as it reaches the outermost position, and also

by reducing the potential of the outermost

field plate to less than a predetermined value.

source gate

9 gate dr»in

(a) Lateral MOS structure

° drain

(b) V-groove MOS structure

o drain

(c) Double diffusion MOS structure

Fig. 1 Basic Structures of Power MOS FET

source gate

field plate

A B

Fig. 2 New Guard Ring Structure

drain

Fig. 3 Conceptional Diagram of Current Path
within Exitaxial Layer

2. General Features ofMOS FET
(1) The MOS FET is fundamentally a

majority carrier device.

This differs much from the bipolar

transistor that is a minority carrier device.

(2) Unlike the bipolar transistor that per-

forms control by current, the MOS FET
is a voltage-control device that performs
control by voltage impressed between
the gate and the source.

(3) As it is a majority carrier divice, it can
provide high frequency switching opera-

tion without carrier storage effect.

Except in the case of special ultra-high

frequency operation, it does not need
such a carrier dumping circuit as re-

quired in the bipolar transistor.

(4) In the bipolar transistor, full derating is

performed in using the device because
junction destruction is caused by the

secondary breakdown phenomenon that

is explained in electric field concentration

produced in a high voltage region.

However, in the MOS FET, permission

can be given to the nearly limit of the

maximum rating.

(5) When the MOS FET is used in switching
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operation, the switching time namely
rise time tr and fall time tf are 1 -figure

faster than those of the bipolar transis-

tor, and its turn-on and turn-off loss

values are almost negligible.

In the MOS FET, the losses based on

ON-resistance in switching are domi-

nant, but the ON-resistance of the MOS
FET has a positive temperature coeffi-

cient, so that the heat sink and heat radi-

ation need to be designed in consideration

of the ON-resistance at high tempera-

ture.

3. Definition of Terms

BIPOLAR TRANSISTOR

EMITTER

MOS FET

DRAIN

SOURCE

The names corresponding to those of the

bipolar transistor are as shown by arrows in

the above figure, but can not be compared as

the same item, because the bipolar transistor

is driven by current while the FET is driven

by voltage. As main items forjudging only the

characteristics of the FET, the following can
be mentioned.

•|Yfs| : Forward transfer admittance
|Yfs|=AlD/AVGs (S)

This shows the sensitivity and amplifying
capacity of the FET

•Vth: Gete threshold voltage

This is the threshold voltage of MOS
device, and is expressed by the gate-to-

source voltage at a certain low operating

current value (1 mA for ;r-MOS)
Generally, at switching operation, it

becomes:

VGS(OFF) <Vth<VGS (ON)

•Rds(ON) : Drain-source ON resistance

This corresponds to VcEfeat) of the bipolar

transistor, and serves as a criterion for find-

ing self-dissipation in ON state.

(It varies slightly with Id.)

• Vds(on) : Drain-source ON voltage

Rds(ON) applies to this item.

•Ciss, Crss, Coss: Capacitance
This is influential in switching speed

(available frequency) and becomes the

TOSHIBA CORPORATION

capacitive load viewed from the driver

stage.

As what corresponds to fr in the bipolar

transistor, the following figure of merit exists.

Figure of merit = |Yfs|/Ciss (sec
-1

)

However, in general as theoretical cut-off

frequency, the following is used:

f(MAX.) = lYfs

27r(Ciss+AvCrss)
(Hz)

The other characteristics can be considered

to be almost the same as those of the bipolar

transistor. For details, refer to Chapter 10,

list of terms for character symbols and graph-
ic symbols.

4.Useof7r-MOSFET
(1) Precautions for handling

TOSHIBA tt-MOS FETs have much larger

endurance for electric charge in comparison

with small-signal MOS FETs and memories.

But 7T-MOS FETs can potentially be dam-
aged and destroyed by electric charge, and
please take the following precautions for han-

dling,

(a) Transport and packing
• tt-MOS FETs should be packed in con-

ductive tray or pouch for MOS device, or
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in aluminum foil.

• 7T-M0S FETs should be handled by the

package, not by the leads; especially,

don't touch the gate terminals.

• It is recommended to perform operation

on the conductive table mats being

grounded as far as possible.

(b) Test and inspection

In addition to the above item, make sure of

the added surge of the measuring apparatus,

etc.

• Voltage application should be started

from and reset to after measurement.

(Each terminal)

Especially, as for an automatic mea-

suring apparatus, be particularly careful

not to leave residual charge caused by
the previous measurement.

• A 100-51 k ohm resistance should be con-

nected in series with the gate to prevent

oscillation.

This value varies with the sensitivity

of the measuring apparatus and measure-

ment method.

(c) Mounting
• Soldering irons that are used for 7T-MOS
FETs should be grounded.

• Possible shortest wiring should be per-

formed to eliminate unnecessary induc-

tance and oscillating factors.

(2) Example of absorber insertion

In case there is a possibility that surge may
occur between the drain and the source, such

absorbers as shown in Fig. 4 should be insert-

ed.

(Recommended elements)

(a) For gate protection

(Vz ^ Vgss X 0.8-0.9)

(b) For absorbing Vds (surge)

Zener Diode: (attention to Psurge)

(Vz ^ Vdss X 0.8-0.9)

(c) For absorbing coil counter electomotive

power.

The same as in the case of a bipolar

transistor circuit.

But, high speed response is required.

5. Electrical Characteristics ofMOS
FET

(1) Characteristic comparison with the bi-

polar transistor

See Table 1, 2.

6. Maximum Rating ofMOS FET
(1) Vds (Vdss, Vdsx, Vdsr) MOS FET Drain-

source breakdown voltage

The method prescribing drain-source

breakdown voltage is classified into 3 kinds ac-

cording to gate-source bias conditions.

Vdss : Gate-source zero bias (shorted state)

Vdsx: Gate-source reverse bias; for example,

in the case of N-channel MOS, Vgs=—3

V.

Vdsr : When shunt is made by resistance be-

tween the gate and the source.

As the 7T-MOS for industrial use is of com-

plete enhancement type with a double diffu-

sion structure, Vdss =Vdsx is obtained.

Even if- drain-source breakdown voltage is

measured by inserting a certain resistance be-

tween the gate and the source (Vdsr mode) , it

differs little from the Vdsx mode in magnitude

and the expression of Vdss =Vdsx=Vdsr can

be formularized.

Consequently, there is no method prescrib-

ing larger drain-source breakdown voltage

than the value Vdsx prescribed as the maxi-

mum rating for the 7T-MOS.

Therefore, note that in circuit design there

is a little difference from the way of thinking

of the maximum rating of bipolar transistors.

For reference, the prescribed modes of

maximum rating for bipolar transistors and

their relations in magnitude are outlined

below:
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Table 1 Comparison of Power MOS FET with Bipolar transistor
(Example: NPN Transistor, N Channel FET)

Transistor

NPN

Collector

Base \^

Emitter

i
Vbf. +

FET (field effect transistor)

Type

Mode

N channel

o

Junction

Depletion

o Drain

GateP
o Source

1
Vgs

MOS
Depletion

+ Enhancement

Gate I

J
R

Drain

6 Source

Enhancement

Gate
o

—

Drain

o Source

Vr.s

Assurance of higher
breakdown voltage A Difficult X Difficult O (w-MOS)

Assurance of

higher power A (w-MOS)

ASO S/B region exists ASO ' Without secondary breakdown region (same class)

Input
impedance

Low Input
impedance o High High High

Switching
speed A Switching

speed High speed O Highspeed O High speed

ON
Resistance

Low ON
Resistance o A High O (tt-MOS)

Table 2 Comparison of Main Characteristics between Power MOS FET and Bipolar Transistor

Specification of Power MOS FET Specification of Bipolar Transistor

Type No. 2SK324 2SK325 Type No. 2SC2914
Ultra-high speed

transistor 2SC3384 2SD685
(Darlington transistor)

bo

.£

£

CS

S

Vdss 400V 450V
VCBO 500V 500V 600V

VCEO 400V 400V 400V
Vgss ±20V ±20V Vebo 7V 7V 5V
Id 10A 10A Id 10A 15A 10A
Pd 120W 120W PC 120W 120W 100W

CO
o
CO

•E
IV

CJ_ cs

cj cs

IS
3

tYfsl 5S(typ.) 5S(typ.) hFE 12 15 400

Rds(on) 0.6 fi o.7n VbE(sat) 1.0V 1.5V 2.0V

Vth 1.5-3.5V 1.5—3.5V VBE(sat) 1.5V 1.5V 2.5V

tr 50ns (typ.) 50ns (typ.) tr
lfis 0.3/is *1.0ms (typ.)

ton 80ns(typ.) 80ns(typ.) ton

toff 350ns (typ.) 350ns (typ.)
tgtg 2.5ms 1.5/xs 12/ws(typ.)

tf 1/xs 0.3/xs 5ms (typ.)
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tt-MOS FET 2SK324
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Collector-Emitter Voltage Vce (V)

Vcbo : Collector-base breakdown voltage

Vceo : Collector-emitter breakdown voltage

(with base terminal open)

Vcex: Collector-emitter breakdown voltage

(base-emitter reverse bias; for exam-

ple, in the case of NPN transistor, pre-

scription of Vbe=— 1 V, etc.)

<

30 50 100 300 500

Collector-Emitter Voltage Vce (V)

Fig. 5 Safe Operating Area

Vcer : Collector-emitter breakdown voltage

(when shunt is made by resistance be-

tween the base and the emitter)

Their relations in magnitude vary with the
bias voltage value between the base and the
emitter or resistance values to be shunted, but
generally, the following relations can be set

up.

Vcbo >Vcex > Vcer > Vceo
In general bipolar transistor circuit design,

the Vceo is usually taken as standard for

collector-emitter breakdown voltage.

Even if collector-emitter voltage momen-
tarily exceeds Vceo at a transient time such
as switching operation, etc., it is maintained
by the Vcex mode or Vcer mode that is

higher than the Vceo in voltage, thus there
being cases in which transistors are not de-

structed.

On the other hand, in designing a circuit

using MOS FETs, the Vdsx should not be ex-
ceeded even momentarily, being considered to

be the real maximum rating, as there is no
higher drain-source breakdown voltage mode
than it.
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The Vdso (with the gate open) should not

be used, -because it can easily be put in ON
state by electrostatic induction with the very

high impedance of the FET itself and conse-

quently may destruct the device.

(2) Vgss : Gate-source voltage

This is caused by breakdown voltage of

gate oxide film. In the 7T-MOS, the maximum
rating is ±20 V in consideration of service

voltage and reliability. (Class for communica-
tion and industry application.)

The destruction point by surge is lowered

as the chip is decreased in size, and great care

should be taken in handling by referring to

the previous item 4. (Use of 7T-MOS FET)

(3) Id : Drain current

As for drain current Id, the nominal value

of Ta=25°C appears in the maximum rating

items, but the following precautions should be

taken in design and use.

•Temperature dependence:

Rds(on) has a positive temperature coeffi-

cient as a general resistance element. (The ab-

solute value and temperature coefficient vary

with density.)

In addition, it fundamentally shows such an

input vs. output characteristic as shown in

Fig. 6, according to the temperature depen-

dence of silicon mobility (the same as Junction

FET).

Id >Idq There is a possibility of destruction

by overcurrent at low temperature.

Id<Idq There is a possibility of destruction

by overcurrent and resultant ther-

mal runaway.
Therefore, The maximum rating should be
considered by derating according to tempera-
ture, including a temperature rise (change)

by self-dissipation.

As countermeasures when abnormality
occurs in a circuit, it is necessary to consider,

for example, the saturation of inductive load

(saturate with the transformer of switching

power supply, and at lock of the motor, etc.)

With the saturation of inductive load, the

load goes to low impedance and the device pro-

vides current to its capacity limit. This lead to

destruction because of overcurrent or allow-

able power dissipation. If such a possibility

exists, be sure to insert overcurrent limiting

elements.

7. Switching Characteristic
The outstanding characteristic of the MOS

FET as a majority carrier device is high

speed and high frequency switching charac-

teristic.

Because of this feature, it can be applied to

high speed switching regulators (fo=100
kHz~300 kHz), broadcasting transmitters,

motor controls, etc.

The cut-off frequency of the MOS FET
reaches some GHz, but in practical circuits, it

is limited by the parasitic resistance and input

capacitance of the gate.

Fig. 7 shows the switching characteristic

(drain current dependence of switching time
when shunt is made by Rgs=50n between the

gate and the source) in the case of 2SK324.
In the measuring circuit shown in Fig. 7,

there are prescribed rise time tr , turn-on time

ton , fall time tf and tmvn-off time t ff by the

waveform of drain-source voltage Vds when
the positive pulse of Vgs =10 V is applied be-

tween the gate and the source. Essentially,

there is no carrier storage effect in the MOS
FET, and the storage time t stg expressed in

the bipolar transistor does not exist. However,
there is delay time by the wiring capacitance

and wiring inductance of pellet pattern, and
its value is quantified as t ff for expression.

The MOS FET is drived by the voltage Vgs
supplied between the gate and the source.
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Tc=25°C

100°C

Vgs (V)

Fig. 6 Id -Vgs Characteristic

Therefore, Id shows positive and negative

temperature coefficients with Idq as a boun-

dary, and the operating point should be veri-

fied on the following points, especially, at

fixed bias.

-126-



This drive facility is quantitatively expressed

by Qon=Ciss«VG according to the charge ac-

cumulated at the gate.

The ig (pulse) that transiently flows in

charging is given by the following expression.

ig (pulse) =Qon/ton =Ciss'VG /ton

Therefore, when the MOS FET is operated

at a very high speed, a capacitance permitting

this ig (pulse) to flow rapidly and momentarily
to the drive circuit is required.

In actual measurement, Miller-effect ap-

pears and the equivalent capacitance between
the gate and the source increases by the corre-

sponding reverse transfer capacitance Crss.

Therefore, the Crss should be taken into ac-

count.

The criterion of drive conditions in this case is

given by the following expression.

speed becomes low.

Like the bipolar transistor, the MOS FET
can decrease switching time tf and t ff by ap-

plying reverse bias between the gate and the

source.

Fig. 10 shows the t ff and tf characteristics

with +Vgs=5 V fixed and —Vgs varied from

V to 5 V.

SWITCHING TIME
500

300— toff

30

10|_
03

rFKT

COMMON SOURCE
VDI) ==200V
Tc= 25°C

10^8
D.U^05#
VIN • *r » tf<5ns 'DD

10 30

DRAIN CURRENT (A)

Fig. 7 Switching Time— Id (in the case of

2SK324)

Qon = (Ciss -I- Av • Crss) • Vg
Moreover, the charging current i g (pulse)

that transiently flows is as follows.

ig (pulse) = (Ciss + Av«Crss) • Vci/ton

= Cgs-VG /t n

In case the reverse transfer capacitance is

comparatively large, the drive conditions

should be set up in consideration of the item of

AvCrss. As shown in Fig. 8, the Crss has

large voltage dependence to drain-source vol-

tage Vds •

When the depletion region begins spreading

in the drain region just under the gate elec-

trode, the Crss abruptly decreases; in the case

of 2SK324, the capacitance decreases to about

1/10 around Vds =2~5 V.

In this way, the switching speed of the MOS
FET is determined by gate-source equivalent

capacitance. Therefore, in setting up drive

conditions, the graph of electrostatic capaci-

tance —Vds characteristic shown in Fig. 8 be-

comes very important.

In the MOS FET, the t r and tf of switching

time are determined by the time constant

Rg'Cgs set by gate-source capacitance and

the time constant set by series connection of

signal source resistance Rg.

Fig. 9 shows the switching time— Rgs char-

acteristic with the gate-source resistance Rgs
varied.

If the Rgs is made larger, the time constant

between the gate (terminal) and the source

(terminal) is also made larger, so that the

iiiiiiiiiiiiiiiiiimiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiMiiM CORPORATION
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Fig. 8 Capacitance—Vds (in the case of

2SK324)
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Fig. 9 Switching Time—Gate Resistance Rgs
(in case of 2SK324)

As the switching speed of the MOS FET
structurally depends on the capacitive charge
and discharge phenomenon between the gate
and the source, it is little influenced by switch-
ing time temperature as compared with the

bipolar transistor.

1000

| 300

bo

| 100

30

10

Measurement Circuit

i Â
VOUT

!

H

»~
__

toff

tf

1 2 3 4 5 6

-Vg (V)

Fig. 10 Switching Time—Id Characteristic (in

the case of 2SK324)

Consequently, the use of MOS FETs in cir-

cuit design holds an advantage.

8. Forward Bias Safe Operating Area
SOA
The MOS FET in principle presents such a

secondary breakdown phenomenon in the high

voltage region as seen in the bipolar transis-

tor, for lack of current concentration.

Therefore, the forward bias safe operating

area of the MOS FET is expressed with the

pulse width as parameter by the equipotential

line (inclination: —1) limited by thermal resis-

tance, as shown in Fig. 5 (2SK324).
On the other hand, in case the bipolar

transistor is used as switching element, great

care is needed for load locus in design because

of presence of secondary breakdown phenome-
non. In the case of the MOS FET, it is possible

to operate it very extensively and safely

within the drain-source breakdown voltage

without narrowing SOA in the high voltage

region.

As for the derating of SOA by temperature
rise, the derating rate in thermal limited area

or dT=(T Chmax-Tc)/(Tchmax-25) is applied to

all lines.

In thermal design, it is only required to con-

sider that the channel temperature does not

exceed the prescribed Teh (max.)

.

9. Reverse Bias Safe Operating Area
SOA
In Case the switching device is applied for

the use of power switching like switching

regulator, etc., the load of the switching

device becomes conductive.

In this case, both forward bias SOA and
reverse bias SOA become significant. There-
fore, in the case of the latest bipolar transis-

tors, such a reverse bias SOA as shown in Fig.

11, with inductance L and base current Ibi

and Ib2 as parameters, is published.

Generally, in case the switching device is

used for switching regulator, etc., the base-

emitter junction is reversely biased forcedly

and reverse current Ib2 is caused to flow to de-

crease tstg and tf , in order to reduce a switch-

ing loss.

However, with Ib2 increased, the reverse
bias SOA narrows as shown in Fig. 11, and the

operating area of the load locus at turn-off is

limited.
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On the other hand, tf and t ff can be reduced

by biasing reversely the gate-source, as de-

scribed above.

At this time, in the MOS FET that is a

majority carrier device, the reverse SOA does

not becomes narrow by increasing —Vgs, be-

cause no carrier storage effect substantially

exists.

It follows that in the use of MOS FETs, the

safety degree in circuit design is increased.

10. Temperature Characteristic

The transfer characteristic (Id— Vgs char-

acteristic) of the MOS FET is shown in Fig.

12.

In the large current area, the temperature

coefficient of the transfer characteristic is

negative, the output changes, the internal

temperature rises and gm |Yfs| goes down, so

that a destructive phenomenon like thermal

runaway is hard to occur without current con-

centration though a large drain current tries

to flow.

On the other hand, in the small current

area, the temperature coefficient is positive

and the temperature coefficient of the transfer

function changes from positive to negative

with a crosspoint (Idq) as boundary.

Measurement L (coil) =500/aH
conditions Igi =2A

IB2—1A, -2A,

IB2=-1A

200 400 600 800 1000

Collector-Emitter Voltage Vcex(SUS) (V)

Fig. 11 Reverse Bias SOA Data of Bipolar

Transistor

(in case of 2SC2792)

Consequently, if the operating point is set

to the crosspoint in an application circuit, any

temperature compensating circuit is not

needed.

In using the MOS FET, the item to consider

with regard to temperature is the temperature

dependence of drain to source ON resistance.

The ON resistance becomes about double

with a temperature rise of 100 degrees.

(Refer to Fig. 13, Vds (on) -Tc Charac-

teristic.)

Therefore, in radiation design, the maxi-

mum temperature rise should be taken into

consideration to select the heat sink, etc.

Id - vgs

- COMMON SOURCE
vDS = iov

"3 fl /
i y / ,

p

12 <£
<*''

8

4

n

o
H S3
O O
« w
S CO
o o
CO >

I

2 4 6 8 10

OATE-SOURCE VOLTAGE VQS (V)

Fig. 12 Id—Vgs Characteristic (in the case of
2SK324)

"V DS( ON) - T C

COMMON SOURCE

vos = iov
15 .

8 12

10^

4
5

n

I D=1A
1 1

-40 40 80

CASE TEMPERATURE Tc (°C)

120

Fig. 13 Vds (on) —Tc Characteristic (in the

case of 2SK324)
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11. Source-Drain Diode Characteristic
The MOS FET of D-MOS structure equiva-

lently incorporates a diode between the source
and the drain. The rating of forward current
Idr and the reverse breakdown voltage of this

incorporated diode has the same capacity as
the drain current Id and drain-source voltage
rating VDsx of the MOS FET. But, as this in-

corporated diode is of 3-terminal including a
gate terminal unlike common 2-terminal
diodes (P-N junction), it shows some different

forward characteristic according to the gate-
source bias state.

Therefore, in application of the MOS FET,
for example, in the bridge circuit of a switch-

ing regulator or motor control circuit (bridge

type), it is fundamentally possible for this in-

corporated diode to be used as a commutation
diode, but it is necessary to consider the fact

that the forward characteristic varies with
gate-source bias states.

If the gate-source is positively biased to

form channels, the forward current of the

diode flows in the same way as the drain cur-

rent of the MOS FET, and in the small current
region, linearity is established in the Idr —
Vds characteristic (—Vds~Ids x Ron) and
—Vds becomes smaller than the forward vol-

tage Vf of a general diode.

With a due application of the incorporated

diode, it is possible to display the superiority

of this 3-terminal diode.

12. Parallel Connection ofMOS FET
It is often seen in circuits dealing with high

power that versatile lower-cost devices are

used in parallel connection.

In the case of bipolar transistors, as there is

a secondary break-down phenomenon in the

high voltage region, they are commonly used
by the derating that the current per 1 transis-

tor connected in parallel is 1/3 to 1/4 of the

maximum collector rated current.

Considering a circuit dealing with high

power with MOS FETs connected in parallel,

the parallel connection of MOS FETs is very

easy because there is no secondary breakdown
phenomenon that is the greatest disadvantage

of the bipolar transistor, and also it is possible

to use them to the nearly limit of the maximum
rating, so that the number of devices to be

parallel-connected can be reduced. The advan-

tages offered by the parallel connection of

TOSHIBA CORPORATION

MOS FETs are outlined as follows.

1 Since the MOS FET is drived by gate-

source voltage Vgs, its parallel connection

is easily made. It hardly needs such a resis-

tance that is inserted for base current bal-

ance in the parallel connection of bipolar

transistors.

2 As there is a negative region in the tem-
perature coefficient of drain current, the

Teh of only a single MOS FET parallel-

connected does not increase even if channel

temperature Teh rises.

In addition, temperature distribution is

made uniform between parallel-connected

devices, so that thermal runaway is hard
occur in comparison with the bipolar

transistor.

Naturally, current concentration is hard

to occur.

3 As there is no secondary breakdown region

in the safe operating area of the MOS FET,
it can be used to the limit of the maximum
rating of drain current Id and drain-source

voltage Vds as load locus (Id-Vds wave-
form) .

The above can be enumerated as the main
advantages of the parallel connection of MOS
FETs.
The switching time dispersion caused by

the dispersion of Vth can particularly men-
tioned as a precaution for the parallel connec-

tion.

That is, the Vth can be considered to be a

criterion of the voltage value at the outset of

operation; the smaller Vth an device has, the

more rapidly its turn-on becomes and the

more slowly its turn-off becomes.

Therefore, in case a plural number of

devices are used in parallel connection,

devices with the same Vth value are needed.

We are preparing 6 kinds of Vth as quasi

-

standard in your need.
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M

Common Source
f/

Tc=25°C

s

Vc;s
= 3V - 1

--1

Packing;

2SK324—O- elassification number

(3) Packing

Pairs of same Vth class devices are

packed.

(4) Remark
It is impossible to designate Vth class on

the orders.

Drain-Source Voltage Vds (V)

Fig. 14. Idr— Vds Characteristic (in the case

of 2SK324)

TOSHIBA POWER MOS FET
Vth CLASSIFICATION
(For example, class for communication and in-

dustry device)

(1) Classification

(tt-MOS FETs are classified into 6 classes ac-

cording to gate threshold voltage Vth •)

(1) Classification

Class
Vth (V)

Min. Max.

1 1.5 1.9

2 1.7 2.2

3 2.0 2.5

4 2.3 2.8

5 2.6 3.1

6 2.9 3.5

(2) Marking
Device:

Vth class number
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Precautions for Handling RF Power Transistor

and Module

1. Precautions for handling RF
PowerTransistor

(1) Mounting ceramic seal type transistor

For mounting such a transistor as shown in

the figure, on a printed circuit board or heat

sink, it is ncessary to adopt either the method

of making the lead level (Fig. 2, (a)) or the

method of bending the lead downward (Fig.

(b)) ; it is prohibited to mount it in such a way
that upward stress is given to the foot of the

lead,

The lead should be bended at a 1 — 2 mm dis-

tance from the ceramic part.

Note that the gain is reduced by an increase

of inductance of the emitter lead in the

method shown in Fig. (b)

.

In mounting, press the transistor head light-

ly with a finger, hold it with a nut in the case

of stud type or screw it in the case of flange

type, and then solder the lead.

After soldering the lead, be careful not to

give stress forcedly to the transistor.

In order to improve even a little the thermal

contact state between the transistor and the

heat sink, apply silicon grease with high ther-

mal conductivity to the transistor bottom and

stud screw in the case of stud type or to the

flange bottom, screw mounting hole, etc, in

the case of flange type.

Printed circuit board Lead

Fig, 1

Space about 1 —2 mi

J\ "^ Heat sink
Spring washer

- -£ IT F)al washer-

Stud screw part

(a) Correct (b) Correct

Fig. 2

Cc) Incorrect

(2) Screw stud torque Table 1 shows the recommended clamping

Excessive clamping of a transistor will not torque,

provide so much improvement of thermal

resistance; on the contrary, it may cause Table 1

damage to the screw part and lead and defor-

mation to the surrounding unit and the inside

of the pellet, deteriorating the characteristic,

On the other hand, if clamping is insuffi-

cient, thermal resistance naturally increases

and the junction temperature of the transistor

rises, resulting in destruction and a shorter

life.
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Case. Type Stud parts Stud torque

2-10G1A M4 nut 5"~6kg-cm

2-7A1A M3bis If

2-1 OH 1

A

i* "

2-13C1A n '

2-13B1A " IT
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(3) External base-emitter resistance

In order to improve the stability against

load and power variations of land-mobile

transmitters, a resistance may be used in

series with the choke coil on the input side in a

part of the power amplifier circuit, as shown

in Fig. 3.

If this series resistance is too large, the

transistor is so deeply biased to class C that

larger voltage than base-emitter breakdown

voltage is momentarily applied, thereby a dete-

rioration of hFE and then a drop of output

power being caused while it is used for a long

time.

Therefore, it should be designed to use a

resistance of a possible minimum value.

stf^

(4) Treatment of wastse articles

Berylium oxide porcelain is used in RF
power transistors (except those with the col-

lector shorted to the case)

.

Berylium oxide (BeO), when transformed

into powder or steam, does harm to a human
body, incurring danger. Never produce neith-

er powder nor steam by shaving, polishing,

destroying, wiping with chemicals or buring

the berylium oxide.

RF Input I / I KWM U \ RF Output

I
C: Parallel connection of 15000pF, 10 /*F

L: <A 0.8 mm enamel wire, 8T, 5ID

Fig. 4

2. Precautions for Handling RF Power
Amp Module

(1) Mounting Module
Use <f> 4 mm screws and tighten them by a

torque of 5 kg-cm— 6 kg-cm. In order to im-

prove the thermal contact state between the

module and the heat sink as much as possible,

be sure to apply silicon grease with good ther-

mal conductivity on the rear side of the

module radiation fin.

Don't give excessive mechanical and ther-

mal stress to the lead terminal on the module.

The radiation fin of the moduel is connected

to the ground.

In case the heat sink is grounded, good
grounding effect can be obtained by clamp
screws on both ends. In case only the printed

circuit board is provided with ground, connect

the radiation fin with the grounding electrode

on the circuit board electrically by a metal

plate that is as wide as possible.

(2) Prevention of oscillation by the RF feed-

back through DC line, etc.

For the prevention of oscillation by the RF
feedback through DC line, connect L and C a§

shown in Fig. 4.

3. Thermal Design ofRF Power Amp
Module

(1) Thermal resistance and junction tempera-
ture of the used transistors

The RF Power Amp Mudule consists of 2-

to-3-stage RF power transistor amplifiers.

Each stage is designed to permit operation

under standard conditions of use so that the

transistor junction temperature can leave a

sufficient margin to the maximun rating (usu-

ally 175°C). The thermal design of the RF
Power Amp Module S-AV5 for 144-148 MHz
band 10 W amateur set is described below as

an example,

(a) Operating state at nominal output

The nominal output of the S-AV5 is 15

W(Pi=0.2W).
The total efficiency t?t is 50% MIN.

Therefore, at the worst tjt, the total cur-

rent It is:

It =
Po/?t 15/0.5

Vcc 12.5
2.4 (A)

At this time, the Ic of the first-stage

transistor and the last-stage transistor is

TOSHIBA CORPORATION
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approximately as follows.

Ici=0.39(A) IC2 =2.01(A)
Moreover, at this time, the output of the

first-stage transistor is approximately:

Pol -2.0 (W)
(b) Thermal resistance of the used transistors

The standard junction-case thermal
resistance value of each first-stage/last-

stage transistor is as follows.

Rthj-c(i)=10 (°C/W) Rthj-c(2)=3 (°C/W)
(c) Junction temperature at nominal output

For the above (a) and (b), the transistor

junction temperature at rated output is:

Tj(i) = (Vcc xici-Poi+Pi) XR thj .c(1)

+Tc =38.8+Tc(°C)
Tj(2) = (VcC XIC2 -Po+Pol) XRthj-c(2)

+Tc =36.4+Tc(°C)
where, Tc : case temperature
Table 2 shows a list of thermal design

values for TOSHIBA RF Power Amp
Modules.

(2) Heat sink and junction temperature
For designing a set with high reliability, it

is necessary to mount it on a complete radia-

tion fin under good conditions.

As a criterion, the thermal resistance of the

radiation fin (Rth fin) is selected in order to

that the case temperature Tc is below 90°C at

the maximum ambient temperature (Ta max.)

.

As an example, the case of the aforemen-

tioned S-AV5 is described. Radiation fin re-

quired:

Supposing that Ta max is 60°C. When the

rated output of the S-AV5 is 15 W, the worst

efficiency is t?t min 50%. Consequently, to

make Tc below 90°C,

Pn
(Tc^ (—-Po+ Pi)Rthfin +Tq».x^90C

,Rthfin^l.97 CC/W)

Furthermore, when Tc=90°C, the junction

temperature is:

f Tj(i)=30.8+Tc= 120.8 (°C)

lTj (2)=36.4+Tc =126.4 (°C)

As for the other modules, the thermal resis-

tance necessary to keep Tc^90°C at Ta
max=60°C is shown in Table 2.

Table 2 Thermal Design values and Radiation Fins Required of TOSHIBA RF Power Amp Modules

\ Item Module thermal design value (at rated output) Radia-

tion fin

required

Rth fin

CC/W)

Po
MIN
(W)

MIN
(%)

1st stage 2nd stage 3rd stage

Typ\ Ic

(A)

Pol

(W)

Pi

(W)

Rth j-c

CC/W)

Tj(l)

CO

Ic2

(A)

Po2

(W)

Pol

(W)

Rth j-c

(°C/W)

Tj<2)

(°C)

Ic3

(A)

Po3

(W)

Po2

(W)

Rth j-c

CC/W)

Tj(3)

CO
S-AV5 15 50 0.39 2.0 0.2 10 30.8+Tc 2.01 15 2.0 3 56.4+Tc 1.97

S-AV6 28 45 0.78 3.7 0.2 8 50.0+Tc 4.20 28 3.7 2 56.4+Tc 0.87

' S-AV7 28 45 0.78 3.7 0.2 8 50.0+Tc 4.20 28 3.7 2 56.4+Tc 0.87

S-AV8 (*) 17 40 0.35 1.5 0.07 10 29.5+Tc 2.45 14 1.5 2 36.3+Tc 1.42

S-AV9L.H 8 40 0.37 1.4 0.2 10 34.3+Tc 1.23 8 1.4 3 26.3+Tc 2.46

S-AV10L,H 14 40 0.45 2.3 0.2 10 35.3+Tc 2.35 14 2.3 3 53.0+Tc 1.42

S-AU3 15 40 0.46 2.0 0.2 10 39.5+Tc 2.54 15 2.0 2.6 48.8+Tc 1.32

S-AU4 (*) 17 35 0.45 2.0 0.12 10 37.5+Tc 2.75 14 2.0 2.2 49.2+Tc 1.15

S-AV5L,M,H 7 40 0.32 1.4 0.2 10 28.0+Tc 1.08 14 1.4 2.6 20.5+Tc 2.80

S-AU6L.M.H 13 40 0.50 2.2 0.2 10 42.5+Tc 2.10 13 2.2 2.2 34.0+Tc 1.52

S-AU7 15 30 0.20 1.1 0.2 6 9.6+Tc 0.50 3.5 1.1 5.5 21.2+Tc 2.85 15 3.5 2 48.3+Tc 0.85

Note 1:

In (*)S-AV8 and S-AU4, Po is converted into a practical

use level of 14 W, for thermal design vaue and radiation

fin required.

Note 2:

The radiation fin required is a thermal resistance of the

fin necessary for Tc^90°C at Ta=60°C.
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Letter Symbol and Graphical Symbol

1. Letter symbol

Table 1 General

Symbol Description

NF noise figure

P allowable power dissipation

Ittji thermal resistance

Rthj-L- thermal resistance, (Junction to casej

Kifcj-* thermal resistance, (junction to stud)

Kihj-i, thermal resistance, (junction in ambient)

Kih-if-ai thermal resistance, (heat sink to ambient)

Bth-fa-0 thermal resistance, (stud to heal sink)

rth transient thermal resistance

Ta ambient temperature

T, case temperature

1'j ^auction temperature

Tfitg storage temperature

U delay time

tf fall time

'-r rise time

trr reverse recovery time (diode)

t#tg storage time

ton turn-on time

toff turn-off time

Table 2 Transistor

Symbol Description

V<BR)CBO collector-base breakdown voltage, emitter open

V(BR)CEO collector-emitter breakdown voltage, base open

V(BB)CEE collector-emitter breakdown voltage, with specified

resistance between base and emitter

V..[il;:< KS collector-emitter breakdown voltage, with base
shortclrcuited to emitter

V(BE)CEX collector-emitter breakdown voltage, with specified
circoii between base and emitter

V(BK>EBO emitter-base breakdown voltage, collector open

bfb forward transfer sjsccptanee, common base

b& forward transfer BUBceptafice, common emitter

bib input suseeptanee. common base

bje input suseeptanee, common emitter

hots output suseeptanee, common base

b e output suscoptance, common emitter

Cob output capacitance, common base

Los output capacitance, common emitter

Git, input capacitance, common base

Cie input capacitance, common emitter

C< rbiv C,v x rbb' (collector-to-base time constant)

6* reverse transfer capacitance

fab small-signal, short-circuit forward current transfer

ratio cutoff frequency, common base

f'T translation frequency (common emitter gain
band- width product)

Ge conversion power gain

Gpe power gain, common emitter

Gve voltage gain, common emitter

gfb forward transfer conductance, common base

gfe forward transfer conductance, common emitter

gib input conductance, common base

(SJe input conductance, common emitter

gob output conductance, common base

gOl! output conductance, common emitter

grb reverse tmr.sfer conductance, common base

i
Ere reverse transfer conductance, common emitter

hfb small-signal, short-circuit, forward current transfer
ratio, common base

hfe
small-signal, current gain,

common emitter

hFK DC current gain, common emitter

hjb small -signal, short -circuit input impedance, common
base

his small -signal, ahort-eircuit input impedance, common
emitter

Re(hif ) real part of small -signal, short-circuit input

impedance, common emitter

Im(hi,
: ) imaginary part of small-signal, short-circuit input

impedance, common emitter

hoe small-signal, open-circuit output admittance,
comir.nr. nmictev

h b small -signal, open-circuit output admittance,
common base

brh small -signal, open circuit reverse voltage transfer
ratio, common base

hre small-signal, open circuit reverse voltage transfer
ratio, common emitter

IB base current

ic collector current

IB emitter current

ICBO collector cutoff current, emitter open

ICBV collector cutoff curreni, with specified reverse

voltage between base and emitter

ICKO collector cutoff current, base open

U'KX collector cutoff current, with specified circuit

between base and emitter

Iebo emitter cutoff current, collector open

KF overall harmonic distortion

P: output power

Pi input power

Pc collector power dissipation

Q* stored charge

rbb' base spreading resistance

Re external emitter resistance

RG signal source resistance

R; input resistance

Rl load resistance
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Ro output resistance

UMAPG maximum available power gain

VJBE base-emitter voltage

VBE(sat) base-emitter saturation voltage

VCB collector-base voltage

VCBO collector-base voltage, emitter open

VCBV collector-base voltage, with specified voltage
between base and emitter

VCE collector-emitter voltage

VCEO collector-emitter voltage, base open

VCER collector-emitter voltage, with specified resistance
between base and emitter

VCES collector-emitter voltage, with base short-circuited
to emitter

VCEV collector-emitter voltage, with base specified
voltage between base and emitter

VCEX collector-emitter voltage, with specified circuit
between base and emitter

VCE(sat) collector-emitter saturation voltage

VCE(sus) collector-emitter sustaining voltage

Vebo emitter-base voltage, collector open

Vi input voltage

VN noise voltage

Vr reverse voltage

Vise oscillating output voltage

yfb forward transfer admittance, common base

yfe forward transfer admittance, common emitter

yrb reverse transfer admittance, common base

yre reverse transfer admittance, common emitter

0fb phase angle of forward transfer admittance,
common base

0fe phase angle of forward transfer admittance,
common emitter

»rb phase angle of reverse transfer admittance,
common base

»re phase angle of reverse transfer admittance,
common emitter

Table 4 Field Effect Transistor (FET)

Table 3 Unijunction transistor

Symbol Description

IB base current

lB2(Mod) modulated interbase current

IE emitter current

IEB20 emitter reverse current, base 1 open

Iem peak emitter current

IP peak point emitter current

Iv valley point emitter current

VB2B1 base 2-base 1 voltage

Vbieo base 1-emitter voltage, with base 2 open

VB2E0 base 2-emitter voltage, with base 1 open

Vebi emitter-base 1 voltage

VEBKsat) emitter-base 1 forward saturation voltage, with
specified voltage between bases 1 and 2

vv valley point emitter voltage

Vp peak point emitter voltage

Rbbo base 1-base 2 resistance, with emitter open
instrinsic standoff ratio

Symbol Description

SOA safe operating area

Cgid gate 1-drain capacitance

CG2D gate 2-drain capacitance

Cjs input capacitance, common source

Cos output capacitance, common source

Crs reverse transfer capacitance, common source

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

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

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

fopr operated frequency

Gps power gain, common source

GR gain reduction

giss input conductance, common source

goss output conductance, common source

Id drain current

Idr drain reverse current (refer to measuring
conditions)

ID(OFF) drain cutoff current

Idss drain current, with gate short-circuited to source

Idsx drain-source current with specified circuit between
gate and source

IG gate current

Igss gate-source cutoff current, with source
short-circuited to drain

Igsx gate excess current

NF noise figure

PD drain power dissipation

Rds(on) drain-source ON resistance, DC
RDS(OFF) drain-source OFF resistance, DC
rDS(ON) drain-source ON resistance, AC
rds(ON) drain-source ON resistance, internal

equivalent

rG gate resistance, internal equivalent

Teh channel temperature

Tj junction temperature

Tstg storage temperature range

td(on) turn-on delay time

tr rise time

ton turn-on time

td(off) turn-off delay time

tf fall time

toff turn-off time

Vds(on) drain-source ON voltage

Vbsx drain-source voltage with specified circuit between
gate and source

Vdsf drain-source forward transfer voltage

Vdss drain-source voltage, with gate short-circuited to
source

Vemf drain-source thermal electromotive force

Vgs gate-source voltage

Vgs(off) gate-source cutoff voltage

Vgss gate-source voltage, with drain short-circuited to
source

Vgds gate-drain voltage, with source short-circuited to
drain
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V(BR)DSS drain-source breakdown voltage

V(BR)GDS gate-drain breakdown voltage

VN noise voltage

VN(p-p) peak-peak noise voltage

Vn(av) average noise voltage

Vth gate-source threshold voltage

|Yfs |
forward transfer admittance

yfs forward transfer admittance, common source

yis input admittance, common source

yrs reverse transfer admittance, common source

yos output admittance, common source

2. Graphical symbol
• Letters and numbers shown on the drawings

of graphical symbols listed below are given

Description

PNP transistor

NPN transistor

NPN transistor (collector

to case connected)

P-channel junction type

field effect transistor

N-channel junction type

field effect transistor

N-channel junction type

field effect transistor (gate

taken out of a substrate)

P-channel MOS
enhancement type field

effect transistor

Graphical symbol

-*t

*F
m
©=-

-®
®=x

only for explanation purposes and do not

comprise a part of relevent symbols.

The letters used here denote the follow-

ing—
E: emitter D: drain

C: collector G: gate

Brbase S: source

• The following envelope symbols may be
omitted if no confusion will arise or if none
of the elements in a device is connected to

an envelope.

O O
Envelope Symbols

Description

N-channel MOS
enhancement type field

effect transistor

N-channel MOS
enhancement type field

effect transistor (gate taken
out of a substrate and
connected to case)

N-channel MOS
depletion type field effect

transistor

Graphical symbol

©
N-channel MOS
depletion type field effect

transistor (gate taken out

of a substrate)

Dual-gate N-channel MOS
depletion type field effect

transistor (substrate

internally connected to

source)

Twin transistor

-4N-

;:=@t=^

High-speed switching

N-type base uni-junction

transistor
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA473

POWER AMPLIFIER APPLICATIONS.

CAR RADIO AND CAR STEREO OUTPUT STAGE

APPLICATIONS

FEATURES

:

. Good Linearity of hpE.

. Complementary to 2SC1173.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -30 V

Collector-Emitter Voltage VCEO -30 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -3 A

Emitter Current IE 3 A

Collector Power
(Tc=25 o

c)
Dissipation

Pc 10 W

Junction Temperature T
3

150 °C

Storage Temperature Range Tstg -55VL50 °C

ELECTRICAL CHARACTERISTICS (Ta=25°c)

10.3 MAX, 3.6 ±0.2

2.54 2.54 s
in

d

?bj2-3-

1. BASE

2. COLLECTOR (HEAT SINK)

3. EM I TTER

JEDEC T0-220AB
EIAJ SC-46

TOSHIBA 2-10A1A

Mounting Kit No. AC75
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-20V, IE=0 - - -1.0 MA

Emitter Cut-off Current IEBO VEB=-5V, Ic-0 - - -1.0 yA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-10mA, Ib=0 -30 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO lE=-lmA, lc=0 -5 - - V

DC Current Gain
hFE(l)

(Noto)
VCE=-2V, IC=-0.5A 70 - 240

hFE (2) VcE=-2V, IC=-2.5A 25 - -

Collector-Emitter
Saturation Voltage

VcE(sat) IC=-2A, IB=-0.2A - -0.3 -0.8 V

Base-Emitter Voltage VBE VCE=~2V, Ic=-0.5A - -0.75 -1.0 V

Transition Frequency fT VCE=-2V, IC=-0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=-10V,lE=0,f=lMHz - 40 - pF

Note: hFE(D Classification : 70^140, Y : 120^240
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2SA473

-3.2

D
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J C
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-as

-40 COMMON
EMITTER

l^""

- 30

-Z5

-go

-15

-10
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I
T1
= "

-4>

3 mA—

'

300

-2 -4 -6 -8 -10 -12

COLLECTOR-EMITTER VOLTAGE VCE (V)

hEE — Ic

10

1

Tc= 7 5°C

-25

MMON
I T T TT, R

CO
.. EM

Vci2
= 2V

-Q003 -001 -0.03 -0.1 -0.3 -1

COLLECTOR CURRENT I c W

EHIH £^ «ho m

ig£ -0.1
OM

-1.0

-as
-03
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_ Ic
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o<
OKI
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-0.03

-0.01

-

- EMITTER
1 Ic/ IB= 10
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<\<^A

-25
„

_|L 1 INI
0.003 -0.01 -0.03 -0.1 -0.3 -1 -3

COLLECTOR CURRENT I c (A)

IC _ VBE

m <
ph a

1
1

COMMON
EMITTER
V CE = -2V

Tn =75'C 25 -2b

1

J / /

^» ',/./
-0.1 -03 -0.5 -0.7 -0.9 -la -1.3 -1.5

BASE-EMITTER VOLTAGE VBE (V)

Ic 'BE

« oDM

«
H
(£

O
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O

OH
H<
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oP

1
COMMON
EMITTER

/I

VCE = -2V

/I

//
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'25

5

7/
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BASE-EMITTER V0LTAOE

PC - T a
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v Be M

<?> T T

(i) INFINITE HEAT
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@ l00Xl00x2nm At
HEAT SINK

\
\

^ \ ® 50X50X2mmA^
|v HEAT SINK

(3)

V

25 50 75 100 125

AMBIENT TEMPERATURE
150 175

Ta (C)

SAFE OPERATING AREA

-0.1

i —i—|—m-p-
- Iq MAX. (PULSED)^

" >K SINGLE NONREPETITIVE
HJLSE Ta = 25°C

1 1 1 1 1 1 1 \\ '

Ic MAX.
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^S
*
%
k^

-*o #

fiA"
<?%. \J
- **A v\\°\

\\\
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-WITH T n n t? F. a am

v\\

c
e

i
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.. ..J

EMPER A'rtjpIE

| |

\

COLLECTOR-EMITTER VOLTAGE
vCe (v)
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SILICON PNP TRIPLE DIFFUSED TYPE 2SA490

Unit in mm

POWER AMPLIFIER APPLICATIONS.

FEATURES:

• Complementary to 2SC790 .

10 Watts Output Applications

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector - Base Voltage VcBO -50 V

Collector-Emitter Voltage vCE0 -40 V

Emitter-Base Voltage vEB0 -5 V

Collector Current ic -3 A

Emitter Current IE 3 A

Collector Power Dissipa-
tion (Tc=25°C)

pC 25 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55%150 °C

103 MAX 03.6±O.3

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

T0-220AB
EIAJ

TOSHIBA 2-10 A1A

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-30V, IE=0 - - -10 VJA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 PA

Collector-Emitter

Breakdown Voltage
V (BR) CEO Ic=-50mA, I B

=0 -40 - - V

Emitter- Base
Breakdown Voltage V(BR)EB0 IE=-10mA, lc=0 -5 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-2V, IC=-0.5A 40 - 240

hFE(2) VCE=-2V, IC=-2A 13 50 -

Collector-Emitter

Saturation Voltage
vCE(sat) IC=-2A, I B=-0.2A - -0.45 -1.2 V

Base-Emitter Voltage VBE VCE=-2V, Ic=-2A - -0.85 -1.8 V

Transition Frequency fT VCE=-2V, IC=-0.5A 3 10 - MHz

Collector Output
Capacitance cob VCB=-10V ,

I

E=0 , f=lMHz - 150 - pF

Note : hEE d) Classification R : 40^80 : 70^140 Y : 120^240
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2SA490
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o
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7

J
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'

/
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA496
2SA505,

Unit in mm

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Collector Saturation Voltage

: VCE ( Sat)=-0-32V (Typ.)

• Complementary to 2SC495 and 2SC496.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base

Voltage

2SA505
vCBO

-60
V

2SA496 -40

Collector-Emitter
Voltage

2SA505
VCEO

-50
V

2SA496 -30

Emitter-Base Voltage vEBO -5 V

Collector Current ic -1 A

Emitter Current IE 1 A

Collector Power Dissipation PC 1 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55% 150 °C

7.9MAX.

2.3 2.3

P Z 3

1. EMITTER

2. COLLECTOR (HEAT SINK^

3. BASE

TO — 12 (

TOSHIBA

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25<'O

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-30V, IE=0 - - -1 yA

Emitter Cut-off Current lEBO VEB=-5V, lc=0 - - -1 UA

Collector- Emitter
Breakdown Voltage

2SA505
v (BR)CE0 IC=-10mA, IB=0

-50 - -
V

2SA496 -30 - -

Emitter-Base Breakdown Voltage v (BR)EB0 IE=lmA, IC=0 -5 - - V

DC Current Gain

(Note)
hFE(l) VCE=-2V, Ic=-50mA 40 - 240

hFE(2) VCE=-2V, Ic= -800mA 13 - -

Collector-Emitter Saturation
Voltage

VCE(sat) Ic=-500mA, lB=-50mA - -0.32 -0.8 V

Base-Emitter Voltage VBE VCE=-2V, Ic=-500mA - - -1.3 V

Transition Frequency fT VCE=-10V, Ic=-10mA 50 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 20 - PF

Note: hpE (l) Classification R : 40 % 80 : 70^140 Y : 120^240
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2SA496-2SA505

Z C - Vce

-600

o -400

o
O
3 -230

4
/,*^^s

1

15-
C 0MM0N

-10 Tc- 2 5'C

i

—8

—6

-4

1

— 1 -2 , .

COLLECTOR- EMITTER VOLTAGE VCE (V)

1000

20 40 60 80 100 120 140 160 180
AMBIENT TEMPERATURE Ta (r)

hPE - I C

« -3 -5 -10 -30—50 —100
COLLECTOR CURRENT

30C —1000
(mA)

-0.01
-1 —3 —5 —10 -^30 —50—70
COLLECTOR-EMITTER VOLTAGE VCE (V)
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SI LICON PNP EPITAXIAL TYPE (PCT PROCESS)

INDUSTRIAL APPLICATIONS
Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

<HIGH SPEED SWITCHING APPLICATIONS.

FEATURES

:

1

r-

d

X
<
s
CO

<6

• High Transition Frequency : fT=80MHz (Typ.)
00.45

1

M
so
9

• High Breakdown Voltage : VCEO=-80V (2SA503)

: VcEO=-60v (2SA504)
1 1

• Low Saturation Voltage : VcE(sat)=-0.12V (Typ.) 05.08
(at Ic=-150mA, IB=-15mA)

• Complementary to 2SC503 and 2SC504. A^3\

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

1. EMITTER
2. BASE

3. COLLECTOR(CASE)

Collector-Base Voltage
2SA503 vCBO

-100 V
2SA504 -80

Collector-Emitter Voltage 2SA503
VCEO

-80
V

2SA504 -60

Emitter-Base Voltage VEBO -5 V JEDEC TO - 39

Collector Current ic -600 mA
EIAJ TC - 5,TB - 5B

Base Current IB -100 mA TOSHIBA 2 - 8B1A

Collector
Power Dissipation

Ta=25°C
PC

800 mW Weight : 1.13g
Tc=25°C 6 W

Junction Temperature T
i

175 °C

Storage Temperature Range Tstg -65VL75 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current
2SA503

ICBO
VCR=-80V, IE=0 - - -0.5 yA

2SA504 VCB=-60V, IE=0

Emitter Cut-off Current lEBO VEB=-5V, IC=0
- — -1.0 yA

DC Current Gain (^^ VCE=-2V, IC=-150mA 30 - 300

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-150mA, IB=-15mA - -0.12 -0.5 V

Base-Emitter
Saturation Voltage

VBE(sat) Ic=-150mA, IB=-15mA
- -0.8 -1.5 V

Transition Frequency fT VcE=- 2v » IC=-150mA 50 80 — MHz

Collector Output Capacitance Cob VCB=-10V,lE=0,f=lMHz
- 22 30 pF

Base Intrinsic Resistance rbb' VcE=-10V,lE=lmA,f=30MHz - 12 30 Q

Switching

Time

Turn-on Time ton 27QQ OUTPUT
5MS' ,mpu,t< /pY7rr°

DUTY VBb=3V Vpn=-15V

- 60 -

nsStorage Time tstg
- 450 -

Fall Time tf
- 80 -

Note : hFE Classification : 30^90, Y : 50^150, GR : 100*300
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2SA503-2SA504

SWITCHING CHARACTERISTICS

500

300

1

VCC "
±uv

I c
- —150mA

Ig2 " 15mA

To = 25°C
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1 -18

-16
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b— io

__-8
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200 ^ - 4
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=T
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O <
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—3
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)

- ic

" COMMON EMITTE] 1

-l
T

'
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[

—0.1
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IL^2 5
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I. — 5f
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2SA503-2SA504

f T
1000

500

300
VC E =-10V

:::-5
... —3

-3-5 -10 —30—50
COLLECTOR CURRENT

-100 -300 —500

I c (mA)

c ob »
c i"b Vr

1

100
c.

^?J
50 c r

>.!i.^°6

>>d

1

30
1

5

1

0.1 0.3 0.5 1 3 5 10 30 50

REVERSE VOLTAGE VR (V)

H D
CO Eh

< <
ffl ra

-T)

VBE( sat
]

- I c

-in

COMMON EMITTER

... Ic /Ic=10

-5
„

-1 ... Tc=-55"C

01 -.

25
-0.3 10

-0.1

5 .

-1 -3 -5 -10 -30 -100 300-500

COLLECTOR CURRENT I c (mA)

PC Ta

T. Tc =-- Ta
(_
INFINITE HEAT B 1JV " ;

'?-
N

. 200X200X2 mm k£
HEAT SINK

(USING- RH-10)
© 100X100X2 mm Ai

HEAT SINK
(USINO RH-10)

:i) 50X50X2 mm A^
HEAT SINK

(USINQ RH-10)
1 NO HEAT SINK

'J

-t

'£
y

A£ heat sink With
silicone grease to

keep contact\
\

thermal
resistance small,

^A
^s

®
^ Xv

^^
^

40 80 120 160

AMBIENT TEMPERATURE

200

Ta

240

CC)
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2SA510
2SA512,

SILICON PIMP EPITAXIAL TYPE (PCT PROCESS)

INDUSTRIAL APPLICATIONS
Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

,510)

i512)

|

pa39MAX

HIGH VOLTAGE SWITCHING APPLICATIONS.
f

0ft45MAX.

REGULATOR APPLICATIONS.

FEATURES

:

zz I 1

• High Breakdown Voltage : VcEO=-100V (2S^

: VcEO=-60V (2S/ pa45 M
so
Oi

• Various Uses for Medium Power

: IC=-1.5A (Max.), P c=800mW (Max.)
05.0 8

• Complementary to 2SC510 and 2SC512.
MAXIMUM RATINGS (Ta=25°c)

1

1

>'
)

CHARACTERISTIC SYMBOL RATING UNIT 3]/
Collector-Base Voltage 2SA510 vCBO

-120 V

( CASE)

2SA512 -80

Collector-Emitter
Voltage

2SA510
vCEO

-100
V

1. EMITTER
2. BASE
3. COLLECTOR

2SA512 -60

Emitter-Base Voltage VEBO -5 V

Collector Current ic -1.5 A

Base Current IB -300 mA JEDEC TO— 39

Collector
Power Dissipation

Ta=25°C
?C

800 mW EI A J TC-5, TB-5B
Tc=25°C 8 W

TOSHIBA 2-8B1A
Junction Temperature T

J
175 °C

Weight : 1.1 3gStorage Temperature Range Tstg -65^175 °C

ELECTRICAL CHARACTERISTICS (Ta=25 °C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-30V, IE=0 - - -1.0 yA

Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -5.0 Vk

DC Current Gain
hFE(l)
(Note)

VCE=-2V, lc=-200mA 30 - 150

hFE(2) VCE=-5V, IC=-1A 15 - -

Collector-Emitter

Saturation Voltage
vCE(sat) Ic=-200mA, IB=-20mA - -0.3 -0.6 V

Base-Emitter
Saturation Voltage

V'BE(sat) Ic=-200mA, IB=-20mA
- -0.85 -1.0 V

Transition Frequency fT VCE=-10V, Ic=-30mA 20 60 - MHz

Collector Output Capacitance Cob VCB=-10V,lE=0,f=lMHz - 43 50 pF

Switching

Time

Turn-on Time ton n INPUT IkO /T^-^T^
UT

DUTY Hl nr b
:YCLE^2#VBB = 3V Vcc =-40V

- 0.12 __

usStorage Time tstg - 2.0 -

Fall Time tf 0.2 -

Note : hFE (!) Classification R : 30^90, : 50VL50

TOSHIBA CORPORATION MllllllillillllllltllllllllttMllMlltilltlMltllllllltllltlllllllKlilltlMlllllllllMlllllllllltlltllllllllllMtlllllllltlltllllMllllMIIMllllllltlllt ( tllMlllllMMtllllltlllllllltllltMtltllMMMIMII
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2SA510-2SA512

SWITCHING CHARACTERISTICS
3000

1000

Id 500
a^ 300

sM
H 100

2
5 50

O
^ 30

1

t etg

-- tf

*V^oil

VCC --40V
Ic = —200mA

IB2 = 3mA

1

1

= 2

l

5°C

1 1 1
,11

-2.0

-1.5

—1.0

-0.5

300

100

-3 —5 —10 -30 —50 -100

BASE CURRENT IB1 (mA)

—300

ic VCE

EMITTER

T c = 100 °C.00

—5

-20

-10

1 —5
1

I
T
3=—2mA—

1

1 1 1

-1 -2 -3 -4 -5 -6 -7
COLLECTOR-EMITTER VOLTAGE VCE (v)

hpE - J C

—100 —300 —1000

-2.5

-2.0

-1.5

-1.0

-0.5

-2.5

o -2.

-1.0

« oO M

-5

-3

-1

-0.5

-0.3

—0.1

-0.05

I C ~ VCE

C0MMU.N emitter

Tc -25°C

- 80 -60

t/ .
—

-

•-40

^
>

/
V — —

—

-2

..v
s

—
>V

Ig =—5mA

r
-1 —2 -3 —4 -5

COLLECTOR-EMITTER VOLT^E Vce Cv;

—2 —3 —4 —5 —6 —7
COLLECTOR-EMITTER VOLTAGE VCE (V)

VCE(sat) - I C

1

. COMMON EMITTER

1

L C/' ^B~ -.0
Tc 100°C /^ 2 5

55

— _
-10 -30 -100 -300 —1000 —3000

COLLECTOR CURRENT Ic (mA)
COLLECTOR CURRENT Ic (mA)
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2SA510-2SA512

-5

VBE( sat

)

- ic

- COMMON EMITTER
|

—3

1

—1

lc/ J-B - 1U
Tc= — 5J>"(

25—0-5 \

—0.1

-0.05
-10 -30 -100 -300

COLLECTOR CURRENT
-1000 -3000

IC (mA)

PC - Ta

CD TV - Ta

% (INFINITE HEAT SINK)

@ 200X200 < 2mm hi HEAT SINK

(USING RH-10)

<3 100 X 100 X 2 mm A£ HEAT SINK

(USING RH-10)

® 50X50X2mm hi HEAT SINK

(USING RH-10)

© NO HEAT SINK

\\

®
s\

\(Note) Unit mounted on A£®

\ silicone greace to

\ keep contact thermal

Resistance small.

5

40 80 120 160 200 240 ;

AMBIENT TEMPERATURE Ta (°C)

§8

500
c ib

,

c ob - VR

m m
o o 100
z z,
< <
e-i h hf)

o o
< $ :<n
FM Ph

- Tc = 25"C

% r r

^0
n

0)

;; ^ob( IB = 0)

0.3 0.5 1 3 5

REVERSE VOLTAGE

10

VR (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS

VIDEO AMPLIFIER APPLICATIONS.

HIGH SPEED SWITCHING APPLICATIONS.

FEATURES:

. High Transition Frequency; fT = 200MHz (TYP.)

. Low Output Capacitance; Cob = 3.5pF (Typ.)

. Low Saturation Voltage; VCE(sat) = -0.3V (Max.)
at Ic = -100mA , I B = -10mA

. Complementary to 2SC594

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage VCBO -60 V
Collector-Emitter Voltage vCEO -45 V
Emitter-Base Voltage VEBO -5 V

Collector Current ic -200 mA
Base Current IB -50 mA

Collector
Power Dissipation

Ta=25°C
PC

750 mW
Tc=25°C 5 W

Junction Temperature T
.i

175 °C

Storage Temperature Range Tstg -65-175 °C

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC

Collector Cut-off Current
Emitter Cut-off Current

SYMBOL

ICBO

EBO

DC Current Gain

Collector-Emitter
Saturation vnlf-agg

Base- Emitter
aturatinn Vol tagp VBE(satj

Transition Frequency

Input Resistance

Collector Output Capacitance

Switching

Time

Turn-On Time

Storage Time

Fall Time

hFE(l}
ote.)(N

hFE(2)

'CE(sati

fT

'ie

Cob

ton

tstg

TEST CONDITION

Unit in mm
<£a3 9MAX

1. EMITTER
Z BASE
3. COLLECTOR (CASE)

JEDEC TO - 3<

EIAJ TC - 5.TB - 5B

TOSHIBA 2-8B1A

Weight : 1.13g

VCB=-45V, IF=0

VEL5V
' V°

VCE=-1V, Ic=-10mA

VCE=-3V, Ic=-200mA

IC=-100mA, IB =-10mA

IC=-100mA
5

IB =-10mA

VCE S-10V, IC=-10mA
VCE =-10V,IE =10mA t f=200MHz

VCB =-10V,IE =0,f=lMHz

INPUT 68Cii
OUTPUT

DUTY

CYCLE ^2$, VBB=3V V o=-12V

MIN.

40

20

100

TYP

200

3.5

40

250

30

Note
; hFE(l) Classification R : 40^80, : 70^140, Y : 120^240

MAX,

-0.1

-0.1

240

-0.3

-1.0

120

UNIT

yA

MA

MHz

PF

TOSHIBA CORPORATION
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2SA594

IG -vCE ( LOW VOLTAOE REGION)

| COMMON EMITTER

Ta = 25 *C
-2C0

-IC

/^ -50

/
X

-SO.,

-2.0,

' ^
/

***-

-120 s
^

-"*

.-j
^- Lb

1.0' '.

i
r.

-"
-C.5

> -——
mA

y -"-B

nr

hjPE - I

C

C -1 -2 -3 -4 -5 -6 -7

COLLECTOR-EMITTER VOLTAGE V0E (V)

ic -VCE ( LOW VOLTAGE REGION)

[

COMMON EMITTER

Ta= 100°C

-ao

-160
-4.0

-2.0
-—t-120
-1.0

1

IB=-0.2mA

1 1

| 1

-20C

-160

-120

-80

-1 -2

COLLECTOR-E

3 -4 -5 -6 - r
.

:MITTER VOLTAOE VCE(V)

IC-VcE (LOW VOLTAGE REGION)

COMMON EMITTER

Ta = -55 a

C-ac"^
i.O

-30

-ac

^5

-LO

lB=--C.5mA

1 1 1

1 1 1

-1 -2 -3 -4 -5 -6 -7

COLLECTOR-EMITTER VOLTAGE VCE (V)

-Ql -0.3-Q5-1 -3 -5 -10 -30-50-100-300

COLLECTOR VRRENT Ic (mA)

vCE(sat) - IC

Ql

005
Eh >

o d

-| CO 4M0N EMITTER

/I B = 10I 1(1

III

~-T. Ta=-ICOjC^-

1^ w
T \ ~

1
~5

.

5

-0.1 -Q3-C.? -1" -3-5-10 -30-50-100-300

COiLEOTCR CURRENT Ic (mA)

v BE(sat) - Ic

COMMON EMITTER

1
Ta= -55"C

i\ \

5Ja <

I IOC

-Ql -C3-G5-1 -3-5 -10 -3C-50-1C0 -300

COLLECTOR CURRENT Ic (mA)

PC - Ta

1 Q TO — Ta
® (INFINITE HEAT

SINK)
(2) NO HEAT SINK

1 . ('A

r>

25 50 75 ICO 125 150 175 200

AMBIENT TEMPERATURE Ta (°c)
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SILICON PNP TRIPLE DIFFUSED MAS TYPE

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VcBO=-130V, Vceo=-HOV (2SA656A)

• Complementary to 2SC519A, 2SC520A and 2SC521A.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base

Voltage

2SA656A

vCBO

-130

V2SA657A -100

2SA658A -70

Collector-

Emitter

Voltage

2SA656A

vCEO

-110

V2SA657A -80

2SA658A -50

Emitter-Base Voltage vEBO -5 V

Collector Current ic -7 A

Base Current IB -2 A

Collector
Power
Dissipation

Tc=25°C
PC

50
W

(Note) 25

Junction Temperature T
3

150 °C

Storage Temperature Range Tstg -65 * 150 °C

2SA656A
2SA657A
12SA658A1

INUUS'l'KlAL ArFLIUAilUNS
Unit in mm

35.0 MAX.

1. BASE

2, EMITTER
COLLECTOR (CASE)

J ED EC TO-3

TC-3, TB-3

TOSHIBA Z-21A1A

Mounting Kit No. AC73
Weight : 12g

Note : Unit mounted a 300x300x2mm Al on a heat sink with silicone greased

mica insulator.

TOSHIBA CORPORATION
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2SA656A •2SA657A • 2SA658

A

ELECTRICAL :HARACTERISITICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off

Current

2SA656A

ICBO

VCB=-130V, IE=0
- - -100

PA2SA657A VCB=-100V, IE=0
- - -100

2SA658A VCB=-70V, IE=0
- - -100

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -5 mA

Collector-Emitter

Breakdown Voltage

2SA656A

V (BR) CEO Ic=-50mA, IB
=0

-110 - -

V2SA657A -80 - -

2SA658A -50 - -

DC Current Gain
hFE(l) VcE=~5V, Ic=-1A 30 - 300

hFE(2) VCE=-5V, IC=-5A 15 - -

Saturation

Voltage

Collector-Emitter VcE(sat)
IC=-5A, IB=-1A

- -0.7 -2

V
Base-Emitter vBE(sat)

- -1.4 -2.5

Transition Frequency fT VCE=-10V, IC=-1A - 5
- MHz

Collector Output Capacitance Cob VCB=-50V,

I

E=0 ,
f=lMHz - 150 - pF

Switching

Time

Turn-on Time ton

(Fig.)

- 0.5 -

usStorage Time tstg
- 3.0 -

Fall Time tf
- 0.4 -

Fig. SWITCHING TIME TEST CIRCUIT

20 mS

INPUT ZZ0SX
O 1—vw-

+ 3V

DUTY CYCLE ^ Z%

O
-30V

TOSHIBA CORPORATION ii 1 1 n m 1 1 1 1 k 1 1 mi 1 1 1 it i u 1 1 1 1 1u 1 1 Mu in 1 1 1 itmi 1 1 1 mil in 1 1 in 1 1 1 1 1 1 1 1 1
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2SA656A • 2S A657A •2SA658A

CE

« 5

H <1

H O
S >
H

I 25

K O
O M
E-< t-i

O <
H K
J D
O <
o ra

-8
COMMON
EMITT ER
T c — 25 °C

-6
-2 00

-150

-100
-4

1

-SO

-2 IB

n

-10

-1 -2 -3 -4 -5

COLLECTOR-EMITTER VOLTAGE
VCE (

v)

I — Vx
C CE

-10

COMMON EMITTER
T c = " 5 5 "C -6

-5

00

00

-400
.

-300

-200
-1 50

-50

*B
= -20 mA

-1 -2 -3 -4 -5

COLLECTOR -EMITTER VOLTAGE VCE (y)

-3.0

-1.0

-0.5

-03

-ai

-a05

-aos

V CE(sat) ^"C

- COMMON

%/** =
EMITTER
10

: tc = ioo°c

^S
25 /

rftf

-55
1 _

-aoi -ao3 -ai -o.3 -i

COLLECTOR CURRENT

-3 -10

I C W

COMMON EMITTER

T c = 1 "C

-300_

-2 0,
-150

-10 0_

-50

IB = -20 mA

-1 -2 -3 -4 -5

COLLECTOR-EMITTER VOLTAGE VCE (V)

300

h F E
z
o

- T c = 100 ° 1 I Mil
"

VCE =-5V
inn

" 25
50

-5530

10

-IV

5

COMMON
" EMITTER3

-001 -003 -Ol -03 -1 -3 -10

COLLECTOR CURRENT I c (A)

-10

J
C

VBE

-3

-1
P
o i

o /
1
/

-03
II

/
ir
/o / m If

'

COMMON
EMITTER
V/«= -5V

nm 1 _l L.

-02 -04 -06 -08 -1JD -12 -14 -lfi ~X8 -2.0

BASE-EMITTER VOLTAGE ^BE (V)

lllSllMllllll)lUt1iM1MltMttMI1it1ttt)ltmt)11))Mll)linil11)IIMIIIIl t f JII4IIIIIIIIHM1IIMII 1 1 1 1 1 1M IM I J I i 1 1 J IM 1 1 1 1 f 1 1 1 1

1

f 1 1 1 1 1 J I ri 1 1 1 1 1 1 1 M 1 1 f I f 1 1 1 1

1
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2SA656A • 2S A657A • 2SA658A

K >
Eh Z
Eh O
H H
S H
W <
' K
Kl D
CO E-<

-Q5

-as

-ai

be ( sat)
- I,

COMMON EMITTE R

IG/IB = 10

l I

i

j
1

|

T = -55°C

35
\ '

1C

-0.01 -ao3 -ai

COLLECTOR

-0.3 -1

CURRENT

-3

ic (A)

BQ H
n u
S5 z
< <H H
M
C ) O
<! <i
H< Ph

< <!
o u

Eh m
&q Eh

O S

100
0.1

'ofc it
- V T

C n
-

1

1

°ot>

as as

REVERSE
1 3 5 10

VOLTAGE V R (V)

SO 50

T. SAFE OPERATING AREA

m Ph 40

® Tc = T a
(.INFINITE HiMT tJIMK;

® 200X200X 2mmAi
(HEAT SINK)

© 150X 150X 2mm A£
(HEAT SINK)

® 100X100X 2mmA^
(HEAT SINK)

© 70x70X2mmA^
(HEAT SINK)

cTi

c^

- ®
- ®
~

(.

r

2 5 50 7 5 10 125

AMBIENT TEMPERATURE

150

T a fC)

-a3

-30 -50 -100

JOLLECTOR -EMITTER VOLTAGE

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED MESA TYPE

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High Voltage : VCEO=-40OV

• Low Saturation Voltage : VCE (sat )=-1.5V (Max.)

(IC=-1A, IB=-0.2A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
:

F
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

'CEO

VEBO

IB

PC

L stg

RATING

-400

-400

-5

-3

-1

50

150

-65^150

UNIT

INDUSTRIAL APPLICATIONS

Unit in mm

025.OMAX.

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO-2 4MA/TO-3

TC-3, TB-3

TOSHIBA 2-21E1A

Mounting Kit No. AC73
Weight : 15. 8g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current zCB0 VCB=-300V, IE=0 - - -100 UA
Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -1 mA
Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=-10mA, IB
=0 -400 - - V

DC Current Gain hFE VCE=-5V, IC=-0.5A 20 - 300
Collector-Emitter Saturation
Voltage

VCE(sat) IC=-1A, IB=-0.2A - - -1.5 V

Base-Emitter Saturation Voltage VBE(sat) IC=-1A, Ib=-0.2A - - -2.0 V
Collector Output Capacitance Cob VCB=-50V,I E=0,f=lMHz - 100 - PF

Switching

Time

Turn-on Time ton INPUT OUTPUT
100O _ - 1.0 -

ys

DUTY
CYCLE^2& VBB = 3V Vcc=-25V

Storage Time tstg - 2.0 -

Fall Time tf - 1.0 -

iiiMiintttittMtiMti)n)niinnn>iiitiiiin»Mtniiii)iiiiiiii]MMiMiitiMiuu>i>miiitMMJiiiiiiiiMiMiMiin> tiiiiiiMiMiiiiiriiiJiiiiiitiiiii MMint t tiiMiMHiiittMiiuii ~I~CIV^3»—IB^3,^X. CORPORATION
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2SA739

IC ~~ VCE

1

COMMON EMITTEB

-25 Tc =253

C

/
^

I

/
^

—» -20

//
I

'/ -15

I'/
y\

I
f

\L
f -n —lu

¥ Ig =— 5mA

VV -2-4 -6 -6 -10 -12

COLLECTOR-EMITTER VOLTAGE VCE (V)

IC — VCE

COMMON EMITTEB

-90 Tc=-55°C

y^ 1

'
«•—

-60

s
1

-50^
V ,-40

<
I

I
-30

I -20

I
IB=—10mA

r 1 1 |° 1

-02 -0.4 -0.6 -OB -1.0 -1.2 -1.4

COLLECTOR-EMITTER VOLTAGE VCE (V)

hFE — I C

COMMON EMITTER

Tc=25°C

v^ F =— aov

" -10

-5

ic -
- VCE

1 I I
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2SA814'
2SA81 5,

SILICON PIMP EPITAXIAL BASE MESA TYPE

MEDIUM POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage: VcEO="120V (2SA814)

: VCEO=-100V (2SA815)

. Complementary to 2SC1624 and 2SC1625.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SA814
VCBO

-120
V

2SA815 -100

Collector-Emitter
Voltage

2SA814
VCEO

-120
V

2SA815 -100

Emitter-Base Voltage VEBO -5 V

Collector Current ic -1 A

Emitter Current IE 1 A

Collector Power ,_, „_ _.
_. . . . (Tc=25 C)
Dissipatxon Pc 15 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55VL50 °c

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Unit in mm
10.3 MAX. 0Z6±<\2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EM ITTER

JEDEC T0-220AB

SC-46
TOSHIBA 2-10A1A

Mounting Kit No.- AC75
Weight ; 1 ,9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -1.0 yA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 yA

Collector-Emitter
Breakdown Voltage

2SA814
v (BR) CEO Ic=-10mA, IB=0

-120 - -

V
2SA815 -100 - -

Emitter-Base
Breakdown Voltage

v (BE)EB0 lE=-lmA, lc=0 -5 - - V

DC Current Gain
hFE(l)
(Note) VCE=~5V, IC=-150mA 70 - 240

hFE(2) rVcE="5V, Ic=-500mA 40 - -

Collector-Emitter
Saturation Voltage

VCE(sat) Ic=-500mA, lB=-50mA - - -0.5 V

Base-Emitter Voltage VBE Vce=-5V, Ic=-500mA - - -1.0 V

Transition Frequency fT VCE=-5V, Ic=-150mA 10 30 - MHz

Collector Output Capacitance Cob VcB=-10V, lE=0, f=lMHz - 30 - pF

Note: hFE(l) Classification : 70^140, Y : 120^240
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2SA814-2SA815
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

Unit in mm

MEDIUM POWER AMPLIFIER APPLICATIONS,

DRIVER STAGE AMPLIFIER APPLICATIONS

FEATURES

:

• High Breakdown Voltage :

. Complementary to 2SC1626,

MAXIMUM RATINGS (Ta=25°C)

VCEO=-80V

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipa-
tion (Ta=25°C)

Junction Temperature

SYMBOL

VCBO

'CEO

EBO

RATING

-80

-80

-5

-750

750

1.5

150

UNIT

V

mA

mA

°C

10.3 MAX. 03.6 ±0.2

i. BASE

2. COLLECTOR (HEAT SINK;
3. EMITTER

TO-220AB

TOSHIBA 2—IOAIA

Storage Temperature Range Tstg -55^ 150 °C Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB^30V ' V° - - -0.5 PA

Emitter Cut-off Current IEB0 ^B-^cf - - -1.0 yA

Collector-Emitter
Breakdown Voltage

V (BR) CEO I
c
=-10mA, I

B
=0 -80 - - V

Emitter-Base
Breakdown Voltage V (BR) EBO

I
E
=-0.1mA, I

c
=0 -5 - - V

DC Current Gain

hFE(l)

(Note)
V
CE

=-2V, I
c
=-150mA 70 - 240

hFE(2) V
CE

=-2V,i
c
=_500mA 40 - -

Collector-Emitter
Saturation Voltage

VCE(sat) I =-500mA, I =-50mA - - -0.5 V

Base-Emitter Voltage VBE V
CE

=-2V, I
c
=-500mA - - -1.0 V

Transition Frequency fT V
CE

=-2V, I
c
=-150mA 50 100 - MHz

Collector Output Capaci-
tance

cob V
CB

=-10V,I
E
=0,f=lMHz - 20 - pF

Note • hp^jj Classification : 70vL40, Y : 120^240
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SA940

POWER AMPLIFIER APPLICATIONS.

VERTICAL OUTPUT APPLICATIONS.

FEATURES:

. Complementary to 2SC2073

MAXIMUM RATINGS (Ta=25°C;

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

SYMBOL

VcBO

'CEO

Vebc

ic

IB

PC

RATING

-150

-150

-5

-1.5

-0.5

1.5

25

UNIT

Unit in mm

1Q3MAX. £6x0.2

2.5 4 2.5 4 <
S

C5
_ll 2 3

to

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TO-220 AB

TOSHIBA 2-10A1A

Junction Temperature 150

Storage Temperature Range stg -55-150 °C

Weight : 1 • 9g
Mounting kit No. AC75

ELECTRICAL CHARACTERISTICS (Ta=25°C'

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-120V, IE=0 - - -10 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -10 /*A

DC Current Gain hFE VCE=-10V, Ic=-500mA 40 75 140

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-500mA, IB=-50mA - - -1.5 V

Base-Emitter Voltage VBE VCE—lOV, IC=-500mA -0.65 -0.75 -0.85 V

Transition Frequency fT VCE=-10V, IC=-500mA - 4 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 55 - pF
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2SA940
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for TV Sound Output, Vert. Deflection

Output.

. Designed for Complementary Use with 2SC2194A.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VeBO

IC

IE

PC

Tj

Tstg

RATING

-60

-50

-1.5

1.5

1.5

150

-55-150

UNIT

Unit in mm

9.9MAX. 03.2±O.2

1^ :

0/66

sz

nt

xrrrjtH I
3°

1. EMITTER
2. BASE
3. COLLECTOR

Collector Connected to Tab.

JEDEC T O - 2 2

TOSHIBA 2-10F1A

Weight 1.37g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCE=-50V, I E=0 - - -1.0 tik

Emitter Cut-off Current lEBO V£B=-5V, IC=0 - _ -1.0 uA
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-10mA, Ib=0 -50 - - V

DC Current Gain hFE VcE=-2V, Ic=-150mA 70 - 240

Collector-Emitter
Saturation Voltage VCE(sat) IC=-1A, Ib=-0.1A - - -1.0 V

Base-Emitter Voltage VBE VCE=~10V, Ic=-10mA -0.50 -0.60 -0.70 V

Transition Frequency f T VCE=-10V, Ic=-100mA 50 100 - MHz

Collector Output Capacitance Cob VcB="10V, lE=0, f=lMHz - 30 - PF
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2SA962A

IC ~ VCE nPE

1 COMMON

-18

EMITTER

Ta -- 25°C-20

-16

-14

-12

-10

-8

-6

•4

1

i B -- - 2mA

1

-

-1 -2 -3 -4 -5 -6 -7

COLLECTOR-EMITTER VOLTAGE V :E (V)

vCE(sat) - X C

« ---0.1
g a

5 >
S -0.05

g -0.03

O r3
A <
r4 H
O O „ _,.
o >-u0l

" COMMON EMITTER

I C /IB -=I0

Ta --- 25°C

1000

500

A
A 300

COMMON EMITTER
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
2SA968
2SA968A
2SA968B

POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Transition Frequency; fT=100MHz (Typ.)

. Complementary to 2SC2238, 2SC2238A, and 2SC2238B

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SA968

VCBO

-160

V2SA968A -180

2SA968B -200

Collector-Emitter
Voltage

2SA968

VCEO

-160

V2SA968A -180

2SA968B -200

Emitter-Base Voltage VEBO -5 V

Collector Current ic -1.5 A

Emitter Current IE 1.5 A

Collector Power , „,,
Dissipation K ° w PC 25 W

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg -55vL50 °C

Unit in mm

i j. 0.3 MAX 03.6±O.Z

r
1.5 MAX.

HT
_©i

2.54

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC TO- 220AB

EIAJ SC-46
TOSHIBA 2-10A1A

Mounting Kit No. AC75
Weight : l.?g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current TCBO VCB=-160V, IE=0 - -• -1.0 yA
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 UA

Collector-Emitter
Breakdown Voltage

2SA968

V (BR) CEO IC=-10mA, Ib=0

-160 - -

V2SA968A -180 - -

2SA968B -200 - -

Emitter-Base
Breakdown Voltage V(BR)EB0 lE=-lmA, lc=0 -5 - - V

DC Current Gain-
hFE
(Note)

VCE=-5V, Ic=-100mA 70 - 240

Collector-Emitter
Saturation Voltage VCE(sat) IC=-500mA, IB=-50mA - - -1.5 V

Base-Emitter Voltage vbe VCE=-5V, Ic=-500mA - - -1.0 V

Transition Frequency fT VCE=-10V, IC=-100mA - 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 30 - pF

Note: hFE Classifi cation (D: 70^140, Y: 12CH240

TOSHIBA CORPORATION
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2SA968 2SA968A • 2SA968B
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES:

Low Collector Saturation Voltage

: VCE(sat)=-0.4V(Max.) at I C=-3A

• High Speed Switching Time : tstg=1.0)Js(Typ.

)

• Complementary to 2SC256 2.

MAXIMUM RATINGS (Ta=25 e
C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°m

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

'EBO

ic

L stg

RATING

-60

-50

-5

-5

25

150

-55 150

UNIT

°C

2.54 ,2-54

M
l "J

""

'

to

d

1. BASE

2. COLLECTOR (HEAT SINK;
3. EMITTER

JEDEC T0-220AB
ElAJ SC-46
TOSHI BA 2-iOAIA

ELECTRICAL CHARACTERISTICS (Ta=25 pC)

Mounting Kit No. AC75
Weight : 1.9g

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

SYMBOL

LCBO

Collector- Emitter
Breakdown Voltage

DC Current Gain

Saturation
Voltage

«ollector-
imitter

Base-Emitter

Transition Frequencty
Collector Output
Capacitance

Switching
Time

Turn-on Time

LEB0

TEST CONDITION

VCB=-50V, IE=0

VEB=-5V, IC=0

T (BR) CEO

hFEUJ
(Note)

^E (2)

VCE(sat)

vBE(sat)

fT

Cob

Storage Time

Fall Time

ton

-stg

tf

IC=-10mA, Ib=0

Vce=-1V, Ic=-1A

VCE="1V '
IC="3A

Iq =-3A, I B=-0.15A

Ic =-3A, IB=-0.15A

MIN.

-50

70

30

VCE=-4V, Ic=-1A

VcB=-10V, l£=0, f=lMHz

20 MB """iK
lB1̂
B2^-Cjg

- I B1=IB2=0.15A
DUTY CYCLER 1%

OUTPUT

Vnn=-30V

TYP, MAX,

-1

-1

UNIT

UA

-0.2

-0.9

60

170

0.1

240

-0.4

-1.2

1.0

0.1

PA

MHz

pF

us

Note : hpE(l) Classification : 70^140, Y : 120^240

" Hiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiffliii milium imimiii iiiiiiiiiiiiiimiiiiiiiiiiui iiimiiiiiiiiumi miiiiiiiii , nmmnmninnm,,,,, iniiiiini TOSHIBA CORPORATION
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2SA1012

STATIC CHARACTERISTICS
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H

O
CO

1
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7T/ 77 ^/

// / /-30b
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J E-"

O <
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EMITTER
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o 1 o /

- CO I- o #
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M
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s

1

•

1 r
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-400

-500
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C (A)
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2SA1012

VBE (sat)

e-i a
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

COLOR TV VERT. DEFLECTION OUTPUT APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.

FEATURES

:

. Large Collector Current and Collector Power

Dissipation Capability.

. Recommended for Vert. Deflection Output & Sound

Output Applications for Line Operated TV.

. Complementary to 2SC2481.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -150 V

Collector-Emitter Voltage VCEO -150 V

Emitter-Base Voltage Vebo -6 V

Collector Current ic -1.5 A

Base Current IB -1.0 A

Collector Power
Dissipation

Ta=25°C
PC

1.2
¥

Tc=25°C 20

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °c

1. EMITTER
2. COLLECTOR (HEAT SINK)

3. BASE

JEDEC TO—126

TOSHIBA 2-8F1A

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current TCB0 VCB=-150V, IE=0 - - -1.0 MA

Emitter Cut-off Current !eB0 VEB=-6V, IC=0 - - -1.0 MA

Collector-Emitter
Breakdown Voltage

V (BR)CE0 Ic=-10mA, IB=0 -150 - - V

DC Current Gain hFE (Note) VCE=-5V » Ic=-200mA 60 - 320

Collector-Emitter
Saturation Voltage

VCE(sat) IC=-500mA, IB=-50mA - - -1.5 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-5mA -0.5 - -0.8 V

Transition Frequency fT VCE=-5V, Ic=-200mA 15 50 - MHz

Collector Output Capacitance Cob VCB=-10V, lE=0, f=lMHz - - 35 PF

Note : hFE Classification R:60~120 0:100-200 Y:160~320

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiilill*llliliiiiiilinilltiiiliilllilillllllllllllilllHliiiiiiiliiiiiiillltlllllltllililiiiiiiilllllllllliiiitiii>iiiiiiiiiiliii***lHllliiiiiiiluillllliiMHiiiiintiiiililllllllil
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2SA1021

IC ~ Vqe IC - VBE

J -4 —8 —12 —16 —20

COLLECTOR—EMITTER VOLTAGE VGE (V)

hpE — Ic

^ »

\
v

-\^
C
V- \\

k ts
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- COMMON EMITTER \\\_ I i

,
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£
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-0.2

. C OMMON TT.MTTTTT.R
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-=;

s—25
*"• -X, ~-. "•
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*• vs.

\ (»V\

1 x\\

COMMON EMITTER

V CE =-10V
-5 V

1 1 1 1 1 1 1 1

1 1 II 1 II 1
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/
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/
///
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TOSHIBA CS^31=W^3F4>BW.~V~a^^BXI iiiiittlilllllllltllltllllltMlllllllllllllllliiiittiltJiiiittiiiiiiiiiiiiiiiiititlllllliitliillltiiliitlltiiiiiiiitiiiiltllMiiliitiltlitlililillilllllltlllllilltllllltllttMllllllltlllllltlililllitiitriiiiiiiiiiiiiiiii

— 178—



SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1093

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC2563.

. Recommended for 50W audio amplifier output stage,

. High transition frequency : f<r=90MHz(Typ. )

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VcBO

VCEO

'EBO

ic

RATING

-120

-120

-5

UNIT

Unit in mm

L5.9MAX .

0a2±O.2

5.4 5 ±L .2 5.45 7_:0.

2

+ '

<3

<X>

<
5
CD

-+n n-r PA
|

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

Base Current IB -0.8

Collector Power Dissipation
(Tc=25°C)

EIAJ
PC 80

T OSHIBA

Junction Temperature 150 Weight : 4.6g

Storage Temperature Range stg -55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-120V, IE=0
- - -50 /tA

Emitter Cut-off Current lEBO VEB=-5V, IC=0
- - -50 fik

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=-0.05A, IB=0 -120 - - V

DC Current Gain
hFE(l)
(Note)

VCE—5V, I C=-1A 55 - 240

hFE ( 2

)

VCE=-5V, IC=-4A 30 - -

Collector Emitter
Saturation Voltage

VCE(sat) I C=-4A, IB=-0.4A - -1.0 -2.0 V

Base-Emitter Voltage VfiE Vce=-5V, I C=-4A - -1.5 -2.5 V

Transition Frequency fT VCE=-10V, IC=-1A - 90 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 150 - pF

Note: hFE(l) Classification. R:55~110, 0:80-160, Y-.120-240

iiiitif fiitiiiifftff iffiiittfritfiifittf ftifriiftiffffiiiifffifffftifiiiiittirftftffiftjfiiiittffifiififf tifiifiifititiiffiiittiftfitffiiiJiifftfffiff*fifjfJiJiiifffiifitii«>j«jiif i«iJiJiif»«fJif JifiiiiJJiJitJJJiJitiiiii ~V~^I3^^B-^fl^^.^^ CORPORATION
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2SA1093
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^
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2SA1093

SAFE OPERATING AREA
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2SA1094 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VcE0=~140V

• High Transition Frequency : fx=70MHz (Typ.)

• Complementary to 2SC2564.

• Recommended for 80W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power .Dissipation
CTc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

vCEO

VEBO

ic

IE

PC

Ti

-stg

RATING

-140

-140

-5

-12

12

120

150

-55^150

UNIT

°C

Unit in mm

1. BASE
2. COLLECTOR(HEAT SINK)

3. EMITTER

2 - 34 A 1 A

Weight : 10. 8g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=-140V, IE=0 - - -50 yA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -50 yA

Col lee tor-Emitter
Breakdown Voltage

V (BR) CEO I C=-0.1A, IB=0 -140 - - V

Emitter-Base
Breakdown Voltage v (BR)EBO IE=-0.01A, I C=0 -5 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 240

hFE(2) VCE=-5V, IC=-5A 30 •
- -

Collector-Emitter
Saturation Voltage

VcE(sat) IC=-5A, IB=-0.5A - - -2.0 V

Base-Emitter Voltage VBE VCE=-5V, IC=-5A - - -2.0 V

Transition Frequency fT VCE=-10V, IC=-1A - 70 - MHz

Collector Output Capacitance Cob VCB=-10V ,

I

E=0 ,
f=lMHz - 220 - pF

Note : hFE (D Classification R : 55^110, : 80M.60, Y : 120^240

TOSHIBA CORPORATION
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2SA1094
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : Vceo=-160V

• High Transition Frequency : fT=60MHz (Typ.)

• Complementary to 2SC2565.

• Recommended for 100W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEBO

ic

Tstg

RATING

-160

-160

-5

-15

15

150

150

-55M.50

UNIT

V

Unit in mm

34.3MAX 5.3MAX.

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

TOSHIBA 2 - 34A1A

Weight : 10.1

ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC

Collector Cut-off Current
Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

Emitter-Base
Breakdown Voltage

DC Current Gain

Collector-Emitter

Saturation Voltage

Base-Emitter Voltage

Transition Frequency

Collector Output Capacitance

SYMBOL

ICBO

lEBO

V (BR) CEO

(BR)EBO

hFE(l)

(Note)
hFE(2)

VCE(sat)

VBE

fT

Cob

TEST CONDITION

VCB=-160V, IE=0

VEB=-5V, IC=0

I
C=-0.1A, IB

=0

IF=-0.01A, Ir=0

VCE=-5V, IC=-1A

VCE=-5V, IC=-5A

I
C=-5A, IB=-0.5A

VCE=-5V, IC=-5A

VCE=-10V, IC=-1A
VCB=-10V,

I

E=0 , f=lMHz
Note : hpgQ) Classification

MIN.

-160

-5

55

40

R 55M.10, : 80o,160, Y : 120^240

TYP.

60

350

MAX
-50

-50

240

-2.0

-2.0

UNIT

PA

yA

MHz

PF

TOSHIBA C^^^B=9B=»^^^^.^X.~S
-
B^^BNJ Ml 1 1 M M I
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2SA1095
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2SA1120 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• MIN hFE of 70 at-2V, -4A.

-5A Rated Collector Current.
• MAX VCE ( sat ) of -1.0V at -4A Ic .

10W at 25° C Case Temperature.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector
Current

Emitter

Current

DC

Pulsed(Note 1)

DC

Pulsed(Note 1)

SYMBOL

VcBO

VcEO

VEBO

_IC_

ICP

IE

*EP

RATING

-35

-20

-5

UNIT

V

unit jlii mm

1. EMITTER 2. COLLECTOR 3. BASE
(HEAT SINK)

TO - 126

Collector Power

Dissipation

Ta=25°C 1.0

Tc=25°C 10 TOSHIBA

Junction Temperature u_
150

Storage Temperature Range L stg -55^150

'Mounting Kit No. AC46C

Weight : 0.72g

Note 1. Pulse Test : Pulse Width=10ms (Max. )

,

Duty Cycle=30%(Max.)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. ,UNIT

Collector Cut-off Current xCB0 VCB=-35V, IE=0
- - -100 nA

Emitter Cut-off Current IEBO VEB=-8V, IC=0 — — -100 nA

Collector-Emitter

Breakdown Boltage
VcEO IC=-10mA, Ib=0 -20 - - V

Emitter-Base
Breakdown Voltage VEBO I E=-lmA, I C=0 -8 - - V

DC Current Gain

hFE(l)
(Note 2)

VCE=-2V, IC=-0.5A 100 - 320

V

hFE (2) VCE=-2V, I C=-4A 70 - -

Collector-Emitter

Saturation Voltage
vCE(sat) IC=-4A, IB=-0.1A

- - -1.0

Base-Emitter Voltage VBE VCE=-2V, IC=-4A - - -1.5 V

Transition Frequency fT VCE=-2V, IC=-0.5A - 170 - MHz

Collector Output
Capacitance

Cob VCB=-10V, IE=0, f=lMHz - 62 - pF

Note 2. hFE (!) Classification 0:100^200, Y: 160^320

TOSHIBA ^^v^^OR^Bk.'TI^IM iiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiHiiiiiiiiHHiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiuiiiiiiiiiHi«tiiiiniiniininm"nn
iiiiHiiiiiiiimiiniiiimiiiiiiiiiiiiiiiiiiiiiii
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES:

. Complementary to 2SC2704.

. Small Collector Output Capacitance : C b=2 • 5pF(Typ.

. High Transition Frequency : fT=200MHz(Typ.

)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current
Collector Power Dissipation

(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

VCEO

VEBO

ic

IB

PC

RATING

-150

-150

-5

-50

-5

10

150

-55-150

UNIT

mA

mA

°C

Unit in mm

7. 9 MAX
03.1x0.15

1. EMITTER
2. COLLECTOR (HEAT SINK)

3. BASE

T 0-1 2 6

TOSHIBA

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C;

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=-150V, IE =0 - - -0.1 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -0.1 M
Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-lmA, IB=0 -150 - - V

DC Current Gain hFE
(Note)

VCE=-5V, Ic=-10mA 80 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) lQ=-10mA, Ig=-lmA - - -1.0 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-10mA - - -0.8 V

Transition Frequency fT VCE=-10V, Ic=-10mA - 200 - MHz

Collector Output Capacitance c ob VCB=-10V,IE =0, f=lMHz - 2.5 - pF

Note: hps Classification 0:80-160, Y:120~240

TOSHIBA CORPORATION illttlillllMM till! iiiilliiiitiiiiiiif tiitllllllliiiiitllltiitiliiiiliiiiiiiiiillMMliiilllllililiilillitMillii iiiiililiiiliitiuilllllllliiltiiiiiiilt liiiilliii llilllllillltlllllllllltlltiiiiliilif llllUJlllilllllil
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2SA1144
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2SA1144

PC - Ta

is

iA Tr = Ta

a- INFINITE HEAT SINK

ig' NO HEAT SINK

<®

|

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta CC)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1146

AUDIO FREQUENCY LOW POWER AMPLIFIER

APPLICATIONS.
FEATURES

:

. Complementary to 2SC2706.

.. Recommended for 70W audio frequency amplifier

output stage.

. High transition frequency : fT=70MHz(Typ.

)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEB0

IB

Tstg

RATING

-140

-140

-5

-10

-1

100

150

-55-150

UNIT

Unit in mm

I5.9MAX. 0S.2±a2

X CO r-,

C5c5
+

1

C5

5.45;; Q2 5.45x0.2 <
<i
2
00

r-i

00
00

P

\

1. BASE

2. COLLECTOR CHEAT SINK)

3. EMITTER

JEDEC

TOSHIBA 2-16B1A

Weight : 4.6g

ELECTRICAL CHARACTERISTICS (Ta=25oc)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-140V, IE=0 - - -50 fiA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -50 fiA

Collector-Emitter
Breakdown Voltage V (BR) CEO Ic=-50mA, IB=0 -140 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 240

hFE(2) VCE="5V, IC=-5A 30 - -

Collector-Emitter
Saturation Voltage l7CE(sat) IC=-5A, IB=-0.5A - - -2.0 V

Base-Emitter Voltage VfiE VCE=-5V, IC=-5A - - -2.5 V

Transition Frequency fT VCE=-10V, IC=-1A - 70 - MHz

Collector Output Capacitance Cob VCB=-10V,IE=0, f=lMHz - 220 - pF

Note: hFE Classification R: 55-110, 0:80-160, Y: 120-240

llltlltfllMlllll 1 llliritllMJIIlIlllllllllllllllllMllllllllMIMIIItlllMIIMIIIIIItlltlillillllllMtllllllllMIIIIMIIIIKIIIIIltllllltlllll flllllllMailllltlllllllllllllllltlllllltlllllltllllllll ~B~C=9^^ —^^,^3^ CORPORATION

-191-



2SA1146
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS

FEATURES :

. Complementary to 2SC2824.

. Suitable for driver of 60 to 80 watts.

. High breakdown voltage.

MAXIMUM RATINGS (Ta=25°C;

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

stg

RATING

-120

-120

-1

-100

15

150

-55-150

UNIT

mA

°C

Unit in mm

7. 9 MAX.
-| 03.1±O.15

CO
2.3 2.3 IX

u "-1

2 "S N

1. EMITTER
2. COLLECTOR (HEAT SINK)

3. BASE

TO—186

TOSHIBA 2-8F1A

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TTP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=-120V, IE=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

V(BR)CE0 IC=-10mA, IB=0 -120 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=-lmA, lc=0 -5 - - V

DC Current Gain hpE (Note) VCE=-5V, Ic=-100mA 80 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-500mA, IB=-50mA - -0.40 -1.0 V

Base-Emitter Voltage vbe VCE=-5V, IC=-500mA - -0.77 -1.0 V

Transition Frequency fT VCE=-5V, Ic=-100mA - 120 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 30 - pF

Note : hFE Classitication 0:80-160 Y: 120-240
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2SA1184
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2SA1184
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH VOLTAGE GENERAL AMPLIFIER APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.

FEATURES

:

. Large Collector Current and Collector Power

Dissipation Capability. (Pc=2.0W at Ta=25°C)

. Designed for Complementary Use with 2SC2483.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

PC

Tstg

RATING

-160

-160

-1.5

-1.0

2.0

15

175

-55 -150

UNIT

Unit in mm

9.9UAX.
,
0a2±O.2

1. BASE
2. COLLECTOR (FIN)
a EMITTER

TOSHIBA 2-10F1B

Weight : 1.37g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=-150V, IE=0 - - -1.0 uA

Emitter Cut-off Current lEBO VEB=-6V, I C=0 - - -1.0 tik

DC Current Gain
hFE(l)
(Note)

VCE=-5V, Ic=-200mA 60 - 200

hFE(2) VCE=-5V, IC=-500mA 40 - -

Collector-Emitter Saturation
Voltage

vCE(sat) IC=-500mA, lB=-50mA - - -1.0 V

Base-Emitter Voltage
L

vbe VcE=-5V, IC=-5mA -0.50 -0.57 -0.70 V

Transition Frequency fT VCE=-5V, Ic=-200mA 15 50 - MHz

Collector Output Capacitance Cob VcB=-10V, IE=0, f=lMHz - - 35 pF

Note : hpE(l) Classification R : 60 -120, 100-200
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SI LICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER

LOW SPEED SWITCHING

FEATURES

:

. Suitable for output stage of 5 watts car radio

and car stereo.

. Good linearity of hFE-

. Complementary to 2SC2877.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VCBO

VCEO

vEBO

ic

RATING

-40

-40

-5

-3

UNIT

Unit in mm

1. EMITTER

2. COLLECTOR

3. BASE

Base Current IB -1

Collector Power Dissipation
(Tc=25°C)

10

T — 12 6

TOSHIBA -8F 1A

Junction Temperature 150

Storaige Temperature Range Tstg -55 -150

The inside metal of dotted

line is connected to

collector lead. Weight 0.72 g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cutoff Current ICBO VCB=-40V, IE=0 - - -100 nA

Emitter Cutoff Current Jebo VEB=-5V, I C
=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-10mA, Ib=0 -40 - - V

D.C Current Gain

hFE(l)
(Note)

VCE=-2V, IC=-0.5A 80 - 240

hFE(2) VCE=-2V, IC=-2.5A 25 - -

Collector Emitter
Saturation Voltage VcE(sat) IC=-2A, IB=-0.2A - - -0.8 V

Base-Emitter Voltage vbe VCE=-2V, IC=-0.5A - - -1.0 V

Transition Frequency f T VCE=-2V, IC=-0.5A - 100 - MHz

Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 35 - pF

Note: hFE Classification. : 80—160 120-240
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2SA1217

-3.2
ic — VCE

-2.8

-2.4

-2.0

-1.6

-1.2

-0i8

1 | -80 -60 COMMON
EMITTER

. Tc = 25°C

-100/
-40

<

H

?n —S

O

o lB = —10mA
H
O

o

-0.4

01

hFE - Ic

-08 -1j6 -2.4 -3.2 -40 -4.8 -&e

COLLECTOR-EMITTER VOLTAGE V r (V)

I c VBE

? 8 COMMON
EMITTER

VCE = -2V? 4

2

1 fi

„C_
1,2

)/"

Ol ml 1 m
08 II

1

Ml I w
J / 1

0.4

-0.2-0.4-0.6 -0.8 -ID -1.2 -1.4 -1.6 -l.i

BASE-EMITTER VOLTAGE VBE (V'

P C - Tc

n

1 — ® 1 a ==Tc INFINITE HEAT SINK

(Z) Nu HEAT SINK

R

p,

4

2
(§)

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta (°C

)

500

300

COMMON EMITTER

VGE = -2V

Tr — i nn°r

.^i
-~- ^- ^-25

!,

^-S^1 v
vv
vsV
\

-aoi -ao3 -0.1 -as -i
COLLECTOR CURRENT I c (a)

3 >

o
H H
o e>
h <:

^ ij
o o
o >

1

V CE(sat) - ic

- COMMON EMITTER

I I /IB =10Uh

3

ai

*<£%
0.05

YA>

O03 25

25

aoi
-Q01 -0.03 -Ql -03 -1

COLLECTOR CURRENT I c (a)

SAFE OPERATING AREA

-3 —10 -30 -1

COLLECTOR-EMITTER VOLTAGE VCB (v)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Transition Frequency

. Complementary to 2SC2983

f T=100MHz (Typ.)

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

Lstg_

RATING

-160

-160

-5

-1.5

0.3

1.0

15

150

-55~150

UNIT

V

Unit in mm

CL6MAX.

&±

1? f ?v

2, BASE
2. COLLECTOR (PIN)

a EMITTER

JEDEC

TOSHIBA 2-7B1A

Weight : 0.36g

Note : hFE Classification 70-140, Y : 120-240

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-160V, IE=0
- - -1.0 uA

Emitter Cut-off Current lEBO VEB=-5V, IC=0
- - -1.0 tiA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-10mA, Ib=0 -160 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=-lmA, IC=0 -5 - - V

DC Current Gain
hFE
(Note)

VCE=-5V, Ic=-100mA 70 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-500mA, lB=-50mA - - -1.5 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-500mA - - -1.0 V

Transition Frequency fT VCE=-10V, Ic=-100mA
- 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 30 - pF
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2SA1225

VCE

£ -0.6

COMMOl*
-20 -10

—8
EMITTER
.Tc=2 5*C

-6

-4

I B=—2mA

0—2—4-6—8 —10
COLLECTOR—EMITTER VOLTAGE VCE (V)

vCE(sat) - Ic

° s

ic/iE=io

o
o

V j
//

'"'

«£>
25

25

-a 5

-a 3

—a 003 —a oi —a 03 —ai -a 3

COLLECTOR CURRENT I c (A)

PC Ta

-^ 12

P 8

^ T a= Tc
INFINITE HEAT SINK

© CERAMIC SUBSTRATE
50X50X0.8mmt

© NO HEAT SINK.(T)

-®
- &
r
-

20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta (°C)

hpE — ic

- COMMON EMITTER

VCE=-5Vj§ 500
si

z Tc = 100°C
<

>,
*»

a
1 1 1

fr> 100 25 s
-25 H'\\ l>

g 50
\ |

L
1

\
>o

a 30
Q

10
-a 003 -a oi -a 03 -ai

COLLECTOR CURRENT

fT - I;

-a 3

IC ( A )

a?
H

Z 53
O --<

COMMON EMITTER

VGE=-10V
Tc=2 5°C

-5 -10 -30-50 -100

COLLECTOR CURRENT
-300-500

IC (mA)

-1000

SAFE OPERATING AREA

Q5

0.3

Q 05

a 03

aoi

:

W 1

IC MAX (.^Ubb'EU;^

r I c MAX
T
T \c

.(continuous)

-4} - +
1

1

T a\L>
Tt T
t] t

| ^ 1 I-I-S

:* SINGLE N0NREPETITIVE

o
H
o
>

PULSE Tc — 2 5°C

CURVES MUST BE DERATED
LINEARLY WITH INCREASE

1 IN TEMPERATURE
— _]_ -LU .. -. 1 I

a3 a5 1 3 5 10 30 50 100 300 500

COLLECTOR EMITTER VOLTAGE VCE (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage
: VCE ( sat )=-0.5V (Max.) (I C=-1A)

. Excellent Switching Time : t s tg=1.0/is (Typ.)

. Complementary to 2SC3076

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

SYMBOL

VcBO

VCEO

VEBO

IC

IB

?C

RATING

-50

-50

-5

-1

1.0

10

150

UNIT

5.2±0.2

3 _^ ;

0.95 MAX.m
0.6±0.15

1 (I.

0.6 MAX.

J

1. BASE
2. COLLEDTOR (PIN)

3. EMITTER

EIAJ

Storage Temperature rstg -55-150 TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 0.36g

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

Transition Frequency

Collector Output Capacitance

Switching Time

Turn-on Time

Storage Time

Fall Time

SYMBOL

ICBO

lEBO

v (BR) CEO

hFE(l)
(Note)

hFE(2)

VcE(sat)

VBE(sat)

f T

Cob

ton

tstg

tf

TEST CONDITION

VCB=-50V, IE=0

VEB=-5V, I C=0

I c=-10mA, Ib=0

VCE=-2V, I C=-0.5A

VCE=-2V, IB=-1.5A

I C=-1A, Ib=-0.05A

I C=-1A, Ib=-0,05A

VCE=-2V, I C=-0.5A

VcB=-10V, I E=0, f=lMHz

INPUT IB2 OUTPUT

20ASw iBl
a

r .JXB2
XB1j

-IB1=IB2 =a05A VCC =-30V

DUTY CYCLE^1%

MIN.

-50

70

40

TYP,

-1.0

-1.0

-0.5

100

40

0.1

1.0

0.1

MAX.

240

-1.2

UNIT

fik

V

MHz

pF

Note : hEE (i) Classification

TOSHIBA CORPORATION
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2SA1241

'CE 'CE ic
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B •^ - 5>/ o^ r o
/

f/y />
I

H /
J

>0

)0

ml
-H 1

COMMON EMITTER
T 1 = 2 5t

—a4 —tt8 —1.2 —1.6 —2.0 —2.4 —2.1

COLLECTOR CURRENT I c (A)

-1.0

-06

-04

^ I i?/ p/ 9/0/a/oy

J rf ?/ r/ Jff/jf —
/

// J

—

1

30

DO
&/
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'CE ic hpE - Ic
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a
o
H
1

II
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/
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«
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H
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k
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H H
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.-1 H
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- I C/IB=2-0 5

-Q3

—01 ^\0%

-O05
N--55
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-001
-0 005-001 -O03 -ai -o3

I <
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< o
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I C/IR= 2
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25

00J

aiU-

COLLECTOR CURRENT (A)
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1

COLLECTOR CURRENT I c (A)
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2SA1241

1 C — VBE PC Ta

-1.0

// 1

.0/ / ,

m
o

// /

Hf
"/ /

// /
COMMON EMITTER

-J.v./
VC]E=-2 V

-04 -08 -1.2 -1.6 -2.0

BASE-EMITTER VOLTAGE VBB (V)

© Tc = 1 a

CD INFINITE HEAT SINK

(g) CERAMIC SUBSTRATE
50X50XO8mmt

^S) NO HEAT SINK

©
1

®
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AMBIENT TEMPERATURE Ta (°C)

SAFE OPERATING AREA
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I c MAX S

'(CONTINUOUS)

^4?
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l
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^•c
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JR]
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t

c

>
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.
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' ' '
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

MEDIUM POWER AMPLIFIER APPLICATIONS.

0.1A)

Unit in mm

&8MAX. <

.0.6MAX.
, *tf.

•-

FEATURES

:

. hFE=100~320 (VCE=-2V, IC=-0.5A)

. hFE=70(Min.) (VCE=-2V, IC=-4A)

. Low Collector Saturation Voltage
: VCE(sat)=-1.0V(Max.) (Ic=-4A, IB=-

. High Power Dissipation

a 95 MAX.

5.2± a2
* s

o

-^
1

L_

,a6MAX

: Pc=10W(Tc=25°C), P c=1.0W(Ta=25°C)

ll

i:

2.3

M
a
o
02
H

MAXIMUM RATINGS (Ta=25°C)
U5±0.15

]

2.3

1.

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -35 V

Collector-Emitter Voltage VCEO -20 V

I

OJ

ci
+1

1

Emitter-Base Voltage VEBO -8 V
H

1 2 3 1Collector
Current

DC ic -5 A
, .,

Pulsed (Note 1) XCP -8 A 1. BASE
2. COLLECTOR (PIN)
3. EMITTER

Base Current IB -0.5 A

Collector Power
Dissipation

Ta=25°C
?C

1.0
W JEDEC —

Tc=25°C 10 EIAJ —
Junction Temperature Tj 150 °c TOSHIBA 2—7B1A

Storage Temperature Range Tstg -55~150 °c Weight : 0.36g

Note 1 : Pulse Test : Pulse width=10ms(Max.) , Duty cycle=30%(Max.

)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-35V, Ie=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-8V, Ic=0 - - -100 nA

Collector-Emitter
Breakdown Voltage VCEO IC=-10mA, Ib=0 -20 - - V

Emitter-Base
Breakdown Voltage vEB0 IE=-lmA, IC=0 -8 - - V

DC Current Gain
hFE(l)

(Note 2)
VCE=-2V, I C=-0.5A 100 - 320

"FE(2) VCE="2V, IC=-4A 70 - -

Collector-Emitter
Saturation Voltage vCE(sat) IC=-4A, IB=-0.1A - - -1.0 V

Base-Emitter Voltage VBE VCE=-2V, IC=-4A - - -1.5 V

Transition Frequency fT VCE=~2V, IC=-0.5A - 170 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 62 - pF

Note 2 : hFF.m Classification : 100-200, Y : 160-320
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2SA1242

IC - VCE VBE — I C

"0 -2 -4 -6 -8 -10

COLLECTOR-EMITTER VOLTAGE VCB (V)

-0.4 —a8 -1.2 -1.6 -2-0

BASE—EMITTER VOLTAGE VBE (V)

J3 300

<
* 100

I
50

D 30

10
-a oi

hpE -

1 0°C
J-- Tc-

2.5 --^
—25 3^

^ = =

_,J

COMMON EMITTER

VCE"^-2V

LU

-ao3 -ai -0.3

COLLECTOR CURRENT

-1 -3

IC (A)

VCE(sat) - I C

-0.5

-a 3

-ai

go —a oi

a 05

ic/IB"= 40

"G^^25

-2 5
<%°

^ 1/0*"

1

—ao3 —ai —a3
COLLECTOR CURRENT

-1

ic (A)

SAFE OPERATING AREA

25 50 75 100 125 150
AMBIENT TEMPERATURE Ta (°C)

o —0.5-

-0.3-0.5 —1 -3 -5 -10 -30-50
COLLECTOR—EMITTER VOLTAGE VCE (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1243

POWER AMPLIFIER APPLICATIONS
Unit in mm

LttK KHUiU MNU LAK b I LKtU UU I PU I blAbt APPLICATIONS.

I
&8MAX. Si

FEATURES

:

52±0i2 o
.

0. 6 MAX

.

F -J

a
a6MAX.

. Good Linearity of hEE

. Complementary to 2SC3073

a 95 MAX.
j

.!

|

li

2.3

M
s
o
w
H

MAXIMUM RATINGS (Ta=25°C) Q6±ai5

CHARACTERISTIC SYMBOL RATING UNIT )

2.3

. D

Collector-Base Voltage vCBO -30 V X

Collector-Emitter Voltage VCEO -30 V H

<
s
in

_

Emitter-Base Voltage Vebo -5 V
H

gpi efu rfjJL _j

Collector Current ic -3 A

Base Current IB -0.6 A 1. BASE
2. COLLECTOR (PIN)

& EMITTER
Collector Power
Dissipation

Ta=25°C
?C

1.0
W

Tc=25°C 10
JEDEC —

Junction Temperature T
J 150 °C EIAJ —

Storage Temperature Range Tstg -55 -150
o
C TOSHIBA 2-7B1A

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-20V, IE=0 - - -1.0 MA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 tik

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-10mA, Ib=0 -30 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=-lmA, IC=0 -5 - - V

DC Current Gain hFE(l)
(Note)

VCE=-2V, IC=-0.5A 70 - 240

hFE(2) VCE=-2V, I C=-2.5A 25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-2A, IB=-0.2A - -0.3 -0.8 V

Base-Emitter Voltage VBE VCE=-2V, IC=-0.5A - -0.75 -1.0 V

Transition Frequency f T VCE="2V, IC=-0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 40 - pF

Note: hFE (l) Classification : 70~140, 120- 240
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2SA1243

ic — v c E
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EMITTER
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/
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/
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p
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE ( sat) =-0.4V(Max.) at Ic=-3A

. High Speed Switching Time : t stg=1.0us (Typ
.

)

. Complementary to 2SC3074

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -60 V

Collector-Emitter Voltage VCEO -50 V

Emitter-Base Voltage vEBO -5 V

Collector Current ic -5 A

Base Current IB -1 A

Collector Power
Dissipation

Ta=25°C
PC

1.0
W

Tc=25°C 20

Junction Temperature Tj 150 °C

Tstg -55-150 °r

&8MAX. ><

a 95 MAX.BMW
P1M 3 i o

,Q.6 MAX.

I& <& «JB^ !.

1. BASE

2. COLLECTOR (FIN)

3. EMITTER

EIAJ

TOSHIBA 2-7B1A

ELECTRICAL CHARACTERISTICS (Ta==25°C) Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -1 ^A

Emitter Cut-off Current Iebo VEB=-5V, IC=0 - - -1 fik

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=-10mA, Ib=0 -50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=-3A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-3A, IB=-0.15A - -0.2 -0.4
V

Base-Emitter VBE(sat) IC=-3A, Ib=-0.15A - -0.9 -1.2

Transition Frequency fT VCE=-4V, IC=-1A - 60 - MHz

Collector Output Capacitance Cob VcB=-10V, IE=0, f=lMHz - 170 - pF

Switching
Time

Turn-on Time ton TNPTTTlp, _ 0UTPUT - 0.1 -

flS

^UAS o^gjUP) G
HStorage Time tstg

lBJFB2^l I

- 1.0 -

Fall Time tf
-IBl=lB2 = 115A
DUTY CYCLE^ 1%

- 0.1 -

Note : hEE(i) Classification

TOSHIBA CORPORATION

: 70-140, 120-240
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SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC3180

. Recommend for 40W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -80 V

Collector-Emitter Voltage VcEO -80 V

Emitter-Base Voltage vEBO -5 V

Collector Current ic -6 A

Base Current IB -0.6 A

Collector Power Dissipation
(Tc=25°C) ?C 60 W

Junction Temperature Ti 150 °C

Storage Temperature Range Tsta -55-150 °c

Unit in mm

15L9MAX.,,
>3.2±o.2

zm3

2.0 ±0.

3

+ 0.3
1.0-a2 5

\m

^
T n
d
-H

5u45±0.2, 5.45±0.2

cSci

+ 1 a>

X
<
s
00

-ft .1

f 5>--:<i

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

JEDEC

TOSHIBA 2-16B1A

Weight : 4.6g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 - - -5.0 nk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -5.0 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=-50mA, IB=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 160 -

"FE(2) VCE=-5V, IC=-3A 35 80 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-5A, IB=-0.5A - -1.0 -2.0 V

Base-Emitter Voltage VBE VCE=-5V, IC=-3A - -0.95 -1.5 V

Transition Frequency f T VCE=-5V, IC=-1A - 30 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 290 - pF

Note : hpE (i) Classification 55-110 : 80-160

iitlliiilllliltllltllliilliitiiiiiiiiiiiiiiiiifiiiiifiitlltlllllllUfiJiiiiiiiiiiiiittllilJltllltliiiiitiittlltllllllltlltlliiilllllllllllJlllllllliiliiiiillllllllllllllllllltllllllllllllllllillilllltltlllilllllltlllllll "V^^S^^—BB^^.^^. CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC3181

. Recommend for 55W High Fidelity Audio Frequency

Amplifier Output Stage.

Unit in mm

MAXIMUM RATINGS (Ta=25 c)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage Vf.RO -120 V

Collector-Emitter Voltage VcEO -120 V

Emitter-Base Voltage vEBO -5 V

Collector Current ic -8 A

Base Current IB -0.8 A

Collector Power Dissipation
(Tc=25°C)

pC 80 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55 -150 °c

15.9MAX.
03.2±O.2

5.45 ±0.2 5.45 ±0.2

C3c3

+ 1

C)

03

X
<
s
00

t
l> «-^

--'(> ,">T

I |

1. BASE
2. COLLECTOR (HEAT SINK )

3. EMITTER

TOSHIBA 2-16B1A

Weight : 4 . 6g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN

.

TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-120V, IE=0
- - -5.0 u-k

Emitter Cut-off Current lEBO VEB=-5V, I C=0
- - -5.0 mA

Collector-Emitter
Breakdown Voltage

V (BR)CE0 I c=-50mA, IB=0 -120 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 160

hFE(2) VCE=-5V, IC=-4A 35 75 -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=-6A, Ib=-0.6A - -0.80 -2.0 V

Base-Emitter Voltage VBE VcE="5V, IC=-4A - -0.97 -1.5 V

Transition Frequency f T VCE=-5V, I C=-1A - 30 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 420 - pF

Note : hEE (i) Classification 55-110 : 80 -160

MiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiN CORPORATION
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SILICON PIMP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC3182

. Recommend for 70W High Fidelity

Audio Frequency Amplifier Output Stage

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -140 V

Collector-Emitter Voltage VcEO -140 V

Emitter-Base Voltage Vebo -5 V

Collector Current ic -10 A

Base Current ?B -1 A

Collector Power Dissipation
(Tc=25°C) PC 100 W

Junction Temperature Ti 150 °C

Storage Temperature Range Tste -55~150 °C

Unit in mm

15.9MAX. 03.2x0:2

%

+Q30
1.0-0.2 5 J\

o T

5.45±0.2 5.45±0.2

<
s

n-t
Cic5

+ 1

d

CO

X

CO

m an)
"--V-3M

1

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-16B1

A

Weight

eS

ELECTRICAL CHARACTERISTICS (Ta-25 c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-140V, Ie=0 - - -5.0 ftk

Emitter Cut-off Current lEBO VEB=-5V, I C=0 - - -5.0 MA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-50mA, IB=0 -140 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-5V, I C=-1A 55 - 160
'

hFE(2) VCE=-5V, IC=-5A 35 83 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-7A, IB=-0.7A - -0.8 -2.0 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-5A - -1.0 -1.5 V

Transition Frequency fT VCE=-5V, IC=-1A - 30 - MHz

Collector Output Capacitance Cob VCb=-10V, IE=0, f=lMHz - 480 - pF

Note : hFE (i) Classification 55-110, 80-160

iiiiitiiitiitiiiiiitiitiitiiiiiiiiiittiiiiiiiiiiftiti*tiiiiiiiiiiiiiiiiiitiitiiiiiiiiiiiiiiiiiiiitiii*iiiiiiiiiiiiiiitiiiiitiiiittiiiiii)«iiatiitiiititiitiiiiiiitiiiiiiiiiitiitiiiiiiiiiiiiiiiiiititiiiiiiiiiiiiiitiiiinii ~^~C^B^^a—^^K^^k. CORPORATION
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE(sat)=-0.4V(Max.) (at IC=-3A)

. High Speed Switching Time : t s tg=1.0/is(Typ.

)

. Complementary to 2SC3239

MAXIMUM RATINGS (Ta=25 c)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

Tstg

RATING

-60

-50

-5

-1

25

150

-55-150

UNIT

ia3MAX.

1*

1

)Zf3.2i 0.2

1
1

t

CO
'

C5

+i

o

H

X
<
s
to

irf.

7^

+1
o

1 T" t

L. 1.2 55

\

o.7e

1.4
S

H+ 0.25
-ai5

i

1

2.54 ± a 25 M2.54±0.85

C5d
+ 1

=

€I]Blz:_.

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 2. 0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -1 dk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 fik

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-10mA, Ib=0 -50 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-1V, Ic—1A 70 - 240

hFE(2) VCE=-1V, Ic=-3A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-3A, Ib=-0.15A - -0.2 -0.4

V
Base-Emitter VBE(sat) IC=-3A, Ib=-0.15A - -0.9 -1.2

Transition Frequency fT VCE=-4V, IC=-1A - 60 - MHz

Collector Output Capacitance Cob Vcb=-10V, Ie=0, f=lMHz - 170 -
P F

Switching Time

Turn-on Time ton KJIB2 lR2 ^OUTPUT - 0.1 -

ft s

JbiII 1 o

—

:*^-PT ) I „

Storage Time tstg
T^ INPUT -T~ ^T i£
20fi 8 JB1 1 |°

-IB1=IB8=015A y
DUTY CYCLE <^1% uu

- 1.0 -

Fall Time tf - 0.1 -

Note : hFE(l) Classification : 70-140, Y : 120-240

ifffiif(iJt(iiiifiifitffiiiitfiififfiiiifMifiMifiiijffii«iirfifiiiffiiiiiiiifif(iifiiiiififrtiifniff«(Jifrfiiiifiiiiiffiifiiiiiiiiit^*fiiii*fiiiii*JJfiiiiiiiiiiJiiliii*«iiiilffifiiitJJfiitJiiliifiiiifiiJiiiiifiiiii»n 1~^^^3a—^3^ex. CORPORATION
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2SA1279
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VcE(sat)=-0.4V(Max.) at Ic=-3A

. High Speed Switching Time : t stg=l. O^sCTyp .

)

. Complementary to 2SC3258.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -100 V

Collector-Emitter Voltage VCEO -80 V

Emitter-Base Voltage vEBO -7 V

Collector Current
DC ic -5

A
Pulse ICP -8

Collector Power Dissipation
(Tc=25°C) PC 30 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55~150 °c

10.3MAX., 03-6+0,2

2.5 4 2.5 4
X
<
s

1

iJ-2-3--

02

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC TO-220 AB

ELECTRICAL CHARACTERISTICS (Ta=25°C)

TOSHIBA 2-10A1A
Mounting Kit No. AC/b
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, IE=0 - - -1 fik

Emitter Cut-off Current lEBO VEB=-7V, IC=0 - - -1 fik

Collector-Emitter
Breakdown Voltage

v (BR)CE0 Ic=-10mA, Ib=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=~1V, IC=-3A 40 - -

Saturation
Voltage

Collector-
Emitter VCE(sat) IC=-3A, Ib=-0.15A - -0.2 -0.4

V

Base-Emitter VBE(sat) IC=-3A, Ib=-0.15A - -0.9 -1.2

Transition Frequency fT VCE=-4V, I C=-1A - 60 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 200 - pF

Switching Time

Turn-on Time ton
, n/#p INPUT i^ _ OUTPUT - 0.2 -

flSibiO rm ^ p
-I Bl = I B2

=al5A VCC=-30V
DUTY CYCLE<1%

Storage Time fc stg - 1.0 -

Fall Time tf - 0.1 -

Note : hpE(l) Classification

TOSHIBA CORPORATION

: 70-140, 120-240
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2SA1293
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2SA1293
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SILICON PNP TRIPLE DIFFUSED TYPE 2SA1301

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC3280

. Recommend for 80W High Fidelity Audio Frequency

Amplifier Output Stage.

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO -160 V

Collector-Emitter Voltage VcEO -160 V

Emitter-Base Voltage Vebo -5 V

Collector Current ic -12 A

Base Current IB -1.2 A

Collector Power Dissipation
(Tc=25°C)

PC 120 W

Junction Temperature T.1 150 °C

Storage Temperature Range Tstg -55-150 °C

20.5MAX.
|
0Z.3±&2

5.45±Q15

lOO

C5 CS

+ 1
CO

X
<!
3

« Mi" \\\i 23/

E

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-21F1A

Weight : 9.75g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-160V, IE=0 - - -5.0 ft A

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -5.0 Mk
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-50mA, IB=0 -160 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 160

hFE(2) VCE=-5V, IC=-6A 35 80 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-8A, IB=-0.8A - -0.9 -2.5 V

Base-Emitter Voltage VBE VCE=-5V, IC=-6A - -1.0 -1.5 V

Transition Frequency f T VCE=-5V, IC=-1A - 30 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 480 - pF

Note : hEE (i) Classification 55-110 : 80-160

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE 2SA1302

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC3281

. Recommmend for 100W High Fiderity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

Ti

Tstg

RATING

-200

-200

-5

-15

-1.5

150

150

-55-150

UNIT

Unit in mm

20.5 MAX.

strK
2.5

+ 0.3
1.0-0.2 5 4

:n
03.3 ±0.2

-6-

5.45±Q15 a45±ai5

coo
CS.H
dd
+ 1

CO
00

X
<

°
i j \

Pi 2 3 /
:

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-21 P1A

Weight : 9.75g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-200V, Ie=0 - - -5.0 mk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -5.0 mA
Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-50mA, Ib=0 -200 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 160

hFE(2) VCE=-5V, IC=-8A 35 60 -

Collector-Emitter
Saturation Voltage VcE(sat) I C=-10A, IB=-1A - -1.5 -3.0 V

Base-Emitter Voltage VBE VCE="5V, IC=-8A - -1.0 -1.5 V

Transition Frequency f T VCE=-5V, IC=-1A - 25 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 470 - pF

Note : hpE(l) Classification R : 55-110, : 80~ 160

iiiiiiiiiiiiiiiiuiiiiiiiiiiiiiii iiiiini iiNiiiiiiiiiiimiiiiiimiiimiiiiiimm iiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimii urn iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii TOSHIBA CORPORATION
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2SA1302
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1305

POWER AMPLIFIER APPLICATIONS.

T STAGE APPLICATIONS.

Unit in mm

CAR RADIO AND CAR STEREO OUTPU 10.3MAX.

FEATURES

:

. Good Linearity of hpg

;
M_ 03.2±O.2

cS Jri ^
d
+1

'-'-'

X
<
s

yo C3)

, Complementary to 2SC3297 o

H

j

1.2 21
H
S

' 1.4
i

MAXIMUM RATINGS (Ta=25°c) + 0.25 !

0.76-0.15 1

1

\CHARACTERISTIC SYMBOL RATING UNIT
— —*\

2.54±a25 2.54 ±Q 25

Collector-Base Voltage VCBO -30 V
mo
dd
+ 1

d
J

i

X°

Collector-Emitter Voltage VCEO -30 V

Emitter-Base Voltage vEBO -5 V ri
2 7,

1

T
Collector Current ic -3 A

L^^ 1

f"
—

1

Base Current IB -0.3 A
1. BASE
2. COLLECTOR
3. EMITTERCollector Power Dissipation

(Tc=25°C)
pc 15 W

JEDEC -
Junction Temperature T

J
150 °C E I A J -

Storage Temperature Range Tstg -55-150 u
c TOSHIBA 2-10L1A

Weight : 2.1g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-20V, IE=0 - - -1.0 dk

Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -1.0 ftA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-10mA, Ib=0 -30 - - V

DC Current Gain
hFE
(Note)

VCE=-2V, IC=-0.5A 70 - 240

hFE(2) VCE=-2V, IC=-2.5A 25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-2A, Ib=-0.2A - -0.3 -0.8 V

Base-Emitter Voltage VBE VCE=-2V, IC=-0.5A - -0.75 -1.0 V

Transition Frequency fT VCE=-2V, IC=-0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 40 - pF

Note : hpE(l) Classification : 70—140, 120-240

lllillllttlllftltlllllltflllll ltlMtl«lltllltlltlllttlllllttllltllltllllllllliiiiiiiiiitiiiitiifiiitlllllll««iMtlltllltlltlitiiiitiiMttllllltllllltlttlllllllltlllltllllfiiitttlllllltttl«tlllllllllllltlliltlllllllllltii ~B~^^»^^—«*^^,^^ CORPORATION

-229-



2SA1305
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

2SA130
2SA1306A
I2SA1306B

ELECTRICAL CHARACTERISTICS (Ta=25 c)

Note : hFE Classification 70-140, 120-240

POWER AMPLIFIER APPLICATIONS.

(Typ.)

C3298B

Unit in iTim

DRIVER STAGE AMPLIFIER APPLICATIONS.
10.3MAX.

FEATURES

:

7.0 #3.2±0.2
*l /

. High Transition Frequency : ff=100MHz

. Complementary to 2SC3298, 2SC3298A, 2S
'A

^"13 S
- w
d

v

:::

o
H

MAXIMUM RATINGS (Ta=25°C)
1

1

1 1.2
M
S

CHARACTERISTIC SYMBOL RATING UNIT
1

1.4
LftSS

i

S

Collector-Base
Voltage

2SA1306

VcBO

-160

V

0.76-0.15

2.5 4x0.2 5
2SA1306A -180

2.5 4±a2 5

2SA1306B -200
+ 1

d

„ ^

.

Collector-Emitter
Voltage

2SA1306

vCEO

-160

V

CJ

_1"

OB
1 2

! 1

2SA1306A -180 3\ .

2SA1306B -200 1. BASE
2. COLLECTOR
3. EMITTER

Emitter-Base Voltage VeBO -5 V

Collector Current ic -1.5 A
JEDEC -

Base Current IB -0.15 A EIAJ -
Collector Power Dissipation

(Tc=25°C)
PC 20 W TOSHIBA 2-10L1A

Weight : 2 . lg
Junction Temperature T

J
150 °C

Storage Temperature Range Tstg -55-150 °C

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-160V, IE=0 - - -1.0 ft A

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 nk

Collector-Emitter
Breakdown Voltage

2SA1306

V (BR) CEO IC=-10mA, Ib=0

-160 - -

V2SA1306A -180 - -

2SA1306B -200 - -

DC Current Gain hFE
(Note)

Vce=-5V, Ic=-100mA 70 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-500mA, lB=-50mA - - -1.5 V

Base-Emitter Voltage VBE VcE=-5V, Ic=-500mA - - -1.0 V

Transition Frequency fT VCE=-10V, Ic=-100mA - 100 - MHz

Collector Output Capacitance Cob VCB=-10V,' lc=0, f=lMHz - 30 - P F

ttiifiiiitittiiitiiiiiitiiiiiiiiiiiiiiii4tiiiitiiiiiiitiitiiiiiiiiiiiitiiiiiiiiittiiiiiiiiiiitittittitiiiiiatiiiiiiiiiiiiitiittiiiiiiiitiiiiiiiifiiiiiiiitiifiitiiirifiiifiiiiitfi(iiiititii(itiiiiiiiii»iMiiifiiiiiiiit ~VC^^sB»—fla^^^iV. CORPORATION
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2SA1 306-2SA1 306A • 2SA1 306B
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-1.0

-0.2
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—

r r
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-

1

n
1

rrr

me

"IT

I c MAX
'

' \ < / lOme^'

(CONTINUOUS) ^LlOOme*

^>
05s*

%1
"I £ ,n\^^—

5

"CQ
"" %

V> to

1

I , \\
N

•& SINGLE NONREPETITIVE
*

PULSE To= 2 5'C

• CURVES MUST BE DERATED
. LINEARLY WITH INCREASE
IN TEMPERATURE

^ >O
O

-
1

L \Vl '

I 11 .

\\!
VCE0 MAX =-160V 2SA1306 "\ ^

g.
>°

• VCE0 MAX =-180V 2SA1306A "^ *

-3 -10 -30 -100 -300
COLLECTOR-EMITTER VOLTAGE VCE (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Saturation Voltage
: VCE ( sat )=-0.4V(Max,) at IC=-3A

. High Speed Switching Time : t stg=l .0As(Typ.

)

. Complementary to 2SC3299

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Ta=25°C
Tc=25uC

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

Tstg

RATING

-60

-50

-5

-5

-1

2.0
20

150

-55-150

UNIT

1Q.3MAX.

7.0

4

" 03. 2 ±0.2

-kVt-ja s M

-H
x'

J 01

to

1 1

H

\

11

. 1.2 a

1.4 a

+ 0.25
a76-ai5

1
H

2.54±0.25
•_ 2.54±C125

+ 1

! I !

1 2 31

1. BASE
2. COLLECTOR
3. EMITTER

EIAJ

TOSHIBA 2-10L1A

ELECTRICAL CHARACTERISTICS (Ta==25°C)
Weight : 2 •ig

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -1 MA
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 MA
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-10mA, Ib=0 -50 - V

DC Current Gain
h-FE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=-3A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) I C=-3A, IB=-0.15A - -0.2 -0.4 V

Base-Emitter
Saturation Voltage VBE(sat) IC=-3A, IB=-0.15A - -0.9 -1.2 V

Transition Frequency fT VCE=-4V, IC=-1A - 60 - MHz

Collector Output Capacitance Cob VCb=-10V, IE=0, f=lMHz - 170 - pF

Switching Time

Turn-on Time ton INPUT lB2 _ OUTPUT - 0.1 -

us
ZOflB (

-lBl = lB2= Q15A Vcc= "

DUTY CYCL^1%

9

>

-30V

Storage Time tstg - 1.0 -

Fall Time tf - 0.1 -

Note : hFE d) Classification : 70-140, Y : 120-240

11111 lllMlMllHlHlliiit I mi I | in iiiiiiiifMiiiiiiitiiiiiiiijjjjjiiijjitjjjjjjjjjjinjiitJiijjjii^jjfijjfjijjjjjiiiiiijjjiffifjjifjjffffjj^ff^jj^jjffjfj^uu,,,,,!,,,, -S-C^^S»-«^^^^^ CORPORATION

-233-



2SA1307

VCE

W.MTTTWR
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-60
-50
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COLLECTOR CURRENT I c (A)

VCE - X C

Eh >

-0.4

COMMON EMITTER

Tc--55°C

— S
o
c*

1

II

m
H

O
<*

1

o— (O
1

°L si
' / ' /

a)

7 $>

/
-300

j/,
-400

X -500

-2 -3 -4

COLLECTOR CURRENT (A)

1000

hPE - Ic vCE(sat)

-0.1 -a3 -l

COLLECTOR CURRENT

-3

I C ( A )

-ai -a3 -l

COLLECTOR CURRENT I C (A)
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2SA1307

vBE(sat) - If !c - VBE

«

i <
CO iJ
< o
m >

-a 5

-a 3

COMMON EMITTER

I C/lB=2°

.. Tc ==-*)5°C

V ^25
\ioo

\

~ai -Q3 -l

COLLECTOR CURRENT

-3

[ C ( A )

-10
SAFE OPERATING AREA

: Ic MAX. (PULSED)" •*•

i r~
-5 1 1

~3
ous)

-1
V* V

^ :°.^ ^

0.5 '•« SINGLE NONREPETI-

<
s
o

-a 3
TIVE PULSE Tc = 25"C^

CURVES MUST BE DERATED

ai

LINF
IN 1

i/VKJ

EMI3EI

w 1

TlJRB
INURE/L.SE

'

w
o

-1 -3 -10 -30

COLLECTOR-EMITTER VOLTAGE

d -i

COMMON EMITTER

VCE=-1V

'

j.

c
c

«
o
En

3 1

1—
1

^ 25
^ -55

-0.4 -Q8 -1.2 -1.6 -2.0

BASE-EMITTER VOLTAGE VR

-2.8

(V)

(V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VcE(sat)=-0.4V(Max.) at Ic=-3A

. High Speed Switching Time : t stg=l. 0-«s(Typ.

)

. Complementary to 2SC3308.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO -100 V

Collector-Emitter Voltage VCEO -80 V

Emitter-Base Voltage VEBO -7 V

Collector Current
DC ic -5

A

Pulse ICP -8

Collector Power Dissipation
(Tc=25°C)

PC 30 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55-150 °C

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

EIAJ

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta==25°C) Weight : 2.08

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, Ie=0 - - -1 dk

Emitter Cut-off Current lEBO VEB=-7V, lc=0 - - -1 VA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-10mA, Ib=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=-3A 40 - -

Saturation
Voltage

Collector-
Emitter VCE(sat) IC=-3A, IB=-0.15A - -0.2 -0.4

V

Base-Emitter VBE(sat) IC=-3A, Ib=-0.15A - -0.9 -1.2

Transition Frequency fT VCE=-4V, Ic=-1A - 60 - MHz

Collector Output Capacitance Cob VCB=-10V, lE=0, f=lMHz - 200 - pF

Switching Time

Turn-on Time ton INHJTIB2 _ OUTPUT
- 0.2 -

USStorage Time tstg

-iB1=iB2=ai5A VJ^_30V
DUTY CYCLE5il%

- 1.0 -

Fall Time tf
- 0.1 -

Note : hFE (i) Classification : 70~140, Y : 120-240
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2SA1308
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2SA1308
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCEo=-250V

. Low Cre : 2.2pF(Max.)

. Complementary to 2SC3335

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -250 V

Collector-Emitter Voltage VcEO -250 V

Emitter-Base Voltage VEBO -5 V

Collector Current
DC ic -50

mA
Peak ICP -100

Base Current IB -20 mA

Collector Power
Dissipation

Ta=25°C
PC

1.2
W

Tc=25°C 5.0

Junction Temperature
.

Tj 150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

»l
2.3 2.3

XI
<
2

C\2'r
!

?, ^t
1

i,

1. EMITTER
2. COLLECTOR (HEAT SINK)
3. BASE

TO-126

TOSHI BA 2-8P1A

Weight : 0.72g

Mounting Kit No. AC46C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-200V, IE=0 - - -1.0 mA

Emitter Cut-off Current !eB0 VEB=-5V, IC=0 - - -1.0 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-lmA, IB=0 -250 - - V

DC Current Gain hFE VCE=-20V, IG=-25mA 50 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-10mA, lB=-lmA - - -1.5 V

Base-Emitter Voltage VBE VCE=-20V, Ic=-25mA - -0.75 - V

Transition Frequency fT VCE=-10V, Ic=-10mA 60 80 - MHz

Reverse Transfer Capacitance ^re VCB=-30V, IE=0, f=lMHz - - 2.2 pF

TOSHIBA CORPORATION
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2SA1322
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iŝ

Y L

\ \ -10--
i \

\-5

-0.3 -1 -3 -10

COLLECTOR CURRENT

-30

C c (mA)

hFE ~
- ic

COMMON EMITTER

VCE = -10VTc = 100°C
-

1 1

'
.. .^ >

\inn
25

v-25 4- -\ %——.:
\ \ ^
\

so \ u.
"".

t
30 \ \

\

10

\

5

vCE(sat)

-1 -3 -10

COLLECTOR CURRENT

^30

I C (mA)

K
o
o is
&q <

o oo>

Tc = 25°C

I C/ IB = 10

Op

1

-1 -3 -10 -30 -100

COLLECTOR CURRENT I c (mA)

vCE(sat)

E-. &q— 0.5

-0.3

ij h -ai

Ic/ IB=5

To = ]„u». ^- 25

-25

COLLECTOR CURRENT

TOSHIBA CORPORATION
(mA)

SO
I C - VBE

COMMON EMITTER

VCE = -10V

1

A
J

•°/

3n
o/ .o/ir

/

o
/ J

so

j

\
1

in /

/ J i

_<!
/ AJ

-02 -0.4 -a6 -Q8 -1.0 -1.2

BASE-EMITTER VOLTAGE VBE (V)

-240



PM PM
<! <!
o o

o <
«

« H
o
H W
f > (/)

H K
M W
h-l >o w
o K

c of °re — V CB

*E =

f =lMHz
Tc = 25°C

I

K
V

i

\^ ••—
Cot)

V. ^re

1

-40 -80 -120 -160 -200 -240 -280

COLLECTOR-BASE VOLTAGE VCB (V;

Ta

® Tc = Ta INFINITE HEAT SINK

(2) NO HEAT SINK

a

"d)

40 80 120 160 200 240

AMBIENT TEMPERATURE Ta (°C )

2SA1322

f T - i c

10

" COMMON EMITTER

Te = 25°C

^CE =-20V

""S^_"»

io ^SXU T,
«

s

\\Y
\
\

-0.3 -1 -3 -10 -30

COLLECTOR CURRENT I c (mA)

SAFE OPERATING AREA

« -3

* SINGLE NONREPETITIVE
PULSE Tc = 25°C

CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE

-3 -10 -30 -100 -300

COLLECTOR-EMITTER VOLTAGE VCE (V)

TOSHIBA CORPORATION

241



SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. MIN. hFE of 70 at -2V, -8A

. -10A Rated Collector Current

. MAX. VcE(sat) of -0.5V at -8A Iq

. 20W at 25°C Case Temperature

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

SYMBOL

VCBO

VcEO

vEB0

ic

ICP

PC

RATING

-50

-20

-10

-20

2.0

20

UNIT

Unit in mm

10.3MAX„

03.2 + 0.2

1. BASE
2. COLLECTOR
3. EMITTER

TOSHIBA 2-10L1A

Junction Temperature 150 Weight : 2 . lg

Storage Temperature Range Tstg -55-150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, I E=0 _ _ -1.0 M
Emitter Cut-off Current Jebo VEB=-8V, IC=0 _ _ -1.0 M
Collector-Emitter
Brakdown Voltage VCEO I c=-10mA, Ib=0 -20 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-2V, I C=-1A 100 - 320

hFE(2) VcE=-2V, I C=-8A 70 140 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-8A, Ib=-0.4A - -0.3 -0.5 V

Base-Emitter Voltage VBE VCE=-2V, Ic=-8A - -0.95 -0.5 V

Transition Frequency f T VCE="2V, IC=-1A - 45 - MHz

Collector Output
Capacitance Cob VcB=-10V, IE=0, f=lMHz - 400 - pF

Note : hpE(l) Classification : 100-200, Y : 160-320

TOSHIBA CORPORATION!
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2SA1327
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE ( sat )=-0.4V(Max.) at IC=-6A

. High Speed Switching Time : tstg=l .0jus(Typ .

)

. Complementary to 2SC3345

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

vEBO

ic

IB

PC

L stg

RATING

-60

-50

-6

-12

-2

40

150

-55-150

UNIT

1C.3MAX. 03.6±CL2

1.5 MAX..

0.7 6

2.5 4 2.5 4

w
c5

-do J

-,! "2 3"-

to

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

T0-220AB

TOSHIBA 2-10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No. AC75
Weight : 1 . 9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-60V, IE=0 - - -10 Mk

Emitter Cut-off Current IEB0 VEB=-6V, Ic=0 - - -10 mA

Collector-Emitter
Breakdown Voltage V(BR)CE0 IC=-50mA, Ib=0 -50 - - V

DC Current Gain
hFE(l)
(Note)

VCe=-1V, Ic=-1A 70 - 240

hFE(2) VCE=-1V, IC=-6A 40 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-6A, Ib=-0.3A - -0.15 -0.4
V

Base-Emitter vBE(sat) IC=-6A, Ib=-0.3A - -0.9 -1.2

Transition Frequency f T VCE=-5V, IC=-1A - 70 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 320 - pF

Switching Time

Turn-on Time ton T OUTPUT - 0.3 -

ASlB1£FlB2 Ia a p
-IB1=I B2=a3A VCC=-30V

DUTY CYCLE^l %

Storage Time tstg - 1.0 -

Fall Time tf - 0.5 -

Note : hpEQ) Classification

TOSHIBA CORPORATION
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2SA1328
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2SA1328
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

Unit in mm

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE ( sat )=-0.4V(Max.) at IC=-6A

. High Speed Switching Time : t stg=l. 0As(Typ.

)

. Complementary to 2SC3346

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcEO

vEBO

ic

IB

PC

stg

RATING

-80

-80

-6

-12

-2

40

150

-55-150

UNIT

10.3MAX. ^3.6ia2

2.5 4 2.5 4
X

\%-1 -.3-3-
\

.

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

TO-220AB

TOSHIBA 2-10A1A

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Mounting Kit No. AC75
Weight : 1 . 9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0
- - -10 fik

Emitter Cut-off Current lEBO VEB=-6V, IC=0
- - -10 nk

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-50mA, Ib=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, Ic=-6A 40 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-6A, IB=-0.3A - -0.2 -0.4
V

Base-Emitter VBE(sat) IC=-6A, Ib=-0.3A - -0.9 -1.2

Transition Frequency fT VCE=-5V, IC=-1A
- 50 - MHz

Collector Output Capacitance cob VCB=-10V, IE=0, f=lMHz - 400 - pF

Switching Time

Turn-on Time con .«. -IM&T
-IB1= I B2= Q3A

VCC—30V

DUTY CYCLE gj 1%

- 0.3 -

11 sStorage Time tstg
- 1.0 -

Fall Time tf
- 0.5 -

Note : hpE (i) Classification 70-140, 120-240

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED MESA TYPE

AUDIO POWER AMPLIFIER APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES :

• Low Saturation Voltage : VCE (sat )=-l ,5V (Max. ) (l c=-3A)

• Complementary to 2SD877.

MAXIMUM RATINGS (Ta = 25 °c)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base

Voltage

Collector-Emitter
Voltage "

2SB502A

2SB503A

2SB502A

2SB503A
Emitter-Base Voltage

Collector Current

Emitter Current

SYMBOL

'CBO

'CEO

'EBO

IE

RATING

-110

-80

-80

-50

-10

-3

UNIT

01 §7 MAX.

1. BA S E

2. EMITTER
COLLECTOR (CAS E)

Collector Power
Dissipation

Ta=25°C 1.5 TO-66

Tc=25°C 25 TC-16A, TB- 23

Junction Temperature 150 TOSHIBA 2-13A1

A

Storage Temperature Range stg -65 * 150

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

C [Mounting kit No.AC74
Weight : 5.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off

Current

2SB502A
ICB0

VCB=-110V, IE=0 - - -100
yA

2SB503A VCB=-80V, IE=0 - - -100

Emitter Cut-off Current IEB0 VEB=-10V, IC=0 - - -100 yA

Collector-Emitter
Breakdown Voltage

2SB502A
V
(BR) CEO Ic=-100mA, IB=0

-80 - -
V

2SB503A -50 - -

DC Current Gain

hFE(l)
fNnfP 7)

VCE=-5V, Ic=-0.5A(Note 1) 30 80 280

hFE(2) VCE=-5V lc=-2.5A(Note 1) 15 25 -

Saturation
Voltage

Collector-Emitter VCE(sat) IC=-3A, lB=-0.3A(Note 1) - - -1.5
VBase-Emitter VBE(sat) IC=-3A, lB=-0.3A(Note 1) - - -1.8

Transition Frequency fl VCB=-10V, IC=-0.5A - 5 - MHz
Collector Output Capacitance Cob VCB=-10V, l£=0, f=lMHz - 200 - pF

Switching

Time

Turn-on Time ton jn»q
INPUT

660X1 .^ ou
,

TPUT - 1.0 -

ys-»id trfii]
:

)

Storage Time tstg - 3.0 -

Fall Time tf
DOTY CYCLEsSl% Vbb= Vcc

3V -30V
- 1.0 -

Note 1 : Pulse Test : Pulse Width<300ps, Duty Cycle42%
2 :

hFE(l) classification R 7 30^70, : 50^140, Y : 100^280
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SILICON PNP TRIPLE DIFFUSED TYPE

HGIH POWER AMPLIFIER APPLICATIONS.

HIGH POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES

:

• High Collector Power Dissipation

• High Collector Current : I C=-15A

• High Voltage : VCEO=-180V

• Complementary to 2SD552.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

P C=150W (Tc=25°C)

CHARACTERISTIC
Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

SYMBOL
vCBO

VCEO

VEBO

ic

IB

RATING
-220

180
-5

-15

-3

UNIT

1. BASE

2. EMITTER
COLLECTOR (CASE)

Collector Power Dissipation 150

Junction Temperature Tj 150 TC-3, TB-3

Storage Temperature Range Tstt -65^150 TOSHIBA 2-21A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit
Weight : 12.

No. AC73

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-150V, IE=0 - - -100 MA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-50mA, IB=0 -180 - - V

DC Current Gain
hFE(l)
(Note)

VCE="5V ' V'^ 25 - 80

hFE(2) VCE=-5V, IC=-15A 10 15 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-10A, IB=-1A - - -2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=-10A, IB=-1A - -1.6 -2.5 V

Transition Frequency fT VCE=-10V, IC=-1A - 3.5 - MHz

Collector Output Capacitance Cob VcB=~50V

,

Ie=0 ,
f=lMHz - 300 - pF

Switching

Time

Turn-on Time ton
VCC= -125V

Ibi T=| INPUT xB2 ^J—° OUTPUT
2Qus o-Ai*-fi£\

-IB1=IB2=°5A
lB1 ^r

DUTY CYCLER 1%

- 1 -

ysStorage Time tstg - 4 -

Fall Time tf
- 0.5 -

Note : hpE(l) Classification BN : 25^50, R : 40^80
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2SB552
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Collector Saturation Voltage

: VcE(sat)=-0.4V (Max.) at Ic=-4A

• Complementray to 2SD553.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

10.3 MAX. 3.6 ±0.2

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power

Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

Tstg

RATING

-70

-50

-5

-7

1.5

40

150

-55^150

UNIT

V

°C

°C

1. BASE

2. COLLECTOR (HEAT SINK;
3. EMITTER

JEDEC TO-220AB
EIAJ SC—46
TOSHIBA 2—10A1A

ELECTRICAL CHARACTERISTICS

CHARACTERISITC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage v (BR)CE0 Ic=-50mA, IB=0

DC Current Gain

Saturation

Voltage

Collector-
Emitter

Base-Emitter

Transition Frequency

Collector Output
Capacitance

Switching

Time

Turn-on Tine

Storage Time

Fall Time

(Ta=25°0

SYMBOL

LCB0

LEB0

Mounting Kit No. AC75
Weight : 1.9g

TEST CONDITION

VCB=-70V, IE=0

hFE(2)

CE(sat)

BE(sat)

fT

cob

-on

tstg

tf

VEB=-5V, IC=0

MIN.

VCE=-1V, Ic=-1A

VCE=-1V, IC=-4A

I C=-4A,I B=-0.4A

IC=-4A,IB=-0.4A

VCE=-4V, Ic=-1A

VCB=-10V, IE=0,f=l MHz

20 us

iEF ~t

Note

I B1 = lB2 = Q3A
DUTY CYCLER 1% Vqc =-30V

-50

TYP.

70

30

MAX.

-30

-50

UNIT

yA

yA

-0.2

-0.9

10

250

0.2

2.5

nFE(l) Classification : 70^140, Y : 120^240

0.5

240

-0.4

-1.2

MHz

pF

ys

TOSHIBA CORPORATION
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2SB553
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POWER AMPLIFIER APPLICATIONS,

FEATURES

:

P
c

= 150W• High Power Dissipation

• High Breakdown Voltage : VcEO = -180V

• Complementary tc/2SD424.

• Recommended for 100W High-Fiderity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta?=25 C)

SILICON PNP TRIPLE DIFFUSED TYPE

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -180 V

Collector-Emitter Voltage vCF0 -180 V

Emitter-Base Voltage VE750 -5 V

Collector Current ic -15 A

Emitter Current If 15 A

Collector Power Dissipa-
tion (Tc = 25°C)

PC 150 W

Junction Temperature T-i 15 °C

Storage Temperature Range Tstg -65 %150 °C

1. BASE

Z. EMITTER
COLLECTOR (CASE)

TO-3

TC-3, TB-3

TOSHIBA 2-21A1A

Mounting Kit No. AC73
Weight : 12. 9g

ELECTRICAL CHARACTERISTICS (Ta^25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ic*o V
CB=-90V,

I
E
=0 - - -100 yA

Emitter Cut-off Current T E30 VEB=-5V, VO - - -100 yA

CoHector-Emitter
Breakdown Voltage

V (BR) CEO IC=-0.1A, IB
=0 -180 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 I^-lOmA, I
c
=0 -5 - - V

DC Current Gain
hFE
(Note)

V
CE=-

5V
> V" 2* 40 - 140

Collector-Emitter
Saturation Voltage

V
CE(sat)

I
C
=-10A, I

B
=-1A - - -3.0 V

Base-Emitter Voltage VpE V
CE=-

5V
'

I
C=-

1 °A - - -2.5 V

Transition Frequency f T V
CE=-

5V
' V-2A - 6 - MHz

Collector Output Capaci-
tance

Cob V
CB

=-10V, I
E
=0, f=lMHz - 450 - PF

Note: h Classification R ; 40 ^ 80,FE
70 ^ 140

TOSHIBA CORPORATION iiiiiiiiiiniiiiiiiiiiiiil iiiiiiiiiiiiiiiiiiiiiimiiiiniiii iiiiiiiiiiiiiiiiiiiiiiiiniit mi niiiiitiiii i mil mm i I mum m
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=-100V

• Low Collector-Emitter Saturation Voltage

: VCE(sat)=-2.0V(Max.)

• Complementary to 2SD525.

• Recommended for 30W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage
Collector-Emitter
Voltage
Emitter- Base Voltage

Collector Current

Emitter Current

SYMBOL

VcBO

VCEO

VEBO

ic

IE

RATING

-100

-100

-5

-5

UNIT

V

Unit in mm

10.3 MAX. 03.6±O.2

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

Base Current IB -4 JEDEC TO-220AB

Collector Power Dissi-

pation (T C=25°C) PC 40
EIAJ

TOSHIBA
Junction Temperature 150 °C

Storage Temperature
Ranee Tstg -55 ^150

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta==25°C )

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current ICBO VCB=-100V, IE=0 - - -100 yA

Emitter Cut-off
Current lEBO VEB=-5V, lc=0 - - -1 mA

Collector-Emitter

Breakdown Voltage V (BR) CEO IC=-50mA, IB=0 -100 - - V

Emitter-Base
Breakdown Voltage V (BR)EB0 IE=-10mA, Ic=0 -5 - - V

DC Current Gain

1»FE(1)
(Note)

VCE=-5V, IC=~1A 40 - 240

hFE(2) VCE=-5V, IC=-4A 20 - -

Collector-Emitter

Saturation Voltage vCE(sat) IC=-4A, I B=-0.4A
- - -2.0 V

Base-Emitter Voltage VBE VcE=-5V, IC=-4A - - -1.5 V

Transition Frequency fT 1

VCE=-5V, IC=-1A - 5 - MHz

Collector
Output Capacitance cob VCB=-10V, Ie=0, f=lMHz - 270 - pF

Note : h^F.m Classification R : 40 *> 80, : 70 ^ 140, Y : 120 ^ 240
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Good Linearity of hpE .

• Complementary to 2SD526.

• Recommended for 20 ^ 25W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -80 V

Collector-Emitter Voltage vCEO -80 V

Emitter-Base Voltage VEB0 -5 V

Collector Current XC
-4 A

Emitter Current IE 4 A

Base Current IB -3 A

Collector Power Dissipa-

tion (Tc=25°C)
pc 30 W

Junction Temperature T
J

150 °c

Storage Temperature Range Tstg -55^150 °c

Unit in mm

2.54 ,2.54

*
i

*

H
i-j = B in

1

i

1

*"
1

1. BASE

2. COLL£CTOR(HEAT SINK;
3. EMITTER

JEDEC TO-220AB
EIAJ

TOSHI BA 2-10A1A

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-80V, IE=0 - - -30 UA

Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -100 Vk

Collector-Emitter
Breakdown Voltage

v (BR)CE0 Ic=-50mA, IB=0 -80 - - V

Emitter-Base

Breakdown Voltage
V (BR)EB0 IE=-10mA, Ic=0 -5 - - V

DC Current Gain

hFE(l)
(Note) VCE=-5V, IC=-0.5A 40 - 240

hFE(2) VCE=-5V, IC=-3A 15 - -

Collector-Emitter

Saturation Voltage
VCE(sat) IC=-3A, IB=-0.3A

- -1.0 -1.7 V

Base-Emitter Voltage VBE VCE=-5V, IC=-3A - -1.0 -1.5 V

Transition Frequency fT VCE=-5V, IC=-0.5A 3 - - MHz

Collector Output
Capacitance Cob VCB=-10V,IE=0,f=l MHz - 130 - pF

Note : hEE (;]\ Classification R

TOSHIBA CORPORATION

40 ^ 80, : 70 ^ 140, Y : 120 ^ 240
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B673"
2SB674
2SB675I

SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

FEATURES

:

• High DC Current Gain : hFE=2000(Min. ) (VCE=-3V,IC=-3A)

• Low Saturation Voltage : VcE (sat)=-1.5V(Max. ) (Ic=-3A)

• Complementary to 2SD633, 2SD634 and 2SD635.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SB673
vCBO

-100

V2SB674 -80
2SB675 -60

Collector-Emitter

Voltage

2SB673

VcEO

-100
V2SB674 -80

2SB675 -60

Emitter-Base Voltage VEBO -5 V

Collector Current ic -7 A

Base Current IB -0.2 A

Collector Power Dissipation
(Tc=25°C)

PC 40 W

Junction Temperature T1 150 °C

Storage Temperature Range Tstg -55vL50 °C

EQUIVALENT CIRCUIT
BASEo- TT^

L

1T?&
'COLLECTOR

10.3MAX. £to.6±0.2

,

2.54

„t

2.54

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

TO — 220 AB

EIAJ

y. i

EMITTER

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off

Current

2SB673

ICBO

VCB=-100V, IE=0 - - -100

yA2SB674 VCB=-80V, IE=0 - - -100

2SB675 VCB=-60V, IE
=0 - - -100

Emitter Cut-off Current !eB0 VEB=-5V, IC=0 - - -4.0 mA

Collector-Emitter

Breakdown Voltage

2SB673
V (BR) CEO Ic

=-50mA, lB=0
-100 - -

V2SB674 -80 - -

2SB675 -60 - -

DC Current Gain
hFE(l) VCE=-3V, IC=-3A j

2000 - L5000

hFE(2) VCE=-3V, IC=-7A 1000 - -

Collector-Emitter

Saturation Voltage
VcE(sat)CL) IC=-3A, lB=-6mA - -0.95 -1.5

V
vCE(satX2) IC=-7A, IB=-14mA

- -1.3 -2.0

Base-Emitter Saturation Voltage vBE(sat) IC=-3A, lB=-6mA - -1.55 -2.5 V

Switching

Time

Turn- on Time ton OUTPUT
K-T- Tpo 1 T) - -

- 0.8 -

ys
N B2 ^^-Li^ !'

JBiy INPUT
<^TPVp^|

_IBl=IB2 = 6mA y *_
DUTY CYCLE^l^ CC

la

r
-45V

Storage Time tstg - 2.0 -

Fall Time tf
- 2.5 -

TOSHIBA CORPORATION iiiiiiiiiiiiiiMiHlllllllllllillllllliiiNiillliiiiiiiilllllllllliiillllililHiililllliiiilllllH
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2SB673 • 2SB674 • 2SB675

«
o
Eh H
O &
&q <
3 Eh

o o
o >

—

1

-0.5

—0.3

-10
ic VCE

COMMON EMITTER

Ta = 25°C

—2.5 —2.0

—6 V f/
*--

^-1.5

"^> ^
—1.0

—4 B ^- »""

'

K Ib = -0.5H1A

—2 f

i—-•

>

n

IC - VcE

—2 -^ —6 —8 —10 —12

COLLECTOR-EMITTER VOLTAGE VCE (V)

— VCE

—2 —4 —6 —8 —10 —12

COLLECTOR-EMITTER VOLTAGE VGE (V)

vCE(sat)

IC / IB = 5°°

Ta=—i>0°C

"~\^-

«

-rr^
-\\p«
- \ ^

100

"^.3—0.5 —1 —3 —5 —10 —30 —50

COLLECTOR CURRENT Iq (a)

u —a

&q —6

COLLECTOR-EMITTER VOLTAGE

hpE

m
1

'

Vd° ^ N
v# ^^ Vy

..^3000

"
""Vf*

frH

W 1000
X«P

D
° 500'
o COMMON EMITTER

VGE =-3V
P

300

l 1 I U-l 1 ,,J L_
—1 —3 —5 —10 —30—50

COLLECTOR CURRENT I c (A)

I C ~ VBE

/

/
f

/ J

/ /

/

/
:n h>/

/

f".

3 1 1 7
-i

I

•

/
I

r
1 COMMON

EMITTER

Vn TP —3V
£_

/
/ 1

11 1 J1 1

—0.4 —0.8 —1.2 —1.6 —2.0 —2.4 —2.8 —3.2

BASE-EMITTER VOLTAGE VBE (V)

TOSHIBA CORPORATION
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2SB673 • 2SB674 • 2SB675

VBE(sat) ~ I C
SAFE OPERATING AREA

< -0.5

COMMON EMITTER

I /IB -500 '

Ta = — 50 °C

- \ x25

-- 100

-0.3-0.5 -1 -3 -5 -10 —30

COLLECTOR CURRENT Ic (a)

"—

1

—3 -5 -10 —30 —50 —100

COLLECTOR-EMITTER VOLTAGE VCE (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=2000 (Min.) (vCE=-2V, IC=-1A)

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -100 V

Collector-Emitter Voltage vCEO -80 V

Emitter-Base Voltage vEBO -5 V

Collector Current ic -4 A
Collector Power Dissipation

(Tc-25°C) ?C 30 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tst S -55M.50 °C

10.3MAX., 03.6±O.2

1. BASE
2. COLLECTOR (HEAT SINK)

a EMITTER

JBDEC TO 220AB

EQUIVALENT CIRCUIT

I

EIAJ
COLLECTOR

BASEO- c
^3oon

VAr—

TOSHIBA

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, IE=0 - _ -20 yA
Emitter Cut-off Current IEB0 VEB=-5V, IC=0

- - -2.5 mA
Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-10mA, IB
=0 -80 - - V

DC Current Gain
hFE(l) VCE=-2V, IC=-1A 2000 - -

hFE(2) VCE=-2V, IC=-3A 1000 - -

Collector-Emitter
Saturation Voltaee

VCE(sat) Iq=-3A, Ig=-6mA - - -1.5 V

Base-Emitter
Saturation Voltage

VBE(sat) Iq=-3A, Ig=-6mA - - -2.0 V

Switching

Time

Turn-on Time ton

20/

.—rr t OUTPUT
\pB2 %2j 1

jj
t °

INPUT»^^+rK J I I ^,

/S iUvO-vw-Ij M

- 0.15 -

ysStorage Time tstg - 0.80 -

Fall Time tf -Ibi =

DUTY
= IB2 = 6mA y =_3oy
CYCLE^l^

- 0.40 -

lllllillllMlttlll IIIMIftttltlMIIIMIMIMIlllllllMilllll IllltlllflltllltllllfltllllllllllllJ MIMIIllllltllt rilllllMllltlllilllllllllllllllillllllllllllllllll ItllltllMMM ~«~^^»^5KS— ^^.^^. CORPORATION
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2SB676

CE 'CE

COMMON EMITTER
Ta=25°C

—500
—450
-400

** <;
.
—

, <2
>: —350

fc
^^—

—300

1

—250

1

>~
IB =-200 MA

; 1 1

-°
—1 —2 —3 —4 -5 -6

COLLECTOR-EMITTER VOLTAGE VCE (V)

COMMON EMITTER

Ta= 100°C

—300

—250

—200"

-175

—150 _

IB = —125AA

1 1

o

—1 —2 —3 —4 —5 —6

COLLECTOR-EMITTER VOLTAGE VCE (V)

ic — VCE

COMMON EMITTER
Ta=—55 °C

—8nn

-700

—600

— 5nn

-9

Ta——400 AA

J
\

—1 —2 —3 —4 —5 —6

COLLECTOR-EMITTER VOLTAGE VGE (V)

A 5000

3000

2 iooo

3001

-0.1 —0.3 —0.5 —1
COLLECTOR CURRENT (A)

I n - VBE

h m
S o
&q >

l

K
o
Eh H
O til

&q <!
P H
i-q J
o o
o >

—5

VCE( sat )
- *c

COMMON EMITTER

IC/IB - 500

-1
Ta = "-5,D°(

1

25

100
—0.5

-0..S
—0.1 -0.3 —0.5 —1 —3 —5

COLLECTOR CURRENT Ic (a)

COMMON EMITTER

VGE = -2V

'//

/ / / I

/ H

BASE-EMITTER VOLTAGE (V)
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vBE(sat) - Ir

COMMON EMITTER

Ta = —55°C

—0.3 —0.5 —

1

COLLECTOR CURRENT

-3 -5

(A)

—10
SAFE OPERATING AREA

-

I

c MAX.
1 (PULSED)^

_IC MAX. T

f.CQ NT INUOUS

)

—3

\&

—

1

k

-0.5
-^ SINGLE NONREPETITIVE

PULSE Tc = 25°C—0.3

—0.1
CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE.

><

o

-0.05 l i i

—

LJ_ 1

1

>
J-

-1 —3 —5 —10 —30 —50 —100

COLLECTOR-EMITTER VOLTAGE VGE (V)

2SB676

Ta

co 20 —

'4

@

©

32 INFINITE HEAT SINK

300X300X2mm A£

HEAT SINK

100X100X2 mm hi

HEAT SINK
50X50X2mm A£

HEAT SINK
NO HEAT SINK

c

28

-©

16

12
3

8 - <£>

4
®

\

j 25 50 75 100 ik 50 17

AMBIENT TEMPERATURE
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES:

• High DC Current Gain

: hFE=2000 (Min.) (vCE=-2V, IC=-1A)

Low Saturation Voltage

INDUSTRIAL APPLICATIONS

Unit in mm

VCE (satr-1 - 57
(
Max -> (i

c
=- 2A)

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
Collector Power Dissipation

( tc=25
°
C )

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

Tj

Tst£

RATING

I
60

-40

-5

-3

25

150

-55^150

UNIT

V

EQUIVALENT CIRCUIT COLLECTOR

10.3MAX,, 03.6±O.2

2.54 2.54
><

4
8

lO

d J 1 3 3

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO 220 AB

EIAJ 46

BASEo-
=4.8 kfTl

" = 30012 k ""

TOSHIBA

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=-60V, IE=0 - - -20 UA
Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -2.5 mA
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-25mA, IB=0 -40 - - V

DC Current Gain "FECI) VCE=-2V, IC=-1A 2000 - -

hFE(2) VCE=-2V, IC=-3A 1000 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-2A, Ig=-4mA - - -1.5 V

Base- Emitter
Saturation Voltage

VBE(sat) I C=-2A, IB=-4mA - - -2.0 V

Switching

Time

Turn-on Time l ton
OUTPUT

CTT-p.0 Itio i r\ -
- 0.30 -

us%iJLJ iNPUT^nrirji iG
SOUS al

[UvXvvvil
|

H

—IB1 = IB2 :=6lnA VCC7^-30V
DUTY CYCLE^l^

Storage Time tstg - 0.60 -

Fall Time tf - 0.25 -

TOSHIBA CORPORATION

272



2SB677

'CE IC ~ VCE

COMMON EMITTER

Ta = 25 °C

— 300
—275

-250

-225

1

—200

IB = —

]

L75AA I

"0 —1 —2 —3 —4 —5 —6

COLLECTOR-EMITTER VOLTAGE VCE (V)

ic — VCE
-b

COMMON EMITTER

Ta = -55°C

-4

-600

—500

-J>

-2 — 400

IB =—300/tA

4

<*

o -l -
COLLECTOR

<! >
«
l=i

H
<C
(/>

+J

« «J

W ra

H
H WM n
^ >

1

O
H W
ri rt

W <
i-l H
i-l t-4

o o
o >

2 —3 —4 —5 —6

-EMITTER VOLTAGE VCE (V)

vCE(sat)

-0.3 —0.5 -1

COLLECTOR CURRENT

COMMON EMITTER

Ta - 100"G

— 200

—175

— 150

1

— 125

IE =— 100AA

'0 —1 —2 -3 —4 -5 -6

COLLECT OR-EMITTER VOLTAGE VCE (V)

—0.3 —0.5 —1

COLLECTOR CURRENT

VBE

COMMON EMITTER

VCE =-2V

,11
/ /

/~1h
;/ 7e-<

/ L_
—0.8 —1.6 —2.4

BASE-EMITTER VOLTAGE

—3.2

VBE (V)
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2SB677

vBE(sat) ~ I C Ta

-°4

-

COMMON
EMITTER

IC /I B - 500

25

100

55 °(

—0.3 -0.5 —1
COLLECTOR CURKENT

SAFE OPERATING AREA

(A)

—^u

-10

5|f SINCt_,E NONRffiPFJT fTL'/K PULSE

To -25t

;I G MAX (PULSED)*
,—*

< „ 1 1 1 1 IV
Ic MAX. \

(CONTINUOUS)
o -3

. ^Va^\4

Eh

B£J _1

c
c

D

« "^
o 03
&H CURVES MUST BE DERATED

<
s
o

o
>

o
o IN TEMPERATURE.

—0.1

1

'2 Tc Ta

28
o

INFINITE HEAT SINK

(g> 300X300X2mm A^

HEAT SINK

© 100X100X2 mm A£

HEAT SINK

® 50X50X2 mm A£

-3
24

55

^ 20

ra
(£

M 16
@ NO HEAT SINK

gl2 '
^

"""''

OS' 8

1

1

o

o ©
1

25 50 75 100 125 150

AMBIENT TEMPERATURE Ta CC)

-1 —3 —5 —10 —30 —50 —100

COLLECTOR-EMITTER VOLTAGE VCE (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER) 2SB678

LOW FREQUENCY MEDIUM POWER AMPLIFIER AND
MEDIUM SPEED SWITCHING APPLICATIONS.

PULSE MOTOR DRIVE, RELAY DRIVE AND HAMMER
DRIVE APPLICATIONS.

FEATURES :

• High DC Current Gain hFE ( 2
)=1000(Min.)

(VCE=-2V, IC=-1A)

Low Saturation Voltage : VCE (sat)=-1.5V(Max. ) (IC=-1A)

Complementary to 2SD688.

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC
Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage
Collector Current

Emitter Current

Collector Power
Dissipation

(Ta = 25°C)

(Tc = 25°C)

SYMBOL

VcBO

'CEO
vEBO

IE

RATING

-100

-100

-10

-1.5

1.5

0.8

UNIT

V

INDUSTRIAL APPLICATIONS

Unit in mm

gfe.3 9 MAX.

j2fe.45 MAX.

jZfo.45

05.08

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

JEDEC TO-39

Junction Temperature 175 TC-5, TB-5B

Storage Temperature Range Tsts -65M.75 TOSHIBA 2-8B1A

EQUIVALENT CIRCUIT

BASE I""

o 1—c

Weight : 1.13g

ELECTRICAL CHARACTERISTICS (Ta = 25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO vCB=-ioov, IE=0
- - -10 yA

Emitter Cut-off Current xEB0 vEB=-iov, ic=o - - -10 HA

Breakdown
Voltage

Collector-Emitter v (BR) CEO Ic=-10mA, Ib=0 -100 - -
V

Base-Emitter v (BR)EBO lE=-5mA, IC=0 -10 - -

DC Current Gain
hFE(l) VCE=-2V, IC=-0.1A 2000 - -

tiFE(2) VCE=-2V, I C=-1A 1000 - -

Saturation
Voltage

Collector-Emitter vCE(sat) Ic=-1A, lB=-2mA - - -1.5
VBase-Emitter VBE(sat) IC=-1A, lB=-2mA - - -2.5

Switching

Time

Turn-on Time ton
IBg

OUTHJT
\JIps ( -i

- 0.3 -

ys
20^ ' U

-lBl=lB2=2mA
DUTY CYCLES 1% VCC 30V

Storage Time tstg
- 2.0 -

Fall Time tf - 0.7 -

iiiifiiiiiiiiiiiiiini(iriiiiuiHiiiruiiiiiimiiiiiiiHiiiHiiiiiiiiniiiiiHiiiHiiiiiiiiiiiiiiHiiiiiiiiiiiiiii«iiiiiiiiiiiiiiiiiiitiiiim CORPORATION
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2SB679
SILICON PNP TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

LOW FREQUENCY MEDIUM POWER AMPLIFIER AND
MEDIUM SPEED SWITCHING APPLICATIONS.

PULSE MOTOR DRIVE, RELAY DRIVE AND HAMMER
DRIVE APPLICATIONS.

FEATURES :

' High DC Current Gain : hFE(2)=1000(Min.

)

(VCE=-2V, IC=-1A)

• Low Saturation Voltage : VCE(sat)=-1.5V(Max. ) (Ic=-1A)

• Complementary to 2SD689.

MAXIMUM RATINGS (Ta = 25°c)

Collector-Base Voltage

Emitter-Base Voltage

CHARACTERISTIC

Collector-Emitter Voltage

Collector Current

Emitter Current
Collector Power Dissipation

(Tc = 25°C)

Junction Temperature

Storage Temperature Range

SYMBOL RATING

^CBO

'CEO

'EBO

IE

Tstg

-100

-100

-10

-1.5

1.5

10

150

-55VL50

EQUIVALENT CIRCUIT
COLLECTOR

BASE o- J<

UNIT

V

INDUSTRIAL APPLICATIONS

Unit in mm

03.6 ± 0.2

2.54 2.5 4

S*f|

o"
-.1- 2 3

07

1. BASE
2. COLL EC TOR (HEAT SINK)
3. EMITTER

JEDEC TO- 220A]

EIA J SC-46
TOSHIBA 2-10A1A

Mounting kit No.AC75

Weight : 1.9g

> EMITTER

ELECTRICAL CHARACTERISTICS (Ta = 25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VcB=-100V, IE=0 - - -10 uA
Emitter Cut-off Current IEB0 VEB=-10V, IC=0 - - -10 UA
Breakdown
Voltage

Collector-Emitter v (BR)CE0 IC=-10mA, Ib=0 -100 - _
VEmitter-Base v (BR)EB0 IE=-5mA, IC=0 -10 _ _

DC Current Gain
hFE(l) VCE=-2V, Ic=-0.1A 2000 - -

hFE(2) VCE=-2V, Ic=-1A 1000 _ _

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-1A, lB=-2mA - - -1.5
VBase-Emitter vBE(sat) IC=-1A, lB=-2mA - - -2.5

Switching
Time

Turn-on Time ton mB2
XB2 r~^=^

ImflJ INHJT£>-r!^-f<J
u-

'
IB1 S

-Im=lB2=2mA J*
DUTY CYCLE^1% "CC"

OUTPUT

' is
i T O
J

w

=-30V

- 0.3 -

USStorage Time tstg - 2.0 -

Fall Time tf - 0.7 -

TOSHIBA CORPORATION iiiiiiiililiiitiiiJiiiiiiiililllillltiiiiiiiiiiiiiiiiiiiiiiiliilJiiiiiiiillliiilliitltiitiiiiiiiiiiiiiilliiiillliiiiiiiilliiliMlllliiliiiiiiiiiiJiiilttMlliliiiiiilllllllMiitiiiilliltlllllllliliiiiiiiillttllllliiiiitii
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SB686

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Complementary to 2SD716.

• Recommended for 30 ^ 35W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation ~
.F

(Tc=25°c:

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

'EBO

ic

PC

L stg

RATING

-100

-100

-5

60

150

-55VL50

UNIT

V

Unit in mm

15.9MAX.

^W,4-

+ 0.30
1.0—0.25

s

w

03.2±Q.2

°[ d
=i

MM

n
°

5.45±0.2 5.45±0.2
<
a
00

—u
0?

^n

^1
1

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

16 B 1A

Weight : 4 . 6g

ELECTRICAL CHARACTERISTICS (Ta=2< °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, IE=0 - - -10 VA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -10 VA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-50mA, IB
=0 -100 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=-10mA, Ic
=0 -5 - - V

DC Current Gain
hFE
(Note)

VCE=-5V, IC=-1A 55 - 160

Collector-Emitter
Saturation Voltage

VcE(sat) IC=-4A, Ib=-0.4A - - -2.0 V

Base-Emitter Voltage VBE VCE=-5V, IC=-4A
- - -1.5 V

Transition Frequency fT VCE="5V, IC=-1A - 10 - MHz

Collector Output Capacitance Cob VCB=-10V , IE=0 , f=lMHz - 270 - pF

Note : hFE Classification R : 55VL10, : 80M.60

••••••••iiitiiiiiiiiiiiiitiiiiititiiitiiiiiiiiiiiiiiititiaiiiitiffuiifiMitiiiiHiiiiitiiiHiiiiMiaiMiitiiHiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiuiiiiMitiitiiittiiiiiiiiiiiiifiniiiHiii '^~^^i^3B-4B^^.^^ - CS^^^^^^^^n,^^.~n^^i^^
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2SB686

J c - vCE hFE

3 -3

o
£ —2

o —

l

—330 —200

/
— 150

-100

-50

IB——20mA
i i i i

COMMON EMITTER

T c = 2 5 °C

I ,
.

,__L Si i-2 —4 —6 —8 -10" —12 -14
COLLECTOR-EMITTER VOLTAGE V CJE (V)

vCE(sat) ~ Ic

-0.01 -0.03 -0.1 -0.3 -1

COLLECTOR CURRENT

—3—5

IC (A )

PC Ta

is
o
to 2;

«S

d ® T a = T c

HEAT SINK
® 300X300X2mmA^

HEAT SINK

© 100X 100 X 2 mmA£
HEAT SINK

V (£ NO HEAT S INK

"©

®

®
40 80 120

AMBIENT TEMPERATURE Ta
160

CC)

h(V) "T 1 1 | 1

1 II 1 III
3on 0°C

100

25 ["" •"'

50

_ COMMON EMITTER

- V ,r.=-5V

30 \

10 1_l I i nil I ,

-O.QL -O.03 -0.1 -0.3 -1 -3 -5 -10

COLLECTOR CURRENT Ic (A)

-6

ic VBE

-5

COMMON
EM ITTER

VCE =-5V

-4

.O

-3
/

. o

~V
1 111

-2

\
\ —2f
25/ |

7/
-0.4 -0.8 —L2 —L6 —2.0 -2.4 —2.8

BASE -EMITTER VOLTAGE VBE (y)

SAFE OPERATING AREA

d -o.

COLLECTOR-EMITTER VOLTAGE VCE (V)

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE 2SB688

R APPLICATIONS.

io frequency amplif ier

Unit in mm
AUDIO FREQUENCY POWER AMPLIFIE

J.6wfil4AX. 03.2±Q2

FEATURES

:

. Complementary to 2SD718.

o!

1 , /
:/l

IE

I]

L

W/"Prx r
M

. Recommended for 45 ~50W auc

<\ =
> -<

C) i
output stage. s

n
CO'

i

i

o

1' \

r io

2.0:t0.3

.

c>
-Hm

3 r-.+ 0.30

MAXIMUM RATINGS (Ta=25°C)

l.U -U^£>
R
T
r

T T

CHARACTERISTIC SYMBOL RATING UNIT . tOH 5453:0.2 >5l45±02

00

Collector-Base Voltage VcBO -120 V
00

H

+ 1

^*

C5

,

!

00

Collector-Emitter Voltage VCEO -120 V =hH1M J

Emitter-Base Voltage VEBO -5 V
t

Collector Current ic -8 A
1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTERBase Current IB -0.8 A

Collector Power Dissipation
(Tc=25°C)

PC 80 W
JEDEC —

EIAJ —

Junction Temperature Tj 150 °C TOSHIBA 2—16B1A

Storage Temperature Range Tstg -55-150 °C Weight 4.6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-120V, IE=0
- - -10 M

Emitter Cut-off Current Jebo VEB=-5V, IC=0 - - -10 M
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-50mA, I B=0 -120 - - V

DC Current Gain hFE
(Note)

VCE=-5V, IC=-1A 55 - 160

Collector Emitter
Saturation Voltage

vCE(sat) I C=-5A, IB=-0.5A - - -2.5 V

Base-Emitter Voltage VBE VCE=-5V, IC=-5A - - -1.5 V

Transition Frequency f T VCE=-5V, I C=-1A - 10 - MHz

Collector Output Capacitance Cob VCB=-10V,IE=0, f=lMHz - 280 - PF

Note: hEE Classification R: 55-110, 0:80-160

Iflfflfirffltiiltl^llltflllfitifitlfflf Jf JflfjflifltlJlflJllf Jiftllii«flftitlll«lJJltl«iiiillt»l*iiflfliftlJltlJiiJlJlllJiitli>JlilJllJllitiiiiilliiiiiiilllliiiillllltil>llfiillllllliilillllliiillililliliiiillliiiiiillli ~V~^^»^3B—BH^^.^^. CORPORATION
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2SB688

IC " VC E hPE — J
(

1 1 1 1
COMMON EMITTER

-400 -300 Tc=2 5°C

lAs —2 00

I
v *-*

——

>

|

t/
/

—100 J

it —

—

^50

1

T
<—

I B
=-2 0mA

y— |

1

r
-JL. 1

J —2 -4 —6 —8 —10 —12 -14

COLLECTOR—EMITTER VOLTAGE VCE (v)

vCE(sat) - Ic

» >

«
(

)

H rt
o <!
|x| H
1-1 kI
1-1 (

)

O >

-Q01 -Q03 -0.1 -Q3

COLLECTOR CURRENT

1 -3 -10

IC (A)

SAFE OPERATIC AREA

ft

1000

COMMON EMITTER

Vce=~ 5 V
500

300
... Tc := 100°C

100
25

- —25

50

30

10 __ 1 1 1

-0.01 -0.03 -0.1 -Q3 -1 -3

COLLECTOR CURRENT I c Ca)

-8

i c
— Vbe

COMMON EMITTER
' VCE=-5V

-6

-5

-3 r

cj y

2 "Y
// fn

*7 1 ~fi

n
-02 -Q4-0.6 —Q 8—1.0— 1.2 —1.4 -1.6 —1.8— 2.0

BASE—EMITTER VOLTAGE VBE Cv)

PC - Ta

© Ta =Tc

©
INFINITE HEAT SINK

(g) 3 00X300X2mmA^
HEAT SINK

© 200X200X2mmA^
HEAT SINK

<g> HEAT SINK

© .© NO HEAT SINK

COLLECTOR—EMITTER VOLTAGE

40 80 120 160 200 240

AMBIENT TEMPERATURE Ta C°C)

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SB753

HIGH CURRENT SWITCHING APPLICATIONS.
POWER AMPLIFIER APPLICATIONS.

FEATURES:

High Collector Current : Iq=-7A
Low Collector Saturation Voltage

: VcE(sat)=-0.5V(Max.) at IC=-4A
High Collector Power Dissipation.
Complementary to 2SD843.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power

Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

ic

PC

Ti

stg

RATING

-100

-80

-5

-7

1.5

40

150

-55^150

UNIT

°C

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC T0-220AB
EIAJ

TOSHIBA 2-10A1A

Mounting Kit No. AC75
Weight ; 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°p

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-100V, IE=0 - - -5 UA

Emitter Cut-off Current IEB0 VEB=-5V, IC=0
- - -5 PA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-50mA, IB=0 -80 - - V

DC Current Gain
hFEQ)
(Note) VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=-4A 30 - -

Saturation

Voltage

Collector-
Emitter VCE(sat) IC=-4A, IB=-0.4A - -0.3 -0.5

V
Base-Emitter VBE(sat) IC=-4A, IB=-0.4A - -0.9 -1.4

Transition Frequency fT VCE=-4V, Ic=-1A _ 10 _ MHz
Collector Output
Capacitance

cob VCB=-10V,IE=0,f=l MHz - 250 - PF

Switching

Time

Turn-on Time fcon
INPUT it,, OUTPUT

ZOue K—r^ -XT /jp^ 1—

o

- 0.4 -

ysStorage Time tstg IbJU IbiV 4
-lBl=lB2=Q3A Jr * •

DUTY CYCLE ^1% VGn =-30V

- 2.5 -

Fall Time tf - 0.5 -

Note : hpE(l) Classification : 70 ^ 140, Y : 120 ^ 240

ltlUlllltlllllllllillllllllllllllll1llllllllllltllllltlllllllltllllllllllllllllllltlllllllllllllllllllllltllllllllllltilllltlllllllltllllllllttllllllllllllllllllllllllllllltllllllllllll*llllltllllllllltllltllllltlltllll'nr*^^i^3B--MI^3.^K. CORPORATION
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2S6753

STATIC CHARACTERISTICS CE

s p

O H

O <
H Eh

P O
o >
o

-1.2

-1.0

-0.6

-0.2

COMMON
EMITTER
T G = 25"C

| 1

< 1- e t

o 1

o J— ^n 1
i I

o / _o /„o/
/ P

?
[ -r

1 1

ml ^ -400

^-500

^-600

--700

J 1 1

-1 -2 -3 -4 -5 -6 -7

COLLECTOR CURRENT I c (A)

Ic

-1.2

-IX)

E" 1 H -0.8

-0.4

1000

500

300

100

50

30

'CE Ic

COMMON TT.MTT TUB

T c = 100"C

1

L
1

L 0L0*/ °°yfe

2
$>

/ 7 T1J ^t/p/

_ / ^ -400

n -500

\ -6 00

^ -700

' \

\

\

| |

-1 -2 -3 -4 -5 -6 -7

COLLECTOR CURRENT I G (A)

hp E — I c

|
1

I EMITTER
1

— V G1?;
= -IV

35t

:::^
^\

-55 ^ \
.. S ^

"""^^v V""
!

"VJ \\

<\

-QQ5 -01 -a3 -05 -1

COLLECTOR CURRENT

-3 -5 -10

(A)

-12

??
« J-~ -1.0
m
H mH O
H-t [> -aa
s
w

« -0.6
&q

E-i o
<

fc) Eh -0.4
J l-p

J
>

-Q2

T C =-55"C

1 1

1

<
e

N
1

II

m

1 1

-150
.

to J
1 /

1 rP/
y"

^ -500
-60

V -700

1 1

-1 -2 -3 -4 -5

COLLECTOR CURRENT (A)

vce (sat)

E£] <! KJ *~ M.O

1- O
s > >

« o
O 1-1

Eh H
O <
H «

J E-<

O <
o ta

o
-0.1

-0.05

-ao3

-0.01

-__L.

~t.i'

: Ic/ib = io i'X
T

—

'

rl
V°

C;0 f ?

Tffl-1'^
\ 2
-55

TT
5

1

_. J

-Q05 -Ql -03-05 -1

COLLECTOR CURRENT

-3

ic

-5 -10

(A)
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« >

H O

S E->

H <
I «

< <

2S

2 ff

-0.1

v BE(sat) ~ Ic

COMMON EMITTER
ic/iB = 10

1

... TC= -5 5"C
*.*.

--X 25

30

\

1

_
-Q02 -005 -CO. -0.3 -Q5 -1 -3 -5 -10

COLLECTOR CURRENT Ic (A)

Pc 1 a

® TC=^
(INFINITE HEAT SINK)

©300X 300x2mm k£
(HEAT SINK)

© 200X200X2mm k£
(HEAT SINK)

® 150X150x2mm k£
( HEAT S INK )

® 100X100X2mm k£
(HEAT SINK)

© 70X70 x 2mm k£
(HEAT SINK)

®50x50X2mm k£
(HEAT SINK)

® 35X 35X 2mm k£

40
®

32

.©
(3)

16
(W)

_©
"®

< (HEAT SINK)
\® 25X25X2mm A^

~j\® NO HEAT SINK

—— »—

in)

"

40 80 120 160 200

AMBIENT TEMPERATURE
Ta fC)

2SB753

- vB]

//

COMMON
EMI TTER
vGE =-iv

'1

JT

P 1

o /—

H 1 1

ii n
—Is- in

1 i

E-i
J

-0.4 -0.8 -1.2 -1.6 -2.0 -2.4

BASE-EMITTER VOLTAGE VBE (V)

SAFE OPERATING AREA

|

t •*• SINGLE

10

IC MAX. %•

(PULSED)
NONREPET ITIVE
PULSE TC =25"C

1 III,
- I c MAX

-5 - (CONTINUOUS

\
"; ^AV \SAW •/.

•* °\\
l^f

V 'F~

-1 o V
®x Vl ^

',

o
o
>
1

1

-CURVES MUST BE
-DERATED LINEARLY
WITH INCREASE IN

0.1

TEM

i
1

XA

L

r

„

J J

1,1 1 L.I

-10 -30 -50 -100 -200

COLLECTOR-EMITTER VOLTAGE
V CE (V)
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

Unit in mm

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Collector Current : Ic=-7A

• Low Collector Saturation Voltage

: vCE(sat)=-0.4V (Max.) at IC=-4A

• High Power Dissipation : Pc=60W at Tc=25°C

• Complementary to 2SD844.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power
Dissipation

Ta=25°C
Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IE

PC

L stg

RATING

-50

-50

-5

-7

2.5

60

150

-55^150

UNIT

V

0Z^±O.Z

r-7.

rfi

7=?s

>
-O-

2.0±0.3,

+ 0.30
1.0— 0.25

u

do
+ 1

5.45±0.2 5.45±0.2

p--±-n

1. BASE

2. COLLECTOR(HEAT SINK)

3. EMITTER

TOSHIBA 2 — 16B 1A

Weight

ELECTRICAL CHARACTERISTICS (Ta=25°C)

ES

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current 1CB0 VCB=~50V, Ie=0 - - -10 yA

Emitter Cut-off Current lEBO VEB=-5V, Ic=0 - - -10 yA

Collector-Emitter
Breakdown Voltage v (BR) CEO IG=-50mA, IB=0 -50 - - V

Emitter-Base
Breakdown Voltage v (BR)EB0 I E=-10mA, IC=0 -5 - - V

DC Current Gain

hFE(l)
(Note 1

)

VCE=-1V,IC=-1A 70 - 240

hFE(2) VCE=-1V, I C=-4A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-4A,Ib=-0.4A - -0.2 -0.4 V

Base-Emitter Voltage VBE VCE=-1V,IC=-4A - -0.9 -1.2 V

Transition Frequency fT VCE=-5V, Ic=-1A - 10 - MHz

Collector Output Capacitance Cob VcB=-10V,lE=0,f=lMHz - 300 - PF

Note : hFEm Classification : 70M.40 Y : 120^240

TOSHIBA CORPORATION iiiiiiiiiiitllilitllliitllllllllllllltilflllllltlllililllillllllllliiilllll ltd I llllllitt Iflimn Itl tl II Dllll It I ill til 1 1 I III till I tint lit I ifiillllllltlltllliiiliitiiitiiiiiintlltllMlltlltliiiiltiiitiitiiitt

-284-



2SB754

STATIC CHARACTERISTICS

6 *<
1 1

-isn

Nil
^ \°-6

"=-100 -

"2^80 _
*"""^-60

VA4
^40.

Tl- ——2nmA—

—KTT—

1 1
—300 —

,

"BASE COT
IB ( fl

200 —100

[RENT
lA) "

L ^ J-

0—2—4 —6 —8
C0LLECT0R-

n , « C* EMITTER
HHO VOLTAGE VCB (V)

, ^ W COMMON
-0.8HSHffl EMITTER

CO&3t-4>-

1

0*
33 >

hFE _ I C

- VBE

COMMON EMITTER /<
fl

VCE =-1V

h
-<1 •° / \\

-1 /tv If 1
ii 1 VI

-2

cj /

1—]
72/

—0.4 —0.8 -1.2 —1.6

BASE-EMITTER VOLTAGE VBE (V)

SAFE OPERATING AREA

-3 -5 —10 —30—50 —100 —300

COLLECTOR EMITTER VOLTAGE Vc£ (V)

500

300

100

TTTTII
1 1 mi COMMON EMITTER

VC E=-1 V
Tc = 100 °C

::: —55
11

-O.01 —0.03 —0.1 —0.3 —1 —3 —5

COLLECTOR CURRENT I c (a)

vCE(sat) ~ I C

-as

—0.3

7 z -o.l

D —0.03
E-i

z

- 10/13=10 o°
::: ,-v

— ^y.

25

-55

—0.03 —0.1 —0.3—0.5 —1 —3 —5

COLLECTOR CURRENT I c (A)

f T - I C

O >H
M O
E-i Z

1

«£
«•- -

.10

4
±

3 - COMMON EMITTER
- VC
Tc
E-

25 *C
1 1

1

i

—0.01 —0.03 —0.1 -0.3 —1

COLLECTOR CURRENT

—3 —5 -10

IC (A )

P C - Ta

P4 Z
O

« M
O H
H -U
O Pi
SI M
iJ CO
J CO
O n
o P

20

@ Ta = T c

INFINITE HEAT
SINK

© 300X300X2mm A£
HEAT SINK

© 100X100X2mm A^
HEAT SINK

(J) NO HEAT SINK
&
1

C3

1

&
25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta (°C)
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2SB755 SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage VCEO=-150V (Min.)

High Transition Frequency : fT=20MHz (Typ.)

Complementary to 2SD845.

Recommended for 80W High-Fidelity Audio
Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation „
I (Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

IC

IE

PC

Ti

Tstg

RATING

-150

-5

-12

12

120

150

-55^,150

Unit in mm

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

EIAJ

TOSHIBA 2 — 34 A 1A

Weight : 10. 8g

ELECTRICAL CHARACTERISTICS (Ta=25 a
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP MAX. UNIT

Collector Cut-off Current ICB0 VCB=-150V, IE=0 - - -50 UA

Emitter Cut-off Current lEBO VEB=-5V, lc=0 - - -50 yA
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-0.1A, Ib=0 -150 - - V

Emitter-Base
Breakdown Voltage V (BR)EB0 IE=-10mA, Ic

=0 -5 - - V

DC Current Gain
hFE
(Note) VCE="5V, Ic=-1A 55 - 160

Collector-Emitter
Saturation Voltage

VCE(sat) IC=-5V, IB=-0.5A
- - -2.0 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-5A - - -1.5 V

Transition Frequency fT VCE=-10V, IC=-1A - 20 - MHz

Collector Output Capacitance Cob VCB=- 10V ,

I

E=0 ,
f=lMHz - 450 - pF

Note : hEE Classification R : 55V110, : 80M.60

TOSHIBA CORPORATION itiiiiiiifiitiiiiiiiiiatiiiiiitiiiiiitiiiiitiitiiitiiitiiiiiitiiiiitiiiiiittiiiiiiiiiiiitiiiiiiiiiiaiiiiititiiiiiiiiiitfifiiiiiiiiitiiiiitiitiitiiitiiiiiiiiitiiitiitiitiiftiiiiiiiiaiiiiiiitfiiiiiiiiititiiiiiitdiiiiftiii
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2SB755

1<1

ic - VCE

1 1 1 1 1 1 1 COMMON
EMITTER

Tc = 25°C

-12
-1000—700—500 —400

j
' ^ "

A ><1U

z £,^ —200

-8 £
—P.

—100

—70

—50

.—30

-2 1

lB=— 10mA

n riii

hFE - In

—2 —4 —6 —8 —10 —12 —14 —16 —20

COLLECTOR-EMITTER VOLTAGE VCE (V)

IC - VBE
-12

-6

COMMON EMITTER

VCE =-5V

6
i" ///

off
/"

//
—0.4 —0.8 —1.2 —1.6 —2.0 —2.4 —2.i

BASE-EMITTER VOLTAGE VBE (V)

SAFE OPERATING AREA

-5 —10 —30 -100 -300 -1000

COLLECTOR-EMITTER VOLTAGE VCE (V)

100

1 I 1 Mlli
1 1 1 Mill

Tc = 100°C

25

:: —25

1- "«5 ~*N

COMMON EMITTER
V
V

VG E = —5V 1
-0.01 -0.03 -ai -0.3 —l

COLLECTOR CURRENT

-3 —5 -10

IC U)

fn H
e- i-qM O
s >

A Eh
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vCE(sat )
]-c

v -3
COMMON EMITTER

'-1
IC / IB == 10

_ III

-0.1 25

0.05
—25

-TTt
-0.01 -0.03 -0J. -0.3 -1 —3 —5 -10 —30

COLLECTOR CURRENT I c (A)

f t — In
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T 1

J
-+

"T"

^ ~f

CUMMUN JJMiTTISJrt '

1

UE
25 °C

i I I i

i 1

1

-0.03 —0.1 —0.3 -1

COLLECTOR CURRENT

Pn - Ta

-3 —5

IC (A)

O120

Ph is

Eh <;O pm 40

T c — Ta

INFINITE
HEAT SINK

25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta (°C)
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2SB833
SILICON PNP TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. High Collector Current : Ic=-30A

. High DC Current Gain

: hFE ( 2
)=1000(Min.) (VCE=-5V, IC=-20A)

. Monolithic Construction with Built-in Base-Emitter

Shunt Resistor.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation (Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

lB_

?C

Ti

Tstg

RATING

-80

-80

-5

-30

-1

150

150

-65-150

UNIT

Unit in mm

1. BASE

2. EMITTER
COLLECTOR (CASE)

TO—

3

TC—3 , TB-3
TOSHIBA 2— 2 1A1

A

Mounting kit No. AC73

Weight : 12. 9e

EQUIVALENT CIRCUIT

BASE O

o COLLECTOR

TOSHIBA CORPORATION
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2SB833

ELECTRICAL CHARACTERISTICS (Ta= 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0
- - -100 M

Emitter Cut-off Current IEBO VEB=-5V, IC=0 - - -10 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-50mA, Ib=0 -80 - - V

DC Current Gain
hFE(l) VCE=-5V, IC=-20A 1000 - -

hFE(2) VCE=-5V, IC=-30A 200 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=-20A, IB=-0.2A

- - -3 V

Base-Emitter
Saturation Voltage

vBE(sat) - - -3.5 V

Emitter-Collector
Forward Voltage

VECF IE=-10A, IB=0 - - -3 V

Transition Frequency fT VCE=-5V, IC=-1A
- 10 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 400 - pF

Switching
Time

Turn-on Time ton c

Ig2

C=-50V
>

R=10Q
- 1.5 -

flSStorage Time tstg

I NPUT —- |^
OUTPUT

- 4 -

-lBl=I B2 = aol A
DUTY CYCLE ^ 1 %

2

Fall Time tf - 2 -

TOSHIBA CORPORATION
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2SB833

-28

-2 4

ic - v 3E

1 1

-200 —5C 20
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-20
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/
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vCE(sat) - Ic

3 h

I

>
«
O
Eh SI
o cb

l-H Eh

hh ^
o o
o >

C 0MMON EMITTER

3/l B=101

T c-—5 5°C

3

__
-0.3—0.5 —1 —3 —5 —10 —30 —50

COLLECTOR CURRENT I c (A)

vBE(sat) - Ic

H !>

<
«
S
H •{->

<! Sj

M Ui

« H
N w
H >
H
M
M &q

rt
<

W H
(/) t-\

<H O
w >

r

IC/I B-10

1

Tc=—5 5°C

- - -\
N
2 5

.- 100

5000

3000

1000

500

300

100

COMMON EMITTER

VCE="-5V

u
'.. \v&s

>^t

\
_ ^^ >

^
1/

4> , 1

—Ql -Q3—0.5 —1 —3 —5 —10 —30—50

COLLECTOR CURRENT I G (A)

SAFE OPERATING AREA

-50 . . . • •

-30
Ic MAX (PULSED)'^

Ic MAX

CC0NTINU0

V.

-in

> 1 \^ '

US )\\®
\ to

•Vit:
V

,

H _:
-5 <\ Ci ^i

\ V

-3 "\ \°JS \ \%*
v\

-1

a

:::-—rrl ^v ^

k r*
1 rn

n s
-•>K SINGLE N0NREPETII

PULSE Tc=2 5°C

CURVES MUST BE DERA

Ll.E ,

^

-n ^ V \<
TED '

1*

ai

LI
IN

NEi

Tl

iRLY
31PEI

WITH IN
IATURE

CKEASE
o
>

—3 —5 -10 -30—50 —100 ^-300

COLLECTOR—EMITTER VOLTAGE VCE (V)

-a 5 —1 —3 —5 —10 —30 —50

COLLECTOR CURRENT I Q (a)
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SB834

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Collector Saturation Voltage
•' Vce (sat) =-1-07 (Max.) at Ic=-3A, Ib=-0.3A

. Collector Power Dissipation

: PC=30W (Tc=25°C)

. Complementary to 2SD880.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -60 V

Collector-Emitter Voltage VCEO -60 V

Emitter-Base Voltage VEBO -7 V

Collector Current ic -3 A

Base Current IB -0.5 A

Collector Power
Dissipation

Ta=25°C
PC

1.5
W

Tc=25°C 30

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55M.50 °c

C.3 MAX. 3.6±C

ZJbi , .2.54

i

C ' '

^

.
~»

-j.- <,- 3 -
! 1

«?t

1. BASE

2. COLLECTOR CHEAT SINK;
3. EMITTER

T0-220AB
E1AJ

TOSHIBA 2—10A1A

ELECTRICAL CHARACTERISTICS fTa-9^°r^ Mounting Kit No.ua"" L) Weight : 1.9e
AC 7 5

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-60V, Ie=0 - - -100 yA

Emitter Cut-off Current IEBO VEB=-7V, Ic=0 - - -100 yA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-50mA, Ib=0 -60 - - V

DC Current Gain
hFE(l) VCE=-5V, IC=-0.5A 60 - 200

hFE(2) VCE=~5V, IC=-3A 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-3A, Ib=-0.3A - -0.5 -1.0 V

Base-Emitter Voltage VBE VCE=~5V, Ic=-0.5A - -0.7 -1.0 V

Transition Frequency fT VCE=-5V, IC=-0.5A - 9 - MHz

Collector Output
Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 150 -

PF

Switching
Time

Turn-on Time ton
IB1 OUTPUT

20Asec VCC--30V
- IBl= IB2=a2A
DUTY CYCLE<1%

- 0.4 -

ysStorage Time tstg - 1.7 -

Fall Time tf 0.5 -

Note: hFE(l) Classification 0: 60VL20, Y: 100^200

TOSHIBA CORPORATION
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2SB834
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-1
V CE ( sat) - I c

: COMMON EMIT

L
Ic/!b = 10

"ER ~i

-Ub T

I

1
I 1

-ai .... ^M
v.: <%C

25
-25

nov, 1 INI
-0.05-01 -Q3 -1 -3 -5 1

COLLECTOR CURRENT Iq (A)

Ic _ VBE
3.U

COMMON
EMITTER

VCE= _5V
»I

S
I12.U

*///
B?n

-1.0

j

n J
-Q4 -0.8 -1.2 -1.6

BASE-EMITTER VOLTAGE VBE (V)

02

O

«
Is

o
Ph

© TC = Ta
INFINITE HEAT SINK

© 300X300X2mmA^
HEAT SINK

© 200x200X2mmA^
HEAT SINK

© lOOXlOOXlmmA^
HEAT SINK

© lOOXlOOXlmm Fe
HEAT SINK

© 50 X 50 X lmm k£
HEAT SINK
® 50X50X1 mm Fe

HEAT SINK
® NO HEAT

SINK

50 100 150 200

AMBIENT TEMPERATURE T a fC)

SAFE OPERATING AREA

-5

-3

-05

-Q3

0.1
-1

|
1 r i i .

i
i «

i

- I c MAX (PULSED) ^
T" ! 1 1 1 1 II

1 \
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VIC M'AX * '

(CONTINUOUS) °^
1.

>m

\
d °4>\ \rA—

"

\

PULSE Tc= 25°C
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LINEARLY WITH

\ ^^

J §
-
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TEM]

tEA
3ER
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AT UI

i—
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IE

o

, i i

-3 -5 -10 -30 -50 -100

COLLECTOR-EMITTER VOLTAGE
VCE (V)
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SILICON PNP TRIPLE DIFFUSED TYPE

o POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SD1148

. Recommend for 70W High Fidelity

Audio Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VeBO

IC

IB

PC

Ti

Tstg

RATING

-140

-140

-5

-10

-1

100

150

-55-150

UNIT

Unit in mm

15.9MAX. 0&2±O.2

cicJ
+

1

545±0.2 X

ff^^t

1. BASE
2. collector Cheat sink)
3l EMITTER

JEDEC

TOSHIBA 2-16B1A

Weight : 4.6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-140V, IE=0 - - -5.0 AA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -5.0 /ik

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-50mA, Ib=0 -140 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, IC=-1A 55 - 160

hFE(2) VCE=-5V, IC=-5A 25 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-5A 5 IB=-0.5A - -0.6 -2.0 V

Base-Emitter Voltage VBE VCE="5V, IC=-5A - -0.96 -1.5 V

Transition Frequency f T VCE=-10V, IC=-1A - 15 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 400 - pF

Note: hpE(i) Classification R : 55-110 : 80-160

in iiiiiiiiiiiiiniiiiiniii! minimi inn mum uiiiuuiuuiuuiuuiiuiuiuiuuiumimiumiiuiuiiimmmumiuiuuiiimiiuuiiiiiimiuu uiiiiiiiiiiiiiiiiiii TOSHIBA CORPORATION
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2SB863

-12
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1
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^
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fffiffl^^ 5

N !

l

—aoi -Q03 —ai —0.3 —1 —3

COLLECTOR CURRENT I c (A)

PC - Ta

40

20

T 2 = Ta
INFINITE HEAT SINK

—U4 —0.8 —1.2 -1.6 —2.0 -2.4

BASE—EMITTER VOLTAGE VBE Cv)

vCE(sat) - IC

< -0.5

-Q3

s >
f

-ai
K
Eh |x| -Q05
o a
a eh -0.03
A Ao o
o >

COMMON EMITTED 1

I C/IB=10

Z I

^^25^—25
'

^^
,

T
I

aoi —a 03 -ai —a 3 —1 —3
COLLECTOR CURRENT Ic (a)

SAFE OPERATING AREA

-10

175

—5

-3

—1

—a 5

-0.3

—ai

—3

I c MAX ( PULSED)*"

I c MAX \ \
("CONTINUOUS) \ \> X*

^^U>V
-
T%^cV*z

i

\y

. %k SINGLE NONREPETITIVE
PULSE Tc = 2 5"C

CURVES MUST BE DERATED
_ LINEARLY WITH INCREASE
: IN TEMPERATURE

. O>
..L.L.

25 50 75 100 125 150

AMBIENT TEMPERATURE Ta CC)
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—^ —10 -30 —50 —100 —300—500
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SILICON PIMP EPITAXIAL TYPE (PCT PROCESS) 2SB905

POWER AMPLIFIER APPLICATION. Unit in mm

&8MAX.
X
3
o

1

FEATURES

:

5l2±0i2_,
,
_Q6MAX.

r^ J

a6MAX.

. Complementary to 2SD1220
^

ina95MAX. 1

I

-H

irf.

II

1

2.q

*
M
S3
o
wMAXIMUM RATINGS (Ta=25°C) a.6±ai5

'llT

1 (

u

CHARACTERISTIC SYMBOL RATING UNIT D

Collector-Base Voltage VcBO -150 V
X!

Collector-Emitter Voltage VCEO -150 V

1

-H
H

in

Emitter-Base Voltage Vebo -6 V °*l

? $ i
\ "

Collector Current ic -1.5 A
1

i

Base Current IB -1.0 A 1. BASE
2. COLLECTOH (PIN)

3. EMITTER
Collector Power
Dissipation

Ta=25°C
PC

1.0 W
Tc=25°C 10

JEDEC -

Junction Temperature Ti 150 °C EIAJ -

Storage Temperature Tstg -55-150 °c TOSHIBA 2—7B1A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB<~ VCB=-150V, IE=0
- - -1.0 aA

Emitter Cut-off Current ^BO VEB=-6V, IC=0 - - -1.0 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-10mA, lB=0 -150 - - V

DC Current Gain
hFE
(Note)

VCE=-5V, Ic=-200mA 60 - 320

Collector-Emitter
Saturation Voltage

vCE(sat) I C=-500mA, IB=-50mA - - -1.5 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-5mA -0.5 - -0.8 V

Transition Frequency fT VCE=-5V, IC=-200mA 15 50 - MHz

Collector Output Capacitance Cob VCB=-10V, l£=0, f=lMHz - - 35 pF

Note: hp£ Classification 60-120, : 100-200, Y : 160-320

liiiiiiiitilllllllltliiiiitiillllllltiiilitttlllfitliitillllllllllllilllittiiiitiiit*llttlliiitiitiiiliililtiltltiiiitllliitiitiiiiltiiiiiitiiiiiittiitiit(tiiiiiititilitlllilltiiitiiiiiiiiillliiliiiiiiiiiiiiiitiiiiiliin ~T~^^S^^— ^^R.^^. CORPORATION
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2SB905
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BASE—EMITTER VOLTAGE VBE (V)

hFE - I C

m
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\
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111
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-1000
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< P
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—5 - COMMON EMITTER
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— 1
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2SB905

fT - i c
'0"b VCB

COMMON EMITTER

Tc=2 5"C

ii i

VCE=-5V

<

-2 -5 -10 -30 -50 -100 -300
COLLECTOR CURRENT Ic (mA)

" COMMON EMITTER
" f = 1 MHz

till
-1 -3 -5 -10 -30—50 -100 -200

COLLECTOR—BASE VOLTAGE VCB (V)

Pc - T a

1

CD Tc = Ta
INFINITE HEAT SINK

© CERAMIC SUBSTRATE
50X50xa8mmt

,© NO HEAT SINK8

4 ©

9
1

®

SAFE OPERATING AREA

25 50 75 100 125 150

AMBIENT TEMPERATURE Ta (°C)

-05

-03

-0.1

-Q05

-Q03

°-4

CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE

—5 -10 -HM) —50 -100 —300
COLLECTOR—EMITTER VOLTAGE VCE (V)
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SILICON PNP TIRPLE DIFFUSED TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER APPLICATION.

FEATURES

:

. Low Collector Saturation Voltage
: VCE(sat)=-1.0V(Typ.) (IC=-3A, IB=-0.3A)

. High Power Dissipation : Pc=20W (Tc=25°C)

. Complementary to 2SD1221

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

Collector-Emitter Voltage

CHARACTERISTIC

Collector-Base Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature

SYMBOL

VCBO

VCEO

vebo

ic

IB

PC

Tstg

RATING

-60

-60

-7

-3

-0.5

1.0

20

150

-55-155

UNIT

V

&8MAX.

1. BASE

2. COLLECTOR (PIN)

3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-7B1A

Weight : 0.3<

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-60V, IE=0
- - -100 M

Emitter Cut-off Current lEBO VEB=-7V, I C=0
- - -100 /xk

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-50mA, Ib=0 -60 - - V

DC Current Gain
hFE(l)
(Note)

VCE="5V, I C=-0.5A 60 - 200

hFE(2) VCE=-5V, IC=~3A 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) I C=-3A, Ib=-0.3A - -1.0 -1.7 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-0.5A - -1.0 -1.5 V

Transition Frequency f T VCE=-5V, I C=-0.5A
- 9 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 150 - pF

Switching Time

Turn-on Time ton
T OUTPUT

INPUT igl .—^ ,< -
- 0.4 -

/US15Q

>

Storage Time tstg
- 1.7 -

Fall Time tf

-IBl= IB2 =a2A Vcc=
DUTY CYCLE^1%

-30V - 1 0.5 -

Note : hFE Classification : 60-120, Y : 100-200

TOSHIBA CORPORATION iiiiiiiilllliuimillllllllll Iliililllllliil lillllllllllllllli Illiilllll mill Ililllllllll Illllllllllllll Hill iiiiiiiiiiiilllllllllllllllllllll MINIM
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2SB906
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COLLECTOR-EMITTER VOLTAQE VCE (V)

hFE — IG

1000

H
si 500

g 300
<
&

53
H
g 100

COMMON EMITTER
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- VCE=-5V

1
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1

J
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1
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/ J
i

y
f

J
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o
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H <i
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—a 3
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-
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^
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SAFE OPERATING AREA

25 50 75 100 125 150
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

SWITCHING APPLICATIONS.
HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.
POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE(l)=2000(Min.) (VCE=-2V, IC=-1A)

. Low Saturation Voltage
: VcE(sat)=-1.5V(Max.) (IC=-2A)

. Complementary to 2SD1222.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCEO

VEBO

IB

PC

stg

RATING

-60

-40

-5

-3

-0.3

1.0

15

150

-55-150

UNIT

EQUIVALENT CIRCUIT

BASE O-

q COLLECTOR

I

=4.8kQ =300Q^
_ _'_ _M l̂ _ r^T"— J

ELECTRICAL CHARACTERISTICS (Ta=25 C)

'EMITTER

Unit in mm

&8MAX.

1. BASE

2. COLLECTOR (FIN)

3. EMITTER

JEDEC

EIAJ

TOSHIBA 2—7B1A

Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CBO VCB=-60V, Ie=0 - - -20 MA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -2.5 mA

Collector-Emitter
Breakdown Voltage V(BR)CE0 Ic=-25mA, Ib=0 -40 - - V

DC Current Gain hFE(l) VCE=-2V, I C=-1A 2000 - -

hFE(2) VCE=-2V, IC=-3A 1000 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=-2A, lB=-4mA - - -1.5
V

Base-Emitter vBE(sat) IC=-2A, lB=-4mA - - -2.0

Switching
Time

Turn-on Time ton Kl^Z OUTPUT
t n 1 Tti? '—J~~~ V- « ~

- 0.30 -

fiS

m iLJ INPUT^^Klj J

20MS Ibi '
1 K 1

_IBl=IB2= 6mA "* (

DUTY CYCLE ^1% VCC=~

.a

<-\

i

30V

Storage Time tstg - 0.60 -

Fall Time tf - 0.25 -

TOSHIBA CORPORATION iiilllllllllilllllllllllllllllllltiMiiiiillllllliliiiilMillliiiliiiiliililiiiiilillll Itllllllllliiiiillllllililllllllliiiiliiiiiiiiiiiiiiiiiili iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiliiiiiiiiiliiinilllillii
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2SB907

—5
ic — VCE

COMMON EMITTER

Tc=2 5°C

—3
-275
—250
—22 5—2

—200—

1

I]3=—175 MA

IC — VCE

—1 —2 -3 -4 -5 -6

COLLECTOR—EMITTER VOLTAGE VCE (V)

—5
COMMON EMITTER

Tc = 100°C

—3
-200

-2

-125
-1

I B-~ 100/<A

1
o

COLLECTOR—EMITTER VOLTAGE V r (V)

VCE

COMMON EMITTER

< Tc=—5 5'C

o

—3

-2

—

1

H -600

-500
D
O

o -4 DO

o /""

o

r

IB=—300AA
o

/

^*

P
-1 -2 -3 —4 —5 —6

COLLECTOR-EMITTER VOLTAGE VCE (V)

VBE

COMMON EMITTER

VCE=-2V

< '11

/ /

o
, b lio

"
ti

;/
/ °

/ H

/
-a 8 -L6 -2.4

BASE—EMITTER VOLTAGE (V)

10000

hPE - ic

1- -^

rf
O.

^ /
A

<<

sa 3000
M
<
a

55

g 1000

1

D j

.
3

o
ON EMITTER

u buu
.

VCE=-2V

300 L_l_ 1

—0.3—Q 5 —1 —3 —5 —10
COLLECTOR CURRENT I c (a)

s >

J Eh
a a
o o
o >

-a 5

-a 3
-ai

vCE(sat) - Ic

I C/IB=5

Tc 55°C

3 ft

100

—0.3 —Q5 —1 —3
COLLECTOR CURRENT Ic (A)

lttlllttlllllllllllllltltllllllltlltllliiiiiiiitiitiiiiiltlltlllllf>lttlltlllllltllllllllllltllllltlltllltlltMlllltllitlltltillllllllllttllllllllfllllli«llMllt>lltlMIII«lt*llllllllilltllllllllltlllllllllltlltlltlllt ~«~^:^^=S>—^sS,^^. corporation
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2SB907

PC - Ta

—0.3 —0.5 -1 —3
COLLECTOR CURRENT I c (A)

40 80 120 160 180

AMBIENT TEMPERATURE Ta (°C)

200

SAFE OPERATING AREA

t r -,,

r i i i
i
ii

—5
I c MAX

-3
(CONTINUOUS)

\y \

-1 o i V
\\ ^\ \
i> ^\ \
* s\ >

0.5
n T<o\

*\
0.6

1

0.1

%k SINGLE NONREPETITIVE \
PULSE Tc=2 5°C ^

CURVES MUST BE DERATED
-LINEARLY WITH INCREASE
-IN TEMPERATURE

<

c

c

>

D

1 10"=! 1 1 1 1 1 MM 1

—3 —5 —10 —30 —50 —100

COLLECTOR—EMITTER VOLTAGE VCE (V)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER) 2SB908

SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE(l)=2000(Min.) (VCE=-2V, Ic=-1A)

. Low Saturation Voltage
: VCE(sat) =-1.5(Max.) (I C=-3A)

. Complementary to 2SD1223.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Co-lector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEBO

ic

IB

PC

Ti

L stg

RATING

-100

-80

-5

-4

-0.4

1.0

15

150

-55-150

EQUIVALENT CIRCUIT

BASEO-
~4.5kfi

COLLECTOR

1

I =*3ppQ ,

|_ _ __ f/t--^ i

EMITTER

UNIT

Unit in mm

&8MAX

1. BASE
Z. COLLECTOR (PIN)

a EMITTER

TOSHIBA

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (T i=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, IE=0 - - -20 mA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -2.5 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=-10mA, Ib=0 -80 - - V

DC Current Gain nFE(l) VCE=-2V, IC=-1A 2000 - -

hFE(2) VCE=-2V, IC=-3A 1000 - -

Saturation
Voltage

Collector-Emitter VcE(sat) Ic=-3A, lB=-6mA - - -1.5
V

Base-Emitter VBE(sat) IC=-3A, lB=-6mA - - -2.0

Switching
Time

Turn-on Time ton f^lB2 T
OUT

jbiIlJ
Ib2 t^""t i

PUT - 0.15 -

MSStorage Time tstg 20AS IB1 i\s>\
G
o

>

50V

- 0.80 -

L

_IBl=IB2= 6lnA

DUTY CYCLE^ 1%

-"fit
1

vcc =-:
Fall Time tf - 0.40 -

III H Mil 1 t IIII1II

M

141 MIMIIIIMI1 t 1(1 tt IU Kllll 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1

1 1 1 1 1 1 1 i 1 1 1 1 1

1

IIII1IM U 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 J 1 1 1 1M 11 1 1 1 > 1 1 1 1 t 1 1 1 1 1 1 1 i 1 1 M 1 1 > 1 1 1 1 1
1 ~S~CI3^=&I—ttl"^3^^ CORPORATION
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2SB908

VCE Ic — VCE
—5

COMMON EMITTER

Tc = 2 5°C

—4
1

-500
-450
-400

—350
—A

-300

-250

1 1 1

"0 -1 —1 -3-4—5-6
COLLECTOR—EMITTER VOLTAGE VCE (V)

"0 -1 -2 —3 —4 —5 -6

COLLECTOR—EMITTER VOLTAGE VCE (V)

1 C — VCE VBE

—0.3 —Q5 —1
COLLECTOR CURRENT

H >
<
Ul

« P
w St

H m
H
H W
s o
T >
i
o
H W
O rt
W <
.-1 H
1-1 i-4

o CI

o >

-G 8 —1.6 —2.4 —3.2 -4.0

BASE—EMITTER VOLTAGE VBE (V)

V CE (sa t )
ic

•-b

COMMON EMITTER

—3

—

1

TC -5 5 °C -^^f~ A

00

*^
""'l

Ub

-a 3 —0.5 -1 -3 —5

COLLECTOR CURRENT Iq (A)

TOSHIBA CORPORATION

-304



2SB908

m
>

vBE(sat ) "- ic

COMMON EMITTER

I C/IB= 500

Tc °r

'25
~

100

as

PC Ta

-0.1 —0.3 —as —1 —3
COLLECTOR CURRENT I c (A)

20

< 16

m

Ph ^
K
° P
Eh Fh

(£ Tc =-Ta

a
INFINITE HEAT B1MR

© CERAMIC SUBSTRATE
50X50xa8nnnt

@ NO HEAT SINK

(&/

(3) "

1
"

40 80 120 160 180

AMBIENT TEMPERATURE Ta (°C)

200

SAFE OPERATING AREA
—-LU ——

—

—
1

I

C MAX (PULSE-n't*41D )" s

—5 h I c MAX |l \

—3 (CONTI-
""

NUOUS) Vo \

-1

X

\fc 1

"£ ^j\
w vV.

-0.5
_i_ <*• 9*

—0.3

1

-0.1

& SINGLE NONREPETITIVE
PULSE Tc = 2 5°C

-CURVES MUST BE DERATED
.LINEARLY WITH INCREASE

X
s —
o
o
> —
II

ao5

(ins J l—L I ii
J

-10 —30 -50 —100 -800

COLLECTOR—EMITTER VOLTAGE VCE (V)
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2SB992 SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Current : Ic=-7A

. Low Collector Saturation Voltage
: VCE ( sat )=-0.5V(Max.) (at IC=-4A)

. High Collector Power Dissipation
: Pc=40W (at Tc=25°C)

. Complementary to 2SD1362

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcEO

VEBO

ic

IB

PC

Lstg_

RATING

-100

-80

-5

-7

1.5

40

150

-55-150

UNIT

1CX3MAX.

03.2±O.2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

EI A.

J

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 2 0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, IE=0 - - -5 nk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -5 lik

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-50mA, Ib=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=-4A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-4A, IB=-0.4A - -0.3 -0.5
V

Base-Emitter VBE(sat) IC=-4A, Ib=-0.4A - -0.9 -1.4

Transition Frequency fT VCE=-4V, IC=-1A - 10 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 250 - pF

Switching Time

Turn-on Time ton
T n NlB2 ^a,-^™" - 0.4 -

(IS

^fll o^^FTT^
Storage Time tstg

l—*1 INPUT -T VS/ *S~*
ZOMB

ls**ui
IB1 ^ fo

-lBl = lB2 =a3 A J
DUTY CYCLE^1% cc

- 2.5 -

Fall Time tf - 0.5 -

Note : hpE(l) Classification : 70-140, Y : 120-240

TOSHIBA CORPORATION
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2SB992

ic - V C E
1U

COMMON EMITTER

Tc = 2 5"C

-8
-200

L . -180

\/ -160
-140
-120
-100

—60
-4

—40

I]3
=_20mA

I
>

v he — ic

COMMON EMITTER

|

U8

<
a

of
r/

. <§£
'

cS/.c^
?/ //y

Ut>

1

1

t-

«/
«^5>^-400

-U4 H 1 ">-500

\-600
\-700

I
,

0-2-4 -6 -8 -10

COLLECTOR-EMITTER VOLTAGE VCE (V)

-1 -2 -3 -4

COLLECTOR CURRENT

-1 -2 -3 -4 -5 -6 -7

COLLECTOR CURRENT l c (A)

1 -2 -3 -4 -5 -6

COLLECTOR CURRENT I c (a)

hpE — ic
1000

COMMON EMITTER

VCE=-1V
T

300 Tc— 10 u o

35 »>
^ *-TOO 1

-+- -55 -
-N

«^v—

-

50
--J--

"' -^ YT *-*,
>\N

i n Mill

rCE(sat) - IC

H >

-as

-a3

-ai

S o
W >

1

-ao5
tr;

o
-0.03

o &
H <C
i-3 H
A J
o o

.

- COMMON EMITTER

' I C/I B=10

A> ,'

\°y""' ^
;Si«—

^

5

-55

1

-ai -a3 -l

COLLECTOR CURRENT

-3

IC (A)

-0.02 -ai -0.3 -1 -3 -10

COLLECTOR CURRENT I c (A)

IIIiiiiiiiiiii inn iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii! Hllliliiiiiiiilllllli iiiiiiiiiiiiiiiliiiiiiiiilliiiiiiiiililiiiiiiilllllliillilllilllllliiiilllllliiiiillllliiimilllliiiilllliiiiiilillTOSHIBA CORPORATION
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2SB992

VBE(sat) - Ic VBE

M > -5
H w
2~ -3
D ^
H «J

< CO

M w
a

« m —

1

a >
H
H
M -0.5
s a
a e>

a£ -0.3

CO J
<! O
PQ >

COMMON EMITTER

I C/I B=10

... Tc —_5t T,

5

00

...

"'V*V
1

-a 02 -ai -a 3 -l -3

COLLECTOR CURRENT I c (A)

COMMON EMITTER

vGE=-iv

„o 1

K-55

*p-25
o r

°/i

7
//
-Q8 -1.6 -2.4 -3.2

BASE-EMITTER VOLTAGE VBE (V)

!?E OPERATING AREA

CD Tc = Ta INFINITE
HEAT SINK

(gi 300X300X2mmA^
HEAT SINK

(g) 200X200X2mmA£
HEAT SINK

iii 150X150x2mmAil

HEAT SINK
(g; 100X100X2mmA£

HEAT SINK
70X70X2mmA£
HEAT SINK

@ 50X50X2mmA^
HEAT SINK
3 5X35X2mmA£
HEAT SINK
25X25X2mmA£
HEAT SINK

NO HEAT SINK

-Q5

-0.3

1 1 1 III
Ic MAX (PULSEI

III

I c MAX

.

o

"(CONTINUOUS; -

Vi4\VV
% °SS&*

°t \\:i <z*-t!
:±_
T^

^ SINGLE NONREPETITIVE
X

o
a
o
>

PULSE Tc = 2 5"C ^

CURVES MUST BE DERATED
LINH
IN T

ARI
EMI

iY

>EF

W
(A

ITH
TUR

INCREASE
E

i

-1 -3 -10 -30

COLLECTOR-EMITTER VOLTAGE V

100

CE (V)

20 40 60 80 100 120 140 160 180

AMBIENT TEMPERATURE Ta (°C)

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SB993

INDUSTRIAL APPLICATIONS
HIGH CURRENT SWITCHING APPLICATIONS. Unit in mm

POWER AMPLIFIER APPLICATIONS.
ia3MAX.

FEATURES

•

7. 03.2x0.2
-i /

. High Collector Current : Ic— 7A

-i r
/ i

CO

d
-H
o

H

i f

-. Low Collector Saturation Voltage k*
: VCE(sat)=-0.4V(Max.) (at Ic=-4A)

. High Collector Power Dissipation
: PC=40W (at Tc=25°C)

. Complementary to 2SD1363

IX

i

p

1

CO

d
-H
o
iri

i

i i-
1 '2

S

H

MAXIMUM RATINGS (Ta=25°C) "
1

CHARACTERISTIC SYMBOL RATING UNIT a7e
+ 0.25 1

1

Collector-Base Voltage VcBO -70 V 2.54 ±0.25 | 2.54±0.25

Collector-Emitter Voltage VCEO -50 V too

dd
+ 1

m
dJ

1

X
<
2

Emitter-Base Voltage VEBO -5 V /M !
\

4

Collector Current ic -7 A (T Tt)

Base Current IB -1 A
1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

Collector Power
Dissipation

Ta=25°C
PC

1.5
W

Tc=25°C 40
JEDEC -

Junction Temperature T
j

150 °C EIAJ -

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta==25°C)
Weight : 2. 0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-70V, IE=0 - - -30 nk

Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -50 VA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-50mA, Ib=0 -50 - - V

DC Current Gain
tiFE(l)

(Note)
VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=-4A 30 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=-4A, IB=-0.4A - -0.2 -0.4
V

Base-Emitter VBE(sat) IC=-4A, Ib=-0.4A - -0.9 -1.2

Transition Frequency fT VCE=-4V, IC=-1A - 10 - MHz

Collector Output Capacitance Cob VCB=-10V, l£=0, f=lMHz - 250 - PF

Switching Time

Turn-on Time ton IVJIB2 IB2 OUTPUT - 0.2 -

MS
LJ INPUT T

-
^i)/ 4G

-I Bl= lB2=Q3A J^ _, Vnp——oUV
DUTY CYCLE^1% °°

Storage Time tstg - 2.5 -

Fall Time tf - 0.5 -

Note : hFF.m Classification : 70-140, Y : 120-240

IIIIIIIIIIIIMItlltlllltlllMlllllll llllMlltllltllllllllllll Illlllfllllllllllllltlllll ll|||MlltllMllllltlllllllitlllll>lllltlll[llllllllltt>lllliltlllltMIlllIIMtlllllllllllllltlltllMIIII*l>ltllllllt —T~C^^^—Ba^^.^^ CORPORATION
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2SB993

ic - VCE

-6

CON

Tc =

MON ]

-2 5"C

SMtTTER 1

-100
-90
-80
-70
-60

-50
-4

-30

~
1

-
lB ==-10mA

•1

VCE - IC

-2 -4 -6

COLLECTOR-EMITTER VOLTAGE VGE (V)

K -0.6 —

-a4

-02

COMMON m; tter
Tc = 2 5°C

<
s— o

II

O— N-
1

O
to

1

/

1 /

o

7
T1/ yX <v£/

<<&>

0^*y^

-1 -2 -3 -4 -5 -6 -7

COLLECTOR CURRENT Ic (A)

-1.0
Vc E ic

-08 <r t
S
o .

. 1 .

II

m
n

o o
CO

1, 7 / / ,fM
>

-0.6
y-

I 3°-

-04
1 i V>

-Q2
COMMON EMITTER
Tc = 1 00 "C

1

VCE

-1 -2 -3 -4

COLLECTOR CURRENT

H r
I r

(A)

-1 -2 -3 -4
COLLECTOR CURRENT

hwir —

-ao3 -ai -a3 -l -3

COLLECTOR CURRENT I c (A)

ao3 -ai -a3
COLLECTOR CURRENT

TOSHIBA CORPORATION
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2SB993

VBE(sat) - I C Ic - VBE

CO J
< O
m >

-Q03 -0.1 -0.3 -1 -3

COLLECTOR CURRENT I c (A)
-0.4 -0.8 -1.2 -1.6 -2.0 -2.4 -2.8

BASE-EMITTER VOLTAGE VBE (v)

PC - Ta
44

1 © Tc = Ta

© SINK
(D 300X300X2mmA.£

HEAT SINK
© 200X200X2mmA£

HEAT SINK
(J; 150X150X2mmA£

HEAT SINK
(g) 100X100x2mmA£

HEAT SINK
© 7 x 7 X 2mm k£

HEAT SINK
® 5 0X5 0X2mmA£

HEAT SINK
Ig) 3 5X3 5XlmmAf

HEAT SINK
(§) 25X25XlmmA^

HEAT SINK

>

P4

o
H 28
<

co 24
CO

- (&

M
° on <S)

« "° ®
S

1S 16
-© !© NO HEAT

« SINK
° 12 "©

ffi
i-5 8
O -©o

_©
i

SAFE OPERATING AREA

20 40 60 80 100 120 I4U .

AMBIENT TEMPERATURE Ta ("C)

-3 -10 -30 -100

COLLECTOR-EMITTER VOLTAGE VCE (v)

IIIIIIIHII mi iiiiniiii II Him illllllll iiiiiiiiiiiiiiiiiiiiilliiiiiiiiilliiiilliliiiilliiiiilliiiiiillliliiliilllliillliiillllilllllliilllllllillllllllililllll
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2SB994 SILICON PNP TRIPLE DIFFUSED TYPE

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage
: VcE(sat)=-1.0V(Max.) at Ic=-3A, Ib=-0.3A

. Collector Power Dissipation : PC=30W (Tc=25°C)

. Complementary to 2SD1354

MAXIMUM RATINGS (Ta=25°C^>

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

TstgStorage Temperature Range

ELECTRICAL CHARACTERISTICS (Ta=25°C)

SYMBOL

VCBO

VCEO

vEBO

ic

IB

RATING

-60

-60

-7

-3

-0.5

1.5

30

150

-55-150

Unit in mm

: jl3ma^.

0&2±Q2

UNIT

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

JEDEC

EI AJ

TOSHIBA 2-10K1A

Weight : 2.

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-60V, IE=0 - - -100 mA

Emitter Cut-off Current lEBO VEB=-7V, IC=0 - - -100 dk
Collector-Emitter
Breakdown Voltage v (BR)CE0 Ic=-50mA, IB=0 -60 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, Ic=-0.5A 60 - 200 -

hFE(2) VCE=-5V, IC=-3A 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-3A, IB=-0.3A - -0.5 -1.0 V

Base-Emitter Voltage VBE VCE=~5V, Ic=-0.5A - -0.7 -1.0 V

Transition Frequency f T VCE=-5V, Ic=-0.5A - 9 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 150 - pF

Switching Time

Turn-on Time *-on
„_„, t OUTPUT
INHJT iBl ^_

- 0.4 -

MS
20>«sec ^

a
'HStorage Time tstg - 1.7 -

Fall Time tf -IBi = I B2=a2A
CG ~

DUTY CYCLE^1%

30V
- 0.5 -

Note : hpEni Classification : 60~120, 100-200

TOSHIBA ^S^3^^^^^^V^^X.~VHl^^HNdl illlllliiiiiiiiiiifiiiitiiliiiiiiiiiitiifiiiiiiiiitiiliiiiiiiiiiiiitilllitiiiiiiiiiilftJfiiiiiiliiiiilliiiiiMiiilltliiiiiiiiiiiiiliiiiiiiilliililliiiiiiilllllifiiiiiitiiiiiiiitiiiiiiiiiiirillllllllllJfiilllllltiiiiiiill

— 3X2—



2SB994

- vCE VBE

m -3

COMMON
EMITTER

-80 --70 -60 Tc = 25°C

-50
-40

-30

-20

I B = -10mA

-1 -2 -3 -4 -5 -6

COLLECTOR-EMITTER VOLTAGE VCE (V)

hjTE — Ic
1000

500

300

COMMON EMITTER

VCE = -5V
J.UU u

25
— » —-.

•»•
">

-2 5

^^
"».

-. V

N
*» >T s.

., x VV s\\ V> s/
\

-ai -a 3

COLLECTOR CURRENT

-1

IC ( A )

2.0

II
COMMON

„o/
/

VGE = -5V

o /o 1
'1 1
II 1 "3
" J CV
J

1

/ "3—1 ^
I 1f

)
-C.4 -a 8 -1.2

BASE-EMITTER VOLTAGE Vp, ff

V CE( sat) - I C

(V)

K>

CQ
TO

s

K
o
o e>
a<c

o o

-as

-Q3

: COMMON EMITTER

• Ic /IB= 10

•*•

j S^'

<^c

'!j^25
' -25

-Q03 -ai -0.3 -1 -3

COLLECTOR CURRENT I c (a)

(th(t)

S«

Ql
10

:(D WITHOUT HEAT SINK &
(2) INFINITE HEAT SINK <%*>^£.

vS>

2 [I2) Tc = 2 5°C.

10 -1

TIME
1

(sec)
10

-10
SAFE OPERA I NQ AREA

1 I I l | l l

'. I c MAX (PULSED) •>

-5 1 1 1 1 1 II \

\ VI c MAX. (CONTINUOUS) $
,Y>

-3 \%
•<

>>
o\\#\\> #

-1

(.

.&>

Vs

. •*; SINGLE NONREPETITIVE
PULSE Tc = 25°C

CURVES MUST BE DERATED o

-G5

-0 2
TEMP BRAT URE

i_i

>

-1 -3 -10 -30

COLLECTOR-EMITTER VOLTAGE VCE (V)
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2SB995 SILICON PIMP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VCEq=-100V

. Low Collector-Emitter Saturation Voltage

: VCE(sat)=-2.0V(Max.)

. Complementary to 2SD1355

. Recommended for 30W High-Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCEO

VEBO

ic

IB

PC

Lstg

RATING

-100

-100

-5

-5

-0.5

40

150

-55-150

UNIT

ELECTRICAL CHARCTERISTICS (Ta=25 C)

Unit in mm

1. BASE
2. COLLECTOR (HEAT SINK)

a EMITTER

TOSHIBA 2-10K1A

Weight : 2.1

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-100V, l£=0 - - -100 uA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-50mA, Ib=0 -100 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, IC=-1A 40 - 240

hFE(2) VCE=-5V, IC=-4A 20 - -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=-4A, Ib=-0.4A - - -2.0 V

Base-Emitter Voltage VBE VCE=-5V, IC=-4A - - -1.5 V

Transition Frequency f T VCE=-5V, IC=-1A - 5 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 270 -
P F

Note : hEE (i) Classification R 40-80, : 70-140, 120-240

TOSHIBA CORPORATION limn iililliil iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilllllilllllllllliiiiiiillliliiiiiiiiiiiiilllllllilililiiiiiiiiliiiliiiiiniiiii Iliiliiini iiiiiiiiillllllllllllllllllliliiiiiiiiiiiiiiiniiiliiii
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2SB995

Ic - VCE In VBE

^ -1

t'

-150

Y / -100

-50
1 1

|
1

!

COMMON EMITTER

Tc = 25°C

_i_"Toll
-1 -2 -3 -4 -5 -6 -7

COLLECTOR-EMITTER VOLTAGE VCE (V)

hFE — I C

£ 300 -

£ 30

10

1 1 1 II 1 L
1 1 1 Ill

Tc = 75°C

-^ ||

-~
;-.

:::^?,5 .

-25
<^? *v^v_^ <vS^s >> sSNXSS

COMMON V.MTTTER
N

vci

—--rH4FF

—

-a oi -0.03 -ai -03 -1 -3 -5

COLLECTOR CURRENT I c (A)

50

P c
-- T a

Tc = Ta

INFINITE HEAT SINK
40

J>0

20

1U

n

25 50 75 100 125

AMBIENT TEMPERATURE Ta (°C

)

§ -3

A COMMON EMITTER

u
VCK --5V

11
"O
L I

//
n- 25

— 25o

1 i
7

//
Jj
-G8 -1.2 -1.6 -2.0

BASE-EMITTER VOLTAGE VBE

-2.4 -2.6

( V )

o
o o

o o

2

1

V CE(sat) - J c

COMMON EMITTER

: I C /I B -10 _!_._..

-0.5 A

-0.3
^T

P0^

0.1
^C> ^^-25

-0.05

r. n .^

-a 03 -0.1 -03 -1 -3

COLLECTOR CURRENT I c (A)

SAFE OPERATING AREA
-2

-10

lllllll 1

I c MAX. (PULSED) •*

lllllll IV
| | 1 lll| 1 \ \A*1

-5 ft V>\ *

^ V
—j>

'>.
k \

-1
__

"* SINGLE NONREPETITIVE'N

PULSE Tc - 25°C

" CURVES MUST BE DERATED

0.5 t<

0.3
s
o

n i

IN TElif ERliTURE
i

' o
>

-3 -10 -30 -100

COLLECTOR-EMITTER VOLTAGE VCE (V)
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2SB996 SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Good Linearity of hpg

. Complementary to 2SD1356

. Recommended for 20-25W High-Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

Tstg

RATING

-80

-80

-5

-4

-0.4

30

150

-55~150

UNIT

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

0&2xO.2

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

JEDEC

TOSHIBA 2-10K1A

Weight : 2.0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0 - - -30 uA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 uA.

Collector-Emitter
Breakdown Voltage V(BR)CE0 IC=-50mA, Ib=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-5V, IC=-0.5A 40 - 240

hFE(2) VCE=-5V, IC=-3A 15 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-3A, IB=-0.3A - -1.0 -1.7 V

Base-Emitter Voltage VBE VCE=-5V, IC=-3A - -1.0 -1.5 V

Transition Frequency fT VCE=-5V, IC=-0.5A - 9 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 130 - PF

Note : hFE (l) Classification 40-80, : 70-140, 120-240

TOSHIBA ^S^3V*^»^3**JE^.T-|C3INa iniiitiiiiiitiiiiiiiiiiiiiiitlltllllltllllllllllllltllilllllllllllllllllllllltllllllllllllllllltlllllliiiiilllliiiiiiiiiiiiiuiiillllllllllllllllllllllilllllllllllllllllllllllllllllllllHllllllllllllllllllllllllllilllll
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2SB996

4.0

ic VCE

-180 ~-
- -160 -^

-140--.

-120_ft

-100

-6

COMMON

EMITTER

Tc- 25 °C

3.2

-402.4

. 1

1.6
IB = -20mA

as

J

Ic - VBE

'0 -1 -2 -3 -4 -5 -6

COLLECTOR-EMITTER VOLTAGE VCE (V)

hFE - T C

1
III

-1n

1
^ 5 1.

f)

MMON EMITTER

::: vcE-~ 5V
i.j

10

5

3 l_|_LLL
-aoo3 -a oi -ao3 -ai -0.3 -1

COLLECTOR CURRENT I c (A)

Pp - Ta

® Tc = Ta
INFINITE HEAT SINK

@ 300X300X2mm A£ HEAT SINK
@ 200X200X2mm a£ HEAT SINK
@ 100X100X2mm A£ HEAT SINK
15) iOOXlOOXlmm a£ HEAT SINK
V§) IOOXlOOXlmm Pe HEAT SINK

cD

'

\m 50X50X2mm A£ HEAT SINK

HEAT SINK
(9) 50X50X 1mm Pe

HEAT SINK(4)

V
(?)

NO HEAT SINK

^1

© s—1

—

^ ^
•^^^©

(6)—T"

®®(D

1 1 1

£ -2.0

COMMON EMITTER

VCE = -5V

°° ///*-- -25
,<o//i

4b

7
Jj

- 25

u
J2

« >

K
-i

E-. m
O O

o°
o >

-C.4 -0.8 -12 -16 -2.0

BASE EMITTER VOLTAGE VBE (V)

r

CE(sat)

_
I C /I B =10

^c
«' ii^~ 25

& r--2£

1

-a 01 -0.03 -ai -c.3 -1

COLLECTOR CURRENT I c (A)

SAFE OPERATING AREA

1

: i c max. c pulsed; *
, 1 JIB •*•

\
II II ^ 10 me &•

" (continuous; ^ 100ms •*

INJ \,
4\

1

1 ** •
>>S

\^

,

V \
Ll

u
v\

- -X; SINGLE nonrepetittve
PULSE Tc = 25°C

. CURVWfi MITRT RK DWRATWD

\
><

>
1 1

\i

L]CNE

I T

AI

El/

1 1

IL

P
Y W ITH INC

ruRE
REASE

25 50 7 5 100 125 150

AMBIENT TEMPERATURE Ta (°C )

-3 -10 -30 -xOO

COLLECTOR-EMITTER VOLTAGE VCK (V)
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E557
2SB998
2SB999I

SILICON PNP TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.
HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

FEATURES

:

. High DC Current Gain,: hFE=2000(Min. ) (at Vce=-3V, Ic=-3A;

. Low Saturation Voltage : VcE(sat)=-l .5V(Max. ) (at Ic=-3A^

. Complementary to 2SD1357, 2SD1358 and 2SD1359

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

2SB997

2SB998

2SB999

2SB997

2SB998

2SB999

Emitter-Base Voltage
Collector Current

Base Current
Collector Power Dissipation

(Tc=25°C)
Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO
IC

IB

PC

-stg

RATING
-100

-80

-60

-100

-80

-60

-5

-7

-0.2

40

150

-55 -150

UNIT

EQUIVALENT CIRCUIT

Tt
-5kQ

(COLLECTOR

I

j !

10.3 MAX

+Q25
176-Q15

2.54±0.2£

03.2±O.2

+ 1

n 2 .^;

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (T a=25°C)
EMITTER Weight : 2.0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

2SB997

ICBO

VCB=-100V, IE=0 - - -100

M2SB998 VCB=-80V, IE=0 - - -100

2SB999 VCB=-60V, IE=0 - - -100

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -4.0 mA

Collector-Emitter
Breakdown Voltage

2SB997

V(BR)CE0 I c=-50mA, IB=0

-100 - -

V2SB998 -80 - -

2SB999 -60 - -

DC Current Gain
hFE(l) VCE=-3V, IC=-3A 2000 - 15000

hFE(2) VCE="3V, IC=-7A 1000 - -

Collector-Emitter
Saturation Voltage

^CE(sat)l) IC=-3A, lB=-6mA - -0.95 -1.5
V

^CE(sat)(2) IC=-7A, IB=-14mA - -1.3 -2.0

Base-Emitter
Saturation Voltage

VBE(sat) Ic=-3A, IB=-6mA - -1.55 -2.5 V

Switching Time

Turn-on Time ton pB2 ^ OUTPUT - 0.8 -

us
y ]'

i

°

Storage Time tstg 20Mb IB1 ]V:p - 2.0 -

L- IBl= IB2=6mA

DUTY CYCLE^1%

---•if
i

Fall Time tf
- 2.5 -

TOSHIBA CORPORATION
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2SB997 • 2SB998 • 2SB999

Ic - VCE

-2 -4 -6 -8 -10 -12

COLLECTOR-EMITTER VOLTAGE VCE (V)

-10
ic — v c E

COMMON EMITTER

Tc=-5 0*C

-8
-4.5

/Z
—4. 3

3.5

2.5V,?
— 3.0

y. h
-2.0 ~i

-4 1.5

,-1//
<*

-2
IB=-Q5mA

Y
I0-2-4 -6-8

COLLECTOR-EMITTER VOLTAGE

-12

(V)

rCE(sat) - IC

S o
H >
«
O
o o

o o
o >

-0.5

-0.3

COMMUN JSMITTJUK

I C/I B=5

Tc=- 5 0t
tfl*=

= :!--S^^>
-s » ..,-r

3^— \\25

00
— Vx l

-0.3 -1 -3 -10 -30

COLLECTOR CURRENT Ic (a)

ic — VCE

COMMON EMITTER
Tc = 10 0'C<c

-2.0

-1.5o -2.5

a
,

-1.0

tl
--. IB=-0.5mA

D
° 4
«
o

W
7/

o
^ 2

o

\ -2 -4 -6 -8 -10 -1

COLLECTOR-EMITTER VOLTAGE Vc

hpE — IC

10000

H 5000

&
3000

S3
M
<

H
g 1000

D
° 500
o
fi

300

TTT

rv°0 J^ ">.

- <%<

. O ^"* V
S

^
COMMON EMITTER

VCE
iii

,=-3V
_1_U 1

-Q3 -1 -3 -10 -SO
COLLECTOR CURRENT I c (a)

vBe( sat )
— 1 c

COMMON EMITTER

IC/I B=50

— 5 0°r.

5

Md
0.5

0,3
-0.3 -1 -3 -10 -30

COLLECTOR CURRENT I c (a)
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2SB997 • 2SB998 •2SB999

1 c - Vbe SAFE OPERATING AREA

-U4 -0.8 -1.2 -1.6 -2.0 -2.4 -2.8 -3.2

BASE-EMITTER VOLTAGE VBE (v)

-20

-5

-3

-015

5*; SINGLE NONREPETITIVE
PULSE Tc=2 5*C

1 CURVES MUST BE DERATEL
LINEARLY WITH INCREASE

!

-3 -10 -30

COLLECTOR-EMITTER VOLTAGE

-100

VCE (V)

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE 2SB1015

AUDIO FREQUENCY POWER AMPLIFIE R APPLICATIONS.

tage
at Ic=-3A, IB=-0.3A
: Pc=25W (Tc=25°C)

Unit in mm

10.3MAX.

FEATURES

:

. Low Collector Saturation Vol
: VCE(sat)=-1.0V(Max.)

,

7-0
.

1

03.2±Q.2
/

*J frf "*
r ^
H

^

.::
. Collector Power Dissipation

X
<
s
to

1

J
rf,

. Complementary to 2SD1406 o

,|

1.2
J

55
M
s

MAXIMUM RATINGS (Ta=25°C)

...

1.4

+ 0.25
0.76-0.15

1

CO

CHARACTERISTIC SYMBOL RATING UNIT
2.54±0.25

Collector-Base Voltage VCBO -60 V
2.54±a25

Collector-Emitter Voltage VcEO -60 V
moNH
C5c>

+

1

lO

c5]
1

<
5

_Emitter-Base Voltage VEBO -7 V
r

c\?

_1

12 3

1

Collector Current ic -3 A
1

Base Current IB -0.5 A 1. BASE
2. COLLECTOR
3. EMITTER

Collector Power
Dissipation

Ta=25°C
PC

2.0
W

Tc=25°C 25
JEDEC -

Junction Temperature T
j

150 °C EIAJ -

Storage Temperature Range Tstg -55- 150 °C TOSHIBA 2-I0L1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Wei ght : 2-lg

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-60V, IE=0 - - -100 fik

Emitter Cut-off Current xEB0 VEB=-7V, IC=0 - - -100 uk

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-50mA, Ib=0 -60 - - V

DC Current Gain
*»FE(1)
(Note)

VCE=-5V, IC=-0.5A 60 - 200

nFE(2) VCE=-5V, IC=-3A 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-3A, IB=-0.3A - -0.5 -1.0 V

Base-Emitter Voltage VBE VCE=-5A, IC=-0.5A - -0.7 -1.0 V

Transition Frequency f T VCE=-5V, IC=-0.5A - 9 - MHz

Collector Output Capacitance Cob VcB=-10V, IE=0, f=lMHz - 150 - pF

Switching Time

Turn-on Time ton T OUTPUT - 0.4 -

MS
20a eec ^

in

>

Storage Time tstg - 1.7 -

Fall Time tf
-lBl = I B2= a2A

VCC=-

DUTY CYCLE^1%

30V
- 0.5 -

Note : hEE (i) Classification : 60—120, 100-200

TOSHIBA CORPORATION
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2SB1015

4

ic -- V C E

COMMON
EMITTER

T c = 25°C

^
-80 -70 -60

_ -50
-40

-30

-20«J

i.

1

Ib= -10m/

n

-1 -2 -3 -4 -5 -6
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SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

3=-100V

tion Voltage

elity Audio Frequency

Unit in mm

10.3MAX

FEATURES

:

.
7.0

l~T"~l

03.2±O.2
/

. High Breakdown Voltage : V^g
(

J ! k

13 3 n
ci

r

-

:~

. Low Collector-Emitter Satura
<
s
to

1
= VCE(sat)=-2.0V(Max.)

!

o

. Complementary to 2SD1407

il

4 1" M
. Recommended for 30W High-Fid 1

+
0.76-

1.4
S

Amplifier Output Stage. 125 .

11 5
!

'

2.54±0.25 1 2.54±025

MAXIMUM RATINGS (Ta=25°C) mo

+ 1

to

c5

<

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -100 V
-n

—

1 Ky i ;

Collector-Emitter Voltage vCEO -100 V

Emitter-Base Voltage Vebo -5 V
1. BASE
2. COLLECTOR
3. EMITTERCollector Current ic -5 A

Base Current IB -0.5 A JEDEC -

Collector Power Dissipation
(Tc=25°C)

PC 30 W
EIAJ -

TOSHIBA 2-10 LI A

Junction Temperature T
j

150 °C Weight : 2.1g

Storage Temperature Range Tstg -55-150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-100V, IE=0
- - -100 nk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-50mA, Ib=0 -100 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-5V, IC=-1A 40 - 240

hFE(2) VCE=-5V, lQr-hk 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-4A, IB=0.4A
- - -2.0 V

Base-Emitter Voltage VBE VCE=-5V, IC=-4A - - -1.5 V

Transition Frequency fT VCE=-5V, IC=-1A - 5 - MHz

Collector Output Capacitance cob VfB=-10V, IE=0, f=lMHz - 270 - PF

Note : hEE (i) Classification R 40-80, : 70-140, 120-240

liiiiiiillililllllllliliiiillllllllllllllliilllllllliiilllllllllllllilllilliiiiiH CORPORATION
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2SB1016
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SILICON PNP TRIPLE DIFFUSED TYPE 2SB1017

POWER AMPLIFIER APPLICATIONS.

Fiderity i\udio Frequency

Unit in mm

10.3 MAX.

FEATURES

:

7.(D 03.2±<XZ
-1 /

. Good Linearity of hpE
J~~
^-i3 s:

CO

"
^

. Complementary to 2SD1408
<

~£\*
3

cs

•H

. Recommended for 20~ 25W High-

i

o
IS

Amplifier Output Stage. 1

1.2 is
H
5
Til

H

1.4

+ 0.25 1

0.76-0.15 1

r

MAXIMUM RATINGS (Ta=25°C)
2.54±0.25_ 2.54±0.25

•

CHARACTERISTIC SYMBOL RATING UNIT
+ 1

mCollector-Base Voltage VCBO -80 V
I

Collector-Emitter Voltage VCEO -80 V f 12 3l

Emitter-Base Voltage VEBO -5 V
1. BASE
2. COLLECTOR
3. EMITTER

Collector Current ic -4 A

Base Current IB -0.4 A
JEDEC -

Collector Power Dissipation
(Tc=25°C)

PC 25 W EIAJ -

TOSHIBA 2-10L1A
Junction Temperature T

j
150 °C

Weight : 2.1g

Storage Temperature Range Tstg -55-150 °C

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-80V, IE=0
- - -30 /ik

Emitter Cut-off Current lEBO VEB=-5V, IC=0
- - -100 MA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-50mA, Ib=0 -80 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-5V, IC=-0.5A 40 - 240

hFE(2) VCE=-5V, IC=-3A 15 - -

Collector-Emitter
Saturation Voltage

VcE(sat) IC=-3A, Ib=-0.3A - -1.0 -1.7 V

Base-Emitter Voltage VBE VCE=-5V, IC="3A - -1.0 -1.5 V

Transition Frequency fT VCE=-5V, IC=-0.5A
- 9 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 130 - pF

Note : hFE (l) Classification R : 40-80, : 70-140, 120- 240

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Current : Ic=-7A

. Low Collector Saturation Voltage
: VCE ( sat )=-0.5V(Max.) at IC=-4A

. Complementary to 2SD1411

Unit in mm

MAXIMUM RATINGS (Ta= 25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO -100 V

Collector-Emitter Voltage VCEO -80 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -7 A

Base Current IB -1 A

Collector Power
Dissipation

Ta=25°C
PC

2.0
W

Tc=25°C 30

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55^150 °C

10.3MAX.

no.2
1* 1

[

i

K IS rt en

a
-H
o

:;

id

:

J
3

\\H
1.2

J

55M
S

-i

1.4

+Q25
0.76-0.15

1 ii

2.54x0.25 2.54±Q25

mo
Cit-i

+ 1

d

y -

X
<
s

4 •

l s

\

n?l

1. BASE
2. COLLECTOR
3. EMITTER

JEDEC -

EIAJ -

TOSHIBA 2-10L1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 2.1g

CHARACTERISTICS SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-100V, IE=0 - - -5 AA

Emitter Cut-off Current lEBO VEB=-5V, lc=0 - - -5 A A

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-50mA, IB=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

hFE(2) VCE=-1V, IC=4A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=-4A, IB=-0.4A - -0.3 -0.5
V

Base-Emitter vBE(sat) IC=-4A, IB=-0.4A - -0.9 -1.4

Transition Frequency fT VCE=-4V, Ic=-1A - 10 - MHz

Collector Output Capacitance Cob VcB=-10V, Ie=0, f=lMHz - 250 - pF

Switching Time

Turn-on Time ton INPUT lB
2/t?
°^T

- 0.4 -

AS
Z0/Jte ,.

1

Storage Time tstg - 2.5 -

Fall Time tf
-lBl=lB2=a3A
DUTY CYCLE <1%

- 0.5 -

Note : hFE (i) Classification : 70-140. Y : 1?n~?An

lliiiililllllllliiilillllliiiiilllllllllliiilillllliiiiillllliiiiiiHiiliilllliiin CORPORATION
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9

SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS. Unit in mm

POWER AMPLIFIER APPLICATIONS.

tage
t IC=-4A

10.3MAX.

-

. 7.0
h—

1

03.2±O.2
/

'

FEATURES

:

i

V
r

f

d
n
d
H

:..

\A
. Low Collector Saturation Vol

<
s

)

: VcE(sat)=-0,4V(Max.) a

. Complementary to 2SD1412
| 1

o
H

J I

I
1—

«

1.2 25
M
sMAXIMUM RATINGS (Ta=25°C) 1.4

CHARACTERISTIC SYMBOL RATING UNIT + 0.25
0.76-0.15

in"

Collector-Base Voltage VCBO -70 V 2.54±0.25
b

&54±u25

Collector-Emitter Voltage VCEO -50 V too

dd
+ 1

w
d.

<

Emitter-Base Voltage Vebo -5 V

fCollector Current ic -7 A
• ' 1

112 31

Base Current IB -1 A
1

Collector Power
Dissipation

Ta=25°C
PC

2.0
W

2. COLLECTOR
3. EMITTER

Tc=25°C 30
JEDEC -

Junction Temperature T.i 150 °C E I A J

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2-10LIA
Weight : 2.1g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-70V, I E=0 - - -30 Mk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -50 tik

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-50mA, Ib=0 -50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-1A 70 - 240

"FE(2) VCE=-1V, I C=-4A 30 - -

Saturation
Voltage

Collector-Emitter VCE(sat) IC=-4A, Ib=-0.4A - -0.2 -0.4
V

Base-Emitter VBE(sat) IC=-4A, Ib=-0.4A - -0.9 -1.2

Transition Frequency f T VCE=-4V, IC=-1A - 10 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 250 - pF

Switching Time

Turn-on Time ton INPUT IB2 °£^T

-if" ^TF
20MB °

-lBl = lB2=a3A
VCC=-30V

DUTY CYCLE^1%

- 0.2 -

MSStorage Time tstg - 2.5 -

Fall Time tf
- 0.5 -

Note : hpECi") Classification : 70 ~ 140,

TOSHIBA CORPORATION
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SILICON PNP EPITAXIAL TYPE (DARLINGTON POWER) 2SB1 034

MICRO MOTOR DRIVE, HAMMER DRIVE APPLICATIONS.

SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE=2000(Min.) (VCE=-2V, Ic=-1A)

. Low Saturation Voltage
: VCE ( sat)=-1.5V(Max.) (I C=-1A, IB=-lmA)

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -80 V

Collector-Emitter Voltage VCEO -80 V

Emitter-Base Voltage VEBO -8 V

Collector Current ic -2 A

Base Current IB -0.5 A

Collector Power Dissipation
(Tc=25°C)

PC 15 W

Junction Temperature Ti 150 °C

Storage Temperature Range Tstg -55-150 °C

EQUIVALENT CIRCUIT COLLECTOR

7. 9 MAX.

1. EMITTER
2. COLLECTOR (HEAT SINK)
3. BASE

TO-121

EIAJ

TOSHIBA 2-8F1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) 6 emitter

Mounting Kit No. AC46C
Weight : 0.72g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0 - - -10 nk

Emitter Cut-off Current lEBO VEB=-8V, IC=0 - - -4 mA

Collector-Emitter
Breakdown Voltage V(BR)CEO IC=-10mA, IB=0 -80 - - V

DC Current Gain hFE VCE=-2V, I C=-1A 2000 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-1A, IB=-lmA - - -1.5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=-1A, lB=-lmA - - -2.0 V

Transition Frequency fT VCE=-2V, IC=-0.5A - 50 - MHz

Collector Output Capacitance Cob VCB=-10V, lE=0, f=lMHz - 30 - pF

Switching Time

Turn-on Time ton
ZOMB INPUT IB2

0I™T - 0.4 -

flS

-IBl=IB2=lmA VCC=-30V
DUTY CYCLEgl%

Storage Time tstg - 2.0 -

Fall Time tf
- 0.4 -

lltllllltllllllllllllllllllllllflllllllltllllllltlttllllltlltlllltllllllltlliitllllllllllllltllllllllllllltlllltllllllllilllllllttlllllllllltlltlllllilliiiiitiitllllllllltiitiitilliaitlllltliiiiiiitiiitlllllllltuilimi ^T"C3^^B—CHI^B^^ CORPORATION
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2SB1034
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

2SC1 09A,

Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

HIGH SPEED SWITCHING APPLICATIONS.

FEATURES

:

. High Switching Speed: t stg=60nS (Typ.)

. High Transition Frequency; f T = 150MHz (Typ.)

. High Breakdown Voltage

: VcBO=90v (2SC108A)

. Low Collector Saturation Voltage
: VCE (sat) =0.4V(Max.) at Ic=200mA, IB=20mA

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SC108A
vCBO

90
V

2SC109A 70

Collector-
Emitter Voltage

2SC108A
vCEO

70
V

2SC109A 50

Emitter-Base Voltage VEBO 5 V

Collector Current ic 800 mA

Base Current IB 100 mA
Collector Power Dissipation PC 800 mW

Junction Temperature Tj 175 °C

Storage Temperature Range Tstg -65^175 °C

I

^9.39 MAX

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

JEDEC T0-3S

EIAJ TC-5, TB-5]

TOSHIBA

Weight : 1.1 4g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector
Cut-off Current

2SC108A
ICB0

VCB=80V, IE=0 - - 0.5 yA
2SC109A VCB=60V, IE=0

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 1.0 yA

DC Current Gain
hFE
(Note)

VCE=2V, lC=200mA 40 - 240

Saturation
Voltage

Collector-Emitter VcE(sat) IC=200mA, lB=20mA - 0.2 0.4
V

Base-Emitter VBE(sat) IC=200mA, lB=20mA - 0.8 1.0

Transition Frequency fT VCE=10V, Ic=10mA 100 150 - MHz

Collector Outputs
Capacitance Cob VCB=10V, IE=0, f=lMHz - 9 15 PF

Switching
Time

Turn-on Time ton
OUTPUT

INPUT 50X1 /p\ f
o

6VTI—1
cjl cjl ^ cjl

0.5 /tS „ __r,„ *VBB~ 3V

DUTY CYCLE^2% VCC =30V

30 70

nsStorage Time tstg - 60 80

Fall Time tf - 20 40

Note : hpE Classification R : 40 ^ 80, : 70 ^ 140, Y : 120 «o 240

ITOSHIBA CORPORATION
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2SC496,
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Collector Saturation Voltage

: vCE(sat) =0 - 25v (Typ.)

• 0.5^2 Watts Output Application.

' Complementary to 2SA505 and 2SA496.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

2SC495
2SC496

2SC495

2SC496
Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCE0

vEB0
IC

IE

PC

Tstg

RATING

70

40

50

30

-1

150

-55 ^ 150

UNIT

Unit in mm

jzfei±o.i 5

&4

X EMITTER
2. COLLECTOR (HEAT SINK)

a BASE

TO 12 6

Mounting Kit No. AC46C
Weight : 0.72g

ELtCTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=30V, IE=0
- - 1.0 yA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 1.0 yA

Collector-Emitter
Breakdown Voltage

2SC495 V (BR) CEO Ic=10mA, IB
=0 50 - -

V
2SC496 30 - -

Emitter-Base Breakdown Voltage v (BR)EB0 IE=lmA, IC=0 5 - - V

DC Current Gain

hFE(l)
(Note) VcE=2V, Ic=50mA 40 - 240

hFE(2) Vce=2V, Ic=800mA 13 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, IB=50mA - 0.25 0.8 V

Base-Emitter Voltage VBE Vce=2V, Ic=500mA - 0.9 1.1 V

Transition Frequency fT VCE=10V, Ic=10mA 50 100 - MHz

Collector Output Capacitance Cob VCB=10V ,

I

E=0 , f=lMHz 3 10 - pF

Note : hEE Q) Classification R : 40^80, 70^140, Y : 120^,240

TOSHIBA CORPORATION
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2SC495*2SC496
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© 35X35Xlmm A£
<*P \. HEAT SINK
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©
O
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2SC503
2SC504

SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS. 09.39MAX.

HIGH SPEED SWITCHING APPLICATIONS.

^0.45

08ASMA1(
r

FEATURES

:

• High Transition Frequency : fx=80MHz (Typ.)

-
1

d

X
<
5

I l

• High Breakdown Voltage
^

a

: VCEQ=80V (2SC503)

/]

II
: VCEO=60V (2SC504)

. Complementary to 2SA503 and 2SA504.

MAXIMUM RATINGS (Ta=25°C)

05.08

\ 3
I

CHARACTERISTIC SYMBOL RATING UNIT
O \ \kO //

Collector-Base
Voltage

2SC503
vCBO

100
V

2SC504 80

1. EMITTER
2. BASE
3. COLLECTOR(CASE)

Collector-Emitter
Voltage

2SC503 VCEO
80

V
2SC504 60

Emitter-Base Voltage vebo 5 V

Collector Current ic 600 mA
JEDEC TO — 39

Base Current IB 100 mA

Collector Power
Dissipation

Ta=25°C
PC

800 mW
EIAJ TC — 5, TB — 5B

Tc=25°C 6 W TOSHIBA 2 — 8B1A

Junction Temperature T
i

175 °C Weight : 1.13g
Storage Temperature Range THtg

-65^175 °c

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

2SC503
ICB0

VCB=80V, IE=0 - - 0.5 yA
2SC504 VCB=60V, IE=0

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 MA

DC Current Gain hFE
(Note)

VCE=2V, I c=150mA 30 - 300

Saturation

Voltage

Collector-Emitter VCE(sat) IC=150mA, lB=15mA - 0.06 0.5
V

Base-Emitter VBE(sat) IC=150mA, lB=15mA - 0.8 1.5

Transition Frequency fT VCE=2V, Ic=150mA 50 80 - MHz

Collector Output Capacitance Cnh VrB=10V, IE=0, f=lMHz - 13 30 pF

Base Intrinsic Resistance rbb' VcE=10V,

I

E=-lmA, f=30MHz - 16 25 n

Switching

Time

Turn-on Time ton
01

INPUT 27QU /p\ 1

JTPUT—

I

- 40 -

nsStorage Time tstg
5AS vBB=-3V<!, *-y

Q
,

DUTY CYCLE^2#

- 450 -

Fall Time tf
$=15V

100 -

Note: hpE Classification : 30^90, Y : 50^150, GR : 100^300

TOSHIBA C5^3R^^3RJBk.~n^3^^ lllllllllltllllllltllllllllllllllllllllllllllllllllliillllllllllltllltllllllllllillflliilllllllllllllllllllllllllllltlllllllllllllllltlllllllllllltlllllllltlllllllllllHIIlllllllllllllflllllllllfllffffllffflfilfllflffftl
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2SC503-2SC504
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2SC503-2SC504
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC505'
2SC506,

HIGH VOLTAGE AMPLIFIER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEQ=300V (2SC505)

: VCEO=200V (2SC506)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SC505
vCBO

300
V

2SC506 200

Collector-Emitter
Voltage

2SC505 V
CEO

300
V

2SC506 200

Emitter-Base Voltage vEBO 3 V

Collector Current ic 200 mA

Base Current IB 50 mA

Collector Power Dissipation pC 600 mW

Junction Temperature T
i

175 °C

Storage Temperature Range Tstg -65M.75 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

S& 9.39 MAX

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

JEDEC TO-39

TC-5, TB-5B

TOSHIBA

Weight : l.lAg

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0 - _ 1.0 WA
Emitter Cut-off Current IEB0 VEB=3V, IC=0 - - 1.0 yA

Collector-Base
Breakdown Voltage

2SC505
v (BR)CB0 IC=0.1mA, Ie=0

300 - -
V

2SC506 200 - -

Collector-Emitter
Breakdown Voltage

2SC505
V (BR) CEO IC=2mA, IB=0

300 _ _
V

2SC506 200 - -

Emitter-Base Breakdown Voltage V (BR)EB0 lE=0.1mA, lc=0 3 - - V

DC Current Gain hFE
(Note)

VCE=5V, Ic=50mA 40 - 140

Saturation
Voltage

Collector-Emitter VCE(sat) Ic=50mA, lB=5mA - - 1.0
VBase-Emitter VBE(sat) IC=50mA, lB=5mA - - 1.5

Transition Frequency fT VCE=10V, IC=10mA 30 60 - MHz
Collector Output Capacitance cob VcB=10V, lE=0, f=lMHz - - 20 pF
Base Intrinsic Resistance rbb' VCE=10V, lE=-3mA, f=30MHz - - 20 S3

Switching

Time

Turn-on Time ton VCC=50V, Ic=10mA

IB1- lB2-lmA

- 0.3 _

ysStorage Time tstg -
4 _

Fall Time tf - 0.5 -

Note: hFE Classification R: 40^80, 0: 70M.40

i mum i iiiiiiiiiniiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiin in iiiiiiiiiini i i iiiiiiiiiiini mini mini iinmiiimiimininiiimi mTOSHIBA CORPORATION
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2SC505-2SC506
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2SC505-2SC506

ic Cib . Cob
- V R

1000

>H 500
o

300
O
Of
H

100

3
O 50
t—

i

H 30

Ta = 2 5"C

f=S
E = 1L ' V

-f^^- ^ "*• s 1 II

,,«
** lŴ
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

Unit iri mm

VIDEO AMPLIFIER APPLICATIONS
/Zfe.39MAX

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

0OA5

08A5UAX

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

d
a

1 I

High Breakdown Voltage

: VCBO=170V, VCEO=120V 1

• H
a

High Gain and Excellent hpg Linearity

h

1

: I c
=100mA (Max.)

05 =08

High Transition Frequency : fT=250MHz (Typ.

)

Low Output Capacitance : C b=2.8pF(Typ.

)

('

2"~N

3]

MAXIMUM RATING (Ta=25°C)
'/^

?

CHARACTERISTIC SYMBOL RATING UNIT
1. EMITTER
2. BASE
3. COLLECTOR(CASE)

Collector-Base Voltage VnRO 170 V
Collector-Emitter Voltage vCE0 120 V

Emitter-Base Voltage VrRO 5 V
JEDEC TO — 39

Collector Current ic 100 mA
EIAJ TC - 5,TB - 5B

Base Current IB 20 mA
TOSHIBA 2 — 8B1ACollector Power

Dissipation

Ta=25°C
PC

750 mW

Tc=25°C 23 W Weight : 1.13g
Junction Temperature T.i 175 °C

Storage Temperature Range Tstg -65VL75 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VcB=100V Ie=0 - - 0.5 UA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 1.0 UA

Breakdown

Voltage

Collector-Base V(BR)CB0 IC=0.1mA, Ie=0 170 - -

VCollector-Emitter v (BR) CEO IC=lmA, Ib=0 120 - -

Emitter-Base V(BR)EBO lE=0.1mA, lc=0 5 - -

DC Current Gain hFE .

(Note) VCE=5V, Ic=10mA 40 70 240

Saturation
Voltage

Collector-Emitter vCE(sat) IC=10mA, lR=lmA - 0.4 0.8
V

Base-Emitter vBE(sat) IC=10mA, lB=lmA - 0.85 1.2

Transition Frequency fT VCE=20V, IG=10mA 100 250 - MHz

Collector Output Capacitance Cob VcB=20V, Ie=0 ,
f=lMHz - 2.8 4.0 pF

Note : hpE Classification R : 40 ^ 80, O : 70 ^ 140, Y : 120 ^ 240
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2SC507

lC — VCE J C — V CE
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l C ~ VCE

- COMMON EMITTER
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1.1
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0.8
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0.5
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0.3
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hFE
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_ Tc - loot: 04^^-
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0.15

0.1

I B = 0.05mA

4 3 IX 16 2
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hFE - I C
ujo

VCE — 2uv

1(10 ^S^J a>

> -r-

COMMON EMITTER
-

. Tc = 25°C

V ~"

30

"\ "'

\

in II II
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COLLECTOR CURRENT Ic (mA)

hFE ic
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Tc =- 55°C

= 20V
..

VCE"
50 5? = ;
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J

S

1

ir

—
\
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2SC507

Eh Eh

i-i O
s >

« o
O M

° 5
&q OhJ D
i-h Eh
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o ra

03 Eh

< <
m ra

VCE( sat )
- ic

COMMON EMITTER

IC/IB -- 10

U.5

U.J)
Tc = ioor

.-</-- 25'

-^^-55
0.1

c .5 1 5 10 2 o IC

30

COLLECTOR CURRENT

vBE(sat) ~ I C

(mA)

COMMON EMITTER

In /Iw = 10

1 3 ""5 10 30 50 100

COLLECTOR CURRENT I c (mA)

Cib.Coto " VR

f = 1MHz
c Lt) ( ic ;= 0)

Tc= 25

1

*""—«_.
c t (Ie o)

1 3 5 10 30 50 100 200

REVERSE VOLTAGE VR (V)

tc -" VBE
«0

_ COMMON EMITTER

VCE --- 20V

AVBE
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- z\T c
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4U
Tc = 25txjj ILo
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40 --J/
10 / / /J

L-—io

V ///i

n ^
0.2 0.4 0.6 0.8 1.0

BASE-EMITTER VOLTAOE VBE (V.)

fT — In

30

— COMMON EMITTER

-Tc = 25t

VCE = 20V
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I
"'

3 5 10 30

COLLECTOR CURRENT Ic (mA)

Pn - Ta

600

400

n
50 100 150

AMBIENT TEMPERATURE
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT RPOCESS) 5Tff

i2SC512i
Unit in mm

HIGH FREQUENCY POWER AMPLIFIER APPLICATIONS,
HIGH VOLTAGE SWITCHING APPLICATIONS.
REGULATOR APPLICATIONS.

FEATURES :

High Braekdown Voltage

: VcEO=100V (2SC510)

: VCE0
= 60V (2SC512)

Various Uses for Medium Power

: I c (Max.) =1.5A

: Pc (Max.) =800mW(Ta=25°C), 8W(Tc=25°C)

• Complementary to 2SA510 and 2SA512.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base

Voltage

2SC510
VCB0

140
V

2SC512 100

Collector-
Emitter Voltage

2SC510
VCE0

100
V

2SC512 60

Emitter-Base Voltage vEB0 5 V

Collector Current ic 1.5 A

Base Current IB 300 mA

Collector Power

Dissipation

Ta=25°C
?C

800 mW

Tc=25°C 8 W

Junction Temperatuer T
J

175 °C

Storage Temperature Range Tstg -65M.75 °C

09.39MAX.

08.45MAX

1.45

05 08.

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

TO - 3£

5,TB — 5B

8B1A

Weight : 1.13g
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2SC510*2SC512

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0 - - 1 yA

Emitter Cut-off Current Tebo VEB=5V, IC=0 - - 5 VA

DC Current Gain

t»FE(l)

(Note)
VCE=2V, Ic=200mA 30 - 150

hFE(2) VCE=5V, IC=1A 15 - -

Saturation

Voltage

Collector-Emitter vCE(sat) I c=200mA, lB=20mA - 0.2 0.6
V

Base-Emitter vBE(sat) Ic=200mA, IB=20mA - 0.8 1.0

Transition Frequency fT Vce=10V, Ic=30mA 20 60 - MHz

Collector Output Capacitance Cob VCB=10V , l£=0 , f=lMHz - 25 40 pF

Switching

Time

Turn- on Time ton
OUTPUT

- 0.13 -

ys

xiMx-u-i uai /p\ t °

VBB=-3V VCC=40V

DUTY CYCLE^2$

Storage Time fcstg
- 3.0 -

Fall Time tf - 0.2 -

Note : hFE (l) Classification R : 30^90, : 50V150

SWITCHING CHARACTERISTICS IC ~ VCE

1000

^ 500
CO

5 300

H

100

w5 50
E-i

M
fe 30

" tstg

1

^on

1

;VCC =40V
-

I

c = 20 0mA

- lB2 = -3mA
" Tc = 25°C

1 3 5 10 30 50 100

BASE CURRENT I B1 (mA)
K 0.8

4-

1.6

1.2

0.8

0.4

1

o

50 Tc^ 25 'C

2
30

K _20

14

«
O
E-i

8
""

a IB=4mi

n 1 u12345678
COLLECTOR-EMITTER VOLTAGE VCE (V)

IC — VCE

COMMON EMITTER

Tc = 100°C
• 50

30

9

5

B
=

14

= 3mA]

1 1

<

H 0,4

o 0_L<0O*iJ UYO
COLLECTOR- EMITTER VOLTAQE VCE (V)
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2SC510-2SC512

2.0

I C "- V CE

COMMON EMITTER

Tc=— 55 °C
1.6

S 85 70

L2 z>-^
55

#>
«

,?U.B

J^ )

/
30

0.4

r IB = 10mA

n

COLLECTOR-EMITTER VOLTAO/E VCe (V)

vCE(sat)

lfcr

0.5

0.3

0.1

0.05

0.03

1

C UMMU N Bill TTEtt

- IC /IB = 10

1 1

1

T c = ]LO rc

25
/\

-55

3 5 10 30 50 100

COLLECTOR CURRENT
300500 1000

I c (mA)

to
,c TE - VR

0.3 0.5 I 3 5"

REVERSE VOLTAGE
IS 30 50

Vr (V)

hFE - I C

II COMMON
III

EMITTER

To= 100 °C VCE = 2V

::: 25
:::—

^

D— 5

3 5 10 30 50 100

COLLECTOR CURRENT
300

Ir

1000

ImA)

3 5 10 30 50 100

COLLECTOR CURRENT

Pn - Ta

300 ODOO

Ic ("A)

® Tc=Ta (INFINITE HEAT SINK)

g 200X200X2mmA^ (HEAT SINK)

@ 100 X 100X 2 mm A£ (HEAT SINK)

<£, 50X50X2 mm A£ (HEAT SINK)
.(£• NO HEAT SINK

(Note) UNIT MOUNTED ON a£.

HEAT SINK WITH SILIC-
ONE GREASE TO KEEP
CONTACT THERMAL
RESISTANCE SMALL.

40 80 120 160

AMBIENT TEMPERATURE Ta (°C)
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2SC519AI
2SC520A
2SC521AJ

SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER, POWER SWITCHING APPLICATIONS.
DC-DC CONVERTER, REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCBO=130V(2SC519A) ,VCEO=110V(2SC519A)

• High Collector Power Dissipation : P C=50W (Tc=25°C)

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
unit in mm

CHARACTERISTIC

Collector-Base

Voltage

Collector-
Emitter

Voltage

2SC519A

2SC520A

2SC521A

2SC519A

2SC520A

2SC521A

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Tc=25°C

(Note)

Junction Temperature

SYMBOL

'CBO

'CEO

VEBO

RATING
130

100

70

110

80

50

50

25

150

UNIT

025.OMAX.

21.0MAZ.

tX3
- 0.0 9

*1.0-0.03

Storage Temperature Range Tstg -65^150

Note Unit Mounted On a 300x300x2mmA£. Heat Sink With
Silicone Greased Mica Insulator

3, TB-3
TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No. AC73
Weight : 12g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off

Current

2SC519A
TCB0

VCB=130V, IE=0 - - 100

yA2SC520A VCB=100V, IE=0
- - 100

2SC521A VCB=70V, IE=0
- - 100

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 5 mA

Collector-Emitter

Breakdown Voltage

2SC519A

V (BR) CEO

IC=50mA, IB=0 110 - -

V2SC520A Ic=50mA, IB=0 80 - -

2SC521A I c=50mA, IB=0 50 - -

DC Current Gain hFE(l) VCE=5V, IC=1A 30 - 300
hFE(2) VCE=5V, I C=5A 15 - -

Saturation
Voltage

Collector-Emitter vCE(sat) I C=5A, IB=1A
- 0.6 2.0

V
Base- Emitter VBE(sat) I C=5A, IB=1A - 1.3 2.5

Transition Frequency fT VCE=10V, IC=1A
- 10 - MHz

Collector Output Capacitance Cob VcB=50v > IE=0 ,
f=lMHz - 90 250 pF

Switching

Time

Turn-on Time ton OUTPUT
,., ,

INPUT 220.Q (?>\ T-o
- 0.4 -

ysStorage Time tstg

DUTY CYCLE^2% BBZ3V VCC -30V

- 4.5 -

Fall Time tf
- 0.4 -

TOSHIBA CORPORATION
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2SC51 9A -2SC520A-2SC521A

C
_ VCE

: C ~ VCE

8
COMMON KM TTER

1

600
1

400

6

Te = 25'C .<'—8C O^-

100

2
20

IB = 10mA

1 1

|o

1 2 3 4 5
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'CE
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1
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1

1C30

50
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1 1
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;_, H
3 D
W >
ffi

O
h^ iXJ

' > rt
w <;
J H
I-) -J
o f )

u >
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b

- COMMON EMITTER

1

1

I C/ l B - J.U
100TC>/ ^
-55,Jfl 35

0.5

0.3

T c =100TC ,
\-55TC
\ 25TC

05
0.02 0.05 0.1 0.3 0.5 1 3 5

COLLECTOR CURRENT I- (A)

COMMON EM ITTE

^8C

H
I'

600
_ Tc = IOOTC

X) .
400.

200

100

-—

T

50

:B = 20mA

10

5

"

1 2 3 4 5

COLLECTOR-EMITTER VOLTAGE V C tf (V)

h FE - ic

200
Tc = 100TC VCE =5V

_ _ ^

^ "-

50 ""^
N\

30 --. -55 \\

«B-^

10

>i

- COMMON EMITTER - :
- - 1

" /CE- J- V

_

3 1-lJJ ill L ,

0.02 0.05 0.1 015 0.5 1

COLLECTOR CURRENT

3 5 10

(A)

I c - vBE
7

"COMMON EMITTER

~VCE -5Vt>

/
o

&~>\

fj

2
1

of Us
/

(I

n
J. 1

0.4 0.8 12 1.6 2.0 2.4 2.1

BASE-EMITTER VOLTAGE VBH (V)
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2SC519A»2SC520A»2SC521A

^ %

VBE ( sat ) '
- ic

^COMMON EMITTER
-:

c /i 3 = i&5'

o

'"V= -£)5°C

0.5

25

.000.3

0.1

0.02 0.05 0.1 03 0.5

COLLECTOR CURRENT

3

i- (A)

SAFE OPERATING AREA

^C a

60

(2

®

'A'

:'5

Tc = I'a

(INFINITE HEAT SINK)

20 0mmX20 0mmX2m:r,A^'

(HEAT SINK)

15 Ommx 150mrcX 2mnA^

(HEAT SINK)

10 Onin.x 10 Ommx 2mir.Ai

(HEAT SINK)

70,'mdX 70mmx 2mmA^'

(HEAT SINK)

CC

40

30

X
20

'^

N-lu

(5)

n
50 100 150 200

AMBIENT TEMPERATURE Ta (°C)
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

2SC524,

Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=100V (2SC522)

: VCE0= 60V (2SC524)

• Useful attachment for Heat sink.

• Various Uses for Medium Power

: IC=1.5A (Max.), PC=10W (Max.)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SC522
VCBO

140
V

2SC524 100

Collector-Emitter
Voltage

2SC522
vCE0

100
V

2SC524 60

Emitter-Base Voltage VEBO 5 V

Collector Current ic 1.5 A

Base Current IB 300 mA
Collector Power Dissipation

(Tv=?s°r) PC 10 W

Junction Temperature Tj 175 °C

Storage Temperature Range Tstg -65VL75 °C

gfe.39MAX

SZfe.5MAX

00.45

il l
.

-

^.
11

,

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

TOSHIBA

Mounting kit No. AC26C
Weight : 3.7g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0 - - 1 ViA

Emitter Cut-off Current Tebo VEB=5V, IC=0 - - 10 UA

DC Current Gain

hFE(l)
(Note)

VCE=2V, Ic=200mA 30 - 150

hFE(2) VCE=5V, IC=1A 15 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=200mA, IB=20mA - 0.2 0.6 V

Base-Emitter
Saturation Voltage

vBE(sat) Ic=200mA, lB=20mA - 0.8 1.0 V

Transition Frequency fT VCE=10V, Ic=30mA 20 60 - MHz

Collector Output Capacitance Cob VCB=10V,I E=0,f=lMHz - 25 40 pF

Switching

Time

Turn- on Time ton
„ OUTPUT

INPUT lkH /p\ Tr#
- 0.13 -

ysStorage Time
tstg

~ov n i Tc^W Lo
oMj- js J, J~
10MS VBB=—3V VCG =40V

DUTY CYCLE^2%

- 3 -

Fall Time tf - 0.2 -

Note : hFE (i) Classification R : 30^90, : 50^150

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiniiiillilliililiilililiiiiiniiiiiiiMiiiM CORPORATION
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2SC522*2SC524

SWITCHING CHARACTERISTICS
3000

1000

m 500
tstg

300
H
S

1

t on

Eh

M 100

t=i

K
o

g bU

30
VCC = 40V
Ic = 200mA

IB

Tc

i

= 25 °C

_j-j-L

24
I c

-- vc E

COMMON EMITTER

Tc - 25°C

<

o
1.6

50

E- 1

Z
H

D
O

.30

20

O

9
j
o
o .8

0.4
I q — 4mA

1 3 5 10
BASE CURRENT

30 50 100

Bl (mA)

12 3 4 5

COLLECTOR-EMITTER VOLTAQE VCE (V)

VC E
2.4

2.0

H 0.8

COMMON EMITTER

Tc = 100°C

50

^^ 30

20

_ c

6

lB = 3 mA

2.4

I c
- VCE

COMMON EMITTER

Tc =— 55
J

C

^ 2-°

o

E-"

85
70

a",

S 1.2
o
K

55

40O

H 0.8
' 30P

O
20

0.4
IB - lOir\A

12 3 4 5

COLLECTOR-EMITTER VOLTAGE VCE (y)

12 3 4 5

COLLECTOR- EMITTER VOLTAGE V CI (V)
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2SC522-2SC524

hFE _ I C
1000

500

300

3 50o
^ 30

.
vc E = 2V

Tc = 100 °c

L^"^1 :: ' 25 j
:: — r=

1 3 5 10 30 100 300 1000 3000
COLLECTOR CURRENT Ic (mA)

M o

0.5

0.3

H Eh

0.05

0.03

vCE(sat)

II

III

- COMMON EMITTER

- IC/IB =10
P C

- /^
j/ f

^^s6

25

55

3 10 30 100

COLLECTOR CURRENT
300 1000 2000

10

VBE(sat ) "
- I C

COMMON EMITTER

I C/IB = 10
5

3

1

Tc =— 55°C

0.5

25

n i 1 L

« 2-5

COLLECTOR CURRENT

P C - Ta

1000 2000

(mA)

(D i c = ra

®
(INFINITE HEAT SINK;

® 100mmX100mmX2mmA^
(HEAT SINK)

@ 50mmX50mmX2mmA^
(HEAT SINK)

@ 25mmX 25mmX 2mmA£®
( HEAT SINK)
® NO HEAT SINK

©

-<s>

©

50 100 150

AMBIENT TEMPERATURE

200

Ta

250

(°C)

Ph a

°3000

H a
U o
S3 IS

< !000

H H
M H
o O fKT)
< <
m P« 300

£ s
5 ioo

M o 50

« Ko
30

W H
H O
H H
HI Jn

10

w o

c it>. c ob - VR

I
T c =25°C

)

i; o b

)

0.3 1 3 10

REVERSE VOLTAGE

30 100 200

Vr (V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

yp-)

)

=10mA

jZfe,39MAX.

VIDEO AMPLIFIER APPLICATIONS.

00.45

08.45MAX

HIGH SPEED SWITCHING APPLICATIONS.

FEATURES

:

t-

X

to

to

r

• High Transition Frequency : fx=200MHz (T

• Low Output Capacitance : C b=3.5pF (Typ.

i 1

H

• Low Saturation Voltage

: VCE (sat
)=0.3V (Max.) at Ic=100mA, IB

JZfo.58_,

• Complementary to 2SA594.

/?
2^

Z\

MAXIMUM RATINGS (Ta=25°C) A^fc
j j

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 60 V
1. EMITTER
2. BASE
3. COLLECTOR (CASE)

Collector-Emitter Voltage VcEO 45 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 200 mA JEDEC TO - 39

Base Current IB 50 mA EIAJ TC - 5, TB — 5B

Collector
Power Dissipation

Ta=25°C PC
750 mW TOSHIBA 2 - 8B 1A

Tc=25°C 5 W
Weight : 1.13g

Junction Temperature T
J

175 °C

Storage Temperature Range Tstg -65VL75 °C

ELECTRICAL CHARACTERISTICS (Ta=25° O
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=45V, Ie=0 - - 0.1 yA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 yA

DC Current Gain

hFE(l)

(Note)
VCE=1V, Ic=10mA 40 - 240

hFE(2) VCE=3V, Ic=200mA 20 - -

Collector-Emitter
Saturation Voltage VcE(sat) Ic=100mA, IB=10mA

- - 0.3 V

Base-Emitter
Saturation Voltage

vBE(sat) Ic=100mA, IB=10mA - - 1.0 V

Transition Frequency fT VCE=10V, Ic=10mA 100 200 - MHz

Input Impedance (Real Part) rie VcE=10V,IE=-10mA,f=^0 - - 120 Q

Collector Output Capacitance Cob VCB=10V , lE=0 , f=lMHz - 3.5 5.0 pF

Switching
Time

Turn- on Time ton CW-. INPUT fflOQ (gp¥^
- 30 —

nsStorage Time tstg
nrTrX«s I gX 8 6 ^«i X
CTDIE^Z* VBB=-3VVCC = 12V

- 250 -

Fall Time tf - 30 —

Note : hpE(i) Classification 40^80, : 70M.40, Y : 120^240,
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2SC594

240

200

160

120

1 C - VCE

COMMOt* EMITTER r
. 2.5

Tc - 25"C

0,8—

r

l

0.4

. £^ IB = 0.2mA

£ 1

L |

'0 123 45 67
COLLECTOR-EMITTER VOLTAOE VCE (V)

240
ic " VCE

COMMON
EMITTER

Tc= 100 °Cys 3.0

160 /
'

1.5

/
1.0

> <S 0.7

120
,.0.5

_0.4

>. ->
—

-

0.3

I>
•**• J 0.2

V
^~

IB - 0.1mA

°r |01 2345 67
COLLECTOR-EMITTER VOLTAOE Vc£ (V)

IC — VCE

^ 240
o

' Tc=—55°C

200

E-i

.0

« 160

—2.S

2.0_

o
K 120
o

1.6

i

1.2

o
§ 80 .8

o
° 40

n

Ir = 0.4mA

1 2 3 " "4" 5 6 7

COLLECTOR- EMITTER VOLTAGE VCE (V)

hFE

§ 300

0.30.5 1 3 5 10

COLLECTOR CURRENT
lib 50 Too ' 53

VCE(sat) - If

>
Ex) 0.5

5 0.3

£ '

go.

: ic/ib = io

Tc = 100t

25 v-zl

^^T i

0.1 0,3 0.5 1 3 5 10 30 50 100 300

COLLECTOR CURRENT Ic (mA)

vBE(sat) - J C

H * 0.3

PQ > 0.1

- (

IC /IB = 10

Tc=—55 1)

V'"TN 1 1

1

\
25IOC

1

0.1 0.3 0.5 1 3 5 10 30 50 100 300

COLLECTOR CURRENT Ic (mA)

P C - Ta

PM z;
o

K m
O SH
H <
O PL,

H i-i

tJ CQ
t-3 CO
O M
O O

5 <D d Ta = To

INFINITE HEAT
SINK

(D NO HEAT SINK
4

3

?

®

25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta (°C)
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

Unit in mm

POWER AMPLIFIER APPLICATIONS,

FEATURES

:

. Complementary to 2SA490.

• Recommended for 10W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 50 V

Collector-Emitter Voltage vCEO 40 V

Emitter-Base Voltage VEBO 5 V

Collector Current T-C 3 A

Emitter Current XE -3 A

Collector Power Dissipa-
tion (Tc=25°C)

PC 25 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55 ^ 150 °C

10.3 MAX. 03.6±v.2

2.54 2-54 S

o -

>

i

'

nj«

'

i

1. BASE
2. COLLECTORIHEAT SINK;
3. EMITTER

J ED EC T0-220AB
EIAJ

TOSHIBA 2— 10A1A

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current T CB0 V
CB=30V, IE=0 - - 10 MA

Emitter Cut-off Current IEB0 V„„=5V, I =0
EB ' C

- - 100 yA

Collector-Emitter
Breakdown Voltage

v (BR) CEO I
c
=50mA, I

B
=0 40 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 I
E
=10mA, I

c
=0 5 - - V

DC Current Gain

hFE(D
(Note)

V
CE
=2V

' V - 5A 40 - 240

hFE(2) V
CE

=2V
'

X
C
=2A 13 - -

Collector-Emitter
Saturation Voltage

VCE(sat) I
C
=2A, I

B
=0.2A - 0.25 1.4 V

Base-Emitter Voltage Vp,E V
CE=2V, I

C
=2A - 0.85 1.8 V

Transition Frequency fT V
CE

=2V
' V '^ 3 10 - MHz

Collector Output Capacitance Cob V
CB

=10V,I
E
=0,f=lMHz - 85 - pF

Note: hFE(1) Classification R : 40 ~ 80, : 70 ^ 140
5
Y : 120 ^ 240
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SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.
Unit in mm

09.39MAX.
,

FEATURES :

00.45

08.45MAX
,

• Output Power : Po=0.95W (Min.)

( f=175MHz, VCC=13.5V, P-f=40mW )

^
d

<

i

1

M
s

05.

OS
H

08
MAXIMUM RATINGS (Ta=25°C)

;^vCHARACTERISTIC SYMBOL RATING UNIT
3\

Collector-Base Voltage vCBO 36 V \ I V
\ s?> \ -C

45 \W^TCollector-Emitter Voltage vCEO 15 V

Emitter-Base Voltage vebo 3 V

1. EMITTER
2. BASE
3 COLLECTOR ("CASE)

Collector Current ic 0.1 A

Collector Power Dissipation
(Ta=25°C)

p C 0.6 W

JEDEC TO—39
Junction Temperature T

J
175 °C EIAJ TC—5 , TB—5B

Storage Temperature Range Tstg -65-175 °C TOSHIBA 2-8B1A
'

Weight : l.lg

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1.0 M
Collector-Base Breakdown
Voltage

v (BR)CB0 Ic=0.1mA, IE=0 36 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO Ic=5mA, IB=0 15 - - V

DC Current Gain hFE VCE=3V, Ic=100mA 20 400 -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 3.8 5 pF

Output Power Po
(Fig.)

VCC=13.5V, f=175MHz,

Pi=40mW

0.95 1.05 - W

Power Gain Gpe 13.7 14.2 - dB
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2SC994

Fig. P TEST CIRCUIT

^-^TTv

Ci,C 2 ,C3,C4

C5

C6

Ll,L3

L2

L4

-©

}*

3.5~30pF

0.001/iF FEED THROUGH

0.05aF CERAMIC CONDENSER

dl.2 SILVER PLATED COPPER WIRE, 8ID, IT

lAH CHOLK COIL

61.2 SILVER PLATED COPPER WIRE, 8ID, 5T

RL=5 0Q

Po. Vc Vcc

f =

• VCC

17 5 MHz

— \ &5V

Tc = 2 5°C

?o,

1c

X
y

/

20 40

INPUT POWER Pi (mW)

1.4-

f = 17 5MHz

Tc=2 5°C

P i==40mW

?<yS

12 14

SUPPLY VOLTAGE V oc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS

»i=0.3W)

Unit in mm

09.39 MAX.

r
8.4 5 MAX

-jFEATURES

:

. Output Power : P =l. 2W(Min.

)

(f=470MHz, VCC=12.6V, I

r^

d

X
<
a
to

- «j

r

13

00.45
a
o
0$
H

j

05.08

MAXIMUM RATINGS (Ta=25°C)

[\ 3
I

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 40 V l^jL̂ JJ
Collector-Emitter Voltage VCEO 20 V 45A /% V^
Emitter-Base Voltage vEBO 4 V °/

1. EMITTER ( CASE)

2. BASE
3. COLLECTOR

Collector Current ic 0.5 A

Collector Power Dissipation
(Tc=25°C)

PC 5 W

JEDEC TO - 39
Junction Temperature T

J
175 °C

EIAJ TO - 5 , TB - 5B

Storage Temperature Range Tstg -65 -175 °c TOSHIBA 2 - 8B1B

Weight : 1.2g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current TCBO VCB=15V, IE=0 - - 1 yA

Collector-Base
Breakdown Voltage

v (BR)CB0 I C=lmA, IE=0 40 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=10mA, IB=0 20 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=lmA, I C=0 4 - - V

DC Current Gain hFE VCE=5V, IC=0.1A 20 - - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 6.5 10 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=0.3W

1.2 1.5 - w

Power Gain Gpe 6 7 - dB

Collector Efficiency *c 60 - - %

Series Equivalent Input
Impedance

ZIN VCc=12.6V, f=470MHz,

P =1.2W

- 5+J6.5 - Q

Series Equivalent Output
Impedance

ZOUT - 22-

J25
- Q
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2SC1001

Fig. P TEST CIRCUIT

*(S) j£- srr^

ci

C 2 ,C 5

C3.C4

C6,C8

C7

Ll

L2

L3

L4.L5

RL=5 0.Q

-O + 12.6 V

~10pF

~30pF

~25pF

O.Ol^F

lOOOpF

(60.8 SILVER. PLATED COPPER WIRE, 6ID, 2T

«5l SILVER PLATED COPPER WIRE, 25 LENGTH, STRAIGHT

<tl SILVER PLATED COPPER WIRE, 20 LENGTH, STRAIGHT

RFC

P ~ VCC

2.4

2.4

?0 , 7c - Pi

f= 4 7 MHz

1 6

40^
/S-Q

Vnn = 13.5V
4 »

"*" "'
7c=lJ8.6V

0.S

n

*.

- 80 »

40

o 0.2 a4 a6

INPUT POWER Pi (W)

£ ^-

f = 4 7 0MHz

y /
a 5

Q3

ai

12 16

SUPPLY VOLTAGE Vcc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC1164

HIGH POWER AMPLIFIER FOR CATV APPLICATIONS.

Class A Amplifier.

]haracteristics

.

m Case.

Unit in mm

09.39MAX.

FEATURES

:

7-

X

8.45MAX
1

. Wide Band and High Gain for <

. All Electrodes Insulated frc
00.4 5 s

1

o5

^5.0 8

MAXIMUM RATINGS (Ta=25°C)

A'?
~?>s

CHARACTERISTIC SYMBOL RATING UNIT
3\

\\^\%Collector-Base Voltage VCBO 50 V \y
Collector-Emitter Voltage VCEO 35 V

4tA \^VsH

Emitter-Base Voltage vEBO 3 V
O-/ i- EMITTER

2. BASE
3. COLLECTOR
4. CASE

Collector Current ic 300 mA

Collector Power Dissipation PC 600 mW
JEDEC TO-33

Junction Temperature T
J 150 °C EIAJ TC-5, TB-14B

Storage Temperature Range Tstg -55 -150 °C TOSHIBA 2-8D1A

Weight : 1.2g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=20V, IE=0 - - 0.3 MA

Collector-Emitter
Breakdwon Voltage

v (BR)CE0 IC=5mA, IB=0 35 - - V

DC Current Gain hFE
(Note)

VCE=10V, Ic=50mA 25 - 90

Transition Frequency fT VCE=20V, l£=-50mA 1100 1400 - MHz

Collector Output Capacitance Cob VCB=15V, Ie=0, f=lMHz - 2.2 3.0 pF

Noise Figure NF
VCE=20V, Ic=10mA

Rg=50Q, f= 200MHz
- 4.0 5.0 dB

Power Gain Gpe
VCc=20V, IE=-50mA

f=200MHz
10 14 - dB

Note: hpE Classification R:25^50 0:45^90

iiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiN CORPORATION
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2SC1164

hPE - NP IE

500

300

-- GOimON EMITTER
vct-, = I0V

= = =
~^"*^

s-""
N

0.5 1 3 5 10 30 50 100 300

COLLECTOR CURRENT I c (mA)

COMMON EMITTER

VCE=10V
Rg-50Q
f = 2 MHz

Tc = 25°C

—3 —5 —10 —30

EMITTER CURRENT IE (mA)

NP PC Ta

COMMON EMITTER
VCE =15V
R
g
= 500X1

Tc = 25°C

'\^
?o

--5s>o\y

•<0 ^s

J

1

3 5 10 30 50 100

FREQUENCY f (kHz)

o 3

© INFINITE HEAT SINK

© ©> NO HEAT SINK

©

40 80 120

AMBIENT TEMPERATURE
160 200

Ta (°C)
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

5 i=0.3W)

Unit in mm

09. 3 9 MAX.

FEATURES

:

;

2^a45MAX.

. Output Power : Fo=0. 9W(Min.

)

(f=470MHz, Vcc=12.6V, I

!>

d

X
<
s
to

j^G.4 5

. All Electrodes Insulated from Case.

I

M
s
o
05

05 08

MAXIMUM RATINGS (Ta=25°C)

3
1

R

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 40 V

45°\ yy

°'X

X
Collector-Emitter Voltage vCEO 20 V

Emitter-Base Voltage VEBO 4 V

1. EMITTER
2. BASE
3. GOLLECTO]

Collector Current ic 0.5 A

Collector Power Dissipation
(Tc=25°C)

PC 5 W
JEDEC TO-39

Junction Temperature T
J

175 °c EIAJ TC-5, TB- 5B
Storage Temperature Range Tstg -65-175 °c TOSHIBA 2-8B IC

Weight : 1.2g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Cueernt ICBO VCB=15V, IE=0
-• - 1 aA

Collector-Base
Breakdown Voltage

v (BR)CB0 IC=lmA, IE=0 40 - - V

Collector-Emitter
Breakdown Voltage V(BR)CE0 Ic=10mA, Ib=0 20 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 lE=lmA, lc=0 4 - - V

DC Current Gain "FE VCE=5V, IC=0.1A 20 - -

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 6.5 10 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=0.3W

0.9 1.0 - W

Power Gain Gpe 4.7 5.2 - dB

Collector Efficiency 1c 60 - - %

TOSHIBA CORPORATION
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2SC1165

Fig. f=470MHz PG TEST CIRCUIT

C 1
LX

pi @

—

y{ r
nnr^-i

Rg=5 0Q
RL=5 0.Q

12.6 V
Ci : ~10pF

C 2 ,C 5 : ~-30pF

C3,C4 : ~25pF

C5,C8 : O.OIaF

C7 : lOOOpF

Li : «50.8 SILVER PLATED COPPER WIRE, 6ID, 2T

L2 : <b\ SILVER PLATED COPPER WIRE, 25 LENGTH, STRAIGHT

L3 : <b\ SILVER PLATED COPPER WIRE, 20 LENGTH, STRAIGHT

L4,L5 : RFC

0.2 0.4 a 6

INPUT POWER Pi (W)

12 16 20

SUPPLY VOLTAQE Vcc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC1169

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =2.5W (Min.)

( f=175MHz, VCC=13.5V, Pi=0.25W )

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

'EBO

ic

stg

RATING

40

20

10

175

-65-175

UNIT

°C

Unit in mm

09.39MAX.

6.5MAX
.

rTTTT

pa 45

n

THT-

2 6 MAX.

1. EMITTER fCASE)
2. BASE
3. COLLECTOR

TOSHIBA 2—9A1B

Weight : 3.7^

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1 fiA

Collector-Base Breakdown
Voltage V(BR)CB0 Ic=lmA, Ie=0 40 - - V

Collector-Emitter Breakdown
Voltage

V (BR) CEO I c=10mA, Ib=0 20 - - V

Emitter-Base Breakdown
Voltage

v (BR) EBO IE=lmA, IC
=0 4 - - V

DC Current Gain hFE VCE=5V, IC=0.2A 20 - - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 6.5 10 pF

Output Power Po (Fig.)

VCC=13.5V, f=175MHz,

Pi=0.25W

2.5 2.7 - W

Power Gain Gpe 10 10.3 - dB

Collector Efficiency Vc 60 73 - %

Series Equivalent Input

Impedance
Zin VCC=13.5V, f=175MHz,

P =2.5W

- 5.0

+J2.5
- Q

Series Equivalent Output
Impedance

z0UT
- 30

-j20
- a

TOSHIBA CORPORATION
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2SC1169

ig. Po TEST CIRCUIT

P % Ll
x @—^—r

—

nrTV
R C=5 0Q

r
c2 ^2

rrr rfr

C 3 L4
l£srr^—

r—

©

po

Rl=5 0.Q

Vcc

C1 ,C 2 ,C 3 ,C4 : 3.5~30pF

C5
: O.OOl^F FEED THROUGH AND 0.05AF CERAMIC CONDENSER

Ll,L3 : «5l.2 SILVER PLATED COPPER WIRE, 8ID, IT

L2 : IvB. CHOLK COIL

L4
: (61.2 SILVER PLATED COPPER WIRE, 8ID, 7/4T

Po- Vc ~ Pi po - VCC

0.2 0.3 Q4

INPUT POWER Pj_ (W)

Q5

CM

« 2.6

12 14 16

SUPPLY VOLTAGE V GC (V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC1 1 73

POWER AMPLIFIER APPLICATIONS.

CAR RADIO, CAR STEREO OUTPUT STAGE AMPLIFIER

APPLICATIONS.

FEATURES

:

• Good Linearity of hpg.

Complementary to 2SA473 and 5 Watts Output

Applications.

MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 30 V

Collector-Emitter Voltage VCEO 30 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 3 A

Emitter Current IE -3 A

Collector Power Dissipa-
tion (Tc=25°C)

p
c 10 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55 ^ 150 °c

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

10-3 MAX. 03.6 ±0.2

1. BASE

Z. COLLECTOR (HEAT SINK)

3. EMITTER

TEDEC T0-220AB
EIAJ

TOSHI BA 2-10A1A

Mounting kit No. AC75
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current TCB0
VCB=20V, IE=0 - - 1.0 UA

Emitter Cut-off Current IEB0 VEB=5V, Ic=o - - 1.0 UA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, Ib=0 30 - - V

Emitter-Base
Breakdown Voltage

V
(BR)EB0 Ie=i™a, xc=0 5 - - V

DC Current Gain

hFE(l)
(Note)

VCE=2V, IC=0.5A 70 - 240

hFE(2) VCE=2V, IC=2.5A 25 — -

Collector-Emitter
Saturation Voltage

VCE(sat) XC=2A, XB=0.2A - 0.3 0.8 V

Base-Emitter Voltage VBE VCE=2V, Ic=0.5A - 0.75 1.0 V

Transition Frequency fT VCE=2V, IC=0.5A - 100 - MHz

Collector Output Capacitance cob VCB=10V

,

IE=0 ,
f=lMHz - 35 - pF

Note: hpE(l) Classification : 70 ^ 140, Y : 120 ^ 240
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2SC1173

Ic CE

O <

o

o

o

«o
H<
HH ^
Hi-q >
mo "-^

S>
S) ^

i a +j

«o «)

Om m

&q« "
PS f*

PH
o<
OKI

o

40 COMMON
EMI TTER

*30
20 Tc = 25 "C

„15

10

— ?

Ip=

1°

1.6 3.2 4.8

COLLECTOR-EMITTER VOLTAGE
6.4

VCE (V)

^FE — Ic
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC1195

REGULATOR APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High Voltage : VCEO=200V

• Large Collector Current : Ic=2.5A

Wide Safe Operating Area.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 200 V

Collector-Emitter Voltage vCEO 200 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 2.5 A

Emitter Current IE -2.5 A

Collector Power Dissipa-
tion (TC=25°C)

pc 100 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -65 ^ 150 °c

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO-3

TC-3, TB-3

TOSHIBA 2-21A1A

Mounting kit No. AC73
Weight : 12. Og

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current

ICB0 VCB=200V, IE=0 - - 10 MA

ICE0 VCE=200V, I B=0 - - 0.1 mA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 1.0 mA

Collector-Emitter

Breakdown Voltage
V (BR)CE0 Ic=10mA, IB=0 200 - - V

DC Current Gain hFE VCE=5V, IC=1A 30 50 150 -

Collector-Emitter

Saturation Voltage
VCE(sat) I

C=1A, IB=0.1A
- - 1.0 V

Base- Emitter

Saturation Voltage
VBE(sat) I

C
=1A, I

B=0.1A
- - 1.5 V

iiiii*iiiiitiitiitiiitiiiiiiiii*iiiiitiiiiiitiiiiii«itiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiitiiiiiiiiiiiiiitiitiiiiiiiiiitiifiiniiitiiiiii ~rc3^3a—a^^^^. corporation
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2SC1195
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC1199

HIGH FREQUENCY WIDE BAND AMPLIFIER APPLICATIONS.

HIGH FREQUENCY LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Noise for High and Low Frequency

: NF=4 . OdB (Max
. ) f=200MHz

: NF=lldB (Max.) f=10kHz

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 50 V

Collector-Emitter Voltage VCEO 35 V

Emitter-Base Voltage VEBO 3 V

Collector Current ic 300 mA

Collector Power Dissipation PC 600 mW

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -65 ~150 °C

09.S9MAX.

1. EMITTER
2. BASE
& colljv-or
4. Ck:'i 7

.

TC-5, TI

TOSHIBA 2-8DIA

Weight : 1.2g

ELECTRICAL CHARACTERISTICS (Ta = 25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=20V, IE=0
- - 0.1 MA

Collector-Base
Breakdown Voltage

V(BR)CB0 IC=0.1mA, Ie=0 50 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=lmA, IB=0 35 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=0.1mA, lc=0 3 - - V

DC Current Gain hFE VCE=10V, Ic=20mA 40 80 200

Transition Frequency f T VCE=10V, IE=-20mA 1000 1400 - MHz

Collector Output Capacitance Cob VCB=15V, IE=0, f=lMHz - 2.2 3.0 pF

Noise Figure

NF(1)
VcE=10V, IE=-10mA,

Rg=50Q, f=200MHz
- 2.5 4.0 dB

NF(2)
VcE=15V, IE=-30mA,

Rg=500Q, f=10kHz
- 6 11 dB

llllliilililllliliilililim in iiiiiiiiiiiiiiiiiiiiiiiiilllllllllliilllillllllllllli iiiiiilllllliiiiiiiiiiiillllliiiiiiiillliliiiiiiiiiiilillllliiiMillllllliiiiillllllllliliiiiillllllllllliliililllllllTOSHIBA CORPORATION
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2SC1199
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

Unit in mm

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VCEO=300V

• Small Collector Output Capacitance : Cob=5 . OpF(Typ.

)

• High Transition Frequency : fT=100MHz (Typ.)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 300 V

Collector-Emitter Voltage vCEO 300 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 150 mA

Emitter Current IE -150 mA

Collector Power

Dissipation

Ta=25°C
PC

1.5
W

Tc=25°C 12.5

Junction" Temperature T.1 150 °C

Storage Temperature Range Tstg -55^150 °C

10.3MAX, 03.6±O.2

1. BASE
2. COLLECTOR(HEAT SINK)
3. EMITTER

TO - 220AB

Mounting kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=100V, IE=0 '
- - 1.0 UA

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 1.0 MA

Collector-Emitter
Breakdown Voltage

V (BR) CEO I(-.=5mA, lg=0 300 - - V

DC Current Gain hFE VCE=10V, Ic=50mA 40 _ 170

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=100mA, IB=20mA - - 1.0 V

Base-Emitter
Saturation Voltage vBE(sat) I c=100mA, IB=20mA - - 1.2 V

Transition Frequency fT VCE=10V, Ic=30mA 40 100 - MHz

Collector Output Capacitance Cob VcB=50V,lE=0,f=lMHz - 5.0 6.5 pF

tiiJiititiitiiiiitfiiiiiiiiiiitiiiiiiiiitiita«itiitiififiiiiiiiitiitiitiiiiiititiittttiiittii*iiiiiiiit>iiittiitiiiiitiiiiitiaitfiifiiiitiitiittitiitiiiiiiitiiiiiiiiiitiitiiiiitiit(iiiiintiiiitt]tiiiiititt«iiiitnititt ~r^^»^^Ba—aH^^S^^e^ CORPORATION
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2SC1569
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SILICON NPN TRIPLE DIFFUSED TYPE

REGULATOR APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High Voltage : VCBO=450V

• Low Saturation Voltage :

: VCE(sat)= 1.5V (Max.) (IC=5A, IB=0.8A)

• High Speed Switching Time : tstg=3.0ys (Typ.)

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in ram

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 450 V

Collector-Emitter Voltage vCEO 330 V

Emitter-Base Voltage Vebo 6 V

Collector Current ic 8 A

Base Current IB 2 A

Collector Power Dissipa-
tion (Tc=25°C) PC 100 W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -65M.50 °C

1 BASE

2. EMITTER
COLLECTOR (CASE)

TO

3, TB — 3

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No. AC73
Weight : 12. 9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=450V, IE=0
- - 100 yA

Emitter Cut-off Current IEB0 VEB=6V, IC=0
- - 1 mA

Collector-Emitter

Breakdown Voltage
v (BR) CEO Ic=5mA, IB=0 330 - - V

DC Current Gain hFE VCE=5V, IC=1A 30 - 150

Collector-Emitter

Saturation Voltage
VCE(sat) IC=5A, IB=0.8A

- - 1.5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=5A, IB=0.8A - - 1.8 V

Switching

Time

Turn-on Time ton ^m°™™^€
OUTPUT - 1.0 -

ys

) a
00

Storage Time tstg
71^ <

- 3.0 -

Fall Time tf
IBl = -lB2 = °-3A

DUTY CYCLE^2#

Vcc = 200V
- 0.8 -

•llliiiiiiiiiliiillltlllllltliiiiliitiifiiiifiiitiiittililll«illllllltllliiiiiiiiiiiiiftiiitiiitiiiiiiiiiti)ii*iiliitittlitllllllllllliiitiltillliillllllllllllll«lltiiiititllllllllllllllilliiiiiiiiiliatltnilllflllllfl ~B~^^»^^0—^^K.^^. CORPORATION
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2SC1576
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2SC1576
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BLACK AND WHITE TV HORIZONTAL OUTPUT

APPLICATIONS.

FEATURES

;

• High Voltage : VCBO=300V

• Wide Safe Oprating Area.

SILICON NPN TRIPLE DIFFUSED TYPE

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 300 V

Collector-Emitter Voltage vCEO 100 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 7 A

Emitter Current X E
-7 A

Collector Power

Dissipation
pC 50 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55M.50 °C

Unit in mm

1. BASE
2. EMITTER
COLLECTOR (CASE)

TC - 3, TI

2 - 21A1A

Mounting kit No. AC73
Weight : 12. Og

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=250V, IE=0 - - 1.0 mA

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 1.0 mA

DC Current Gain

hFE(l) VCE=5V, IC=1A 30 - 150

hFE(2) VCE=5V, IC=7A 15 - -

Saturation

Voltage
Collector-Emitter vCE(sat) I C=5A, IB=0.5A - - 1.2

V
Base-Emitter vBE(sat) IC=5A, IB=0.5A - - 1.5

Transition Frequency fT VCE=5V, IC=0.5A - 10 - MHz
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2SC1617
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2SC1 624'

2SC1 625,
SILICON NPN PLANAR TYPE

Unit in mm

MEDIUM POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES:

High Breakdown Voltage : VCE0=120V (2SC16 24)

Complementary to 2SA814 and 2SA815.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base

Voltage

2SC16 24
VCBO

120
V

2SC1625 100

Collector-

Emi tter Voltage

2SC16 24
VCEO

120
V

2SC16 25 100

Emitter-Base Voltage vEBO 5 V

Collector Current In 1 A

Emitter Current IE -1 A
Collector Power Dissipation

(Tc=25°C) ?C 15 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55^150 °C

10. 3 MAX. ^3.6 ±0-2

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC T0-220AB

TOSHIBA 2-10A1A

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C )

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0 - - 1.0 UA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 UA

Collector-

Emitter Breakdown
Voltage

2SC1624
V (BR)CE0 IC=10mA, I B=0

120 - -

V
2SC1625 100 - -

EmL tter-Base
Breakdown Voltage v (BR)EB0 IE=lmA, lc=0 5 - - V

DC Current Gain

hFE(l)
(Note) VCE=5V, Ic=150mA 70 - 240

hFE(2) VCE=5V, Ic=500mA 40 - -

Collector-Emi tter

Saturation Voltage
vCE(sat) Ic=500mA, IB=50mA - - 0.5 V

Base-Emitter Voltage VBE VCE=5V, Ic=500mA - - 1.0 V

Transition Frequency fT VCE=5V, Ic=150mA 10 30 - MHz

Collector Output Capacitance Cob VCB=10V, lE=0, f=l MHz - 20 - pF

Note : hEE (i) Classification : 70^140, Y

TOSHIBA CORPORATION
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2SC1624-2SC1625
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=80V

Complementary to 2SA816.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC SYMBOL RAINGS UNIT

Collector-Base Voltage VCBO 80 V

Collector-Emitter Voltage vCEO 80 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 750 mA

Emitter Current IE -750 mA

Collector Power Dissipation PC 1.5 W

Junction Temperature T.1 150 °C

Storage Temperature Range Tste -55M.50 °C

Unit in mm

10.3 MAX 0Z.6±0.2

1. BASE

Z. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC TO -230AB

EIAJ SC -46

TOSHIBA 2-10A1A

Mounting Kit NO. AC75
Weight : 1 . 9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0 - - 0.5 yA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 1.0 XiA

Breakdown

Voltage

Collector-
Emitter

v (BR) CEO IC=10mA, Ib=0 80 - -

V
Emitter-
Base

V (BR)EB0 IE=0.1mA, lc
=0 5 - -

DC Current Gain

hFE(l)
(Note)

VcE=2V, Ic=150mA 70 - 240

hFE(2) VCE=2V, Ic=500mA 40 - -

Collector-Emitter

Saturation Voltage
VCE(sat) Ic=500mA, IB=50mA

- - 0.5 V

Base-Emitter Voltage VBE VCE=2V, Ic=500mA - - 1.0 V

Transition Frequency fT VCE=2V, Ic=150mA 50 100 - MHz

Collector Output
Capacitance Cob Vcb=10V, lE=0, f=lMHz - 15 - pF

Note : hpE(l) Classification : 70M.40, Y : 120^240

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiilliiiiiiiiiiiiiililliiilliiiiiillllliiiiiiiiillllliiiiillliiiiiilillllllllliliiniiiilillliiiiillill mill I liliilllliiiiiiiillllliiiiiiiilillliliiiiini iiiilllllilii ill
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SILICON NPN EPITAXIAL PLANAR TYPE

27 MHz POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Recommended for Output Stage Application of

AM 4W Transmitter.

• High Power Gain.

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 65 V

Collector-Emitter Voltage
RRF.=10fi

VCER 65 V

Emitter-Base Voltage Vebo 4.0 V

Collector Current ic 3 A

Base Current Ik 0.4 A

Emitter Current IE -3 A

Collector Power Dissipation
( Tc-25°C )

pc 10 W

Junction Temperature T.i 150 °C

Storage Temperature Range Tstg -55 ^ 150 °C

10.3 MA%, ,
03.6±O.2

2.54 2.54

1 2 3

to

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

T0-220AB
EIAJ

TOSHIBA 2 -10A1A
Mounting Kit No,

Weight : 1.9g
AC75

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=30V, lc=0 _ _ 10 VA

Collector Cut-off Current !CE0 VCE=20V, IB=0 - - 100 yA

Breakdown

Voltage

Collector-Base VrBR)CB0 IC=1.0mA, IE=0 65 - -

VCollector-Emitter V (BR)CER IC=10mA, RBE=10^ 65 - -

Emitter-Base V(BR)EB0 lE=1.0mA, IC=0 4.0 - -

DC Current Gain
hFE(l) VCE=5V » Ic=0 « 5A (Note) 15 - -

hFE(2) VcE=5V, Ic=1.5A (Note) 10 - -

Collector Emitter
Saturation Voltage

VcE(sat) IC=0.5A, Ib=0.05A - 0.5 1.0 V

Transition Frequency fT VCE=5V, IC=100mA 100 - - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 30 45 pF

Output Power Fig. Po
VCC=12V, Pi=0.4W
IDC=415mA(Typ . ) ,

f=27MHz 3.0 - - W

Note : Pulse Test : Pulse Width 5 300ys, Duty Cycly < 2.0%
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2SC1678

Fig. TEST CIRCUIT

50 pF L 3

P. If

Of-
Rt.

Jo

^
o vcc

Li

Lz

Ls

RFC!

0.5 mm ENAMEL COATED COPPER WIRE, 71, 8 mm I.D

JZ(a5iw ENAMEL COATED COPPER WIRE, 5T, 8 mm I.D

0.3 mm ENAMEL COATED COPPER WIRE, 18T, 6 mm I.D

^Q2mm ENAMEL COATED COPPER WIRE, 76T, 5mm I.D
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SILICON NPN EPITAXIAL PLANAR TYPE

2 -30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.
(28V SUPPLY VOLTAGE USE)

FEATURES

:

. Specified 28V, 28MHz Characteristics

: Output Power : Po=40WpEp

: Minimum Gain : Gpe =16dB

: Efficiency : >7c
=40%(Min.

)

: Intermodulation Distortion : IMD=-30dB(Max.

)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 65 V

Collector-Emitter Voltage vCEO 35 V

Emitter-Base Voltage vEBO 4 V

Collector Current ic 7 A

Collector Power Dissipation
(Tc=25°C) ?C 80 W

Junction Temperature T
J

175 °C

Storage Temperature Range Tstg -65-175 °c

012.7 ±Q5
cS

-H

ci

+1

\'
'

;
:

!

;
l

18.4±ai5
1 f

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

JEDEC

EIAJ

TOSHIBA 2-13B1A

Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=50mA, IB=0 35 - - V

Collector-Emitter
Breakdown Voltage

V (BR)CER I c=lmA, RBE=10Q 65 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=10mA, lc=0 4 - - V

DC Current Gain hFE VCE=10V, IC=5A 10 - -

Transition Frequency fT VCE=15V, I C=0.1A 50 - - MHz

Collector Output Capacitance Cob VCB=28V, IE=0, f=lMHz - 110 150 PF

Power Gain Gpe VCc=28V, f=28MHz

2-Tone, Jf=lkHz

I idle=20mA > Po=40X'JpEp

(Fig.)

16 - - dB

Input Power p i
- - 1 WpEp

Collector Efficiency Vc 40 - - %

Intermodulation Distortion IMD - - -30 dB

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllHIIIIN CORPORATION
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2SC1 763

Fig. Pi TEST CIRCUIT

nrf^ <§)

p°
^ RL=50Q

Ci,C4,C 5 ~100pF
C2 - 50pF
C3 lOOpF

C6,C10 O.L"F
C7,C12 22<"F

C8,C13 6000pF FEED THROUGH
C9 0.1-«F

Cll O.Ol-uF

Rl ion, 1W
R 2 500O, 2W
R 3 -200Q

Li : «5l.O SILVER PLATED COPPER WIRE,
12ID, 4T, 20 LENGTH

L2 : IOaH
L3 : (61.6 SILVER PLATED COPPER WIRE,

12ID, 2T, 8 LENGTH
L4 : (61.6 SILVER PLATED COPPER WIRE,

20ID, 3.5T, 22 LENGTH
L5 : 10AH
D : 1S1555

IMD

f= 28MHz
Jt—UcBz
VCC=28V
Iidle = 20mA

a4 Q8 1.2

INPUT POWER Pi (WpEP )

-2

-40

f = 2 8 MHz

Jf=lkHz
VCC=28V
Iidle = 2 OmA

20 40 60

OUTPUT POWER P (WPEP )
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SILICON NPN EPITAXIAL PLANAR TYPE

2 -30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.
(20V SUPPLY VOLTAGE USE)

FEATURES

:

Specified 28V, 28MHz Characteristics

Output Power : Po=80WpEp

Minimum Gain : Gpe=14.5dB

Efficiency : ? c=40%(Min.

)

Intermodulation Distortion : IMD=-30dB(Max.

)

Unit in mm

MAXIMUM RATI NGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 65 V

Collector-Emitter Voltage VCEO 35 V

Emitter-Base Voltage Vebo 4 V

Collector Current ic 12 A

Collector Power Dissipation
(Tc=25°C)

PC 140 W

Junction Temperature T
j

175 °C

Storage Temperature Range Tstg -65 -175 °c

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

TOSHIBA 2-13B1A

Weight : 5.2g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=100mA, Ib=0 35 - - V

Collector-Emitter
Breakdown Voltage

V (BR)CER IC=20mA, REb=10Q 65 - - V

Emitter-Base
Breakdown Voltage

V (BR)EB0 I E=lmA, I C=0 4 - - V

DC Current Gain hFE VCE=10V, I C=10A 10 - -

Transition Frequency f T VCE=15V, IC=0.2A 50 - - MHz

Collector Output Capacitance Cob VCB=28V, IE=0, f=lMHz - 220 300 pF

Power Gain Gpe VCC=28V, f=28MHz

2 -Tone, ^f=lkHz

Iidle=^0mA, Po=80WpEP

(Fig.)

14.5 - - dB

Input Power Pi - - 2.8 WpEP

Collector Efficiency Vc 40 - - %

Intermodulation Distortion IMD - - -30 dB
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2SC1 764

Fig. Pi TEST CIRCUIT

R«=50Q

c 5

^

Cl,C4,C 5 -lOOpF
C2 - 50pF

C3 lOOpF
C6,ClO O.LuF
C7,C12 22aF

C8,C13 6000pF FEED THROUGH
C9 O.LkF

Cll O.OIaF
Rl ion, 1W
R 2 500 n, 2W
R3 -200Q

Li : rfl.O SILVER PLATED COPPER WIRE,
12ID, 4T, 20 LENGTH

L2 : 10 aH

L3 : rfl.6 SILVER PLATED COPPER WIRE,
12ID, 2T, 8 LENGTH

L4 : «S1.6 SILVER PLATED COPPER WIRE,
20ID, 3.5T, 22 LENGTH

L5 : 10 AH

D : 1S1555

12

f= 2 8MHz

df = lkHz

Iidle = 40mA 40^
V 24

80

\ X 26

\ 28

40

IMD - P r

12 3

INPUT POWER Pi (WpEP )

f-2 8MHz

Jf-lkHz

Iidle- 40mA

30 120 160

OUTPUT POWER P (WpEp )
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =2. 8W(Min.

)

(f=470MHz, Vcc=12.6V, Pi=0.6W)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCc=12.6V, Pi=0.6W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCE0

vEB0

ic

PC

Ti

Tstg

RATING

35

17

3.5

0.8

7.5

175

-65-175

UNIT

°C

°C

Unit in mm

pa 39 MAX.

0R5MAX,

I
—

i
'

1 ! M

00.45

a

1. EMITTER ^CASE^
2. BASE
3. COLLECTOR

TC-17 . TB-22C
TOSHIBA

Weight : 3.7g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 IC=lmA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=5mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=0.1mA, lc=0 3.5 - - V

DC Current Gain nFE VCE=5V, IC=0.5A 10 - - -

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - - 15 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=0.6W

2.8 3.2 - W

Power Gain Gpe 6.7 7.3 - dB

Collector Efficiency V C 60 - - %

TOSHIBA CORPORATION
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2SC1765

Fig. f=470MHz Po TEST CIRCUIT

RK=5 0Q
@-

0? ul

rn rfr

nr^ -@
RL=50Q

Cl,C2,C3

C 4 ,C5

C6

C7

LI

L2

L 3

RFC

~10pF

~30pF

0.02/tF

lOOOpF FEED THROUGH

(61.6 SILVER PLATED COPPER WIRE, 7ID, )£T

(61.2 SILVER PLATED COPPER WIRE, 10ID, l^T

(61.6 SILVER PLATED COPPER WIRE, 10ID, ]^T

(60.7 ENAMEL COATED COPPER WIRE, 3ID, 5T

-P o >
T
i c F i Pn - Vcc

f = 4 7 0MHz

Pi = a 8W

Q6

a4

10 12 14

SUPPLY VOLTAGE Vr (V)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC1955

at All Phase

P =4W, f=175MHz

Unit in mm

VHF BAND POWER AMPLIFIER APPLICATIONS.
J^9.Z9lllAX.

FEATURES • 0'a45MAX
1

. Output Power : Po=2.8W (Min.)

( f=175MHz, VCC=13.5V, Pi=0.15W) 1
c5

s
to

- «5
-

100% Tested for Load Mismatch Stress

Angles with 30:1 VSWR @ VCC=13.5V, 00. A 5
M
s

1

03
H

0&O8

MAXIMUM RATINGS (Ta=25°C)

(\?
<T"

CHARACTERISTIC SYMBOL RATING UNIT 3\

Collector-Base Voltage vCB0 35 V

45 \ XvCollector-Emitter Voltage VCEO 17 V

Emitter-Base Voltage Vebo 3.5 V

1. EMITTER (CASE)
2. BASE
3. COLLECTOR

Collector Current ic 0.8 A

Collector Power Dissipation
(Tc=25 °C)

?C 7.5 W
JEDEC TO—39

Junction Temperature T
J

175 °C EIAJ TC—5.TB-5B

Storage Temperature Range Tstg -65 ~175 °C TOSHIBA 2-8B1B

Weight 1.2s

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Voltage !CB0 VCB=15V, IE=0
- - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 IC=lmA, IE=0 35 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO I c=5mA, IB=0 17 - - V

Emitter-Base Breakdown
Voltage

v (BR)EB0 IE=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 10 - -

Collector Output Capacitance Cob VCb=10V, Ie=0, f=lMHz - - 15 pF

Output Power Po (Fig.)

VCC=13.5V, f=175MHz,

Pi=0.15W

2.8 3.2 - W

Power Gain Gpe 12.7 13.3 - dB

Collector Efficiency Vc 60 72 - %
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2SC1955

Fig. P TEST CIRCUIT

Pi @ -n^ ntf\

C3 L3

it—or- . @ p°

#°

RL=5 0Q

C1 ,C 2 ,C 3 ,C4

C 5

Li,L2

L3

RFC

~30pF

lOOOpF FEED THROUGH

tfl.2 SILVER PLATED COPPER WIRE, 8ID, IT

«il. 2 SILVER PLATED COPPER WIRE, 8ID, 1^-T

lAH CHOKE COIL

5

Po. r/c
- •Pi

f = 1 7 5 MHz

- Vcc = 13,5 V

Tc = 2 5°C

vy

3

9

7]c «.

<r

p o - VCC

90 ^

80 «

70 J

ai Q2 a3

INPUT POWER Pi (W)

f =

1 1

17 5MHz

Tc = 2 5°C

,jy

<X^.^^^^

9 11 13 15

SUPPLY VOLTAGE V cc (V)
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEaTURES:

. High Voltage : VCE0=300V

. Small Collector Output Capacitance : C ob=4.0pF (Max.

MAXIMUM RATINGS (Ta=25°C;

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

ic

IB

Tstg

RATING

300

300

50

20

1.5

150

-55-150

UNIT

mA

mA

°C

Unit in mm

9. 9MAX. 03.2x0.2

^
cS

3°

X

cr

s
3°

X
<

00

1.2 1 J
\l

1

S

"

0.5

1.5 k )j^j ^
0.76

K

2.54

^

2.54

3°

l^L^ C> s
CO

1 b ft ,

4- -ju
3° 3°

1. BASE
2. COLLECTOR
3. EMITTER

(COLLECTOR CONNECTED TO TAB)

JEDEC TO-202

EI AJ —
TOSHIBA 2—10F1B

Weight

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=240V, IE=0 - - 1.0 ftA

Emitter Cut-off Current !EB0 VEB=5V, IC=0 - - 1.0 A A

DC Current Gain
hFE(l) VCE=10V, IC=0.5mA 20 - -

hFE(2) VCE=10V, Ic=20mA 30 - 200

Collecotr-Emitter
Saturation Voltage

vCE(sat) IC=10mA, lB=lmA - - 1.0 V

Transition Frequency fT VCE=20V, Ic=20mA 75 95 - MHz

Collector Output Capacitance Cob VCB=20V, Ie=0, f=lMHz - - 4.0 pF
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2SC2068

60

*c VCL

1

a?
COMMON

EMITTER

Tc = 25°C
S*

-*•

0.6 —/
4u

/-s 0.5

/ '* *" "
1

0.4

h•s
0.3

20
i/

'

f
/

'
1

a2

\,10
* IB = 0.1mA

4 8 12 16 20 24 28 32

COLLECTOR -EMITTER VOLTAGE VCE (V)

0.5

0.3

Vr 2 (sat) - T c

COMMON EMITTER

In/In=10

rc = S5°C

).3 a 5 10

500

53 100
M
<:

&
50

Eh

§ 30

hPE ~ Id

COMMON EMITTER

vCE=iov

Tc = 25°C

P o 5
o

H 3
C) M
H o
n <
W ^
J <
h4 o 1

a 5.

0.3 0.5 1 3 5 X) 30 50

COLLECTOR CURRENT I c (mA)

c b - vGB

J-
fc u

f = lMHz

Tc = 25°C

300 500

COLLECTOR CURRENT (mA) COLLECTOR -BASE VOLTAGE (V)

TOSHIBA CORPORATION 11 tMMI tllltlllt illlt tlllMIIIIIIJlllMIMtl llllllil tltllMMtMlllltltlMIIMtlllMMIItlllMlllllillMMtllillll tflltlltllillllllltMtllllllllillJtlltlMllltlltlllllilllllllllll

— 39S —



SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC2073

POWER AMPLIFIER APPLICATIONS.

VERTICAL OUTPUT APPLICATIONS.

FEATURES:

. Wide Safe Operating Area.

. Complementary to 2SA940

Unit in mm

MAXIMUM RATINGS (Ta=25°C;

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 150 V

Collector-Emitter Voltage VCEO 150 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 1.5 A

Base Current IB 0.5 A

Collector Power
Dissipation

Ta=25°C
PC

1.5
V

Tc=25°C 25

Junction Temperature T
j

150 °C

Storage Temperature Range rstg -55-150 °c

1Q3MAX. 03.6±O.2

2.5 4 2.5 4
X

l^
12 3

1. BASE
2. collector Cheat sink)

3. EMITTER

T0-220AJ

TOSHIBA 2-10A1A

Weight • 1.9g

Mounting kit No. AC75

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=120V, IE=0
- - 10 fiA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 /a A

DC Current Gain hpE VCE=10V, Ic=500mA 40 75 140

Collector-Emitter
Saturation Voltage

VCE(sat) Ic=500mA, lB=50mA - - 1.5 V

Base-Emitter Voltage VBE VCE=10V, IC=500mA 0.65 0.75 0.85 V

Transition Frequency fT VCE=10V, Ic=500mA - 4 - MHz

Collector Output Capacitance Cob Vcb=10V, IE=0, f=lMHz - 35 - pF

lltlllllltlltlllllltlllllllllttlltllltlllllltllllllllllllltlltlllllillltiillllllltlitllilllltlllllltlltllttlllllltllllltlllllllllllllltllllllllltllllllllilllltlitllfillttllllllltllillltlllllillltlllllllttllltllttllllllll ~B~^^S^^KB—^^K.^BK. CORPORATION
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2SC2073

IC " VcE

4 8 12 16 20

COLLECTOR-EMITTER VOLTAGE VCE (V)

H Eh

H O
I >

V CECsat) - I W

- COMMON EMITTER

- I C/IB = 10

3 /

/

1

Tc = 25 °C /

0.5

0.3

0.1

OS
O01 0J3 3 0A5 0.1 0.3 0.5 1

COLLECTOR CURRENT I c (a)

hpE - IC
500

300

10

~" VCE == 10V

Tc == 100°C
1

25

-25

0.03 0.05 0.1 0.3 0.5 1

COLLECTOR CURRENT I c ( A)

SAFE OPERATING AREA

COLLECTOR-EMITTER VOLTAQE VCE(V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2075

27MHz POWER AMPLIFIER APPLICATIONS.

ion of

Unit in mm

FEATURES

:

10.3MAX. 03.6±O.2
/

• Recommended for Output Stage Applicat

AM 4W Transmitter.

h r *1 Si *'
fit <!

to 3
XJ

• High Power Gain.

• Wide Area of Safe Operation.

1

CO

in

q

|
\

J i—

i

o.5MAX.

MAXIMUM RATINGS (Ta=25°C)
0.76

i

CHARACTERISTIC SYMBOL FATING UNIT X

Collector-Base Voltage VcBO 80 V
<;.S4 2.t>4

J
IT

CCollector-Emitter Voltage
RBE=50^

VCER 80 V i 2 IT

Emitter-Base Voltage vEBO 4.0 V CD

Collector Current ic 4 A 1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTEREmitter Current IE -4 A

Collector Power Dissipation
(Tc=25°C)

PC 10 W
JEDEC TC) — 220 AB

Junction Temperature Tj 150 °C EIAJ SC — 46

Storage Temperature Range Tstg -55VL50 °C TOSHIBA 2 — 10 A 1 A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting
Weight :

Kit No. AC75
1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=30V, IE=0 - - 10 UA

Breakdown

Voltage

Collector-Emitter V (BR)CER Ic=10mA, RBE=50ft 80 - - V

Emitter-Base v (BR)EBO lE-1.0mA, IC=0 4.0 - - V

DC Current Gain
hFE(l) VCE=5V, IC=0.5A 25 - -

hFE(2) VCE=2V » !C- 3A 15 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.3A - - 1.5 V

Transition Frequency fT VCE=5V, Ic=500mA - 100 - MHz

Collector Output Capacitance Cob VCB=10V ,

I

E=0 , f=lMHz - 40 - pF

Output Power (Fig. 1) Po Vcc=12V,Pi=0.3W,f=27MHz 3.5 - - W

Fig. 1 P TEST CIRCUIT

R
g=50n

~ioopP, c 2 ,C3 : ~i50pp, c 4 :~3oopP, c 5 : iooopp

0.01AP R : 250H

0.8mm;Zf UEW,7T,8mm I.D L2 I 0.8mm£f UEW,5T,8mm I.D

O.8mm0 UEW, 10T,8mm I.D RFC I 0.35mm^ UEW,17T,5mm I.D

llJtllilllllltlllltlll*iitlllllllltiiiiiiiiit*tlllJilllllilltllllllllltllltllllllllftiilllllllllllttllllllltl(l*lllllltliliiiiifilllllllllltllllllllllllllllllllllltlfllll»llltlllllllllllllllllllllllltlllllIlllllllll*illl ~H~C^^^B—^^K,^^. CORPORATION
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2SC2075

Pn - Pi

f = 27MH 3

"1?
T c = 2 5 "C

See Pig.l
<\

b*x
10

40°^x

^r-

8 ^H

M

6

4

9

500

? 300

5 100

H 50

S 30

M 50
o
£ 30

0.2 0.4 0.6 0.8 1.0

INPUT POWER P i (W)

COMMON EMITTER

Tc = 2 5 t

0o03 0.05 0.1 0.3 0.5 1

COLLECTOR CURRENT I c

3 5

(A)
10

c ot> - VCB

IE =0

f = 1MHz

Tc = 25°C

3 5 10 30 50

COLLECTOR-BASE VOLTAGE
100

VCB (V)

cc

. f = 27 MHz

_ Tc = 25°C

See Pig.l &/
f'/

1> s

j <

fi Ol

4

2

n
t 4 8 12 16 20 24 28

SUPPLY VOLTAGE

f T - I c

(V)

COMMON EMITTER
VCE =5V
Tc =25°C

500

300

100

50

W

10
...

1

3
1

1

0.03 0.1 0.3 0.5 1

COLLECTOR CURRENT I

3 5

C (A)

1?
Pc - Ta

(3) Tc =Ta
INFINITE HEAT SINK

© NO HEAT SINK

10
CD

8

6

/|

- ©

25 50 75 100

AMBIENT TEMPERATURE
125 150

Ta (r)
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2SC2075

"oa^
81

amxro TJ&s=1il

U*8T

:i U^'2

a
ttoq= h J*

^ ^

^ % ^

^ 1 ^ la,

1
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2SC2075

APPLICATION CIRCUIT CHARACTERISTIC

Po - V IN V , Gp - V C c

20

f

-

. Tc -

£7 MHz
= 2fi r.

See Pier.

2

VCC = 27.6V

9
^

15
o

Ph

25

g 10

Ph
18

Ph

13.8
O

10

50 100 150 200 250

INPUT VOLTAGE V IN (mV)

20

SUPPLY VOLTAGE

80% MODULATION SPECTRUM
EMISSION LIMITATION (FCC)

rf c = 27MHz
fm= 2.5kHz

m=0.8

Vln = 150mV

Tc =2 5°C

See Pig.

2

-20k -10k

CENTER FREQUENCY

10k 20k

f c (kHz)

85% MODULATION SPECTRUM
EMISSION LIMETATION (FCC)

Tl

-20k -10k

CENTER FREQUENCY
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2098

CITIZEN BAND AND HAM BAND UP TO 50MHz RF

POWER AMPLIFIER APPLICATIONS.

(LOW SUPPLY VOLTAGE USE)

FEATURES

:

. Recommended for 12W(PEP) SSB Citizen Band
Transceiver Applications.

. High Power Gain : Gpe=11.8dB(Typ. ) @ f=28MHz

. Designed to Withstand Load Mismatch at All Phase
Angles with Infinite VSWR at 17 Volts.

MAXIMUM RATINGS (Ta=25 °C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 70 V

Collector-Emitter Voltage
(REB=10n)

VCER 70 V

Emitter-Base Voltage Vebo 4 V

Collector Current ic 6 A

Emitter Current IE -6 A

Collector Power Dissipation
(Tc=25°C)

PC 20 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55-150 °c

ELECTRICAL CHARACTERISTICS (Ta=25°C)

10.3 MAX, ffa6:r0.2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO— 220AB

TOSHIBA

Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=40V, IE=0 - - 0.1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 Ic=lmA, Ie=0 70 - - V

Collector-Emitter
Breakdown Voltage V(BR)CER IC=10mA, Reb=10Q 70 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=lmA, IC=0 4 - - V

DC Current Gain hFE VCE=5V, IC=4A 20 - 100

Collector-Emitter
Satulation Voltage

vCE(sat) I C=4A, IB=0.4A
- - 1.5 V

Transition Frequency f T VCE=5V, IC=0.5A 100 - - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 80 120 pF

Output Power
Pod)

VCC=12V, f=28MHz

Pi=lW, ?c^60% (Fig.)
13 15 - W

Po(2)
VCC=12V, f=50MHz

Pi=3W, J?c^0% (Fig.)
- 16 - W

llllltllllllllllllttlttllf lllllltlltllllltlllllllllllilllltlltiltllltllillltlllllf lillilittiillif f iitlllf ••lttllttllillll*lltllllllllillllllllttttll«llltlllltlllltlllltllilllllllltlllltllllll«tllllllllltttllllltt«ll 'S
-
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2SC2098

Fig. Po TEST CIRCUIT

Rp;=50Q

ci

C2,C3

C4

Ll

L2

L3

*-r

'2*

^m -^

^2

vC c

L3

lOOOpP
Q02AF
10AP

28MHz

~100pF

~150pF

~300pF

ji0.8 SILVER PLATED COPPER WIRE, 10ID, 8T

«50. 8 SILVER PLATED COPPER WIRE, 10ID, 5T

«50.8 SILVER PLATED COPPER WIRE, 10ID, 8T

-©
RL= 5 on

50MHz

~ 50pF

~100PF

-200PF

10ID, 5T

8ID, 5T

10ID, 7T

Pn - Pi vC c

15^
»

12, •

9^.

<»

'vj/'
S
y

*"
* __.

s* f= 281iIHz

*•
^

Tc=,

f=5 0fc

2 5°C

IHz

1 2

INPUT POWER Pi (W)

— f =2 8 MHz
1

^v
TC=2 5°C

^S 0.6

- 1.2

„ a2
- as
.- Q4

,^»^ ^
• "" *""

1

9 13
SUPPLY VOLTAGE

17

qo
hpE -- ic

VCE=5V

Tc - 2 5°C80

60

40

20

Ll 0.3 05 1

COLLECTOR CURRENT

3 5

I C (A)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2099

2 - 30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.

(LOW SUPPLY VOLTAGE USE)

FEATURES :

. Specified 12.5V, 28MHz Characteristics

Unit in mm

Output Power

Minimum Gain

Efficiency

Po=20WPEP

Gpe=12dB

n c=35%(Min.)

Intermodulation Distortion

MAXIMUM RATINGS (Ta=25 °c)

IMD=-30dB(Max.)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcES

'CEO

vEBO

ic

L stg

RATING

40

40

18

60

175

-65~175

UNIT

°C

°C

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

JEDEC

TOSHIBA 2-10H1A

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

Weight : 40g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter Breakdown
Voltage

v (BR) CEO IC=50mA, Ib=0 18 - - V

Collector-Emitter Breakdown

Voltage
V (BR)CES Ic=50mA, VEB=0 40 - - V

Emitter-Base Breakdown
Voltage

V(BR)EB0 IE=lmA, lc=0 4 - - V

DC Current Gain hFE VCE=5V, I C=1A 20 - -

Transition Frequency f T VCE=5V, IC=0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=12.5V, Ie=0, f=lMHz - 250 PF

Power Gain GPe VCC=12.5V, f=28MHz

2-Tone, 4f=lkHz

Iidle=10mA, Po=20WpEP

(Fig.)

12.0 - - dB

Input Power Pi
- - 1.2 WpEP

Collector Efficiency ?c 35 45 - %

Intermodulation Distortion IMD - - -30 dB

Series Equivalent Input

Impedance
Zin VCC=12.5V, f=28MHz,

Jf=lkHz, P o=20WpEp

- 1.1
-jO.25

- a

Series Equivalent Output
Impedance

ZOUT
- 3.0

-jO.75
a

lllllllllltlltillillillllllltllltlltliltiiiillltlllllflltlllllllllllllllliitiiiiiJiiiiiitllllllllillllllltlltllllllllllllilllllllllllllilMlllllllllllltlllfIllllllllJtlltllllltllllllllllllllll»ll)lMllllllllllIllltllllll ~B~^I3^^B—•^^.^X. CORPORATION
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2SC2099

Fig. Pi TEST CIRCUIT

R g
=5 0.Q

Ci,C 2 ,C4,<Zy : 7~150pF Ll
C 9 : 10 ~200pF L2
C3 250pF L3
C5,Ci 3 0.4.«F RFCl
C6 IOOaF iowv RFC2
C8 150pF Rl
ClO 600pF R2
Cll,Ci2 22AF 35WV R3
C14 lOOOpF

(FEED THROUGH)

40.8 ENAMEL COATED COPPER WIRE, 9ID, 6T
61 SILVER PLATED COPPER WIRE, 9ID, 2T
41.5 ENAMEL COATED COPPER WIRE, 9 ID, 5T
40.8 ENAMEL COATED COPPER WIRE, 9 ID, 20T
41.5 ENAMEL COATED COPPER WIRE, 12ID, 15T
5. 60 (1/2W)
50 (5W)

1.5Q (10W)

30

Ph

20

Po -- Pi

f = 2 8 MHz

<4f = lkHz
lidle = 10mA
VCC = 12.5V

o
Ph

is

o
^ 10

Ph
E-h

O

°C Q 4 a B l.i

IMD

< S

INPUT POWER
10 20 30

OUTPUT POWER P (WpEP )
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SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =6W (Min.)

( f=175MHz, VCC=12.5V, Pi=0.5W )

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

?C

Tstg

RATING

35

18

3.5

15

175

-65 -175

UNIT

Unit in mm

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

TOSHIBA 2—10Q1A

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

Mounting
Weight

Kit No. AC57
: 3.3g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 0.1 mA

Collector-Base Breakdown
Voltage

V (BR)CBO IC=lmA, IE=0 35 - - V

Collector-Emitter Breakdown
Voltage V(BR)CEO IC=10mA, Ib=0 18 - - V

Emitter-Base Breakdown
Voltage

v (BR)EBO IE=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - - 25 pF

Output Power Po (Fig.)

Vcc=12.5V, f=175MHz

Pi=0.5W

6 7 - W

Power Gain Gpe 10.7 11.5 - dB

Collector Efficiency 1c 60 68 - %

Series Equivalent Input
Impedance ^in VCC=12.5V, f=175MHz

P =6W

- 1.1

-jO.5
- n

Series Equivalent Output
Impedance ZOUT - 5.4

-jio
- Q

ItllllllltltlttltlllttllllllllllllltllltlltlltlltltllttltlllllllllitllltlttlllllllltlllllllillllllllllllllllillllilllllfllllltlllltlllllllllllllllllllllilltlllllllllllltlllllllllltltllllltlllllllllllllilMlllllllltllllll ~a~^^^3S—IB^3>9^ CORPORATION
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2SC2101

Fig. TEST CIRCUIT

@-
=5 on

C2

C 3 ,C4

C5

C6

Li,L 2

L3

RFC

-#-

#

jyr\

3 ~12pF

5 ~20pF

3.5 ~30pF

lOOOpF FEED THROUGH

O.OIaF CERAMIC CONDENSER

61 SILVER PLATED COPPER WIRE, 6ID, 2T

41 SILVER PLATED COPPER WIRE, 6ID, IT

<t>l ENAMEL COATED COPPER WIRE, 6ID, 8T

RL = 5 O.Q

Po . Vc

f=l75MHz

. VCC = 12.5V

Tc=2 5°C Pv

7c __ „ -

„
^-

Q4 0.8

INPUT POWER Pi (W)

1.2

v C c

f = 17 5 MHz
"V°"1

Tc -2 5°C
V>\

0.5

0.2

10 12 14

SUPPLY VOLTAGE V c0 (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm
VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : Po=15W (Min.)

( f=l 75MHz, Vcc=12.5V, Pi=1.3W)

100% Tested for Load Mismatch Stress

Angles with 30; 1 VSWR @ Vcc=15V, Pi=

MAXIMUM RATINGS (Ta=25°C)

at All Phase

1.3W, f=175MHz

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEBO

ic

PC

Tstg

RATING

35

18

3.5

3.5

35

175

-65-175

UNIT

°C

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

TOSHIBA 2-10G1A

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

Mounting Kit No.

Weight : 3 . 3g

AC57

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0
- - 1.0 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 IC=10mA, Ie=0 35 - - V

Collector-Emitter Breakdown
Voltage

V (BR) CEO Ic=25mA, IB=0 18 - - V

Emitter-Base Breakdown
Voltage V(BR)EB0 IE=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VCB=10V, l£=0, f=lMHz - - 80 pF

Output Power Po (Fig.)

Vcc=12.5V, f=175MHz

Pi=1.3W

15 18 - W

Power Gain Gpe 10.6 11.4 - dB

Collector Efficiency ?c 60 72 - %

Series Equivalent Input
Impedance ^in VCC=12.5V, f=175MHz,

P =15W

- 0.8

+J0.1

—
n

Series Equivalent Output
Impedance

zOUT
- 3.6

-jl.9
- n

IIIIIIIIIIIIIIIHI Illiiiilinii iiiiiiiiiinii I tiiiiiiniit 111*11

1
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2SC2102

Fig. P TEST CIRCUIT

^50Q

C2,C3,C4

C5

C6

L1.L3

L2

RFC

5~20pF

3.5~30pF

lOOOpF FEED THROUGH

0.01/^F CERAMIC CONDENSER

61 SILVER PLATED COPPER WIRE, 6ID, IT

61 SILVER PLATED COPPER WIRE, 6ID, 2T

61 ENAMEL COATED COPPER WIRE, 6ID, 3T

RL =50Q

24

Po. Vc - I .

f = 175MHz

- Vcc = 12.5 V

Tc = 2 5°C

^»n

p°^-""

l fi

12

V c

"

R

Pn - Vcc

Q4 Q8 1.2

INPUT POWER P^

1.6

(W)

2.0

«4
f =

Pi

17 5 MHz

= l.SW

Tc = 2 5°C

O
Ph

O
Ph

Eh

t=>

Ph
Eh 12

O

R
8 12 16

SUPPLY VOLTAGE V cc (V)

TOSHIBA CORPORATION
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =27W (Min.)

(f=175MHz, VCC=12.5V, Pi=4.2W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ Vcc=14.5V, Pi=4W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation

(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

VCEO

VEBO

ic

PC

Ti

-stg

RATING

40

18

4.0

6.0

50

175

-65-175

UNIT

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

TOSHIBA 2—10G1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No.

Weight : 3.3g

AC57

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=15V, IE=0 - - 1.0 mA

Collector-Base Breakdown
Voltage

v (BR) CBO Ic=10mA, Ie=0 40 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO I c=25mA, Ib=0 18 - - V

Emitter-Base Breakdown
Voltage

v (BR)EB0 IE=lmA, lc=0 4.0 - - V

DC Current Gain hFE VCE=5V, Ic=3A 10 - 150

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 80 pF

Output Power Po (Fig.)

VCC=12.5V, f=175MHz,

Pi=4.2W-"

27 29 - W

Power Gain Gpe 8.0 8.4 - dB

Collector Efficiency Vc 60 70 - %

Series Equivalent Input

Impedance
Zin VCc=12.5V, f=175MHz,

P =27W

- 0.75

+J2.0
- Q

Series Equivalent Output

Impedance
ZOUT

- 3.4

+J3.4
- a

ttlllllIlllllttlllllllMtlMllllllllllllMtlllltllllMtl*lllllllltlllllllt»ltllflltlltllllltll<Illllllll*llillllMlllllltllltlllltll*lllllltlllllllllllllllllllIlltllllllllltllillllltlllltlllllllllllilllllfl>IIIIII>3llllf ~T~^^S^^BB—fl^^K^^O^. CORPORATION
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2SC2103A

Fig. P TEST CIRCUIT

R C=50Q

C2#

c 1 ,c 2 ,c 5 ,c 6

C3

C4

C7

C8

C 9

Li,L2

L3

RFC

FB

7TT /7T

I* C6

^C.

© P°

RT = 5 0.Q

3.5~30pF ^ep
j

c

72pF CERAMIC CONDENSER "^ ^
47pF CERAMIC CONDENSER

lOOOpF FEED THROUGH

O.OIaF CERAMIC CONDENSER

10 aF CERAMIC CONDENSER

61 SILVER PLATED COPPER WIRE, 10ID, IT

61 SILVER PLATED COPPER WIRE, 10ID, 2T

61 ENAMEL COATED COPPER WIRE, 6ID, 10T

FERRITE BEADS

-o vcc

Po. Vc ~ Pi v C c

5 10

- VCC

17 5MHz

= 12.5V

Tc=2 5"C F -***

V c

2 4 6

INPUT POWER Pi (W)

80 «

11 13 15

SUPPLY VOLTAGE V cc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : PG=3W(Min.)

(f=470MHz, VCc=12.6V,

. 100% Tested for Load Mismatch Stress

Angles with 30:1 VSWR @ VCC=15V, Pi=

MAXIMUM RATINGS (Ta=25°c)

Pi=0.4W)

at All Phase

0.4W, f=470MHz

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

VCEO

VEBO

ic

L stg

RATING

35

17

3.5

0.8

7.5

175

-65 ~175

UNIT

m%

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

EIAJ

TOSHIBA 2-10G1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 3.3g
Mounting Kit No. AC57

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=15V, IE=0
- - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 I C=lmA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=5mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 lE=0.1mA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 10 - -

Collector Output Capacitance Cob VCB=10V, Ie=0» f=lMHz - - 20 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=0.4W

3 - - W

Power Gain Gpe 8.7 - - dB

Collector Efficiency ?c 50 - - %

Series Equivalent Input

Impedance
ZIN VCC=12.6V, f=4 70MHz,

Po=3W

- 1 . 5+j 3 a

Series Equivalent Output
Impedance

z0UT
- 17.5-

J8.5
a

lllltllllltlllllilllillll*lllllfllllllllltlltllllittlllllllflltllllllllltllltllltillllllllllllllllllllllltltllllllllllllllltlilllt>ltMilllllllllttlllllltllllllllll*ltMltfllltlllllitllillllllllltlllltllll*llillitl*l ~r~^^»^^H—^^.^E^. CORPORATION
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2SC2104

Fig. f=470MHz P TEST CIRCUIT

R«=50Q
^—nrn

—

r ^ RL=5 0n

Cl,C2,C3 : ~~10pF

C4,C5 : ~30pF

C6 : 0.02AF

C7 : lOOOpF FEED THROUGH

Li : «5l.6 SILVER PLATED COPPER WIRE, 7ID, >£T

L2 : i\.2 SILVER PLATED COPPER WIRE, 10ID, 1>2T

L3 : rfl.6 SILVER PLATED COPPER WIRE, 10ID, >£T

RFC : (40.7 ENAMEL COATED COPPER WIRE, 3ID, 5T

Po. Vc

f= 4 7 0MHz

. VCC =12.6V
3--

Vc

.
— - . — - - —

Q 4 Q 8 1.2
50 5

6

Po - VCC

f = 4 7 0MHz

£ Pi ==Q5W

Q4
,

a3
O

£ 2
PL,

E-"

D
O

n
10 18 14

'

16

SUPPLY VOLTAGE Vcc (V)

TOSHIBA CORPORATION
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =6W(Min.)

(f=4 70MHz, VCc=12.6V, P 1=1W)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCC=12.6V, P =6.5W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

Unit in nun

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

vEBO

ic

RATING

35

17

3.5

1.4

15

175

-65-175

UNIT

°C

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

TOSHIBA 2-10G1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 3.3g
Mounting Kit No.AC57

CHARACTERISTIC SYMBOL TEST CONDITION MIN

.

TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1 DlA

Collector-Base
Breakdown Voltage

v (BR)CB0 I c=2mA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=10mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=0.2mA, lc=0 3.5 - - V

DC Current Gain "FE VCE=5V, I C=1A 10 - -

Collector Output Capacitance Gob VCB=10V, Ie=0, f=lMHz - - 25 PF

Output Power Po (Fig.)

Vcc=12.6V, f=470MHz,

Pi=lW

6 - - W

Power Gain Gpe 7.7 - - dB

Collector Efficiency 'c 60 - - %

Series Equivalent Input
Impedance

ZIN VCC=12.6V, f=470MHz,

P =6W

- 1.4+

J3.8
... Q

Series Equivalent Output
Impedance

z0UT - 11.3-

J2.5
- a

iiifiiitilitflitiiiiitittlitllifiitiltiitliiiiiiiitittlllll(lllMilifiiiillllliiiiciit(lflliitfiittiitiifiifiiiiiiiiiftftilttliiiiJiifilllfiifiiii«(*tfiiitiiiiiiifii(iitiiiiiiitniMll Illllllliliiillllliiliiiiiiiiii TOSHIBA CORPORATION
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2SC2105

Fig. f=470MHz PQ TEST CIRCUIT

Ll

R g=5 0Q

JZ
A-

RFC

Ci,C 3 : 1.5~5PF

C2,C4 : 2 ~15pF

C5 : lOOOpF FEEED THROUGH

C6 : O.OlAF

Ll,L3 : 5mm x 15mm COPPER PLATE

L2 : il SILVER PLATED COPPER WIRE, 10ID, y2 T

RFC : <t>I ENAMEL COATED COPPER WIRE, 3ID, 5T

RL=5 0Q

Vcc
P

. r] c - P;

Vcc= 12.6 V

f=4 7 0MHz
o

fy
o

*c

oM
ft.

O
60 o

tJ

O
50 o

/-~ •*— ^ ~--»

14 Q

INPt

8

JT POW
1

ER Pj^

2

(W)

1.6

f= 4 7 0MHz

Pi = 1.5W

1

Q5

SUPPLY VOLTAGE VGC (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =12W(Min.)

(f=470MHz, VCC=12.6V,

. 100% Tested for Load Mismatch Stress

Angles with 30:1 VSWR @ vCc=15V, Pi=

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

Pi=3W)

at All Phase

3W, f=470MHz

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEB0

ic

Ti

Tstg

RATING

35

17

3.5

2.8

30

175

165 -175

UNIT

°C

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

TOSHIBA 2-10G1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 3.3g
Mounting Kit No. AC57

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1.5 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 Ic=2mA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=10mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 lE=0.2mA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=1.5A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 45 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=3W

12 - - W

Power Gain Gpe 6 - - dB

Collector Efficiency ?c 60 - - %

Series Equivalent Input

Impedance
ZIN VCC=12.6V, f=470MHz,

P =12W

- 0.9+

J3.5
- Q

Series Equivalent Output

Impedance ZOUT - 5.3-jl - n

llltllllllMtMtllllllllllllllllllllMlllllMIIMIIIMIlMMMIlltlMllltMtlllllltlllllMlllMllltllllllltllllMlllllltlltlllMttllllllltMIMIIllllllMIIIIMrK ttlMtlllllMIKIItllillllllllltlltlMIIIIIIMMllltl
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2SC2106

Fig. f=4 70MHz P TEST CIRCUIT

Rg=50Q RL=5o.n

Ci,C4 : 1.5~5pF

C 2 ,C3 : 2~15pF

C5 : 0.01AF

C6 : lOOOpF FEED THROUGH

Ll,L3 : 5mmxl5mm COPPER PLATE

L2 : 61 SILVER PLATED COPPER WIRE, 10ID, ^T

RFC : 4>1 ENAMEL COATED COPPER WIRE, 3ID, 5T

16

Po. Vc - Pi

Vcc= 12.6 V

f= 470MHz

14

12
Po/

10

1c

8
, .-

n

70 3

—=-=: ^

60 o

16

r o
-- v C c

f-470MHz
1 1 1

Pi=4W
14

5- 12

o

3

K 10
m
is
o 2

£ 8

CM
E-i

D
O

6

12 3 4

INPUT POWER Pi (W)

11 12 13
.

14 15
SUPPLY VOLTAGE Vcc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : Po=2.8W (Min.)

( f=175MHz, VCC=13.5V, Pi=0.15W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCc=13.5V, PQ=4W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VeBO

ic

PC

stg

RATING

35

17

3.5

0.8

7.5

175

-65-175

UNIT

°C

Unit in mm

0&39MAX.

08.5MAX,

^0.4 5

2 6 MAX.

1. EMITTER CCASE)
2. BASE
3. COLLECTOR

TOSHIBA 2-9A1B

Weight : 3.7g

ELECTRICAL CHARACTERISTICS (Ta=25 °c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current JCBO VCB=15V, IE=0 - - 1 mA

Collector-Base Breakdown
Voltage V(BR)CB0 IC=lmA, IE=0 35 - - V

Collector-Emitter Breakdown
Voltage v (BR) CEO IC=5mA, Ib=0 17 - - V

Emitter-Base Breakdown
Voltage v (BR)EB0 IE=lmA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 15 pF

Output Power Po iFig.)

Vcc=13.5V, f=175MHz

Pi=0.15W

2.8 3.2 - W

Power Gain Gpe 12.7 13.3 - dB

Collector Efficiency ?c 60 72 - %

in liillllllliiiliiiiiiiiiillllllllliii I iiiiiiini Hill iiilllillllliiiiiilillllliliiiiiiilllllllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin TOSHIBA CORPORATION
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2SC2117

Fig. P TEST CIRCUIT

1
§>—^-r

—

rWx

RC=5 0Q

C1 ,C2,C 3 ,C4

C5

Li,L2

L3

RFC

C 3 L3

~30pF

lOOOpF FEED THROUGH

«5l.2 SILVER PLATED COPPER WIRE, 8ID, IT

«5l.2 SILVER PLATED COPPER WIRE, 8ID, 1-^T

lAH CHOKE COIL

©
RL=5 0.Q

P - Vc ~ p i
CC

f - 17 5MHz

Tc = 2 5°C

PV

7c

'

1
0.05 0.15 0.25 0.35

INPUT POWER Pi (W)

60

5=

f = 17 5MHz

Tc = 2 5°C

c£^

11 13 15

SUPPLY VOLTAGE V cc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =5W (Min.)

( f=175MHz, Vcc=13.5V, Pi=0.6W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ Vcc=15V, Pi=0.6W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEB0

ic

PC

stg

RATING

35

17

3.5

1.4

10

175

-65-175

UNIT

Unit in mm

2fe.39MAX

(2fe.5MAX

0(145

I

2 6 MAX.

1. EMITTER (CASE)
2. BASE
3. COLLECTOR

TOSHIBA

Weight : 3.7g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0
- - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 IC=2mA, IE=0 35 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO IC=10mA, Ib=0 17 - - V

Emitter-Base Breakdown
Voltage

V(BR)EB0 IE=0.2mA, lc=0 3.5 - - V

DC Current Gain h-FE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 13 25 pF

Output Power Po (Fig.)

VCC=13.5V, f=175MHz,

Pi=0.6W

5.0 6.0 - W

Power Gain Gpe 9.2 10 - dB

Collector Efficiency *c 60 76 - %

llfllfllllllllltllilllllltltlllllltllllllllltlllllllllllllllllllllltllitlliiliiiliiiititiiiiiitltllllflllllllltllltllitltlllllllllllllltllltlllllllltlfflllllllllllirtlllllllllllllllllllllllllllllllllllllllllllltltlllllll '^T'^^V^^B—^^^^. CORPORATION
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2SC2118

Fig. P TEST CIRCUIT

Pi
<§
—j£—j—rvr^-

R C =50Q

Ci,C 2 ,C3,C 4

C5

Li,L2

L3

RFC

-Xr—nnr^

'Lj8

6
vcc

~30pF

lOOOpF FEED THROUGH

«5l.2 SILVER PLATED COPPER WIRE, 8ID, IT

«Sl . 2 SILVER PLATED COPPER WIRE, 8ID, 7/4T

LuH CHOKE COIL

-©
RL = 5 0Q

P
. 3? (

10

f = 175 MHz

Vcc = 13.5 V

W
Tc = 2 5°C

o
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K

o
ft 4 //
ft /

*.£.-O

2
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Q2 0.6 UD
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =25W(Min.)

(f=470MHz, VCC=12.6V, Pi=10W)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCC=12.6V, Pi=10W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

vCE0

vEB0

ic

Tstg

RATING

35

3.5

50

175

-65 -175

UNIT

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

TOSHIBA 2 —10 01

A

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

Mounting

Weight :

Kit No,

3.3g

AC57

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO Vr.R=15V, IE=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 Ic=10mA, l£=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=25mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage

V (BR)EB0 I E=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=3A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 80 pF

Output Power Po (Fig.)

VCc=12.6V, f=470MHz,

P-j=10W

25 28 - W

Power Gain Gpe 3.9 4.5 - dB

Collector Efficiency ?c 60 - - %

Series Equivalent Input

Impedance
ZIN VCC=12.6V, f=4 70MHz,

P =25W

- 1.1+

J2.6
- a

Series Equivalent Output
Impedance

z0UT
- 3.7+

jO.8
- a

•*tiiiiiiiitiitiiitiiiiiiiiiiiiitiiiiiitiitii«iiiiiiiitiitiiitaitiitiiitiitiitiiitifiiiittiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiitiitiiiiiiiiiii4tiitiiiiiiitiii«iiiiiiiiiiiitiitiitiiiiiiiiiiiiiiiiiiitiiiiiiiiiitntiillltt ~
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Fig. f=470MHz PG TEST CIRCUIT

1 © yC r nrr^-
Rg=50Q

rrr rrr

-# © RL=5 0.Q

Ci,C3 : 1.5~5pF

C2,C4 : 2.2-~15pF

C5 : O.OLaF

C6 : lOOOpF FEED THROUGH

Ll,L3 : 5mmxl 5mm COPPER PLATE

L2 : 61 SILVER PLATED COPPER WIRE, 10ID, lAT

RFC : <hl ENAMEL COATED COPPER WIRE, 3ID, 5T

Po> Vc ~ Pi P - vcc

o 22

f= 4 7 MHz

v CO j- —^

Po

7c
__ —

'/~

9 11 13

INPUT POWER Pi (W)

80 a

a 26
is

f= 4 7 MHz

r i j- ^ .t

10 12 14
SUPPLY VOLTAQE Vcc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2178

Unit in mm

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =15W (Min.)

( f=175MHz, VCC=12.5V, Pi=1.3W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ Vcc=15V, Pi=1.3W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

IC

Ti

stg

RATING

35

18

3.5

3.5

35

175

-65-175

UNIT

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

EIAJ

TOSHIBA 2—10H1A

Weight : 4.0g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1.0 mA

Collector-Base Breakdown
Voltage

V(BR)CB0 IC=10mA, Ie=0 35 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO I c=25mA, Ib=0 18 - - V

Emitter-Base Breakdown
Voltage

V(BR)EB0 IE=lmA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - - 80 pF

Output Power Po (Fig.)

VcC=12-5V, f=175MHz,

Pi=1.3W

15 18 - W

Power Gain Gpe 10.6 11.4 - dB

Collector Efficiency *c 60 72 - %

Series Equivalent Input

Impedance
^in VcC=12.5V, f=175MHz,

P =15W

- 1.25

+J0.6
- O

Series Equivalent Output

Impedance
ZOUT -

4.9

-J3.0
- Q

lllllllllllllltllllltllllllllllllllllllllllltllllllllllllllllllltltllllltllllllllllJIIIIltHllllllllllllllllllttllllllllllllllllltlltllltlllllllllllllllllllltllllllllllllllllllllllllllllllllllilliitiliiiiillllilliilliiii ^T*0^3S—H^S^K. CORPORATION
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2SC2178

Fig. P TEST CIRCUIT

Pi @

—

yC t nn^
R g

=5 0Q

c2# 3

Cl

C2,C 3 ,C4

C5

C6

L1,L3

L2

RFC

~20pF

~30pF

lOOOpF FEED THROUGH

O.OIaF CERAMIC CONDENSER

61 SILVER PLATED COPPER WIRE, 6ID, IT

61 SILVER PLATED COPPER WIRE, 6ID, 2T

(61 ENAMEL COATED COPPER WIRE, 6ID, 3T

RL=5 0.Q

po> Vc ~ Pj vcc
24

f =

Vnn

17 5MHz

= 1 2 s V

Tc = 2 5°C

I o»«-""

V c

a 8 1.2

INPUT POWER Pi

1.6

(W)

f =

- P-!

17 5MHz
- 1 .^w

Tc = 2 5°C

8 12 16

SUPPLY VOLTAGE V cc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm
VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : Po=40W (Min.)

( f=175MHz, VCC=13.5V, P-j=10W )

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ Vcc=13.5V, Pi=10W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25 °C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

PC

L stg

RATING

35

18

3.5

10

70

175

-65-175

UNIT

2-J2fc.2±Ql

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

TOSHIBA 2-10H1A

Weight : 4.0g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 2 mA

Collector-Base Breakdown
Voltage V(BR)CB0 IC=20mA, Ie=0 35 - - V

Collector-Emitter Breakdwon
Voltage

v (BR) CEO I c=50mA, Ib=0 18 - - V

Emitter-Base Breakdown
Voltage

v (BR)EB0 IE=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=5A 10 - -

Collector Output Capacitance Cob VCB=10V, l£=0, f=lMHz - - 160 PF

Output Power Po (Fig.)

VCC=13.5V, f=175MHz,

Pi=10W

40 44 - W

Power Gain Gpe 6.0 6.4 - dB

Collector Efficiency r
'c 60 73 - %

Series Equivalent Input

Impedance
Zin VcC=13.5V, f=175MHz,

Po=40W

- 0.95
-jO.l

- a

Series Equivalent Output
Impedance

ZOUT - 2.6

-jO.lf
Q
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2SC2181

Fig. PQ TEST CIRCUIT

R„=5 0n

RL =5 0.Q

Cl,C2,C4,C 6 : 3.5 ~30pF

C3,C5 : 30pF CERAMIC CONDENSER

C7 : lOOOpF FEED THROUGH

C8.C9 : O.OIaF CERAMIC CONDENSER

Ll

L2

L3

RFC

(61.2 SILVER PLATED COPPER WIRE,
10ID, 1/2T
(61.2 SILVER PLATED COPPER WIRE,
10ID, IT

(61.2 SILVER PLATED COPPER WIRE,
10ID, 2T

(61.0 ENAMEL COATED COPPER WIRE,
8ID, 10T

Po, Vc - Pi v C c

f = 1 7 5MHz

V CC " -1
- "" •

Tc - 2 5°C

I /

J.
, .
_ n

b

7
7

6 10 14

INPUT POWER F ± (W)

&q 35

f = 175 MHz

Tc = 2 5 "C

<? \/r

<d>

9 11 13 15

SUPPLY VOLTAGE V cc (V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2194A

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for TV Sound Output, Vert. Deflection

Output.

. Designed for Complementary Use with 2SA962A.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IE

PC

Tstg

RATING

60

50

1.5

-1.5

1.5

150

-55-150

UNIT

Unit in mm

9. 9 MAX. 03.2±O.2
I

1

, •>
"&

xn

u

3° 3

-"?rT-^
:£ **

1. EMITTER
2. BASE
3. COLLECTOR

Collector Connected to

JEDEC TO-202

TOSHIBA

Weight 1.37g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0
- - 1.0 MA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 1.0 M

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=10mA, Ib=0 50 - - V

DC Current Gain hFE VCE=2V, Ic=150mA 70 - 240

Collector-Emitter
Saturation Voltage

VCE(sat) IC=1A, IB=0.1A
- - 1.0 V

Base-Emitter Voltage Vbe VCE=10V, IG=10mA 0.50 0.60 0.70 V

Transition Frequency fT VCE=10V, Ic=100mA 50 100 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 20 - PF

TOSHIBA CORPORATION
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2SC2194A

Ic - VCE h FE

COMMON EMITTER

18 14

Tc = 25 °C

20 „16
"l2

10

8

6

4

IB

f

2 4 6 8 10

COLLECTOR-EMITTER VOLTAGE VGE (V)

1000

500

300

COMMUN EM1TTEK
VCE --,2V

Tc = 2 5°C

"<

\
\
\

30 50 100 300 500 1000

COLLECTOR CURRENT I c (mA)

SAFE OPERATING AREA

rCE(sat )

0.5

0.3

* >
0.05

K
e-i &q 0.03
O CS
H <J Eh
hH J
o o
o >

; COMMON EMITTER

: I C/IB =10
" Tc = 25°C

_
30 50 100 300 500 1000

COLLECTOR CURRENT I c (mA)

1 3 5 10 30 50 100

COLLECTOR-EMITTER VOLTAGE VCE (V)
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SILICON NPN TRIPLE DIFFUSED TYPE 2SC2200

SWITCHING REGULATOR AND HIGH VOLTAGE

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATIONS.

FEATURES

:

• Excellent Switching Time (I C=3A)

: t r=1.0ys Max. tf=1.0ys Max.

• High Collector Breakdown Voltage : VCEO=400V

INDUSTRIAL APPLICATIONS
Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

SYMBOL

vCBO

VCEO

VEBO

IB

PC

RATING

500

400

40

UNIT

V

01&5 tQl

+C.12
014.0-0.10m

jZflO^Q05

24.38- 0.05

1. BASE

2. EMITTER

COLLECTOR (HEAT SINK)

Junction Temperature 150

Storage Temperature Range Tstg -65^150 °C TOSHIBA 2- 14A1A

Mounting Kit No. AC74

ELECTRICAL CHARACTERISTICS (Ta==25°0
Weight : 7. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, Ie=0 - - 100 PA

Emitter Cut-off Current IEB0 VEB=7V, IC=0
- - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 IC=lmA, l£=0 500 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO
Ic=10mA, I B=0 400 - - V

Emitter-Base Breakdown Voltage v fBR)EB0 IE=lmA, IC=0 7 - - V

DC Current Gain hFE VCE=5V, IC=3A 10 - - -

Collector-Emitter
Saturation Voltage

VCE(sat) I C=3A, IB=0.3A
- - 1.5 V

Base-Emitter Saturation Voltage VBE(sat) I C=3A, IB=0.3A
- - 2.0 V

Switching Time

Rise Time tr
20/u

lB
afj

Vnn=200V

& B2 J B1J^
I NPUT °

—

****^Q OUTPUT

- - 1.0

ysStorage Time tstg
- - 2.0

Fall Time C
f lBl =

DUTY

^62 Jr
--IB2=a3A
CYCLED 1%

- - 1.0

IlilltlllllllltlltllJdlllllllllllllllllll lllllilllllltlllllJlMllllllilllllllMltllllllllllllllllllllllMltlltllllllllllllllllJIIIllllllllltlttlltlltltlllllllllllllllllllMllMllllllllllIltllllMlllltlllMIIIIII ~B~C^S^^— ^^S>^^ CORPORATION
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2SC2200

8

ic — v CE

90Q. | | | COMMON

EMI TTER
Tc = 25°C

500 '

a00

I00_
" 50 ]

I

2
1

Ig— «umA

n 2- 1 1

2 4 6 8 10 12 14 16

COLLECTOR-EMITTER VOLTAGE VCE (V)

£ 100

Z 50

a 30

hpE — I C

—r~i

—

i i ..
EMITTER

25

-55

01 0.3 05 1

COLLECTOR CURRENT

3 5 10

I C (A)

30

8

I c
- VBE

COMMON EMITTER

VCE = 5V
'n

i

fi

~7
//

r / i

ocy

c

//

V /

2

04 0.8 12 L6 2.0

BASE-EMITTER VOLTAGE VBE (V)

SAFE OPERATING AREA

3 5 10 30 50 100

COLLECTOR-EMITTER VOLTAGE

300 500 1000

-jr. (A)

A 3
H <

tf o
o n

u H
J D >
o <

O

2

1

V CE(sat) -- ic

COMMON EMITTER j.

0.5

/0.3
10

/Tc=-5 5°r;

m
/100 "•2

"25
()()h

>

0.1 0.3 0.5 1

COLLECTOR CURRENT
3 5 10

IC (A)

vBE(sat) - I
(

05

0.3

1 Mill
.. Tc = -55°C

25

1( COMMON
EMITTER

.J-U.

0.03 0.05 0.1 0.3 0.5 1 3 5

COLLECTOR CURRENT I c (A)

SWITCHING CHARACTERISTICS
III

I C /I B = 10
T B(2)

=- I B(2)

PULSE WIDTH=20/iS
DUTY CYCLE-^1% Tc == 25°C

5

3

1

1

^stg

tr^n =)

t t

m12 3 4

COLLECTOR CURRENT (A)
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SC2204
2SC2220

HIGH POWER SWITCHING APPLICATIONS.

HIGH FREQUENCY INVERTOR APPLICATIONS.

FEATURES :

• High Voltage : VCEO=400V(Min. ) (2SC2204)

VCEO=300V(Min.)(2SC2220)

VcBO=800V(Min.)(2SC2204)

VcBO=500V(Min.)(2SC2220)

• High Speed Switching : tf=0. 7ys (Typ.

)

MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter

Voltage

2SC2204

2SC2220

2SC2204

2SC2220

Emitter-Base Voltage

Collector Current

Emitter Current

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

L stg

RATING

800

500

400

300

30

-30

15

250

150

-65vL50

UNIT

Unit in mm

034.0

031.0

r ._. i

I

1

.03.0

02.3±O. 2
J

4.5±0.5

1. BASE
2. EMITTER

COLLECTOR ( CASE )

TC-19, TB-30

TOSHIBA 3IB1A

Mounting kit No.AC63
Weight : 46g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION 1 MIN. TYP. MAX. UNIT

Collector Cut-off 2SC2204
ICB0

VCB=800V, lE=0
- - 1.0 mA

Current 2SC2220 VCB=500V, IE=0

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 5 mA

Collector-Emitter
Breakdown Voltage

2SC2204 v (BR) CEO IC=20mA, Ib=0
400 - -

V

2SC2220 300 - -

DC Current Gain hFE VCE=5V, IC=30A 10 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=30A, Ib=6A - - 1.5
V

Base-Emitter VBE(sat) IC=30A, Ib=6A - - 2.0

Collector Output Capacitance Gob VCB=50V, Ie=0, f=lMHz - 400 - pF

Switching

Time

Turn-on Time ton ITOJT im OUTPDT - 1.2 1.5

ys

DX o "ST (F) T°

Storage Time tstg

lBl=- IB2=4A VGC=300V
DUTY CYCLE=1%

- 3.0 4.0

Fall Time tf - 0.7 1.0

iiiiiiiiiiiiiiiiiiiiiiiiinii i iiiiiiii iiiiiiiiiiiiiiiiiniiiiiiiii mil mi iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiini iiliiiiiiiiiiiiilliiiiiiiiin iiiiiiiiliiiiiiniTOSHIBA CORPORATION
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2SC2231
2SC2231A,

SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE GENERAL AMPLIFIER APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS-

FEATURES

:

. High Voltage : VCE0=180V (2SC2231A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter
Voltage

2SC2231

2SC2231A

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

vCEO

vEB0

ic

IB

PC

RATING UNIT

200

160

180

200

100

1.5

12

150

-55-150

mA

mA

°C

Unit in mm

9.9 max.
|

03.a±aa

5 « Xr I
|

-£°m

3"

1. BASE
2. COLLECTOR

(COLLECTOR CONNECTED TO TAB)
3. EMITTER

JEDEC TO-202

TOSHIBA 2—10F1B

Weight :1.4g

ELECTRICAL CHARACTERISTICS (Ta=25°C;

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=200V, IE=0 - - 0.1 M
Emitter Cut-off Current TEB0 VEB=5V, IC=0 - - 0.1 M

DC Current Gain

hFE (l)

(Note)
VCE=10V, Ic=50mA 100 - 320 -

hFE (2) VCE=10V, Ic=150mA 80 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=200mA, IB=20mA - - 1.0 V

Base-Emitter Voltage VBE VCE=10V, Ic=5mA 0.55 0.65 0.75 V

Transition Frequency fT VCE=10V, Ic=50mA 50 - _ MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 10 pF

Note : hFE ( 1 ) Classification 0:100-200, Y: 160-320

TOSHIBA ^SCSSi^^^^^^^^ew'l^ai^l iiiiiiiiiiiitiiiiiiiiiiiiiiitiitiiiiiiiiiiillllNliiiiitiiililltllllltlllilliliiiiiiuiliiiiiiiiiiiiiiilllliiiiliiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiitiiiiiiiitiiiiiiiiiiiiiiiiiititiiiiiiiiililiiiiiiililiiiiiliiinii

— 43e

—



2SC2231-2SC2231A

IC - V CE
200

120

80

40

5.0/ 2.0 / LO^-"*

0.8

0.6

1

a4

1

IB= 0.2mA

COMMON EMITTER

Tc: = 25°C

hpE

2 4 6 8 10 12

COLLECTOR-EMITTER VOLTAGE VCE (V)

vCE(sat) - IC

» <o 0.3
E-> v>
< w
m o

S f- 0.1

0.05

0.02
3

500

300

100

IC/IB=10

•^oo"G

3*> ^

5 10 30 50 100 300

COLLECTOR CURRENT I c (mA)

h FE ~ 1 C

« 53

20

' Common kmittjsr
' Tc = 0°C

-- VCE = 10V.

^

NO 5

\\\\\

10 30 50

COLLECTOR CURRENT

100

I c (mA)

300

H 100

o
o 50

30

COMMON EMITTER
Tc = 25"C

vCE=iov

\\ 5

10 30 50 100 300

COLLECTOR CURRENT I c (mA)

500

lips -
I

:: II

300

vCE= iov

100
\o

V2 \

5U

COMMON EMITTER
'
re 100°C

10 30 50 100 300

COLLECTOR CURRENT I c (mA)

VBE

100

50

30

10

5

3

1

/ 1
COMMON

vCE- 10V
/ I

1 \
LZ 1

\

\

Ol
of

" 1
o 1

I

-<t.
o

£

, i

\
1

a2 a4 0.6 0.8 1.0 1.2

BASE -EMITTER VOLTAGE VBE (V)
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2SC2231-2SC2231A

f T - i c

bUO

330

"" COMMUJN ilMlTTEK

Tc = 25°C

lU)

*H

50

7 \

. ' .f ]_

30 A°^M w

hi10 L_
|

30 50 100 200

COLLECTOR CURRENT I c (mA)

PC - Ta

SAFE OPERATING AREA

o 300

- I c MAX. (PULSED)*
.->

\ \<s>*
*"

Ic MAX. (CONTINOUS)

4>\

V7-x N

o

—

a
o

—

>
<
rH
CO
Oi

O
CO
OJ

1

4- \

" ^ SINGLE NONREPETITIVE

-

PULSE Tc=25°C

CURVES MUST BE DERATED

LINEALY WITH INCREASE

IN TEMPERATURE.
1 1 1 1 I , , L..J_

XH <;
to s
w
w o
O H
CO oN >

30 50

COLLECTOR-EMITTER VOLTAGE VCE (V)

INFINITE HEAT SINK

CD <g' 7 0X8 0X2mm A^
HEAT SINK

g 30X40X2mm A^
HEAT SINK

£ 2 X 3 X 2 mm A£
HEAT SINK

.^ NO HEAT SINK

&

®
(4.'

•«&!

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta C°C)
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC2233

TV HOR I ZONTAL DEFLECT ION OUTPUT APPL I CAT I ONS.

FEATURES:

. Large Collector Current Capability.

. Large Collector Power Dissipation Capability.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

ICP

IB

PC

T-i

stg

RATING

200

60

10

1.5

40

150

-55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C;

UNIT

W

"°C

°c

Unit in mm

10.3MAX. .03.63:0:2^
1.5MAX.

Q76

2.5 4 2.5 4

in

o 1 2 3
.

<D *

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TO—2 20AB

TOSHIBA 2-10A1A

Weight :l-9g

Mounting kit No. AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=170V, IE=0
- - 10 ftA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 fiA

DC Current Gain
hPE(l) VCE=5V, IC=1A 30 - 150

hpE(2) VCE=5V, IC=4A 20 40 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=4A, IB=0-4A

- - 1.0 V

Base-Emitter
Saturation Voltage VBE(sat) IC=4A, Ib=0.4A - - 1.5 V

Transition Frequency fT VCE=5V, IC=0.5A - 8 - MHz

iiniiiii mi inn mi iiiiini ill iiimiiiiiiiimiiiiiiii iiiiiniiililll I mil iiiiilillliiiiilllliiiiinii iniiiiiii IliiniiiilllTOSHIBA CORPORATION
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2SC2233
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2SC2233
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2SC2238
2SC2238A
I2SC2238B

SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

• High Transition Frequency : f^=100MHz (Typ.)

• Complementary to 2SA968, 2SA968A, and 2SA968B.

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter

Voltage

2SC2238

2SC2238A

2SC2238B

2SC2238

2SC2238A

2SC2238B

Emitter-Base Voltage

Collector Current

SYMBOL

'CBO

'CEO

VEBO

RATING

160

180

200

160

180

200

1.5

UNIT

10.3MAX. 036 1.0.2

254 254 3

lO
-*

12 3

<0

1. BASE

2. COLLECTOR (HEAT SINK)

3 EMITTER

Emitter Current IE -1.5 TO-220AB
Collector Power Dissipation

(Tc=25°C) PC 25 EIAJ

Junction Temperature Tj 150 TOSHIBA 2 10A1A

Storage Temperature Range Tstg -55^150 Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=160V, IE=0 - - 1.0 yA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 yA

Collector-Emitter

Breakdown Voltage

2SC2238

v (BR) CEO Ic=10mA, IB=0

160 - -

V2SC2238A 180 - -

2SC2238B 200 - -

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=lmA, IC=0 5 - - V

DC Current Gain hFE
(Note)

VCE=5V, I
c=100mA 70 - "240

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, IB=50mA - - 1.5 V

Base-Emitter Voltage VBE VCE=5V, Ic=500mA - - 1.0 V

Transition Frequency fT VCE=10V, IC=100mA - 100 - MHz

Collector Output Capacitance Cob VcB=10V,IE=0,f=lMHz - 25 - pF

Note : hFE Classification : 70VL40, Y : 120^240

TOSHIBA CORPORATION •itiiiiMiiiiiitliliitiiiliittiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiiitiiiiiiiiittiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiititiiintiiiiiiiHiiiitiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiii
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2SC2238 • 2SC2238A • 2SC2238B
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

COLOR TV SOUND OUTPUT APPLICATIONS.

FEATURES:

. Recommended for Sound Output Stage in Line

Operated TV.

. High Voltage : VC E0=300V

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature

SYMBOL

vCBO

VCEO

vEBO

IB

PC

PC

-stg

RATING

300

300

150

50

1.5

25

150

-55-150

UNIT

mA

mA

Unit in mm

10.3MAX. 0&6±O.2

1.5 MAX.

of XT

2.5 4 2.5 4 <

d
1

D C
3

\

1. BASE
2. collector Cheat sink)
3. EMITTER

TO—220A1
EIA> SC-46

TOSHIBA 2-10A1A

Weight : 1.9g

Mounting kit No. AC75

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT '

Collector Cut-off Current rCB0 VCB=240V, IE=0 - - 1.0 M
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 fiA

Collector-Emitter
Breakdown Voltage

V (BR)CE0 IC=5mA, IB=0 300 - - V

DC Current Gain hFE VCE=10V, IC=50mA 40 - 170

Collector-Emitter
Saturation Voltage

vCE(sat) IC=100mA, IB=10mA - - 3.0 V

Base-Emitter Voltage VBE VCE=10V, IC=50mA 0.6 - 0.9 V

Transition Frequency fT VCE=50V, IC=20mA 20 50 - MHz

Collector Output Capacitance Cob Vcb=50V, Ie=0, f=lMHz - 5.5 12 pF

TOSHIBA C5C3^4^3^;9^4>ev~a~aC3BVI lltnillttlilllllllllllllllllllllllllllllllllllilllliillliililltiliiiiiiiiiltliiilllllllllllllltlllliiitlllllliiiiiiiiiiiiitiifiMlllllllltlllllltllltllllliliiiiitiitiiitiiiiiiitiiiiitiiiiiiiiittMiiitllttllllllltlMllll
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2SC2242
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2SC2242
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2270

STROBO FLASH APPLICATIONS.

MEDIMUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High DC Current Gain
: hFE=140^450 (VCE=2V, IC=0.5A)

hFE=70 (Min.)(VCE=2V, I C=4A)

• Low Saturation Voltage
: vCE(sat) =1 - 0V (Max -) (Ic=4A » Ib=0 - 1A )

• High Collector Power Dissipation

: PC=10W (Tc=25°C), Pc-l.OW (Ta=25°C)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 50 V

Collector-Emitter Voltage VCES 40 V
VCEO 20

Emitter-Base Voltage vebo 8 V

Collector
Current

DC ic 5 A

Pulsed (Note 1) ICP 8 A

Emitter
Current

DC IE -5
A

Pulsed (Note 1) XEP -8

Collector Power
Dissipation

Ta=25°C
p c

1.0
W

Tc=25°C 10

Junction Temperature Tj 150 °c

Storage Temperature Range Tstg -55^150 °C

Note 1 : Pulse Test :

Pulse Width = 10ms (Max.)

Duty Cycle = 30 % (Max.)

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Unit in mm

3.1:-_0.15

i^

1. EMITTER
2. COLLECTOR (HEAT SINfC
3. BASE

TO-126

TOSHIBA

Mounting Kit No. AC46C

Weight : 0.72g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=40V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=8V, Ic=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

v"(BR) CEO IC=10mA, Ib=0 20 - - V

Emitter-Base
Breakdown Voltage

V (BR)EB0 IE=lmA, I C=0 8 - - V

DC Current Gain

hFE(l)

(Note 2)

VCE=2V, IC=0.5A 140 - 450

hFE(2) VCE=2V, IC=4A 70 - -

Collector-Emitter Saturation vCE(sat) IC=4A, IB=0.1A
— - 1.0 V

Base-Emitter Voltage VBE VCE=2V, IC=4A - - 1.5 V

Transition Frequency fT VCE=2V, I C=0.5A - 100 - MHz

Collector Output Capacitance cob VCB=10V,IE=0,f=lMHz
- 40 - PF

Note 2 : hFE (i) Classification A : 140^240, B : 200^330, C : 300^450

illlllliiliiiiiini mi iiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiillll iiiiiiiiniiiiiiiiiiiillll liiiillllllliiliiiiiiiinilllll Illllllllllllilllllllllll iniiiiiilTOSHIBA CORPORATION
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2SC2270
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2290

2 - 30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS

(LOW SUPPLY VOLTAGE USE)

FEATURES :

. Specified 12.5V, 28MHz Characteristics

Unit in ram

Output Power

Minimum Gain

Efficiency

Po=60WpEP

Gpe=11.8dB

nc=35%(Min.)

Intermodulation Distortion

MAXIMUM RATINGS (Ta=25°C)

IMD=-30dB(Max.)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collecotr Power Dissipation
(Tc=25°C)

Junction Temperature

SYMBOL

VcBO

VCES

vCE0

VeBO

ic

RATING

45

45

18

20

175

175

UNIT

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

Storage Temperature Range Tstg -65-175 TOSHIBA 2—13B1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter Breakdown
Voltage

v (BR) CEO Ic=100mA, Ib=0 18 - - V

Collector-Emitter Breakdown
Voltage V(BR)CES IC= 100mA, Veb=0 45 - - V

Emitter-Base Breakdown
Voltage

V (BR)EB0 IE=lmA, lc=0 4 - - V

DC Current Gain hFE VCE=5V, IC=10A 10 - 150

Collector Output Capacitance Cob VCB=12.5V, lE=0, f=lMHz - - 500 pF

Power Gain Gpe VCC=12.5V, f=28MHz

2-Tone, Jf=lkHz

Iidle=50mA, Po=60WPEp

(Fig.)

11.8 13.8 - dB

Input Power Pi - 2.5 4 WPEP

Collector Efficiency Vc 35 - - %

Intermodulation Distortion IMD - - -30 dB

Series Equivalent Input

Impedance ^in
VCC=12.5V, f=28MHz

Jf=lkHz, Po-60WPEP

- 1.02

-J0.17
Q

Series Equivalent Output
Impedance

ZOUT - 0.86
-jO.21 Q

TOSHIBA CORPORATION
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2SC2290

Fig. Pi TEST CIRCUIT

C 2 Li
1 © t >f nro

R
ff=50n f y

VBB O

RL = 5 00

Ci,C 2 ,C4,C 7
• 7 -150pF Ll

C 9 10~200pF L2
C3 250pF L3
C5 0.4aF RFCi
C6 IOOaF iowv RFC2
C8 150pF Rl
cio 600pF R2

Cll,Ci2 22aF 35WV R 3
C13 0.4aF
C14

: lOOOpF
(FEED THROUGH)

1^0.8 ENAMEL COATED COPPER WIRE, 9 ID, 6T
<bl SILVER PLATED COPPER WIRE, 9 ID, 2T
«*1.5 ENAMEL COATED COPPER WIRE, 9ID, 5T
<40.8 ENAMEL COATED COPPER WIRE, 9 ID, 20T
«5l • 5 ENAMEL COATED COPPER WIRE, 12ID, 15T
5.6Q (1/2W)
50 (5W)

1.5 (10W)

Pn - Pi IMD

l<;u

RO

40

f = 2 8 MHz

At = 1kHz

VCC = 12.5 V

Iidle = 50mA
nf
c 2 4 6

INPUT POWER Pj. (WpEp)

40 PO 80

OUTPUT POWER P (WPJSP )

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiilliitiiiiittiiiliiiiiiiiiiiiMiiitiiMtiiiiiiiiiiiiititiiiiiJaiiiiiiiiiiiiJiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiitiiitiiiiiiiiHitiiiiiiiitiiiiiiiiitiiiitiiiiiiiiiii
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SILICON NPN EPITAXIAL PLANAR TYPE

HIGH POWER AMPLIFIER FOR CATV APPLICATIONS.
Unit Ln mm

09.39MAX.
_

FEATURES

:

£*8.45MAX *

. Wide Band and High Gain for Class A Amplifier.
X

. «5

. All Electrodes Insulated from Case.
00.4:5

1

1

•z,

3
o
05

^
\I

MAXIMUM RATINGS (Ta=25 °C)
05.08

j\

CHARACTERISTIC SYMBOL RATING UNIT :?'-'
Collector-Base Voltage VcBO 40 V

\\kL
/

Collector-Emitter Voltage VCEO 15 V

Emitter-Base Voltage Vebo 3.5 V 45°\ yk,r.\*

/ 1. EMITTER
2. BASE
3. COLLECTOR
4. CASE

Collector Current ic 350 mA

Collector Power Dissipation
(Tc=25°C)

pc 3.5 W

JEDEC TO-33
Junction Temperature T

J
175 °C

EIA J TC-5 , TB-i 4B

Storage Temperature Range Tstg -65-175 °C TOSHIBA 2-8D1A

Weight : 1.13g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0
- - 1.0 u-k

Collector-Base
Breakdown Voltage

v (BR)CB0 I c=lmA, IE=0 40 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 15 - - V

DC Current Gain hFE VcE=5V, Ic=100mA 30 - 180 -

Collector Output Capacitance Cob Vcb=10V, IE=0, f=lMHz - 2.9 3.5 pF

Transition Frequency f T Vce=10V, Ic=90mA 2.0 2.7 - GHz

Power Gain

Gpe(D
VCE=10V, Ic=90mA

f=250MHz
14 16 - dB

Gpe (2)
Vce=10V, Ic=90mA

f= 800MHz
- 6 - dB

llllltlltlllllllllllllltlllllltllltlllllllfilllllltllttltlllllllllllttlllllllllllllMMIItllllllllttlllMllllllllllllltlllllllltttlltlllllillllltllllllllllttltlillllllllllllllMIMlMtlllllllllllttllllllllllltllllllllltl ^B~^I^^^fl—^^.^S^ CORPORATION
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2SC2318

h-pE — 1 C

VCE =5V
To = 25°C

30 50 100 300
COLLECTOR CURRENT I P (mA)

3.0

2.0

£ 1-0

fT - Iq

vCE = iov

Te = 25°C

30 50 100

COLLECTOR CURRENT I c (mA)

IMD

3rd IMD

2X200 MHz-190MHz= 2 10MHz

VCE=10V
R =RL=5 0.Q

VG=110dB^V
Tc = 2 5°C

2nd IMD
9 0MHz + 10 0MHz = 19 0MHz

70 90 110
COLLECTOR CURRENT I c (mA)

P C - Ta

® INFINITE HEAT SINK

(g) NO HEAT SINK

&5W
s®

•0.75 . (2)

50 100 150

AMBIENT TEMPERATURE Ta (°C)

TOSHIBA CORPORATION
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2379

Unit in mm

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =6W(Min.)

(f=470MHz, VCC=12.6V, Pi=lW)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCC=12.5V, P =6.5W, f=470MHz

MAXIMUM RATINGS (Ta=25 °C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25 °C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VeBO

ic

Ti

L stg

RATING

35

17

3.5

1.4

15

175

165 -175

UNIT

I. EMITTER
Z. BASE
3. EMITTER
4. COLLECTOR

TOSHIBA 2-10H1A

Weight : 4g

ELECTRICAL CHARACTERISTICS (Tc=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, l£=0 - - 1 mA

Collector-Base
Breakdown Voltage V(BR)CB0 I G=2mA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=10mA, Ib=0 17 - - V

Emitter-Base
Breakdown Voltage

V(BR)EB0 lE=0.2mA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, I C=1A 10 - - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 25 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=lW

6 - - W

Power Gain Gpe 7.7 - - dB

Collector Efficiency Vc 60 - - %

Series Equivalent Input

Impedance
ZIN VCC=12.6V, f=470MHz,

P =6W

- 1.4+

J0.9
- Q

Series Equivalent Output

Impedance
z0UT

- 5.5-

J7.2
- a

iiiiitiiiiitiMlitiiiiittiiiiiili(tiitiiiiititttllttiiitiiilllttlliitiitiiiiiiiittiitlllttttiiiiifiiitiitll*illlttritlitllfiitiiiill«tltlltiitiiiiitiiiiiiitiiiiifit*<lltllllttitiiiiitiiiiitiiiiillltflfl«tlflfiitiitiitnt ~V~^^9^^KB—aai^^.^^h. CORPORATION
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2SC2379

Fig. f=4 70MHz 'P TEST CIRCUIT

Pi @ j£-i—nno
R K=5 0Q

Ci,C3 : 1.5 ~5pF

C2,C4 : 2~15pF

C5 : lOOOpF FEED THROUGH

C6 : O.OIaF

Ll,L3 : 5mm x 15mm COPPER PLATE

L2 : <b\ SILVER PLATED COPPER WIRE, 10ID, >$T

RFC : 61 ENAMEL COATED COPPER WIRE, 3ID, 5T

Po. 7 c

vcc

Vcc= 12.6 V

f= 4 7 0MHz V>

*c

^jt
/-. - """ ~~~ *"•

Q4

70 *

60 5

0.8 1.2

INPUT POWER Pt (W)

L6

f= 4 7 MHz

Pi = 1.5 W

1 _

as^

SUPPLY VOLTAGE Vcc (V)

TOSHIBA CORPORATION iiitiiiMiiitiiiiiiititiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiifiiittiiiiiiJiiiiiiiiiiiiiiiiiiiiiitiiitiiiiiiiiiiiiitfiiiiiiiitiMiitiiiiiiiiiitiiiiiiiiiriiiiiiiiiitiiiiiitiiMMiJitiiiiiiiiiiiiiiiitiiiiiiiitiiittiiiiiiitiii
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2380

Unit in mm
UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =12W(Min.)

(f=470MHz, VCC=12.6V, Pi=3W)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCc=12.6V, Pi=3W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCE0

VEBO

IC

L stg

RATING

35

17

3.5

2.8

30

175

165 -175

UNIT

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

TOSHIBA 2-10H 1A

Weight : 4g

ELECTRICAL CHARACTERISTICS (Tc=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0
- - 1.5 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 Ic=2mA, Ie=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=0.2mA, lc=0 3.5 - - V

DC Current Gain nFE VCE=5V, IC=1.5A 10 - - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 45 pF

Output Power Po (Fig.)

VCc=12.6V, f=470MHz,

Pi=3W

12 - - W

Power Gain Gpe 7.7 - - dB

Collector Efficiency *c 60 - - %

Series Equivalent Input
Impedance

ZlN VCC=12.6V, f=470MHz,

P =12W

- 1.5+
jl.3

- Q

Series Equivalent Output
Impedance

zOUT
- 3.6-

jl.8
- Q

laiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiitiitiiiiiiiiiiitiiaiiiHiiiiiiiiiiiiitiiiiiiiHiiiiiuiHiiiiiititHitiiiiiiiititiititiiiiiiiiiitiiiiiiiitiiiiiiiiiiMiiiiiifitiiiitittiitiiiiiittiitiiniiwiiiiiiif '^n^^^^SS—i^^^. CORPORATION
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2SC2380

Fig. f=470MHz PQ TEST CIRCUIT

R R=5 0O

Ci,C3 : 1.5~5pF

C2,Ci : 2 ~15pF

C5 : lOOOpF FEED THROUGH

C6 : O.OIaF

Li,L3 : 5mmxl5mm COPPER PLATE

L2 : <6l SILVER PLATED COPPER WIRE, 10ID, l/2T
RFC : il ENAMEL COATED COPPER WIRE, 3ID, 5T

<3)
P°

RL=5oa

Po.'?.
Po - VCC

14

o
^ 12

vcc== 12.6V

f =470MHz

pv

?c

^
•
—

~

"""

12 3

INPUT POWER P,-

60 P

16

K 12
W
is

10

f=4 7 0MHz 1 1

Pi =4W

3

2

(W)
10 11 12 13 14 15

SUPPLY VOLTAGE Vcc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =25W(Min.)

(f=470MHz, VCC=12.6V, Pi=10W)

. 100% Tested for Load Mismatch Stress at All Phase
Angles with 30:1 VSWR @ VCc=12.6V, Pi=10W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

IC

PC

L stg

RATING

35

17

3.5

50

175

-65~175

UNIT

V

°C

Unit in mm

I. EMITTER
Z. BASE
3. EMITTER
4. COLLECTOR

EIA.

TOSHIBA

Weight : 4g

ELECTRICAL CHARACTERISTICS (Tc=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX

.

UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0
- - 1 mA

Collector-Base
Breakdown Voltage

V (BR) CBO I C=10mA, Ie=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=25mA, Ib=0 17 - - V

Emitter-Base

Breakdown Voltage
v (BR) EBO IE=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=3A 10 - - -

Collector Output Capacitance Cob VCB=10V, lE=0, f=lMHz - - 80 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=10W

25 28 - W

Power Gain Gpe 3.9 4.5 - dB

Collector Efficiency >?c 60 - - %

TOSHIBA CORPORATION
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2SC2381

Fig. f=470MHz PD TEST CIRCUIT

Ci,C3 : 1.5~2pF

C2,C3 : 2.2~15pF

C5 : lOOOpF FEED THROUGH

C6 : O.OljuF

Li,L3 : 5mmxl5mm COPPER PLATE

L2 : 61 SILVER PLATED COPPER WIRE, 10ID, >^T

RFC : <t>l ENAMEL COATED COPPER WIRE, 3ID, 5T

© P°

Po. Vc V C C

34

CL,

K 26

f= 4 7 0MHz

V CC J- ~- w "

Poy

Vc __ -

jr"

9 11

INPUT POWER P n
-

90 E

60 o

34

« 26

f= 4 7 0MHz

(W)

10 12 14

SUPPLY VOLTAGE Vcc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm
UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : PQ=3W(Min.)

(f=470MHz, VCC=12.6V,

. 100% Tested for Load Mismatch Stress

Angles with 30:1 VSWR @ VCC=15V, P±*

MAXIMUM RATINGS (Ta=25°C)

Pi=0.4W)

at All Phase

:0.4W, f=470MHz

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VEBO

ic

PC

L stg

RATING

35

17

3.5

0.8

7.5

175

-65 -175

UNIT

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

TOSHIBA 2- 1 OH 1A

Weight : 4g

ELECTRICAL CHARACTERISTICS (Ta=25 °c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO V CB=15V, IE=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 IC=lmA, Ie=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=5mA. IB=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=0.1mA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 20 pF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=0.4W

3 - - W

Power Gain Gpe 4.7 - - dB

Collector Efficiency Vc 50 - - %

Series Equivalent Input
Impedance ZlN VCC=12.6V, f=470MHz,

P =3W

- 1.7+

J3.2
- Q

Series Equivalent Output

Impedance
z0UT - 5.6-

.17.5
- Q

TOSHIBA CORPORATION
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2SC2391

Fig. f=470MHz P TEST CIRCUIT

R K=5 0.Q
_j£

—

nax. -©

rrr rrr

C1..C2.C3 : -ICipF

C4.C5 : ~30pF

C6 : 0.02-uF

C7 : lOOOpF FEED THROUGH

Ll : «5l- 6 SILVER PLATED COPPER WIRE, 7ID, l/21

L2 : <5l.2 SILVER PLATED COPPER WIRE, 10ID, 1>£T

L3 : £L.6 SILVER PLATED COPPER WIRE, 10ID, >£T

RFC : «J0.7 ENAMEL COATED COPPER WIRE, 3ID, 5T

RL=5 0Q

Po. Vc ~ Pi v C c

f= 17 0MHz

= 12.6V j>

Vc

, - — — • — -. -»

0.4 0.8

INPUT POWER P1

1.2

60 b

f=470MHz

Pi== Q5W

0-4

0.3

(W)

12 14 16

SUPPLY VOLTAOE Vqc (V)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2395

2 ~30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.

(LOW SUPPLY VOLTAGE USE)

FEATURES :

. Specified 12.5V, 28MHz Characteristics

Output Power : Po=10WpEp

Minimum Gain : Gpe=17dB

Efficiency : nc=35%(Min.

)

Intermodulation Distortion :

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 4.0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter Breakdown

Voltage
V (BR) CEO IC=10mA, Ib=0 18 - - V

Collector-Emitter Breakdown

Voltage
V(BR)CES IC=50mA, VEB=0 40 - - V

Emitter-Base Breakdown
Voltage

V(BR)EBO IE=lmA, lc=0 4 - - V

DC Current Gain hFE VCE=5V, IC=1A 20 - -

Transition Frequency f T VCE=5V, Ic=lA - 200 - MHz

Collector Output Capacitance Cob VCB=12.5V, IE=0, f=lMHz - - 150 pF

Power Gain GPE VCC=12.5V, f=28MHz

2-Tone, 4f=lkHz

I idle=50mA, P o=10WPEp

(Fig-)

17.0 - - dB

Input Power Pi
- - 0.2 WpEP

Collector Efficiency 7c 35 45 — %

Intermodulation Distortion IMD
- - -30 dB

Series Equivalent Input

Impedance
^in VCC=12.5V, f=28MHz

^f=lkHz, Po=10WPEp

- 1.5

-jl.O
- a

Series Equivalent Output

Impedance
zOUT

-
-j2.0|

Q

ilillllilllllllllililin iiimmiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiilllililliiiiliiiiiiiiiiiiiiiiiin I iiiillillililiiililiiiiiiiiiiillllilllllllllilllliillilllllllllillllllilllilllllliiiiiiiiiii TOSHIBA CORPORATION
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2SC2395

Fig. Pi TEST CIRCUIT

m o vcc

°2 Ll
Pi @ ^

R B=5 0.Q

C 2 ,C4,C 7

C 9
C3
C5,C13
C6

C8

ClO
Cll,C12
C14

Rl= 5 0O

7 ~150pF
10~200pF
200pF
0.4aF
100 uF 10WV
350pF
200pF
22mF 35WV
lOOOpF
(FEED THROUGH)

Ll
L2
L3

RFCl
RFC 2

Rl
R2
R3

(60.8 ENAMEL COATED COPPER WIRE, 9ID, 6T
«5l SILVER PLATED COPPER WIRE, 9ID, 2T
(61.5 ENAMEL COATED COPPER WIRE, 9 ID, 5T
«*0.8 ENAMEL COATED COPPER WIRE, 9ID, 20T
«5l.5 ENAMEL COATED COPPER WIRE, 12ID, 15T
5.6Q (1/2W)
5Q (5W)

1.5Q (10W)

Cm

IMD - P,

o.i a 2 a 3

INPUT POWER Pi (WPEP ) OUTPUT POWER

TOSHIBA CORPORATION imiiiiiiiHiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiinililliU
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =32W (Min.)

( f=175MHz, VCC=13.5V, Pi=4W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ Vcc=14.5V, Pi=4W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

stg

RATING

40

18

7fl

175

-65-175

UNIT

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

TOSHIBA z-ioaiA

ELECTRICAL CHARACTERISTICS (Tc=25°C)

Mounting Kit No. AC57
Weight : 3.3g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 2 mA

Collector-Base Breakdown
Voltage

V (BR)CBO Ic=10mA, IE=0 40 - - V

Collector-Emitter Breakdown
Voltage

V (BR) CEO Ic=25mA, IB=0 18 - - V

Emitter-Base Breakdown
Voltage

V (BR)EBO IE=lmA, IC=0 4 - - V

DC Current Gain hFE VCE=5V, IC=5A 10 - -

Collector Output Capacitance Cob VCB=13.5V, IE=0, f=lMHz - 110 160 pF

Output Power Po (Fig.)

VCC=13.5V, f=175MHz,

Pi=4W

32 34 - W

Power Gain Gpe 9.0 9.3 - dB

Collector Efficiency ?c 60 70 - %

Series Equivalent Input
Impedance

Zin VCC=13.5V, f=175MHz,

P =32W

- 0.9

+J1.1
Q

Series Equivalent Output
Impedance

z0UT
- 2.0

-jO.4
Q

llllllllllllllllltllllllllllllllllllllllllllllllllllllllllltllllllllllltllllllllttlllllllllllllllllllllllllltlllllllllllllllllMlillllllllllllllllllllllllllllfllllllllllllllllllllllllllllllllllllllllllllllllllllllllllltl "W^^3i^»B—IB^^^^. CORPORATION
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2SC2420

Fig. P TEST CIRCUIT

Ct l1
Pi

(^ TiP-f—nrr^-

R
g=50Q

Ci,C 2 ,C 5 ,C 6

C3

C4

C7

C8

C 9

Li,L2

L3

RFC

FB

L2

L3

rtr rfr

C 6

RL = 5 O.Q

TT
; 8=fXX3.5 ~30pF

72pF CERAMIC CONDENSER

47pF CERAMIC CONDENSER

lOOOpF FEED THROUGH

O.OIaF CERAMIC CONDENSER

10 /££

il SILVER PLATED COPPER WIRE, 10ID, IT

61 SILVER PLATED COPPER WIRE, 10ID, 2T

61 ENAMEL COATED COPPER WIRE, 6ID, 10T

FERRITE BEADS

Po.^c

@ 35

f = 17 5 MHz

, — 1 Mv
To = 2 5°C

?o/

V c

4 6

INPUT POWER Pi (W)

30 3
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SILICON NPNTRIPLE DIFFUSED MESA TYPE

HIGH POWER SWITCHING APPLICATIONS.

HIGH FREQUENCY INVERTER APPLICATIONS.

SWITCHING REGULATER APPLICATIONS.

FEATURES

:

. High Collector Emitter Voltage

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector- Base Voltage

Collector-Emitter Voltage

Emitter -Base Voltage

Collector Current

Peak Collector Current

Base Current

Collector Power
Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC peak

IB

Tstg

RATING

500

400

30

60 (1 ms)

10

250

150

-65-150

UNIT

1. BASE
2. EMITTER

COLLECTOR CCASE)

JEDEC
TC—19 , TB—30

T O S H I BA 2 - 31B1A

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Mounting kit No. AC227 & AC88B
Weight : 50g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 0.2 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.2 mA

Collector-Emitter Breakdown
Voltage

V (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=20A 10 - -

VCE=5V, IC=30A 5 - -

Collector-Emitter Saturation
Voltage

VCE(sat)
IC=20A, Ib=3A

- - 1.5 V

Base-Emitter Saturation
Voltage

vBE(sat)
- - 2.0 V

Collector Output Capacitance Cob Vc=50V, Ie=0, f=lMHz - 400 - PF

Switching Time

Turn-on Time ton R n«* "^^(P OUTPUT - - 1.5

/is

"\

•9

!>

)

T
(

Storage Time tstg
^lfn iB2

n

- - 3.0

Fall Time tf
2IB1=-IB2 = 6A V

t

DUTY CYCLE=1%
3C
= 300V - - 1.0

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

COLOR TV HORIZONTAL DRIVER APPLICATIONS-

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES:

. High Voltage : VCE0=300V

. Recommended for Chroma Output and Horizontal

Driver Application for Line Operated TV.

MAXIMUM RATINGS (Ta=25°C;

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

RATING

300

300

100

50

1.2

10

UNIT

mA

mA

Unit in mm

1. EMITTER
2. COLLECTOR (HEAT SINK"
a BASE

JEDEC To-iae

TOSHI BA

Junction Temperature 150

Storage Temperature Range -stg -55-150

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=240V, IE=0 - - 1.0 M
Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1.0 M
DC Current Gain

hFE (l) VCE=10V, I C=50mA 40 - 170

hFE (2) VCE=10V, Ic=100mA 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=100mA, IB=20mA - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=100mA, lB=20mA - - 1.2 V

Transition Frequency fT VCE=10V, Ic=30mA 50 - - MHz

Collector Output Capacitance Cob VCB=:50V, IE=0, f=lMHz - - 5.0 pF

TOSHIBA ^3^^C^^^^3V=%^X.~W~B^^IVI iiiiiiitllllllllllillllllllllllllllllllltlllllllllllllliltllliitlllllllllllllltllllltllHlltlitlllllllllllirillliillllllllllliHllllllllltlltllllll Ml illllllllMllllltilllllllllllltlllllllllllMlllllllltlllllll llllltf III
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2SC2456
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'
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,
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2SC2456

Ol5

0.3

vBE(sat) ~ *C

Ql

COMMON EMITTER

I C/IB=10

Tc=25t

Q3 0.5

COLLECTOR CURRENT

f T - Ic
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1
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1
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f = 1 MHz
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COLLECTOR-BASE VOLTAGE VCB Cv)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2481

COLOR TV VERT. DEFLECTION OUTPUT APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.

FEATURES

:

. Large Collector Current and Collector Power

Dissipation Capability.

. Recommended for Vert. Deflection Output & Sound

Output Applications for Line Operated TV.

. Complementary to 2SA1021

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

VEBO

IB

PC

Tstg

RATING UNIT

150

150

1.5

1.0

1.2

20

150

-55-150

°C

Unit in mm

7.9MAX.

3.1-0.15

1. EMITTER

2. COLLECTOR (HEAT SINK)

3. BASE

J ED EC TO—12 6

TOSHIBA 2—8E1A

Mounting Kit No. ACA6C

Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

SYMBOL

[CB0

lEBO

v (BR) CEO

hFE(Note)

vCE(sat;

VfiE

Collector Output Capacitance

fT

Cob

TEST CONDITION

VCB=150V, IE=0

VEB=6V, IC=0

Ic=10mA, IB=0

VCE=5V, Ic=200mA

IC=500mA, IB=50mA

VCE=5V, Ic=5mA

VCE=5V, Ic=200mA

VCB=10V, IE=0, f=lMHz

MIN.

150

60

0.5

20

TYP.

100

13

MAX.

1.0

1.0

320

1.5

0.8

20

UNIT

Note-.hpE Classification R:60~120 0:100-200 Y:160~320

MA

MA

MHz

pF

iliiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiniii iiiiniiiiiiiiii iiiiiiiniiiiiiiiiii iimiiiii I I imiini iiiiiiii II I mil mini TOSHIBA CORPORATION
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2SC2481
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2SC2481
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH VOLTAGE GENERAL AMPLIFIER APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.

FEATURES

:

• Large Collector Current and Collector Power

Dissipation Capability. (PC=2.0W at Ta=25°C)

. Complementary to 2SA1195

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power

Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

V,CBO

VcEO

vEBO

ic

IB

PC

Tsti

RATING

160

160

1.5

0.5

2.0

15

150

-55^150

UNIT

V

°C

°C

Unit in mm
9.9MAX. 0Z.Z ±0.2

^
S

a7 6

S38KS

"rt^
3°

1. BASE
2. COLLECTOR
(COLLECTOR connected to tab)

3. EMITTER

E D E C T - 2 2

E I A J

TOSHIBA
Weight : l.Ag

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=150V, IE=0 - - 1.0 Vk
Emitter Cut-off Current IEB0 VEB=6V, I C=0 - - 1.0 MA

DC Current Gain
hFE(l)
(Note)

VCE=5V, Ic=200mA 100 - 320

hFE(2) VCE=5V, I c=500mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=500mA, IB=50mA - - 1.0 V

Base-Emitter Voltage VBE VCE=5V, Ic=5mA 0.50 0.57 0.70 V
Transition Frequency f T VCE=5V, Ic=200mA 40 120 - MHz
Collector Output Capacitance Cob VCB=10V,lE=0,f=lMHz - - 20 pF
Note : hFE ( 1 ) Classification : 100^200, 160V320

TOSHIBA CORPORATION iiiiiitiiiinitiitiiitiiiiiiiiiiiiiiiiiitiiiiiifi iifmr<f tf tif t if f (i if f if f f f if rri f tiff!irrf iif f if f if t(f f i r(if ( if f f i f f if rf f iti f itf f itf f f f f tf f f tf trf (f<tf t f t f f t<f f f f f if t(f f f t f f t<tt f f f f f t(t itf 1 1 f ft (f f f in t# f f f f if (t it if f

472-



2SC2483

I C ~ VCE

0.8

COMMON EMITTER

Tc = 25°C

25C

/
) 14-0

80^.

/ 30

12

5

3

2

—

Ij3=lmA

V
4 8 12 16 20

COLLECTOR-EMITTER VOLTAGE VCE ( V

)

hpvg. - I c

1 1 1 III

Tc = 100 U .

. - - . 1 "x
: r 25 \

"6" B —

'

z, "V

' \
vCE=iov—.— vCB==5v

\ s

, "'\
\A\

COMMON EMITTER

; Tc=25°C

'S

_J 1 1
" 1 1 1 11

3 5 ID 30 50 100 300 500 1000 2000

COLLECTOR CURRENT I G ( mA )

V CE ( sat )
- I c

^ 3.0

a5

a3

iao5

>ao3,

_ COMMON RMTTTKR

ic /iB = 10

'1

i 11
I

H

j 7
'j/

i

^^
O

10 30 50 100 300 500 1000 2000

COLLECTOTR CURRENT I c ( mA )

hFE - I C
500

&q 300
1

->

\
"^

T

Y>
—

v
OI=

. r> \ '

- \V\

A \ \
A

COMMON EMITTER

; Tc = 25 °C

\\

5 10 30 50 100 300 500 1000 2000

COLLECTOR CURRENT Iq ( mA )

V Ce ( Bat )
- I c

as

0.3

I COMMON EMITTER
I Tc = 25°C

/^

AV^
5

) 30 50 100

COLLECTOR CURRENT

300 500 1000 2000

I C ( mA )

ic BE

VCE-5V II
I

J_T
1

L

//
oO L -
o
O J

/
/

J /,

^
I

1

I/
—

.

'/
f

o 0.2 0.4 0.6 as
BASE-EMITTER VOLTAGE

1.0

VBE

1.2

(V)

TOSHIBA CORPORATION

-473-



2SC2483
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SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =27W (Min.)

( f=l 75MHz, VCC=12.5V, P±=4.2W )

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25 °C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

PC

L stg

RATING

40

18

50

175

65-175

UNIT

Unit in mm

1. EMITTER
Z. BASE
3. EMITTER
4. COLLECTOR

JEDEC

EIAJ

TOSHIBA 2-10H1A

Weight 4.0g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 IC=10mA, Ie=0 40 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO Ic=25mA, Ib=0 18 - - V

Emitter-Base Breakdown
Voltage

v (BR)EB0 IE=lmA, I C=0 4 - - V

DC Current Gain hFE VCE=5V, IC=3A 10 - 150

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - - 80 pF

Output Power Po
(Fig.)

VCC=12.5V, f=175MHz,
Pi=4.2W

27 29 - W

Power Gain Gpe 8.0 8.4 - dB

Collector Efficiency 'c 60 70 - %

iijiiiiiicittiiiifiitiiiiiiiiifiiiiiiiiitjttitiittiitiitiiiiiiiiiiiiiiiiiitiiiiiiiiiiriitiiiiiiiiiiiiitiiisiftiiiiiiitiittiiiiiiitiiitititiiiiiifitiiiiiiiiiiiiiiitiijiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiitiitiiiiiifiiiiiiiiiii ~r~^^B^^a—mn^s^xa^ corporation
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2SC2508

Fig. P TEST CIRCUIT
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SILICON NPN EPITAXIAL PLANAR TYPE

2 - 30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.

(LOW SUPPLY VOLTAGE USE)

FEATURES

:

. Specified 12.5V, 28MHz Characteristics

: Output Power : P o=10WpeP

: Minimum Gain : Gpe= 14dB

: Efficiency : ? c=35%(Min.

)

: Intermodulation Distortion : IMD=-30dB(Max.

)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCES

VCEO

VEBO

ic

PC

Tstg

RATING

40

40

18

20

150

-55 ~150

UNIT

ELECTRICAL CHARACTERISTICS (Tc=25°C)

Unit in mm

10. 3 MAX

6̂

1.5 MAX

.

I

jZ)3.6±ag

;

2.54 2.54
<

OJ

"U
e

i 1 2 3

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

T0-220AB

TOSHIBA 2—10A1B

Weight : 1.9g

Mounting Kit No. AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN

.

TYP. MAX. UNIT

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=10mA, Ib=0 18 - - V

Collector-Emitter

Breakdown Voltage V(BR)CES IC=50mA, VBE=0 40 - - V

Emitter-Base
Breakdown Voltage

V(BR)EB0 IE=lmA, IC=0 4 - - V

DC Current Gain hFE VCE=5V, IC=1A 20 - -

Transition Frequency f T VCE=5V, IC=1A - 200 - MHz

Collector Output Capacitance Cob VCB=12.5V, Ie=0, f=lMHz - - 150 PF

Power Gain Gpe Vcc=12.5V, f=28MHz

2 -Tone, Jf=lkHz

I idle=30mA, P o=10WPEP

(Fig.)

14.0 - - dB

'Input Power Pi - - 0.4 WpEP

Collector Efficiency r-c 35 - - %

Intermodulation Distortion IMD - - -30 dB

iMiiiiHiiimiiiiiiiiiiHHimiiniiiiHiniiimiiiiiiiniiiiinM CORPORATION

-477-



2SC2509

Fig. Pi TEST CIRCUIT

o vcc

Rg=50Q

C2,C4,C7

C9

C3

C 5 »Ci3

C6

C8

ClO

Cll,Cl2

C14

'bbo

7 -150pF

10~200pF

400PF

0.4aF

10. OW 10WV

400pF

200pF

22 ^F 35WV

lOOOpF
FEED THROUGH

^ RL=50Q

Li : 6 0.8 ENAMEL COATED COPPER WIRE, 9 ID, 6T

L2 : <t>l SILVER PLATED COPPER WIRE, 9ID, 2T

L3 : «5l.5 ENAMEL COATED COPPER WIRE, 9ID, 5T

RFCi : «50.8 ENAMEL COATED COPPER WIRE, 9 ID, 20T

RFC2 : ^1.5 ENAMEL COATED COPPER WIRE, 121ID, 15T

Rl : 5.6Q (1/2W)

R2 : 5Q (5W)

R3 : 1.5O(10W)

C15 : lOOpF

24
f= 2 8MHz

Jf= 1JcHz

VCC=12.5V

I idle = 30mA

Ql 0.2 Q3

INPUT POWER Pi (WPEp )

-1C

IMD - P

f = 2 8 MHz

Jf=lkHz
Vcc= 12.5 V

I idle = 3 mA
-2

-an
5 10 15

OUTPUT POWER P (WpEp )
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SILICON NPN EPITAXIAL PLANAR TYPE

2 -30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.
(28V SUPPLY VOLTAGE USE)

FEATURES

:

. Specified 28V, 28MHz Characteristics
: Output Power : Po=150WpeP
: Minimum Gain : Gpe=12.2dB
: Efficiency : ^ c=35%(Min.

)

: Intermodulation Distortion : IMD=-30dB(Max.

)

Unit in mm

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCES

vCEO

vEBO

PC

Tstg

RATING

60

60

35

20

250

175

-65-175

UNIT

°C

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

EIA J

TOSHIBA 2—13B1A

Weight : 5.2g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=100mA, IB=0 35 - - V

Collector-Emitter

Breakdown Voltage V(BR)CES IC=100mA, Vbe=0 60 - - V

Emitter-Base
Breakdown Voltage

v (BR)EBO IE=lmA, IC=0 4 - - V

DC Current Gain hFE VCE=5V, IC=10A 10 - -

Collector Output Capacitance Cob VCB=28V, l£=0, f=lMHz - 450 600 pF

Power Gain Gpe VCC=28V, f=28MHz

2-Tone, 4f=lkHz

Iidle=100mA, Po=150WPEp

(Fig.)

12.2 13.3 - dB

Input Power Pi - 7 9 WpEP

Collector Efficiency 7c 35 - - %

Intermodulation Distortion IMD - - -30 dB
Series Equivalent Input
Impedance ZIN VCC=28V, f=28MHz

^f=lkHz, Po=150WPEp

- 1.4

-J0.9
- a

Series Equivalent Output
Impedance ZOUT - 2.3

-jO.9
- a

iiiiiiiiiJiiiiiiiiiijiiiiiiiiijiiiiiii}iiiittiiiiiitiiiiiiiJiiir>tiif>iiiiiiiJirj|iiiiiiiiiiiitii*>if»iiiJiiiiiiiiiiiiitiiMiiiiiiiiiiilliiiiiJtiiiiiii>iiiJtiiiiiiiiiitiiiiiiJittiiiiiiiiiiitiiitiiiiiitiiiiftiiiMiiiiiiii ~W~^^9^^KB—^^K.^E^ CORPORATION
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Fig. Pi TEST CIRCUIT

Gi Ll
Pi @ >r r nnr^

Rg=50Q

VrrO- ^V6

I
D3C

o vcc

^ RL=5 0Q

Vcc=28V, fi=28.000MHz

f2=28.001MHz

I idle=100mA

Ci,C2 7~150pF Ll

C3,C4 7~150pF 2KWV L2

C5,C 6 0.022/^F RFC1

C7 47aF 10WV

C8 . 04/;F
RFC 2

C9 lOO/'F 50WV Rl

Q 2SC2510
R2

R3

D

Ll : «50.8 ENAMEL COATED COPPER WIRE, 14 ID, 4T, 4P

«5l.2 ENAMEL COATED COPPER WIRE, 14ID, 3>£T, 3P

^0.8 ENAMEL COATED COPPER WIRE, 10ID, 9T
(Ferrite Core TDK K2)

«50.8 ENAMEL COATED COPPER WIRE, 14ID, 20T

10Q(1W)

2fi (1/2W)

10O(5W)

1S1555

Pn - Pi IMD

f = 28MHz

4f=lkHz
VCC=28V
I idle = 100mA

f = 2 8 MHz

At = lkHz
VCC=2 8V
I idle = 10 0mA

INPUT POWER P ± (WpEp )

80 160 240

OUTPUT POWER P (WpEp)
'

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE
SWITCHING APPLICATIONS.
HIGH SPEED DC-DC CONVERTER APPLICATION

FEATURES

:

. Excellent Switching Times

:t r=1.0ys(Max.) tf=1.0As(Max.) at IC=0.8A

. High Collector Breakdown Voltage : Vq^q=A00V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power

Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

ic

IB

PC

L stg

RATING

500

400

0.5

1.5

20

150

-55^150

UNIT

10.3MAX. #3.6±U2

15 MAX-

JOJ S

2.54 2.54

X

t-

•

1 2
k *> «

3
.

i

1. BASE

2. COLLECTOR (HEAT SINK)

a EMITTER

JEDEC TO-220 AB
E I A J SC-46

TOSHIBA 2- I A 1 A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Mounting

Weight
<it No

: 1.9a

. AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=400V, Ie=0 _ _ 100 M
Emitter Cut-off Current lEBO VEB=7V, I C=0 - - 1 mA
Collector-Base
Breakdown Voltage 1 (BR) CBO I C=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage / (BR)CE0 IC=10mA, I B=0 400 - - V

DC Current Gain hFE
VCE=5V, I C=0.1A 20 - -

VCE=5V, IC=1A 8 - -

Collector-Emitter
Saturation Voltage ^CECsat) IC=1A, IB=0.2A - - 1.0 V

Base-Emitter
Saturation Voltage 7BE(sat) IC=1A, IB=0.2A - - 1.5 V

Switching Time

Rise Time tr 20/te
T

OUTPUT - - 1.0

pLS
Id i

~

INPUT o-^w—

[

l :

20C

G
8Storage Time tstg k? ^^ - - 2.5

Fall Time tf DUTY CYCLE<1 % - - 1.0

mil limn TOSHIBA CORPORATION
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2SC2552

rC~ v CE (LOW VOLTAGE REGION)

STATIC CHARACTERISTICS

Eh

| ^ 2.0

° o

2 1.6
o

180

•120
>

S^ s> -
/^ 60

o
<-A0

0.8 20

^
0.< \

ty IB = 10mA

1 ^

150 100 50
- BASE CURRENT IB (mA>

10 20 30

COLLECTOR-EMITTER
0.4 VOLTAGE VCF (V)

« 8H
0.8 IP m

n >

^ p COMMON
1-2 H S EMITTER

Kl h3

VGE = 5V

m >

r

CE(sat) - r C

COMMON EMITTER
IC / TB = 5

t>

<%^
^ 25

O005 G01 O03 0.05 0.1 0.3 05

COLLECTOR CURRENT Ic (A)

H Q4

COMMON EMITTER
l

180

120_

80

' Tc= 2 5°C

60^
40

20

I B= 10mA

|

2 4 6 8 10 12

COLLECTOR -EMITTER VOLTAGE VCE (V)

hFE - X C

COMMON EMITTER

VCE = 5V

i_i_i 1

Ta- 100'C

25

—55

Q 005 0.01 003005 Ql

COLLECTOR CURRENT (A)

6 S

vBE(sat) - ic

_,

ic IB =5

1 --

.--£=05 s .
25
100\

0.005 0.01 003 005 0.1 0.3 0.5 1

COLLECTOR O'.'RRENT Ic (A)

TOSHIBA CORPORATION iiiiimiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii miihiiiiiiiiiiiiiiiiiimiiiiiiiimiiiiiiiiiiiiiiii iiiiiiiiiiiiiiniiiiiiliiiiiiiiiiiliii mi iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiini
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2SC2552

'BE SWITCHING CHARACTERISTICS

COMMON EMITTER
VCE=5V

/
1

/
=o/cv i-

,*3
1

c

//

°L II

/

/
/

J
/

Q2 0.4 Q6 a 8 1.0 1.2

BASE- EMITTER VOLTAGE VBE (V)

as

0.3

^(l) L B(g
PULSE WIDTH Z)Ui

DUTY CYCLER 1$
To= 25°C

t 8 tg

t r ^

1

0.2 0.4 06 Q8

COLIjECTOR CURRENT I c (a)

10
SAFE 0"PERAT]r NG ABEA

1 1 1 Mill 1—

I c MAX (PULSED) **5

3
Iq MAX- ""

v>Ao
(C0NTI1«IU0lrs\\ \^

i \ .

K*"\Q
1

<

° X

-^
*o

M
0.5 4- ^

D
O

g Ql
E-i

3

IOi

00D

ns

as

O

3 0.05

° ao3
•)K SINGLE NONREPETITIVE

PUIjSE Tc = 25°C

: CURVES MUST BE DERATE
: LINEARY WITH INCREASE
- IN TEMPERATURE

aoi

0.005

aoo3 .,..1 ..] 1 1_Ui, -1 1 1 1

1

i

2 5 10 30 50 100 300 500

COLLECTOR TO EMITTER VOLTAGE V aE (V)

11111111,11,11111111111111111111111111 ' miintii mm in iiiiimimiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii miiii iiimiiiiiiiiiiimiiiiiiiiiiiiii TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES:

. Excellent Switching Times

: t r=1.0/is(Max.), tf=1.0/is(Max. ) at IC=4A

. High Collector Breakdown Voltage : VCEo=400V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

10.3MAX.. .

03.6±O-2

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

V CBO

'CEO

^EBO

L stg

RATING

500

400

1.5

40

150

-55-150

UNIT

V

OC

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC TO-220AB

EI A J SC -4 6

TOSH IBA 2- 10 A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting kit No. AC75

Weight :1.9g

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Base
Breakdown Voltage

V (BR) CBO

Collector-Emitter
Breakdown Voltage

V (BR) CEO

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

Switching Time

Rise Time

SYMBOL

ICBO

lEBO

hFE

vCE(sat)

vBE(sat)

TEST CONDITION

VrR=400V, Ie=0

VEB=7V, IC=0

I c=lmA, Ie=0

Ic=10mA, IB=0

VCE=5V »
T C=3A

VCE=5V, I C=5A

IC=5A, IB=1A

IC=5A, IB=1A

Storage Time

Fall Time

:stg

tf

ZOm iB1
•-(Tp INPUT o-^£-
tf« |^ XT*

lBl == ~ IB2 = Q4A

DUTY CYCLE<1#

OUTPUT
-f—

o

^2 ^ %
777 <>

A-t. 200V

MIN.

500

400

12

TYP. MAX.

100

1.0

1.5

1.0

2.5

UNIT

mA

1.0

/is

TOSHIBA CORPORATION 11 111 iiidttitiMii 1 ttm 1 111 til 11 iMiiiiiniitittiiitmi 1 tint ittiiiini••in utiittitini iti tint n mum mimmmiimiimi 11111111111111 1 iimmmiiiiiiiiiiiimiiii
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2SC2553

STATIC CHARACTERISTICS h FE ~ r C

1

^ 5

E- O
S

M
4

3 H

400

7 , 300
f\

N
V t 200

U/ 150
c
c

1
3 L/ 100

7/
2 7 50

f
^

I B = 20mA

|

300 200 100

BASE CURRENT IB (mA)
10 20 30

COLLECT OR -EMITTER

Q4 VOLTAGE VCE (V)

K P

i-. >
g H COMMON

1-2 ^ <J
EMITTER

VGE = 5V

<
P3 >

- VCE (LOW VOLTAGE REGION)

« 10

COMMON EMITTER
VCE= 5V

- To = 100°C

*"^\
s"^̂N^\

-55 ^ \
\

-

Q03 Q05 Ql Q3 0.5 1 3

COLLECTOR CURRENT Ic (A)

vCE(sat) "- X C

£ > 0.1

JH Q05

- COMMON EMITTER

I , I B=5

..
T c
= -5E °C

lQ£«s=

'-'. 25 .

J 1

0.03 0.05 0.1 Q3 0.5 1

COLLECTOR CURRENT I r (A)

vBE(sat) - Ic

' 0.05 Ql Q3 0.5 1 3 5
COLLECTOR -EMITTER VOLTAGE VCE (V) COLLECTOR OITRRENT Ic (A)

"""»"«'»«»' «ii« ' I"" ii illinium iiiiiiiiiim iiinii i iiiiiniiiiii i nun H mini , TOSHIBA CORPORATION

-485-



2SC2553

Ic - VBE

COMMON I"MITTER 1VCE =5V n /
* /

ci / <of ^

/

o
,o
1

it
I 7

f,

'

f /
i

1 /
— /

'

0.2 0.4 0.6 0.8 1.0

BASE- EMITTER VOLTAGE VBR (V)

SAFE OPERATING AREA

10 || ||

1 T,j MAX. (PULSED) *

till
"

^.^Ic MAX
'(CONTI

. t\
<'

•) \ \^Nr&\*
o

1
>}

f. V
f? 1

/•'-

^
^r-

Pi <ô
, <§£ °-5

<i

0> X^ \

o <•

^ 5

P Ql

* *

—f- -

- •>}• SINGLE NONREPETITIVE
I PULSE Tc=25"C
" CURVE MUST BE DERATED

0.05

0.03

0.01

I N 1

l_U_

EMPER
II

AT URE

,LJJ II

10 30 50 100 300 500 1000

COLLECTOR— EMITTER VOLTAGE

VCE (V)

SWITCHING CHARACTERISTICS

ic- ip

TB (1)
=
= 1

-I

D

B(2)

PULSE WIDTH ZOfli

DUTY CYCLE <; 1 #

Tc= 25°C

|

s*s tg

tf

r

12 3 4

COLLECTOR CURRENT I c (A)
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING
APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Escellent Switching Times
: t r=1.0 w s(Max.)

, t f=l. a s(Max.) at IC=4A
. High Collector Breakdown Voltage :VCEO=400V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector -Base Voltage vCBO 500 V

Collector -Emitter Voltage vCEO 400 V

Emitter -Base Voltage vEBO 7 V

Collector Current T-C 8 A

Base Current XB 4 A

Collector Power

Dissipation

Ta=25 °C
PC

2.5
W

Tc=25 °C 80

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55~150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C )

Weight : 4.6g

15.9 MAX. 0. 3 2±0. 2

/
o ' o nw

v-^ A •£0~
yZv

f CO

o
&

x' $h
s

" y. -p r—r"" n
CO a 1 o q
CO' () ci

\
o>

TFT J II! '».

2.0 ±0.3
|

i

+1

COH+ 0.3J
in-n»i I

s

C0.H
CO
+ 1

5.4S ± 0.2
.1 J

5.45 ±0.2 X

1

: 00
s

H o" i-^U *
•*

\

* 1— - —

M

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

JEDEC —

EIAJ -

TOSHIBA 2— 16BIA

CHARACTERISTIC SYMBOL TTCST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=400V, Ie=0 - — 100 Uk

Emitter Cut-off Current IEB0 VeB=7V, IC=0
- — 1 mA

Collector-Base Breakdown
Voltage v (BR)CB0 Ic=lmA, IE

=0 500 - - V

Collector-Emitter Breakdown
Voltage V (BR)CE0 Ic=10mA, IB=0 400 - - V

DC Current Gain
hFE(l) VCE=5V, IC=1A 15 - -

hFE(2) VCE=5V, IC=4A 10 - -
Collector-Emitter Saturation
Voltage vCE(sat) IC=4A, IB=0.8A

- - 1.0 V

Base-Emitter Saturation
Voltage ^BE(sat) IC=4A, IB=0.8A

- - 1.5 V

Switching
Time

Rise Time cr
20&S VG n = 200V

\r\" ibi 'l^o
1/_LINPUT -j- J OUTPUT

- - 1.0

asStotage Time tstg - - 2.5

!b1— lB2"_0-4A rB2 2
DUTY CYCLE'^ 1%

Fall Time tf - 1.0

11111111 "'"«i"iHiiiiiMimi iiiiiiiiiiiinii liiiimi minim „ iiiiiiiiiiiiiiiiiiiiiimiimmimimmiiiiiimiiiimi mnmimiiiiiiiiii iiiiiiiiii TOSHIBA CORPORATION
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ic 'CE

800 _
700 CO MMON

EMITTER

Tc = 25°C
600

500

400

300

200

150

100s -~—

'

^

6^1 70

50/

*
-^
—

-

IB=20mA

1 ? 1 1 1

2 4 6 8 10 13 14 16

COLLECTOR-EMITTER VOLTAGE VCE (V)

l G ~ VCE

1000 COMMON

EMITTER
T c = - 5 5°C800

—.

1

600M
t-

6
500

400D /
o /

300K 4

/ / ^*—

E-

/
*^

250

/ y 200
o /> x-"

" 2 V 150

(/
--J 100

1 £—

'

• la uw Ui^

f
°

1 1 1 1

2 4 6 8 10 12 14 16

COLLECTOR- EMITTER VOLTAGE Vge(V)

hFE "" : C
100

50

30

10

1 i i n i ft COMMON
EMITTER

V£ E=5V
=100°C::: tc

2s

-55 ..

—

0.03 0,05 01 0.3 0.5 1 3 o 10

COLLECTOR CURRENT I (A)

i c
— VCE

800

700
COMMON

EMITTER

Tc= 100°C
600.

500

400

3 7

M
tri 6

300^ **

c; 5 -

V

/

s M
200v ^ -*-

I
4

" / ^1gi
f ,

<^ -- 100

70

50_

» 3 /.^^
3 y ^o 2 ^ ,-

, ^ IB=20mA
1

1

1

1

2 4 6 8 10 1? 14 16

COLLECTOR-EMITTER VOLTAGE V 0E (V)

vCE(sat) - Ic

o o
E-i H

0.0

0.3

0.1

0.05

0.0 3

COMMON
I EMITTER

:i c/i b =5

-4-

"T

1

Tc= - 5"C

"" \ - UU

0.03 0.05 OJ. 0.3 0.5 1 3 5 10

COLLECTOR CURRENT I G (A)

vBE(sat) _
: C

h m

a M

m e-i

< <j
m m

o 5

0.3

OJ

" U UMMUJN
- EMITTER
^c/ l B-o

Tc = -55°C

^25

00
\

0.03 a05 0.1 0.3 0.5 1 3 5 10 15

COLLECTOR CURRENT I c (A)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

• Low Collector Saturation Voltage :

VcE(sat)=0-^v <Max -) <at IC=3A)

• High Speed Switching Time : tstg=1.0ys (Typ.)

• Complementary to 2SA1012.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 60 V

Collector-Emitter Voltage vCEO 50 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 5 A

Collector Power Dissipation
(Tc=25*C) pc 25 W

Junction Temperature T
i

150 °C

Storage Temperature Range Tstg -55vL50 °c

10.3MAX. ^3.6±0.2

2.54 2.54 <

W

2
€
3

CO

1. BASE
2. COLLECTOR(HEAT SINK)

3. EMITTER

TO 220 AB

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Mounting Kit No. AC75
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0
- - 1 yA

Emitter Cut-off Current IEBO VEB=5V >
IC
=0 - - 1 yA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, IB=0 50 - - V

DC Current Gain
>FE(1)
(Note)

VCE=1V >
IC=1A 70 - 240

hFE(2) VCE=1V .
^A 30 - -

Saturation

Voltage

Collector-Emitter vCE(sat) IC=3A, IB=0.15A - 0.2 0.4
V

Base-Emitter VBE(sat) I C=3A, IB=0.15A
- 0.9 1.2

Transition Frequency fT VCE=4V, IC=1A - 120 - MHz

Collector Output Capacitance Cob VCB=10V ,

I

E=0 ,
f=lMHz - 80 - PF

Switching

Time

Turn-on Time ton 20MB 1-r,-. OUTPUT - 0.1 -

ys
lBjr

l*», ^ff
IB1 =-IB2 = 0.15A VCC = 30V

DUTY CYCLE^1#

Storage Time fcstg
- 1.0 -

Fall Time tf
- 0.1 —

Note : hFE (;L)
Classification : 70^140, Y : 120^240

TOSHIBA CORPORATION iiiiii(iMittiiiiiiiittMiiiiiiitiitiittiiti*tiiiiiiiiitiiiiiiiMiiitiitiiiiititiiiiiiiiitiiitiMiiiiiiiitM(iiMiitiitiiitiiiiitiiiiiiittiitiiitiiiiitiiiiitiiitiiiiiitiiiiiitiiiiiiii(iiffifr(irifrififitiifrrfrffrfrrff
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2SC2562
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2SC2562
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2563

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

features:

. Complementary to 2SA1093.

. Recommended for 50W audio amplifier output stage.

. High transition frequency : fT=90MHz (Typ.

)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VCBO

VCEO

VEBO

ic

RATING

120

120

UNIT

Unit in mm

159MAX
^3.2±0.2

545-0.2

c3ci

+ I

5.45±0.2

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

Base Current IB 0.8 JEDEC

Collector Power Dissipation
(Tc=25°C) ?C 80

TOSHIBA

Junction Temperature 150 °C Weight : 4.6g

Storage Temperature Range stg -55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=120V, IE=0 - - 50 ftA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 50 fiA

Collector-Emitter
Breakdown Voltage

V (BR)CEC IC=0.05A, IB=0 120 - - V

DC Current Gain

hFE ( 1

)

(Note)
VCE-5V, IC=1A 55 - 240

hFE(2) VCE-5V, IC=4A 30 - -

Collector Emitter
Saturation Voltage

vCE(sat) IC=4A, IB=0.4A - 1.0 2.0 V

Base-Emitter Voltage VBE VCE-5V, IC=4A - 1.5 2.5 V

Transition Frequency fT VCE=10V, IC=1A - 90 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 90 - pF

Note: hFE Classification. R:55~110, 0:80-160, Y:120~240

Ml II lllllllllllt 1II1III1MIIII1MMIIIIIIM JlllllilllMlllllllllllllllMt IMI I MIMJ II I J 1 1 1 1 1 1 1 J 1 1 1 1

1

t i J » II 1 1 j JM M 1 1 1 1 1 1 1M 1 1 1 It II 1 1 1 1 II I M 1 1 1 1 1 1 ] 1 1M I MM 1 1

1

M 1 1M 1 1 1 1 1 1 1 1M I ~V~^^^^—•^^^^. CORPORATION

-493-



2SC2563
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=140V

• High Transition Frequency : fT=90MHz (Typ.)

• Complementary to 2SA1094.

• Recommended for 80W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

V,CBO

VCEO

vEBO

PC

stg

RATING

140

140

12

-12

120

150

-55vL50

UNIT

°C

Unit in mm

34.3MAX.

*

fe^W^S
1. BASE
2. COLLECTOR(HEAT SINK)

3. EMITTER

34 A 1 A

Weight : 10.

i

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=140V, IE=0 - - 50 yA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 50 UA

Collector-Emitter
Breakdown Voltage

V (BR) CEO I C=0.1A, IB=0 140 - - V

Emitter-Base
Breakdown Voltage V

(BR)EB0
IE=0.01A, Ic=0 5 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=1A 55 - 240

hFE(2) VcE=5V, Ic=5A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=5A, IB=0.5A - - 2.0 V

Base-Emitter Voltage VBE VCE=5V >
X C=5A - - 2.0 V

Transition Frequency fT VCE=10V, IC=1A - 90 - MHz

Collector Output
Capacitance Cob VCB=10V,lE=0,f=lMHz - 130 - pF

Note : hpE(l) Classificati an R : 55^ 110, : 80VL60, Y : 120^240

TOSHIBA CORPORATION
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2SC2564
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2SC2565 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=160V

• High Transition Frequency : fT=80MHz (Typ.)

• Complementary to 2SA1095.

• Recommended for 100W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcEO

VEBO

ic

PC

L stg

RATING

160

160

15

-15

150

150

-55M.50

UNIT

°C

Unit in mm

fefJTT^H^
L BASE

Z COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

TOSHIBA 2 - 34 A 1A

Weight : 10.1

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=160V, Ie=0 - - 50 yA

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 50 yA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=0.1A, IB=0 160 - - V

Emitter-Base

Breakdown Voltage
V (BR)EB0 I E=0.01A, I c

=0 5 - - V

DC Current Gain

h
FE(l)
(Note)

VCE=5V, IC=1A 55 - 240

hFE(2) VCE=5V, IC=5A 40 - -

Collector-Emitter

Saturation Voltage
vCE(sat) IC=5A, IB=0.5A - - 2.0 V

Base-Emitter Voltage VBE VCE=5V, IC=5A - - 2.0 V

Transition Frequency fT VCE=10V, IC=1A
- 80 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 200 - pF

Note : hpE (i) Classificaiton R 55M.10, : 80M.60, Y 120^240

TOSHIBA ^^^^F^^^C^B=^^^^~l~I^^V>hl 1 1 N I U I M MilUU 1 1 1 1 M M M 1 1 1 1 liUll 1 1MH I IM I M 1 1 1MIM I IIMMM iM tM 1 1 1 1 U Ml U IH M I Mill IIM M I1UI I LI i M M M I tM H 1 1 1 1 tn iH M IIM M I H 1 1 H M M 1 1 M M I M I IM 1 1M 1 1 1 MlMUM 1 1 llllll I (IUI1M 1 1 1 1 1 1 i til 1 1 1 1 M 1 1 1 1 1
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2SC2565
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2SC2638 SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

Output Power : Po=6W (Min.)

( f=175MHz, VCC=12.5V, Pi=0.5W )

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 35 V

Collector-Emitter Voltage VCEO 17 V

Emitter-Base Voltage VEBO 3.5 V

Collector Current- ic 2 A

Collector Power Dissipation

(Tc=25°C)
PC 15 W

Junction Temperature T
j

175 °c

Storage Temperature Range Tstg -65~175 °c

ELECTRICAL CHARACTERISTICS (Ta=25°C)

22±0.5

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

TOSHIBA 2-7A1A

Weight 1.6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, l£=0 - - 0.1 mA

Collector-Base Breakdown
Voltage

v (BR)CBO I c=lmA, Ie=0 35 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO I c=10mA, lg=0 17 - - V

Emitter-Base Breakdown
Voltage

v (BR)EBO IE=lmA, IC=0 3.5 - - V

DC Current Gain "FE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 25 PF

Output Power Po (Fig.)

VCC=12.5V, f=175MHz,

Pi=0.5W

6 7 - W

Power Gain Gpe 10.7 11.5 - dB

Collector Efficiency 1c 60 72 - %

Series Equivalent Input
Impedance ^in VCC=12.5V, f=175MHz,

P =6W

- 3.5

+J4.0
- Q

Series Equivalent Output
Impedance

zOUT
- 10

-jl.5
- n
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2SC2638
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C6 : 0.033AF CERAMIC CONDENSER

C7 : IOaF

Li,L 2 : 61 SILVER PLATED COPPER WIRE, 12ID, IT

L3 : (61 SILVER PLATED COPPER WIRE, 12ID, 2T

RFC : «40.5 ENAMEL COATED COPPER WIRE, 6ID, 10T

FB : FERRITE BEADS
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Po - V C C

Po. V<

u

f =

vcc

175MHz

= 12.5V

Tc = 2 5"C

?o^

6

1c _ — — - -

?,

0.2 Q4 0.6 at

INPUT POWER Pi (W)

* 6

f = 17 5 MHz

Tc = 2 5°C

<l\

<£

a:5
-»

11 13 15

SUPPLY VOLTAGE V 0G (V)
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2SC2639 SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =15W (Min.)

( f=175MHz, VCC=12.5V, Pi=1.3W)

100% Tested for Load Mismatch Stress

Angles with 30:1 VSWR @ Vcc=12.5V,

at All Phase

Pi=1.3W, f=175MHz

Unit in mir

Q 3 Q)

2-R1.6

2-R3 ,

CO

c5

H
cv

H

1

(zj

p _2*

^

7.8

>Q

16

MAXIMUM RATINGS (Ta=2 5°C) a
-H
lO

oi

w I8±Q3 X

/

o
Ci

s

CHARACTERISTIC SYMBOL RATING UNIT |.
7 «AX

fc| %

Collector-Base Voltage vCB0 35 V
1 1

Collector-Emitter Voltage VcEO 17 V 22±Q5 o

Emitter-Base Voltage Vebo 3.5 V
1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

Collector Current ic 3.5 A

Collector Power Dissipation
(Tc=25°C) PC 35 W

JEDEC -Junction Temperature T
J

175 °C
EIAJ -

Storage Temperature Range Tstg -65 -175 °C TOSHIBA 2-7A1A |

Weight 1.6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=15V, IE=0 - - 1.0 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 IC=10mA, IE=0 35 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO IC=25mA, IB=0 17 - - V

Emitter-Base Breakdown
Voltage V(BR)EB0 IE=lmA, IC=0 3.5 - - V

DC Current Gain ^FE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 80 pF

Output Power Po (Fig.)

VCC=12.5V, f=175MHz,
Pi=1.3W

15 17 - W

Power Gain Gpe 10.6 11.2 - dB

Collector Efficiency >?c 60 75 - %

Series Equivalent Input
Impedance ^in

VCC=12.5V, f=175MHz,

P =15W

- 1.5

-J2.0
Q

Series Equivalent Output
Impedance ZOUT - 5.0

-ji.o
- n

TOSHIBA ^SC3JFW^C3V=*^CV~l~IOIXI iiitifiiiifffiiiitilftlltlllllllffifiifiltfiliiiilliiiifiitfiifiiiiiiiiiiiiiliilliiiiiliitiiiiiiiiiiltiiiiiiiiiiiiiiiiiiiiiiiiiHllliiiiiiiilttiiiiiltliillllillMliiiiiiiiiiiiitllilllilliiiiiiiiiiiiilltllllltllliiiiliiti
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Fig. P n TEST CIRCUIT
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L!,L 2

L3

RFC

FB

L2

L3

u 3

r

-# §> °

RL = 5 0Q

£ c
:

-OVCG

3.5 ~30pF

0.01AF FEED THROUGH

0.033AF CERAMIC CONDENSER

10/iF

<b\ SILVER PLATED COPPER WIRE, 12ID, IT

61 SILVER PLATED COPPER WIRE, 12ID, 2T

«S0.5 ENAMEL COATED COPPER WIRE, 6ID, 10T

FERRITE BEADS

Po- Vc ~ Pi
'cc

24

20

f = 17 5MHz

- Vc c -1. * v

Tc = 2 5°C

?o

>?c_

^ - - - - -

<*/^

60
0.4 Q8 1.2 1.6

INPUT POWER Pi (W)

20

!=> 12

f = 17 5MHz '

Tc = 2 5°C

^/

c?y^

9 11 13 15

SUPPLY VOLTAGE 7 CC (V)
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2SC2640 SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : P =28W (Min.)

( f=175MHz, VCC=12.5V, Pi=4W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCc=14.5V, Pi=4W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

vCEO

VEBO

ic

PC

Ti

-stg

RATING

40

17

4.0

70

175

-65-175

UNIT

°C

Unit in mm

(E)

if?

3 P
V l 1 w

2-R1.6 «5
+1

^
2-R3/L

&
y^/ * 1

N ^
7.8

16

lO
w 18±Q3

C5
/

-H O) 7 MAX. "2

Mr-iw c3

-b=H

—

1

J.
j

*.. _,

22 + Q5 q

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC -

EIAJ -

TOSHIBA 2 —7A1A

Weight 1.6g

ELECTRICAL CHARACTERISTICS (T a=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, I E=0
- - 2 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 I c=10mA, IE=0 40 - - V

Collector-Emitter Breakdown

Voltage
v (BR)CE0 Ic=25mA, Ib=0 17 - - V

Emitter-Base Breakdown
Voltage

v (BR)EBO I E=lmA, lc=0 4 - - V

DC Current Gain hFE VCE=5V, I C=5A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 110 160 pF

Output Power Po (Fig.)

VCC=12.5V, f=175MHz,

Pi=4W

28 31 - W

Power Gain Gpe 8.4 8.9 - dB

Collector Efficiency *c 60 71 - %

Series Equivalent Input

Impedance
Zin VCC=12.5V, f=175MHz,

P =28W

).95

+J3.0
- Q

Series Equivalent Output
Impedance

ZOUT - 2.0

+J1.5
- a

TOSHIBA CORPORATION
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Fig. Pn TEST CIRCUIT
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—
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° 8T
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82pF CERAMIC CONDENSER

lOOOpF FEED THROUGH

0.02/iF CERAMIC CONDENSER

IOaF

61 SILVER PLATED COPPER WIRE, 12ID, IT

61 SILVER PLATED COPPER WIRE, 12ID, 2T

«50.5 ENAMEL COATED COPPER WIRE, 6ID, 10T

FERRITE BEADS

-ovcc
zizc 9

TTT

po- Vc - Pi
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Vcc = 125V

Tc =2 5°C
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40

v c

2U

2 it 8

(W)
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2SC2641 SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =6W(Min.)

(f=470MHz, VCc=12.6V, Pi=lW)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCC=12.6V, P =6.5W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

PC

Tstg

RATING

35

17

3.5

1.4

15

175

-65-175

UNIT

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

EIAJ

TOSHIBA 2-7A1A

Weight

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=15V, I E=0 - - 1 mA
Collector-Base
Breakdown Voltage V (BR)CB0 IG=2mA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage V (BR) CEO I C=10mA, IB=0 17 - - V

Emitter-Base
Breqkdown Voltage

v (BR)EB0 lE=0.2mA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=1A 10 - -

Collector Output Capacitance Cob VCB=10V, I E=0, f=lMHz - - 25 pF

Output Power Po (Fig.)

VCC=12.6V, f=4 70MHz,

Pi=lW

6 - - W

Power Gain Gpe 7.7 - - dB

Collector Efficiency ?c 60 - - %
Series Equivalent Input
Impedance ZIN VCc=12.6V, f=470MHz,

P =6W

- 1.6+

J4.5
- a

Series Equivalent Output
Impedance zOUT - 6.5-J5I - a

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniii iiiiiiiiiiiiiiiniiiii 1111 111111111111111111 iiiiiiiiiiin iiiniiiiu mil mini 1111 11111111 11111 inn
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2SC2641

Fig. f=470MHz PG TEST CIRCUIT

#- §)
F°

RL=5 0Q

Ci,C 2 ,C 3 ,C4 : ~20pF

C5,C 6 : 10pF

C7 : O.OL"F

C8 : 0.02AF

C9 : 10/*F

L1,L2 : 5mm x 10mm COPPER PLATE

L3 : il SILVER PLATED COPPER WIRE, 10ID, 2T

RFC : «S0.5 ENAMEL COATED COPPER WIRE, 7ID, 10T

F.B : FERRITE BEADS

0.4 0.8 1.2

INPUT POWER Pi (W)
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2SC2642 SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =12W(Min.)

(f=470MHz, VCC=12.6V, Pi=3W)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCC=12.6V, Pi=3W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

VCEO

vEBO

Lstg

RATING

35

17

3.5

2.8

30

175

-65-175

°C

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

EIA J

TOSHIBA 2-7A1A

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Weight : 1.

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - _ 1.5 mA
Collector-Base
Breakdown Voltage v (BR)CB0 IC=2mA, I E=0 35 - - V

Collector-Emitter
Breakdwon Voltage

V (BR)CE0 Ic=10mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage V (BR)EBO lE=0.2mA, Ic=0 3.5 - - V

DC Current Gain hFE VcE=5V, Ic=1.5A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 45 PF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=3W

12 - - W

Power Gain Gpe 6 - - dB

Collector Efficiency ic 60 - - %

Series Equivalent Input
Impedance ZlN VCC=12.6V, f=470MHz,

P =12W

L.2+J4 - Q

Series Equivalent Output
Impedance z0UT — i+j . 5 - Q

TOSHIBA CORPORATION
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2SC2642

Fig. f=470MHz P TEST CIRCUIT

pi(6) #-
Rg=50Q

C2

-^nnr^-

^3
w^

-^ @ Po
RL=5 0.Q

-J
Cl,C2,C3,C4 : ~20pF

C5,C6 : 10pF

C7 : O.OIaF

C8 : 0.02/iF

C9 : IOaF

Ll,L2 : 5mm x 10mm COPPER PLATE

L3 : «5l SILVER PLATED COPPER WIRE, 10ID, 2T

RFC : (60.5 ENAMEL COATED COPPER WIRE, 7 ID, 10T

F.B : FERRITE BEADS

Po - Pi

-o?cc

IB

V CC=12.6V

f= 4 70MHz
~?o

14

J.U

b

V c

Z

»»
""

it

J60 "

INPUT POWER P-l (W)

TOSHIBA CORPORATION
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2SC2643 SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : P =25W(Min.

)

(f=470MHz, VCC=12.6V, Pi=8W)

. 100% Tested for Load Mismatch Stress at all Phase

Angles with 30:1 VSWR @ VCC=12.6V, Pi=8W, f=470MHz

MAXIMUM RATINGS (Ta=25°c)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

L stg

RATING

35

17

3.5

50

175

-65-175

UNIT

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

TOSHIBA

Weight : 1.

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 _ _ 1 mA
Collector-Base
Breakdown Voltage V (BR)CB0 IC=10mA, lg=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR)CE0 Ic=25mA, Ib=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 lE=lmA, IC=0 3.5 - - V

DC Current Gain hFE VCE=5V, IC=3A 10 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 80 PF

Output Power Po (Fig.)

VCC=12.6V, f=470MHz,

Pi=8W

25 27 - W

Power Gain Gpe 4.9 5.3 - dB

Collector Efficiency *c 60 - - %

Series Equivalent Input
Impedance

ZIN VCc=12.6V, f=470MHz,

P =25W

- 4+J3 - Q

Series Equivalent Output
Impedance ZOUT - 3+jl -

TOSHIBA C^C=S*^|C3C3i^^X.~¥~>C3INl lllMI)lllllllllllllitll)l)tllIIItilllllll)ltlJIII(IIIIIIIIMIIIUIIIIIIMIIIIItl IHIII MIIIIMIIIIIIIUIHIIIIIIIM lllllinMIIIIIMIIIIIIIMIilllllHIIMIIIIIIIIMIUIMMIMIIIMIIitlltl tlllllil

-510-



2SC2643

Fig. f=470MHz P TEST CIRCUIT

R«=50Q

C2.

-rT^-

RPC '
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rh /tt frr rh

-# © P°

RL=5 0.Q

rh 77

-o v cc

ZZ C c

C1 ,C2,C 3 ,C4 : ~20pF

C5,C6 : 10pF

C7 : O.OIaF

C8 : 0.02/iF

C9 : 10 uF

Ll,L2 : 5mm xlOmm COPPER PLATE

L3 : 61 SILVER PLATED COPPER WIRE, 10ID, 2T

RFC : «50.5 ENAMEL COATED COPPER WIRE, 7ID, 10T

F.B : FERITE BEADS

34

22

Vcc= 12.6 V

f-4=70MHz Po

V c '

-.--

4 8 12

INPUT POWER Pi (W)

70 3

III iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilllilllllliiliiiiiiiiiiiiiiliillllliliililiiiiiiiiiiiilllllllini
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2SC2650 SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING
APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATIONS.

FEATURES

:

• Excellent Switching Tims
t r=1.0ys Max. , t f=1.0ys Max. (IC=5A)

• High Collector Breakdown Voltage

MAXIMUM RATINGS (Ta=25°C)

VCEO=400V

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

(To=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

'CEO

vEBO

PC

rstg

RATING

500

400

10

100

150

-55^150

UNIT

V

1. BASE

Z COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

EIAJ

TOSHIBA 34 A 1A

ELECTRICAL CHARACTERISTICS d a=25°C)

Weight : 10. 8g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=400V, IE=0 - - 100 yA
Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA
Collector-Base
Breakdown Voltage v (BR)CB0 I c=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage v (BR) CEO Ic=10mA, IB=0 400 - - V

Emitter-Base
Breakdown Voltage V (BR)EB0 Ig=lmA, lr=0 7 - - V

DC Current Gain hFE VCE=5V, IC=5A 10 - -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=5A, IB=0.5A
- - 1.5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=5A, IB=0.5A - - 2.0 V

Switching
Time

Rise Time tr
Vcc = 200V

ZOMB IC?
Tni M Tt,, }|40il

- - 1.0

ysStorage Time t stg T INPUT -
1

J o
_ o-^l-r OUTPUT^lB2 ^b^I

- - 2.5

Fall Time tf
DUTY Ci'CLE^l#, IB1 =-IBg = 0=5A

- - 1.0

TOSHIBA CORPORATION

-512



2SC2650

SWITCHING CHARACTERISTICS

3

1

Ic/Ib = io

IB(U
:r= -lB(2)
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- DUTY^l^

*s tg
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STATIC CHARACTERISTICS
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2SC2650

J C ~ VCE ( L0W VOLTAGE REGION)
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SILICON NPN EPITAXIAL PLANAR TYPE

2 - 30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS
(50V SUPPLY VOLTAGE USE)

FEATURES_
. Specified 50V, 28MHz Characteristics

: Output Power : Po=200WpEP
: Minimum Gain : Gpe=13dB
: Efficiency : 7 C=35% (Min.)
: Intermodulation Distortion : IMD=-30dB(Max.

)

. 100% Tested for Load Mismatch Stress at All Phase
Angles with 30:1 VSWR

@ VCC=50V, Po=150WPEp, f=28MHz

MAXIMUM RATINGS (Ta=25 °C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

VCES

VCEO

VEBO

ic

PC

rs tg

RATING

85

85

55

20

300

175

-65-175

UNIT

V

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

JEDEC

TOSHIBA 2-13B1A

Weight : 5.2g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter
Breakdown Voltage

V (BR)CE0 IC=100mA, Ib=0 55 - - V

Collector-Emitter
Breakdown Voltage

V (BR)CES IC=100mA, Vbe=0 85 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=lmA, IC=0 4 - - V

DC Current Gain hFE VCE=5V, IC=10A 10 - 150

Collector Output Capacitance Cob VCB=50V, I E=0, f=lMHz - 300 - pF

Power Gain Gpe Vcc=50V, f=28MHz

2-Tone, ^f=lkHz

Iidle=100mA, Po=200VJpEP

(Fig.)

13.0 15.2 - dB

Input Power Pi - 6 10 WpEP

Collector Efficiency nc 35 - - %

Intermodulation Distortion IMD - - -30 dB

Series Equivalent Input
Impedance

ZIN VCC=50V, f=28MHz

<4f=lkHz, Po=200WPEP

- 1.15
-jl.15

- Q

Series Equivalent Output
Impedance

z0UT -
5.4

-J2.0
- Q

mm llllllllllllllllllllllllllliiiilllllllllllllllllillliiiillllillilllMlillMlllllllllllllllllllllliiilll lllllllHlllllllllllllllllllllllllllllllllliliiiiiiiiiillliliiiiiiiiiiillllllllllllllllllllllllllllll TOSHIBA CORPORATION
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2SC2652

Fig. Pi TEST CIRCUIT

Rg=50Q
i@—

^

X
inr^ -#-
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C5,C6 0.022AF RFC1

C7 47aF 10WV

C8 0.044AF
RFC2

C9 100-«F 50WV
Rl

Q 2SC2652
R2

R3

D

rh

Vcc=50V, fi=28.000MHz

f2=28.001MHz

I idle=100mA

«50. 8 ENAMEL COATED COPPER WIRE, 14 ID, 4T, 4P

(61.2 ENAMEL COATED COPPER WIRE, 14ID, 3%1 , 3P

«50.8 ENAMEL COATED COPPER WIRE, 10ID, 9T

(ferrite Core TDK K2)

«50.8 ENAMEL COATED COPPER WIRE, 14ID, 20T

10Q (1W)

20 (1/2W)

10Q(5W)

1S1555

Pn ~ P-
IMD

o 200

120
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= 50V
OmA
__—

—

-24

-32
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VCC= 50V
I idle = 100mA

INPUT POWER Pi (WPEP )

80 160 240

OUTPUT POWER P CWpEP )

TOSHIBA CORPORATION iiiiiill*ilililliHiiiltllllllliiitilllliiiililiilliilililllllHitilillliiiiiliiiUilliuiiiiiiltiitiiiiiiiiiiiMiiiiiiilliliiiiiill*lliillilliiiiiiilillllliiiill*lllliiliMililllillllllHillllllllllnllHHlitlililllltl

— 516—



SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS-

FEATURES :

. Complementary to 2SA1144.

. Small Collector Output Capacitance : C b=l . 8pF(Typ.

. High Transition Frequency : fT=200MHz(Typ.

)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25QC)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

vEBO

ic

IB

PC

Tstg

RATING

150

150

50

10

150

-55-150

UNIT

mA

mA

°C

Unit in mm

7. 9 MAX.
H ^aixQl5

1. EMITTER
2. COLLECTOR (HEAT SINK)

3. BASE

JEDEC TO-l?6
EIAJ

TOSHIBA 8 — 8 PI A

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=150V, IE=0
'- - 0.1 M

Emitter Cut-off Current ^BO VEB=5V, IC=0 - - 0.1 fiA

Collector-Emitter
Breakdown Voltage v (BR) CEO IC=lmA, Ib=0 150 - - V

DC Current Gain hpE
(Note)

VCE=5V, Ic=10mA 80 - 240

Collector-Emitter
Saturation Voltage VCE(sat) TQ=10mA, lB=lmA - - 1.0 V

Base-Emitter Voltage VfiE VCE=5V, Ic=10mA - - 0.8 V

Transition Frequency fT VCE=10V, IC=10mA - 200 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 1.8 - PF

Note: hpE Classification. 0:80-160, Y: 120-240

iiiMiiiiiiiiiiiliiiiiiiiiiiiiiiiiin iiiiiiiiiniiii iiiiiiiiiiiiiiiiiiiiiiiiiin iiiiiiiiiiiiiiiiiiiiiiinii lilllllliiiiiiiiiiiiiiiiiiiiilllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii TOSHIBA CORPORATION
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2SC2704
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2SC2704

Pc Ta

±6
0- Tc = Tf\

10
a- INFINITE HEAT SINK

<5T NO HEAT SINK

8

6

4

2 «'

1

20 40 60 80 100 ISO 140 160

AMBIENT TEMPERATURE Ta (°C)
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2SC2706 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SA1146.

. Recommended for 70W audio frequency amplifier

output stage.

. High transition frequency : fT=90MHz (Typ.

)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

SYMBOL

vCBO

vCEO

VEBO

ic

IB

RATING

140

140

10

UNIT

V

Unit in mm

J.
5, 9 MAX.. .

a2±CL2

oo
+ 1

5.45x0.2

1. BASE
2. COLLECTOR CHEAT SINK)

3. EMITTER

Collector Power Dissipation
(Tc=25QC)

100

Junction Temperature 150 TOSHIBA 2-16B1A

Storage Temperature Range -stg -55-150 Weight : 4.1

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current TCBO VCB=140V, I E=0
- - 50 /iA

Emitter Cut-off Current IEB0 VEB= 5V >
IC=°

- - 50 /jlA

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=50mA, IB=0 140 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=1A 55 - 240

hFE(2) VCE=5V, I C=5A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=5A, IB=0.5A
- - 2.0 V

Base-Emitter Voltage VBE VCE=5V >
IC=5A - - 2.5 V

Transition Frequency f T VCE=10V, IC=1A
- 90 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 130 - pF

Note: hFE Classification. R: 55-110, 0:80-160, Y:120~240

TOSHIBA CORPORATION t<JHiliJjJiiiiSltJJiiiiiiiittillt»liiii tlMiiilllliiillltiiiiitillllllllliiiillliiittltiiillillltilifriiliiiiiiittlllUliltlMlltillilllllllltlllillillilitttUtllillilllllliillMlllllttitaillllllliliillltllllilililllllll
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2SC2706
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2SC2706
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SILICON NPN EPITAXIAL PLANAR TYPE

VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES :

. Output Power : Po=80W (Min.)

( f=175MHz, VCC=12.5V, Pi=18W )

100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ VCC=12.5V, Po=80W, f=175MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25 °C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

[ stg

RATING

36

16

20

220

175

-65-175

UNIT

°C

Unit in mm

ia4±Q5

1. EMITTER
2. EMITTER
3. BASE

4. EMITTER
5. EMITTER
S COLLECTOR

JEDEC

TOSHIBA 2—13C1A

Weight 5.5g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Base Breakdown

Voltage
v (BR)CB0 I c=20mA, Ie=0 36 - - V

Collector-Emitter Breakdown
Voltage

V (BR) CEO Ic=50mA, Ib=0 16 - - V

Emitter-Base Breakdown
Voltage

v (BR)EB0 IE= 1mA, IC=0 4 - - V

DC Current Gain hFE VCE=5V, IC=10A 10 - -

Collector Output Capacitance Cob VCB=12.5V, lE=0, f=lMHz - - 320 PF

Output Power Po (Fig.)

VCC=12.5V, f=175MHz

Pi=18W

80 90 - W

Power Gain Gpe 6.4 6.8 - dB

Collector Efficiency *c 60 70 - %

Series Equivalent Input
Impedance Zin VCC=12.5V, f=175MHz

Po=80W

- 1.0

+J1.5
- Q

Series Equivalent Output

Impedance
z0UT

1.2

+il8
- Q

iiiiiiiiiiiiiiiiiiiiiiiMiiiiiMiiiiiMiiiiMtiiiiiiiiifiiiiiitiiiiiiiiitiiiitiifiiiiiiMiiiiiiiiiiiiittiiiittiitiittiiiiitiiiiiiitiiitiuitiiiiitiittiiiiiitiiiiitiiitiiiiiiiiiiiitiiiiiiiiiiiitiititiitiiiHiiniiiiiiiiti *T~^39^I-«I^3^CX. CORPORATION
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2SC2782

Fig. Po TEST CIRCUIT

Ci Li
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6
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-20pF

156pF (39pFx4) CERAMIC CONDENSER

132pF (33pF x 4) CERAMIC CONDENSER

O.OIaF CERAMIC CONDENSER

10 «F

61. 5mm SILVER PLATED COPPER WIRE, 10 ID, IT

«Sl.5nm SILVER PLATED COPPER WIRE, 10 ID, 2T

«*lmm ENAMEL COATED COPPER WIRE, 6 ID, 10T

FERRITE BEAD

RL= 5 °n

P
. 7c - Pi Po - f

12 16
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100

Vcc = 12.5V

Tc = 2 5°C

Pi = 18W

80
15
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40
160 170
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SILICON NPN EPITAXIAL PLANAR TYPE

Unit in mm
VHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power : Po=40W(Min.)

(f=470MHz, VCC=12.5V, Pi=13W)

. 100% Tested for Load Mismatch Stress at All Phase

Angles with 30:1 VSWR @ Vcc=12.5V, Pi=13W, f=470MHz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

VCEO

VEBO

IC

PC

Tstg

RATING

36

16

150

175

-65 -175

UNIT

°C

18.4±0.5

1. EMITTER
2. EMITTER
3. BASE

4. EMITTER
5. EMITTER
6 COLLECTOR

TOSHIBA 2-13C1A

Weight : 5.5g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 6 mA

Collector-Base
Breakdown Voltage V(BR)CB0 IC=10mA, Ie=0 36 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=50mA, Ib=0 16 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=lmA, lc=0 4 - - V

DC Current Gain hFE VCE=5V, IC=5A 10 - 150

Collector Output Capacitance Cob Vcb=12.5V, IE=0, f=lMHz - 110 150 pF

Output Power Po (Fig.)

Vcc=12.5V, f=470MHz,

Pi=13W

40 45 - W

Power Gain Gpe 4.88 5.4 - dB

Collector Efficiency Vc 60 65 - %

Series Equivalent Input
Impedance

ZIN VCC=12.5V, f=470MHz,

Po=40W

3+J3.2 - a

Series Equivalent Output
Impedance

ZOUT
1.7+

J4.7
-

Ilttllllllllllllltllltllllllttl11lllll«tllllllllllllltltllllllltllllifllllllllttlt»llllllllllltlillltl(lllllllllllllfllfltllllltllllltlttlllllllllltltllllllllllllllliiililiiiitllltllfllllilllllllltllltl«ttlltllllllflltlt ~Vn^Z9^^S-^B^^K.^^. CORPORATION
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2SC2783

Fig. f=4 70MHz PD TEST CIRCUIT

Rg=50Q Rl= 5 0Q

Ci~ C4 :~20pF Li : 6l SILVER PLATED COPPER WIRE, 6ID, 3T

C5 : lOOOpF RFC : <t>l ENAMEL COATED COPPER WIRE, 6ID, 10T

C6 : IOaF zi : 4mm x 40mm MICROSTRIP

C7 : O.lAF Z2 : 6mm x 23mm MICROSTRIP

F.B : FERRITE BEADS Z3 : 6mm x 23mm MICROSTRIP

Z4 : 4mm x 30mm MICROSTRIP

BOARD : 1.6mm TEFLONGLASS e
R=2.5

Po. J7c - Pi

VCC= 12.5 V

- f = 4?0MHz
Po^

*c

"""*
*N

12 16

INPUT POWER Pt (Wl
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SILICON NPN TRIPLE DIFFUSED TYPE 2SC2790

SWITCHING REGULATOR AND HIGH VOLTAGE

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES:

. Excellent Switching Times

: tr=1.0/is Max. , tf=1.0;us Max. at IC=0.5A

. High Collector Breakdown Voltage : VcE0=800V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector - Base Voltage

Collector - Emitter Voltage

Emitter - Base Voltage

Collector Current

Base Current
Collector Power Dissipation

(Tc=25QQ
Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

T-i

Tstg

RATING

850

800

80

150

-55-150

UNIT

02&OMAX

1. BASE
2. EMITTER

COLLECT OR( HEAT SINK)

JEDEC T0-204MA/ TO-3

E IA J TC—3, TB-3

TOSHIBA 2-21E1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : I6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TIP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, l£=0 - - 100 /j,A

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 Ic=lmA, IE=0 850 - - V

Collector-Emitter Breakdown
• Voltage

V (BR) CEO IC=10mA, Ib=0 800 - - V

DC Current Gain hpE(Note) VCE=5V, IC=0.5A 17 - -

Collector-Emitter Saturatior

Voltage
vCE(sat)
(Note)

IC=0.5A, Ib=0.05A - - 1.0 V

Base-Emitter Saturation
Voltage

vBE(sat)
(Note)

IC=0.5A, Ib=0.05A - - 1.5 V

Switching
Time

Rise Time tr
20m VCC=400V

\AlB2 im *}^-o
o-^S—r OUTPUT

INPUT ^ S

2IB1 = - IB2 = Q1A ^
DUTY CYCLER 1%

- - 1.0

flSStorage Time "t stg
- - 4.0

Fall Time tf - - 1.0

Note : Pulse Test : Pulse -Widths 300fis , Duty Cycle

lllllllliaillflltllllllllllllllllillltlllllitlllfltllllllllltllltllllltlllllttlltlllltlltlllllllllllllllllitlltllltltlllllllllltlllilllilllllililtiitlllllilltlllllllllllllllllfllflllllltlllllllllllilllllUllllllllllllllI ~V~V:3^3B—aBi^S^^. CORPORATION
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2SC2790

2.0

ic - VBE

COMMON EMITTER

VCE = E>V I

/ j
1

,

/
j-.b

o
OJ

J jpf-

1.2

/ "J
' <0 i

ii

' ^1

n
a 4 0.8 1.2 1.6 2.0 2.4

BASE - EMITTER VOLTAGE VBE (V)

in

SAFE 013ERjit in a AREA

—
i

i i inn 1-+- j^ 'III

- I C MAX (PULSED);* -% -

1

1 1 [Mill \*
I c MAX • (DC)

\ *
1

\ \ \ N

--L\ \ \.°^^T ::

l&&s>^ s
;
x

„

- iw^VcA.°'
>*SV

1 xrx
ai

% SINGLE N0NREPETITD7

;
PULSE Tc = 25°C

•CURVES MUST BE DERATE

-LINEARLY WITH INCREAS

E ^

0.05
E

0.0 2 i i i I J-LI ii i i

2 5 10 30 50 100 300 500 1000

COLLECTOR- EMITTER VOLTAGE VCE (V)

SWITCHING CHARACTERISTICS

I =10I B1 = -5IBg
PULSE WIDTH=20,usec

DUTY CYCLER 1%
Tc = 25°C

5

1

t s tg

—
t r

tf

1

a25 0.50 0.75 1.00 1.25

COLLECTOR CURRENT I c (A)

TOSHIBA ^S^3R^^3l4^Bk.~riC^«XI iiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiitllllllllMiiliilllllllllllllllllllllllllillHllltllllllllltlllllllllllllllllltllllllllllllllllllllllllllltlilllllltilliillllllllllllililllllllllllllllllltlllilltlllllllllllllll

— 530

—



SILICON NPN TRIPLE DIFFUSED TYPE 2SC2791

HIGH SPEED AND HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATIONS.

FEATURES

:

. Excellent Switching Times

: t r=1.0AS (Max.), t f=1.0AS (Max. ) (Ic=3A)

. High Collector Breakdown Voltage : Vceo=8°0v

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 900 V

Collector-Emitter Voltage VcEO 800 V

Emitter-Base Voltage Vebo 7 V

Collector Current ic 5 A

Base Current IB 3 A

Collector Power Dissipation
(Tc=25°C)

PC 100 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

ZteSOMAX
,

1. BASE
2. EMITTER

COLLECTOR C CASE)

JEDEC T0-204MA/T0-3

TC—3 . TB—

3

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)

MOUNTING KIT No. AC100
Weight : 16g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, l£=0 - - 100 yA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 Ic=lmA, Ie=0 900 - - V

Collector-Emitter Breakdown
Voltage

v (BR)CE0 IC=10mA, Ib=0 800 - - V

DC Current Gain hFE(l) VcE=5V, Ic=10mA (Note) 10 - -

hFE(2) VCE=5V, IC=3A (Note) 10 - -

Collector-Emitter Saturation
Voltage

vCE(sat) IC=3A, Ib=0.6A (Note) - - 1.0 V

Base-Emitter Saturation
Voltage VBE(sat) IC=3A, IB=0.6A (Note) - - 1.5 V

Switching Time

Rise Time t r
20^us VCC = 400V

ic|
- - 1.0

usStorage Time tstg 1 NPUT I^V - - 3.5

Fall Time tf i Bi=a
DUTY C

3A,

I

B2=—0.8A

YCLL<1%
- - 1.0

Note : Pulse Test : Pulse Width ^300,aS, Duty Cycle ^2%

TOSHIBA CORPORATION

-531



2SC2791

VCE

COMMON EMITTER

Tc = 2 5°C

1000 900 800 700

* "^ « r- Z. •
.- ' _ - • _. • 600

500
400

300
% -- •" -- zz -

mm '

100

IB=5 0mA

2 4 6 8 10 12

COLLECTOR-EMITTER VOLTAOE VCE (v)

00|

hFE - I C

COMMON EMITTER
T

5U
Tc=100°C

UiU

30
25.

-v
=*10

"30

npW
5!:::

.,

0.03 0.05 0.1 0.3 0.5 1 3 5

COLLECTOR CURRENT I c (A)
10

« O
H <!
En Eh
H hH
H O
S >
I »
« O
O M
Eh Eh

§ £j

1-3 Eh
O <!
O Kl

vCE(sat )
— ic

. COMMON EMITTER

:
Ic/IB= 5

/
- 0.5

>/(^
/ 1

d U ^
JJ[ |

o
> Ql . rc=--5 2>°c

aos \
V10 °

ao3 L-J
5

J.L

0.01 0.030.05 0.1 Q3 0.5 10
COLLECTOR CURRENT (A)

<!

CQ Eh
<J <
PQ Kl

5
VBE(sat )

— I c

COMMON EMITTER

I C/IB=5

1
T c = -

II

55
III

°C
%li

0.5

n -5

IC
L_ i_j_

0.01 0.03 0.05 Ql 0.3 Q5
COLLECTOR CURRENT

1 3

ic fA )

10

VfiE - ic

. COMMON EMITTER

VCE-5V

i
1

/ / /

b f t
7~

. /

1
.O /

/

//

o
1 1 '

/• 6v J

/
y

1 / A

1 J
U

(

J f

) 0.2 Q4 Q6 0.8 1.0 1.2 1.4 1.6

BASE—EMITTER VOLTAQE VBE Cv)

SWITCHING CHARACTERISTICS
10 p=|

tstp
5

3

1

I C= 10 IB i ,

Ibi-- Ib2 = 3: 8

PULSE WIDTH=20Asec
DUTY CYCLE <. 1%
Tc-2 5°C

•

0.5 \,
v' s.
v

,
N
sU3 v ^s -» t r

f
_

^ ^ t

n n

Q4 Q8 1.2 1.6 2.0 2.4 2.8

COLLECTOR CURRENT I c (A)

SAFE OPERATING AREA

3.2

2 5 10 30 50 100 300 500 1000

COLLECTOR—EMITTER VOLTAOE VCE (V)

TOSHIBA CORPORATION ttiit iiii iiiii! till iiitttiiit iitti »ii i iiti iiiitiiiiiiiiii• 1 1 1 itti• i« itti 1 1 iiiiiiittiiiii • i tiiii 1 1 iiiitii if i iti i tiiit in i ill 1 1 if • iti i til it ill 1 1 •mil f utiiftfff ftfiitrrnrrftf if (f rr<f f (iftttftftttif i

532



SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE.

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times (IC=0.5A)

tr=1.0AS Max. tf-lO./ts Max.

. High Collector Breakdown Voltage : VcEO=800v

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature

SYMBOL

VcBO

vCEO

VEBO

ic

IB

L stg

RATING

850

800

80

150

-55-150

ELECTRICAL CHARACTERISTICS (Ta=25°)

UNIT

V

INDUSTRIAL APPLICATIONS
Unit in mm

159MAX 03.2 ±0.2

545±0.2 5.452:0.2

00

C5C5
+

1

3
00 CO

i

- Pi
1 .1

"

1. BASE

2. COLLECTOR CHEAT SINK)

a EMITTER

JEDEC

TOSHIBA 2-16B 1A

Weight : 4.6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cutoff Current ICBO VCB=800V, Ie=0 - - 100 MA

Emitter Cutoff Current lEBO VEB=7V, IC=0
- - 1 mA

Collector-Base Breakdown
Voltage ^(BR)CBO IC=lmA, IE=0 850 - - V

Collector-Emitter Breakdown
Voltage

v
( BR) CEO IC=10mA, lp=0 800 - - V

D C Current Gain (Note) hFE VCE=5V, IC=0.5A 10 - -

Collector-Emitter Saturation
Voltage (Note)

vCE(sat) IC=^.5A, Ib=0.05A - - 1.0 V

Base-Emitter Saturation
Voltage (Note) ^BE(sat) IC=0.5A, Ib=0.05A - - 1.5 V

Switching Time

Rise Time tr 2 0AS VCC=400V

iBlfl Ic.g

Item ia 5^
o "ST K OUTPUT

INPUT iK S
,

2IB1=-IB3= aiA +
DUTY CYCLE <Ll%

- - 1.0

MSStorage Time tstg
- - 4.0

Fall Time tf - -' 1.0

Note ; Pulse Test : Pulse Width ^300ys, Duty Cycle ^2%
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2SC2792
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH SPEED AND HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATIONS.

FEATURES

:

. Excellent Switching Times
: tr=1.0/is (Max.), tf=1.0 >us (Max.) (Ic=3A)

. High Collector Breakdown Voltage : Vcgo= 800V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATION
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

vEBO

IC

ICM

IB

L stg

RATING

900

800

100

150

-55-150

UNIT

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEG

EIAJ

TOSHIBA 2-34A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight 10. 8g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, IE=0
- - 100 aA

Emitter Cut-off Current lEBO VEB=7V, IC=0
'- - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 Ic=lmA, l£=0 900 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, Ib=0 800 - - V

DC Current Gain
hFE(l) VCE=5V, Ic=10mA (Note) 10 - -

-

hFE(2) VCE=5V, IC=3A (Note) 10 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.6A (Note) - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=3A, IB=0.6A (Note) - - 1.5 V

Switching Time

Rise Time tr
20,us Vcn = 400V

kl IB2 XB1 Jf °

- - 1.0

/ISStorage Time tstg
- - 3.51NPUT° TJ^UJ-

I C = 3A TB2 H[
ib1 =o.3.a, iB2=-a8A
DUTY CYCLER I %'Fall Time tf

- - 1.0

Note: Pulse Test : Pulse Width ^300as , Duty Cycle<2%
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2SC2793
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2824

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES:

• Complementary to 2SA1184.

• Suitable for driver of 60 to 80 watts

audio amplifier.

• High breakdown voltage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VCBO

VCEO

VEBO

ic

RATING

120

120

UNIT

Unit in mm

7. 9 MAX.

' 03.1 ±0.15

1. EMITTER
2. COLLECTOR (HEAT SINK)
Z. BASE

Base Current 100 mA JEDEC TO-126

Collector Power
Dissipation

Ta=25°C EIAJ

Tc=25°C 15 TOSHIBA 2-8F1A

Junction Temperature Ti 150 °C

Storage Temperature Range : stg -55-150 °C

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=120V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

V(BR)CE0 IC=10mA, IB=0 120 - - V

Emitter-Base
Breakdown Voltage

V(BR)EB0 IE=lmA, IC=0 5 - - V

DC Current Gain nFE
(Note)

VCE=5V, IC=100mA 80 - 240

Collector-Emitter
Saturation Voltage VcE(sat) Ic=500mA, lB=50mA - 0.30 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=500mA - 0.78 1.0 V

Transition Frequency- fT VcE=5V, Ic=100mA - 120 - MHz

Collector Output Capacitance Cob Vcb=10V, l£=0, f=lMHz - 15 - pF

Note: hFE Classification 0:80-160 Y: 120-240

IIMilKM IMIIMIIII ItM tMIIIIIMtlllf IIIIIIILII I MIIIMIIIIIIMMI I llllllllll I II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 tl 1 1 1 i 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1M i 1M 1 1 1 1M 1 1 1 1 1 1 1 1 1 1 f t i 1 1 1 1 1 (M 1 1 1 i 1 1 1 > 1 1 1 1 1 1 1 1 1 1 1 1 1
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2SC2824
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2SC2824
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2SC2877 SILICON NPN EPITAXIAL PLANAR TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER

LOW SPEED SWITCHING

FEATURES

:

. Suitable for output stage of 5 watts car radio and

car stereo.

. Good linearity of hpg.

. Complementary to 2SA1217.

Unit in mm

7.9 MAX.

03.1+0.15

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

SYMBOL

VCBO

vCE0

VEBO

IC

IB

RATING

40

40

UNIT

^

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC T 0-1 2 6

Collector Power Dissipation
(Tc=25°C) PC 10

TOSHIBA 2-8 F 1

A

Junction Temperature 150

Storage Temperature Range Lstg -55-150

The inside metal of dotted

line is connected to

collector lead- Weight 0.72 g

ELECTRICAL CHARACTERISTICS (Ta=25 c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cutoff Current ICBO VCB=40V, IE=0 - - 100 nA

Emitter Cutoff Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, IB=0 40 - - V

DC Current Gain

hFE(l)
(Note)

VCE=2V, IC=0.5A 80 - 240

hFE(2) VCE=2V, IC=2.5A 25 - -

Collector Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=0.2A - - 0.8 V

Base-Emitter Voltage VBE VCE=2V, IC=0.5A - - 1.0 V

Transition Frequency fT VCE=2V, IC=0.5A - 100 - MHz

Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 35 - pF

Note: hEE Classification 80-160 120-240

TOSHIBA CORPORATION liiiiiniiiiii I iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii iHlllliiliiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilllllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
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2SC2877
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2SC2879 SILICON NPN EPITAXIAL PLANAR TYPE

2 ~ 30MHz SSB LINEAR POWER AMPLIFIER APPLICATIONS.

(LOW SUPPLY VOLTAGE USE)

FEATURES

:

. Specified 12.5V, 28MHz Characteristics
Output Power : Po=100WpEP
Minimum Gain : Gpe=10dB
Efficiency : ^ c=35%(Min.)

Intermodulation Distortion
(MIL Standard)

MAXIMUM RATINGS (Ta=25°C)

IMD=-24dB(Max.)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

SYMBOL

'CBO

VCES

vCEO

vEBO

ic

RATING

45

45

25

250

175

UNIT

Unit in mm

(s) Ci)

012.7±Q5

en

C3

-H
m

5 i
-H S

1"

1
11—

-

LL ; | ; il

T
ia4±ai5

1. EMITTER
2. BASE
a EMITTER
4. COLLECTOR

JEDEC

TOSHIBA 2-13B1A
Storage Temperature Range L stg -65-175 Weight 5.2°

ELECTRICAL CHARACTERISTICS (ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter
Breakdown Voltage

V (BR)CEO I c=100mA, I B=0 18 - - V

Collector-Emitter
Breakdown Voltage

V (BR)CES IC=100mA, VBE=0 45 - - V

Emitter-Base

Breakdown Voltage
v (BR)EBO IE=lmA, Ic=0 4 - - V

DC Current Gain hFE VCE=5V, IC=10A 10 - 150

Collector Output Capacitance Cob VCB=12.5V, Ie=0, f=lMHz - 700 - PF

Power Gain Gpe VCC=12.5V, f= 28MHz

2-Tone, ^f=lkHz

Iidle=100mA, Po=100WpEp

(Fig.)

13.0 15.2 - dB

Input Power Pi - 6 10 WpEP

Collector Efficiency 7 c 35 _ _ %

Intermodulation Distortion IMD - - -24 dB

Series Equivalent Input
Impedance ZIN

VCC=12.5V, f=28MHz

Jf=lkKz, Po-100WpEp

- 1.45
-jO.95

- a

Series Equivalent Output
Impedance ZOUT - 1.45

-11.0
- n
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2SC2879

Fig. Pi TEST CIRCUIT
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C8 0.044/^F
RFC 2

c 9 100AF 50WV
Rl

Q 2SC2879
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R3

D

«40.8 ENAMEL COATED COPPER WIRE, 14ID, 4T, 4P

«51.2 ENAMEL COATED COPPER WIRE, 14ID, 3l/2T , 3P

<60.8 ENAMEL COATED COPPER WIRE, 10ID, 9T
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140
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60 80 100
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2SC2913 SILICON NPN TRIPLE DIFFUSED TYPE

INDUSTRIAL APPLICATIONS
SWITCHING REGULATOR AND HIGH VC)LTAGE

^ICATION.

at Ic=4A

VCEO=400V

Unit in mm
SWITCHING APPLICATIONS.
HIGH SPEED DC-DC CONVERTER APP jzfiaatai

><

FEATURES

:

<
m

+U.1Z
0141) -0.10

><
<
s

<

as

. Excellent Switching Times

: t r=1.0/is(Max.), tf=l. 0/*s (Max. )

~

u

9-fi.o±ao5
||

. High Collector Breakdown Voltage :

24.38±0.05 +1
O

MAXIMUM RATINGS (Ta=25°C)

^
I4.7±G5

C)

CHARACTERISTIC SYMBOL RATING UNIT
3 .@_jCollector-Base Voltage VcBO 500 V

'J

i%
iri

,

t-

Collector-Emitter Voltage vCF,0 400 V
H^

H

Emitter-Base Voltage vEBO 7 V 32MAX-

Collector Current ic 7 A

E)

Base Current
Ifi 2 A 2. EMITTER

COLLECTOR (GASCollector Power Dissipation
(Tc=25°C)

pc 40 W
J ED EC -

Junction Temperature T
J

150 OC
EIAJ —

Storage Temperature Range Tstg -65-150 °C TOSHIBA 2— 14A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Mounting

Weight
kit No. AC7'

: 7.6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=400V, IE=0 - - 100 fik

Emitter Cut-off Current IEB0 VEB=7V, I c
=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 I c=lmA, I E=0 500 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=10mA, I B=0 400 - - V

DC Current Cain hFE
VCE«5V, IC=3A 12 - -

VCE=5V, IC=7A 8 - -

Collector-Emitter
Saturation Voltage

VCE(sa t )

I
C
=7A, IB=1.4A - - 1.0 V

Base-Emitter
Saturation Voltage

V
BE(sat)

I C=7A, I B=1.4A - - 2.0 V

Switching Time

Rise Time tr
Z)M8
r-i input IB l .

Bf
\a$ ^

lBl = -lB2 = a4A
DUTY CYCLE < 1 %

OUTPUT - - 1.0

/!S1;
a
.o
in

1
Storage Time tstg - - 2.5

Fall Time L f
- - 1.0

TOSHIBA CORPORATION
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2SC2913

STATIC CHARACTERISTICS hpE _ I C
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2SC2913
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE
SWITCHING APPLICATIONS.
HIGH SPEED DC-DC CONVERTER APPLICATIONS

FEATURES

:

. Excellent Switching Times

: tr=1.0/*s(Max.), tf=l. 0/*s(Max. ) at IC=7A

. High Collector Breakdown Voltage : VCEO=400V

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

VCEO

'EBO

ic

IB

L stg

RATING

500

400

10

120

150

-65-150

UNIT

°C

INDUSTRIAL APPLICATIONS
Unit in mm

025.0 MAX-

1. BASE

2. EMITTER

COLECTOR (CASE")

JEDEC TO-204MA/TO-3
TC — 3 , TB—

3

TOSH IBA 2-21E1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Mounting

Weight
kit No. AC7:

: 15. 3g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=400V, IE=0 - - 100 fiA

Emitter Cut-off Current IEB0 VEB=7V, IC=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR) CBO Ic=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO I C=10mA, IB=0 400 - - V

DC Current Gain hFE
VcE=5V, Ic=5A 12 - -

VCE=5V, Ic=10A 8 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=10A, IB=2A - - 1.0 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=10A, IB=2A - - 2.0 V

Switching Time

Rise Time tr 20 /is j

XB1= -IB 2 = C,7A

DUTY CYCLE< 1 <f>

OUTPUT - - 1.0

flS

20
i

ov

Storage Time fcstg - - 2.5

Fall Time tf - - 1.0

iiiMiiiiiiiilllllilliiliiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiii minim iiiilllliiiiiiiiilllllllllillllllllllllllliiiillllllllllllliiiiilll TOSHIBA CORPORATION
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2SC2914

STATIC CHARACTERISTICS h PE - IC
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2SC2914
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

Unit in mm

FEATURES

:

. High Transition Frequency

. Complementary to 2SA1225

MAXIMUM RATINGS (Ta=25 C)

fT=100MHz (Typ.)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

SYMBOL

VCBO

VCEO

VEBO

ic

IB

Tj

RATING

160

160

1.5

0.3

1.0

15

150

UNIT

/T? Si
'

i 1 .
—..

1. BASE
2. COLLECTOR (PIN)

3. EMITTER

Storage Temperature Range L stg -55-150 TOSHIBA

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=160V, IE=0
- - 1.0 AA

Emitter Cut-off Current lEBO VEB=5V, Ic=0
- - 1.0 fiA

Breakdown
Voltage

Collector-Emitter v (BR) CEO IC=10mA, Ib=0 160 - -
V

Emitter-Base V(BR)EB0 IE=lmA, lc=0 5 - -

DC Current Gain hFE
(Note)

VcE=5V, Ic=100mA 70 - 240

Qollector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, lB=50mA - - 1.5 V

Base-Emitter Voltage VBE VCE=5V, Ic=500mA - - 1.0 V

Transition Frequency f T VCE=10V, Ic=100mA - 100 - MHz

Collector Output Capacitance Cob VcB=10V, IE=0, f=lMHz - 25 - PF

Note: hEE Classification : 70-140 Y : 120-240
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SILICON NPN EPITAXIAL PLANAR TYPE

UHF BAND POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Output Power

: P =3W (Min.) (f=470MHz, VcC=12.6V, Pi=0.4W)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

SYMBOL

VCBO

VCEO

VEBO

ic

PC

RATING

35

17

3.5

10

175

UNIT

Unit in mm

1. EMITTER
2. BASE
3. EMITTER
4. COLLECTOR

EIAJ

Storage Temperature Range stg -65-175 TOSHIBA

Weight : 1 . 9g

ELECTRICAL CHARACTERISTICS (Tc =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CBO Ic=2mA, IE=0 35 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=5mA, IB=0 17 - - V

Emitter-Base
Breakdown Voltage

v (BR)EBO IE=0.1mA, lc=0 3.5 - - V

DC Current Gain hFE VCE=5V, I C=0.5A 10 - - -

Collector Output Capacitance Cob VCB=10V, I E=0, f=lMHz - 10 - pF

Output Power Po VCC=12.6V, f=470MHz,

Pi=0.4W

(Fig.)

3 - - W

Power Gain Gpe 8.7 - - dB

Collector Efficiency Vc 50 - - %

TOSHIBA CORPORATION If II tllll lllttllll Ittltllll I lllllllll Mill••••111•• l(lltillllll>ltllltllttll till I »l Itlllllllllll illll! ttlilltltltllll llltlittl tl lit lltlllttllf 1 1 llltllll I lllltitltlltll I II Ittltltt Itll II 111 llltllll It
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2SC3006

Fig. f=470MHz P TEST CIRCUIT
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HIGH CURRENT SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

INDUSTRIAL APPLICATIONS

Unit in mm

FEATURES

:

. Low Collector Saturation Voltage

: VCE(sat)=0.5V(Max.) at I C=1A

. High Speed Switching Time : t s tg=l - O^ts (Typ . )

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 50 V

Collector-Emitter Voltage VCEO 50 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 2 A

Base Current IB 0.2 A

Collector Power Dissipation PC 800 mW

Junction Temperature T
J

.150 °C

Storage Temperature Range Tstg -55-150 °c

09.3 9 MAX.

1. EMITTER
2. BASE
3. COLLECTOR ( CASE )

JEDEC TO-39

TC-5, TB-5B

TOSHIBA 2-8B1A

ELECTRICAL CHARACTERISTICS (Ta =25°C)
Weight : 1.1 3g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, Ie=0 - - 1.0 lik

Emitter Cut-off Current lEBO VEB=5V, I C=0
- - 1.0 fik

Collector-Emitter
Breakdown Voltage

V (BR) CEO IG=10mA, Ib=0 50 - - V

DC Current Gain hFE(l) VCE=2V, IC=0.5A 70 - 240

hFE(2) VCE=2V, IC =1.5A 40 - -

Saturation
Voltage

Base-Emitter VcE(sat) IC=1A, Ib=0.05A - - 0.5
V

Collector-Emitter VBE(sat) IC=1A, Ib=0.05A - - 1.2

Transition Frequency fT VCE=2V, IC=0.5A
- 100 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 30 - pF

Switching Time

Turn-on Time ton 20/13 Trin OUTPUT - 0.1 -

flSFall Time tstg
l/IlB2 lB2^_ k

I B1 =-IB2=G05A
VCC --30V

DUTY CYCLE^1%

- 1.0 -

Storage Time tf
- 0.1 -

Toshiba c=s^^F9^^^^^^^x.~a~Bc^a^a tiiiiitiiiiiiiiiiiiiitiiiiiiiiitiiiiiiiitiiiiiitiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiitiiiiiiiiiiiiiiiiMiiiiitiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiitiiiniitiiiiiii
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2SC3007
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING

APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times
: tr=1.0/is(Max.), tf=1.5/*s(Max. ) at Ic=0.5A

. High Collector Breakdown Voltage : Vceo=400V

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcEO

VEBO

ic

ICP

IB

L stg

RATING

500

400

0.8

1.5

0.5

1.0

10

150

-55-150

UNIT

,

7.9 MAX.

2.3 2.3

|
I r

1

'

1 2 $
f

1. EMITTER
2. COLLECTOR (HEAT S
3. BASE

INK)

T0-12f

TOSHIBA 2-8P1A

Mounting Kit No. AC46C
Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, IE=0 - - 100 M
Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 100 vA

Collector-Base
Breakdown Voltage V(BR)CB0 IC=lmA, Ie=0 500 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=0.1A 20 - 100

VCE=5V, IC=0.5A 10 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=0.1A, IB=0.01A - - 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=0.1A, Ib=0.01A - - 1.0 V

Switching Time

Rise Time tr 2 °"e INPUT IB1 0UTPUJ - - 1.0

/*sl£lB2 *B2jL.
'

c

a
o
oStorage Time tstg - - 2.5

Fall Time tf
lBl=-lB2=Q05A VCC=2(

DUTY CYCLE ^1%
DOV

- - 1.5
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain: hFE=140~450(VCE= 2V, Ic=0.5A)
hFE=70(Min.) (VCE=2V, IC=4A)

. Low Collector Saturation Voltage
: VcE(sat)=1.0V(Max.) Uc=4A, IB=0.1A)

. High Power Dissipation
: Pc=10W (Tc=25°C), Pc=1.0W (Ta=25°C)

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 50 V

Collector-Emitter Voltage VCES 40
V

VCEO 20

Emitter-Base Voltage VEBO 8 V

Collector
Current

DC ic 5 A

Pulsed (Note 1) Icp 8 A

Base Current IB 0.5 A

Collector Power
Dissipation

Ta=25°C
PC

1.0
W

Tc=25°C 10

Junction Temperautre T
j

150 °C

Storage Temperature Range Tstg -55- 150 °c

&8MAX.,

fia±ftg^l

"
i

—

a6±Q15
cnrti

2.3.

0.6 MAX.
i—

—

a6MAX.

I 1

H
I
km qjd njni

I 1 2 3l ..

1. BASE
2. COLLECTOR (FIN)

3 EMITTER

JEDEC

TOSHIBA

Weight : 0.36g
Note 1 : Pulse Test:Pulse width

=10ms(Max.

)

Duty cycle=30%(Max.

)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=40V, IE=0 - - 100 nA

Emitter Cut-off Current IEBO VEB=8V, I C
=0 - - 100 nA

Collector-Emitter
Breakdown Voltage VCEO I c=10mA, Ib=0 20 - - V

Emitter-Base
Breakdown Voltage VEBO IE=lmA, IC=0 8 - - V

DC Current Gain

hFE(l)
(Note 2)

VCE=2V, IC=0.5A 140 - 450

hFE(2) VCE=2V, IC=4A 70 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, IB=0.1A - - 1.0 V

Base-Emitter Voltage VBE VCE=2V, IC=4A - - 1.5 V

Transition Frequency fT VCE=2V, IC=0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 40 - pF

Note 2 : hFE(l) Clasif ication A : 140-240, B : 200-330, C : 300-450

TOSHIBA ^S^3F9^»^3R^tk.~n^3l^ lIllllllllHlllllltllllllllllllllllllltllllllllltllllllllllllHIIHllllllHllllllllllllllllllllliliilllllllllllllHIIIllllllllllllllllllllllHliiliillilllllllllHllllltllllllllllllllllilillllllllllMliilttHlllllltllHH
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2SC3073 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

CAR RADIO, CAR STEREO OUTPUT STAGE AMPLIFIER

APPLICATIONS.

FEATURES

:

. Good Linearity of hpE

. Complementary to 2SA1243

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 30 V

Collector-Emitter Voltage vCEO 30 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 3 A

Base Current IB 0.6 A

Collector Power
Dissipation

Ta=25°C
PC

1.0
W

Tc=25°C 10

Junction Temperature Tj 150 °c

Storage Temperature Range Tstg -55 -150 °c

S8MAX.Q
a 95 MAX.

Q6±Q15

n
i'rJI

2.3

-H-

0.6 MAX.

i r ^

u 2 rsl

1. BASE
2. COLLECTOR (PIN)

3. EMITTER

EIAJ

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 0.36g

Note: hpE (i) Classification : 70-140, Y : 120-240

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=20V, IE=0 - - 1.0 fik

Emitter Cut-off Current lEBO VEB=5V, I C=0 - - 1.0 M
Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 30 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=lmA, IC=0 5 - - V

DC Current Gain
hFE(l)
(Note)

VCE=2V, IC=0.5A 70 - 240

hFE(2) VCE=2V, IC=2.5A 25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=0.2A - 0.3 0.8 V

Base-Emitter Voltage VBE VCE=2V, I C=0.5A - 0.75 1.0 V

Transition Frequency fT VCE=2V, IC=0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 35 - PF

TOSHIBA CORPORATION
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2SC3073
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2SC3073
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SILICON NRN EPITAXIAL TYPE (PCT PROCESS) 2SC3074

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE ( sat )=0.4V(Max.) (at I C=3A)

. High Speed Switching Time : tstg=1.0^s(Typ .

)

. Complementary to 2SA1244

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power

Dissipation
Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

PC

-stg

RATING

60

50

1.0

20

150

-55-150

UNIT

V

6.8 MAX.

5.2x0.2

3

0.6x0.15
"

i l l ill I
1

!

1 :

:

a95MAX. J [,
' ' ' ' 3

-tl-
0.6MAX.

J

2.3 2.3

1. BASE

2. COLLECTOR (Fin)

3. EMITTER

EIAJ

TOSHIBA 2-7B1A

ELECTRICAL CHARACTERISTICS (Ta==25°C)
Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0
- - 1 ttA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 1 tik

Collector-Emitter
Breakdown Voltage

v (BR) CEO I C=10mA, Ib=0 50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, Ic=lA 70 - 240

hFE(2) VCE=1V, IC=3A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=3A, Ib=0.15A - 0.2 0.4
V

Base-Emitter VBE(sat) IC=3A, Ib=0.15A - 0.9 1.2

Transition Frequency fT VCE=4V '
IC=1A

- 120 - MHz

Collector Output Capacitance . Cob VCB=10V, IE=0, f=lMHz - 80 - pF

Switching
Time

Turn-on Time ton
20/is T OUTPUT - 0.1 -

flS-nirn^r;10.Q
-i

— 30V
Storage Time tstg

- 1.0 -

Fall Time tf
lBl=-lB2=al5A

'
C<

DUTY CYCLE ^1%
- 0.1 -

Note : hFE (i) Classification : 70-140, Y : 120-240

MlllllMlitlilllllllllllitlllIIIIIIMIIIIIIlllll»llllll«il«HllllllllllllllllIHIIMIIIilllfIlf«ftHfHtlfMIIHIllllllllllllilllllllllIIIIIIIHIllUlllllllllllllllllllllllllllllllllIlllllllllillllllllHlllllllMIIII '^T
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2SC3074

STATIC CHARACTERISTICS
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2SC3074
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING

APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times
: t r=1.0As(Max.), tf=l .5 Jus(Max. ) at Ic=0.5A

. High Collector Breakdown Voltage : VcEO=400V

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

SYMBOL

VCBO

VCEO

VEBO

IC

ICP

IB

PC

Ti

Storage Temperature Range Lstg_

RATING

500

400

0.8

1.5

0.5

1.0

10

150

-55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

UNIT

S8MAX,

5.2±0.2

53

0.9 5 MAX.

0.6±Q15
1 a '

(] I (

&SL&&

J
a6MAX.

0.6 MAX,

12 3

1. BASE
2. COLLECTOR ( PIN)
3. EMITTER

TOSHIBA 2-7BIA
Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=400V, IE=0 - - 100 fik

Emitter Cut-off Current IEB0 VEB=7V, IC=0 - - 100 fik

Collector-Base
Breakdown Voltage v (BR)CB0 IC=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage V (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=0.1A 20 - 100

VCE=5V, IC=0.5A 10 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=0.1A, Ib=0.01A - - 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=0.1A, Ib=0.01A - - 1.0 V

Switching Time

Rise Time tr
ZOfts T OUTPUT - - 1.0

AS
IbiI~| c>-^HC

i

a
;0oStorage Time cstg - - 2.5

Fall Time tf
I Bl=_IB2=a05A Vcc=2
DUTY CYCLE^1%

oov
- -

'

1.5

TOSHIBA CORPORATION
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2SC3075
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2SC3075
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC3076

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage
: VCE (sat)=0.5V (Max.) (I C=1A)

. Excellent Switching Time : t s tg=l-0^s (Typ.)

. Complementary to 2SA1241

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature

SYMBOL

VcBO

VCEO

VEBO

ic

IB

PC

Tstg

RATING

50

50

1.0

10

150

-55-150

UNIT

1. BASE
2. COLLECTOR (PIN)

Z. EMITTER

EIAJ

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.36g

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

Transition Frequency

SYMBOL

ICBO

lEBO

V (BR) CEO

hFE(l)
(Note)

hFE(2)

;CE(sat)

VBE(sat)

TEST CONDITION

VCB=50V, I E=0

VEB=5V, IC=0

I C=10mA, IB=0

VCE=2V, Ic=0.5A

VCE=2V, I C=1.5A

IC=1A, Ib=0-05A

IC=1A, Ib=0.05A

Collector Output Capacitance

Switching Time

Turn-on Time

Storage Time

Fall Time

Cob

: stg

tf

VCE=2V, Ic=0.5A

VCB=10V, Ie=0, f=lMHz

ZOfiB

IB1

r

pB2

lBl=-lB2= a 5A

DUTY CYCLE^.1%

MIN.

50

70

40

TYP

100

30

0.1

MAX.

1.0

1.0

240

0.5

1.2

1.0

0.1

UNIT

M-k

tik

MHz

pF

Note : hFE(l) Classification : 70 ~ 140, Y : 120 ~ 140
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2SC3076
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2SC3076
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2SC3148 SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE.

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times (Ic=0.8A)
t r=1.0/is Max., tf=1.0/ts Max.

. High Collector-Emitter Breakdwon Voltage : VCEO=800V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

vEBO

ic

icp

IB

L stg

RATING

900

800

40

150

-55-150

UNIT

1(13 MAX. 03.6 ±0.2

2.54 2.54
X

N °.\

l =an a ^i

—

-1-iJ-3"

to
|

1. BASE

2. COLLECTOR (HEAT SINK)
3. EMITTER

TO-220AI

TOSHIBA 2-10 A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 1.'

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, IE=0 - - 100 M
Emitter Cut-off Current Iebo VEB=7V, I C=0 - - 1 mA

Collector-Base Breakdown
Voltage

v (BR)CB0 IC=lmA, Ie=0 900 - - V

Collector-Emitter Breakdown
Voltage

v (BR) CEO IC=10mA, Ib=0 800 - - V

DC Current Gain (Note) hFE VCE=5V, IC=0.8A 10 - - -

Collector-Emitter
Saturation Voltage (Note)

vCE(sat) I C=0.8A, IB=0.16A - - 0.6 V

Base-Emitter
Saturation Voltage (Note)

VBE(sat) I C=0.8A, IB=0.16A - - 1.2 V

Switching Time

Rise Time tr
20AS VCG= 400V

iBlfl IC ?|
OiB2 IbI U^

- - 1.0

MSStorage Time tstg
- - 4.0

1NHJT ° Ht \T UUTHJT
IB2

|

I B1 = a08A, Ar

I B2 =-0.20A
DITTY CYCT,F.<1%

Fall Time tf - - 1.0

Note : Pulse Test:Pulse Width ^300/iS, Duty Cycle^2%
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2SC3148
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SA1263

. Recommend for 40W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCRO 80 V

Collector-Emitter Voltage VcEO 80 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 6 A

Base Current IB 0.6 A

Collector Power Dissipation
(Tc=25°C)

p c 60 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °c

Unit in mm

15.9 MAX.
03.2±O.2

35s

-a.3
1.0 -a 2 5

2.0±0.3 ] ![

n n—n o r " T

u

H

T 9

5.45±0.2 5.45 ±0.2

X
<
s

dd
+ 1

CO

<:

s
CO

°==M- 4 «\

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA 2-16B1A

Weight : 4 . 6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0
- - 5.0 /ik

Emitter Cut-off Current lEBO VEB=5V, I C=0
- - 5.0 MA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, Ib=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=1A 55 - 160

hFE(2) VCE=5V, Ic=3A 35 75 -

Collector Emitter
Saturation Voltage

VCE(sat) I C=5A, IB=0.5A - 0.45 2.0 V

Base-Emitter Voltage VBE VCE=5V, I C=3A - 0.92 1.5 V

Transition Frequency f T VCE=5V, I C=1A
- 30 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 105 - pF

Note : hpE (i) Classification, 55-110 80-160

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SA1264

. Recommend for 55W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 120 V

Collector-Emitter Voltage vCEO 120 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 8 A

Base Current IB 0.8 A

Collector Power Dissipation
(Tc=25°C) ?C 80 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55 -150 °C

Unit in mm

15.9MAX. /^i02
"ToHim^

>

2.0x0.3

+ 0.3
1.0 -Q 2 5

u

5.45±0.2_ 5.45±Q2

«H X
dc3 <
+ 1

1

00
03

=n
.'1

/

.

S OT

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHI BA 2-16B1A

Weight : 4 . 6g

eS

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=120V, IE=0
- - 5.0 aA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 5.0 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, IB=0 120 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=1A 55 - 160

hFE(2) VCE=5V, I C=4A 35 75 -

Collector Emitter

Saturation Voltage
vCE(sat) I C=6A, IB=0.6A - 0.35 2.0 V

Base-Emitter Voltage VBE VCE=5V, I C=4A
- .0.95 1.5 V

Transition Frequency f T VCE=5V, IC=1A
- 30 - MHz

Collector Output Capacitance cob VCB=10V, IE=0, f=lMHz - 190 - pF

Note : hEE Q) Classification, R : 55 ~ 110 80-160

lllllllllllllllltlltllltllllllllltlltlllllltlitltltlltfltlll»ltll(llltllllllllllilllllllltllllltllllllllllJltlllllllllttllli)iilllllflltlllltll«tlllllltlllllltltlltllltlllllttlillllltlllllltJltlllllillllllltltlllllllllll
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SA1265

. Recommend for 70W High Fidelity Audio Frequency

Amplifier Output Stage

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 140 V

Collector-Emitter Voltage VCEO 140 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 10 A

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C) PC 100 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

J.5.9MAX. 03.8±O.3

&45±C12
Xoh

Cic5 1
+ 1

C5.

w CO

film urn
1

f—H--T--T4
1

5.45±Q2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHI BA 2-16 B1A

Weight

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=140V, I E=0 - - 5.0 fik

Emitter Cut-off Current !EB0 VEB=5V, IC=0 - - 5.0 dk

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, Ib=0 140 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=1A 55 - 160

hFE(2) VCE=5V, IC=5A 35 83 -

Collector Emitter
Saturation Voltage

VCE(sat) IC=7A, IB=0.7A
- 0.3 2.0 V

Base-Emitter Voltage VBE VCE=5V, IC=5A - 0.9 1.5 V

Transition Frequency f T VCE=5V, IC=1A
- 30 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 220.
" - pF

Note : hFE(l) Classification 55-110, 80-160

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING
APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

;

. Excellent Switching Times
: t r=1.0/»s(Max.), tf=l .0/*s(Max. ) at IC=0.8A

. High Collector Breakdown Voltage : VCeo
=400V

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IB

PC

stg

RATING

500

400

0.5

1.0

20

150

-55-150

UNIT

Unit in mm

5.2±0.2
r 3 w

.. -H^

a95MAX.

a6±ai5

u
Hi i

2.3

0.6 MAX.

Q6MAX.

_?!:

1. BASE
2. COLLECTOR (PIN)

S. EMITTER

TOSHI BA

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, l£=0 - - 100 fik

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base
Breakdown Voltage V(BR)CB0 Ic=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=0.1A 20 - -

VCE=5V, IC=1A 8 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1A, IB=0.2A - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=1A, IB=0.2A - - 1.5 V

Switching Time

Rise Time tr 20AS T„__ T
OUTPUT - - 1.0

flS

iB1 tj o ^ r \g

Storage Time tstg
|/1IB2 JB2

J^
?S

VrP=200V
lBl=-lB2=a08A
DUTY CYCLE<1%

- - 2.5

Fall Time tf - - 1.0

iiiiillillliillliiimiiiiiiiiiiiiiiiiiiiiiiillliliiiiiiiiiiiiiiliHillliililiiiiiHlililllllH CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING

APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times

tr=1.0As(Max.), tf=1.0/is(Max.) at Ic=0.8A

. High Collector Breakdown Voltage : VcEO=400V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

IB

PC

Tstg

RATING

500

400

0.5

1.7

20

150

-55-150

UNIT

10.3 MAX .

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 2 . Og

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, Ie=0 - - 100 <"A

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 Ic=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=0.1A 20 - -

VCE=5V, IC=1A 8 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=1A, IB=0.2A - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=1A, Ib=0.2A - - 1.5 V

Switching Time

Rise Time t r ZOtis t d1
0UfUT - - 1.0

us
iBifl

INPUT-*T la
|/[lB2 lB2

J^ Jg
VPP =200V

DUTY CYCLE<1%

Storage Time fc stg - - 2.5

Fall Time tf - - 1.0
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2SC3235

STATIC CHARACTERISTICS
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2SC3235

SWITCHING CHARACTERISTICS th - t.

I C /IB =10
I B(l) = -lB(2)

PULSE WIDTH 20/is

DUTY CYCLE< 1$
Tc= 25°C

5

3
*etg
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a 3 s t_

^

—

*-« -^-
1

a2 0.4 Q6 G8

COLLECTOR CURRENT

1.0 1.2

I C (A)

a si io

Ql
10

CURVES SHOULD BE APPLIED IN THERMAL
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(SINGLE NONREPETITIVE PULSE)
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(2)J

(i)
:

10 10u

PULSE WIDTH

10 10*
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SAFE OPERA T]:na a REA

1 1 1 1 111 1

—

1 1 1 I 1 1 II I

" I c M<VX. (PULSED) *
5

3 k
I c MAX.

(CONTINUOUs\\ A u

\* V
1
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t \^
: N5-.

0.5
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1
1 1 1 1 1
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2SC3236 SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING

APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times
: t r=1.0^s(Max.), tf=l . 0#s(Max. ) at Ic=4A

. High Collector Breakdown Voltage : VcEO=400V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta= 25°(

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

ICP

IB

Ti

-stg

RATING

500

400

1.7

60

150

-55-150

UNIT

10l3MAX.

1. BASE

2. COLLECTOR i^HEAT SINK)

3. EMITTER

TOSHIBA

Weight : 2.i

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, I E=0 - - 100 Jllk

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CBO IC=lmA, IE=0 500 - - V

Collector-Emitter

Breakdown Voltage
v (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=3A 12 - -

VCE=5V, Ic=5A 8 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=5A, Ib=1A - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=5A, IB=1A - - 1.5 V

Switching Time

Rise Time tr ™(° JNpuT Ia OUTPUT

iBifl,, <^HC la
l/IlB2 !B2 ^ Jg

I Bl=-IB2=a4A VCC=200V
DUTY CYCLE <1%

- - 1.0

ASStorage Time fc stg - - 2.5

Fall Time tf - - 1.0

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiilllllllllllliiiiiiiilililllllliliiHiiiiiiiiimiiiiiiiiimiiiiiim
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2SC3236

SWITCHING CHARACTERISTICS
ic - V C e(LOW VOLTAGE REGION)
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COLLECTOR-EMITTER VOLTAGE VCE (V)

hpE I C
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2SC3236

r th SAFE OPERATING AREA

CURVES SHOULD BE APPLIED IN
THERMAL LIMITED AREA.
(SINGLE NONREPETITIVE PULSE.)

CD INFINITE HEAT SINK

© NO HEAT SINK

Hf®H

ffl m ffl

QOl Ql . 1

PULSE WIDTH
10 100

(sec )

3 10 30 100

COLLECTOR-EMITTER VOLTAGE
300

(V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC3239

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE ( Sat)=0.4V(Max.) (at IC=3A)

. High Speed Switching Time : t stg=1.0/is(Typ.

)

. Complementary to 2SA1279

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VEBO

ic

IB

Tstg

RATING

60

50

25

150

-55~150

UNIT

10. 3 MAX.

03.2x0.2*

1. BASE
2. COLLECTOR (HEAT SINK]

3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 2

.

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Saturation
Voltage

Collector-Emitter

Base-Emitter

Transition Frequency

Collector Output Capacitance

Switching Time

Turn-on Time

SYMBOL

ICBO

lEBO

V (BR) CEO

hFE(l)
(Note)

hFE(2)

VcE(sat)

VBE(sat)

Cob

Storage Time

Fall Time

: stg

tf

TEST CONDITION

VCB=50V, IE=0

VEB=5V, IC=0

IC=10mA, Ib=0

VnF=lV, IC=1A

VCE=1V, IC=3A

IC=3A, Ib=0.15A

IC=3A, Ib=0.15A

VCE=^V, IC=1A

VCB=10V, Ie=0, f=lMHz

Z
°JL

B
INPUT IB1 - 0UTP

lBl=-lB2=Q15A

DUTY CYCLE^1%
VCC=30V

MIN.

50

70

30

TYP.

0.2

0.9

120

80

0.1

1.0

0.1

MAX.

240

0.4

1.2

UNIT

f-k

fik

MHz

MHz

Note : hpE(l) Classification 70-140, 120-240

itiitit(iit*ltlliiiitiiitiltllliiitiitiiiiltt»iitittiillitiiiiittttiiiiiitttiittltliiiitiitiiiittlltiiitiiiiiiiitiiiiiitiiilitiiiiiii»iiitiittiiiiitiiiiiiiiiititiiiiinti itiiiltlllliitttiiif rtf f f f ft ict<f if f ifft (ftttt t«f
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2SC3239
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2SC3239
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2SC3257 SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING
APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times
: t r=1.0/is(Max.) , tf =1 . 0,us(Max . ) at IC=6A

. High Collector Breakdown Voltage : VcEO=200V

INDUSTRIAL APPLICATIONS
Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

ICP

PC

stg

RATING

250

200

10

15

1.5

40

150

-55^150

UNIT

10.3MAX. 0Z.6i Q2

'
'

^H X
:

5
s
to

iri

to

iri

H

\

i

25

r 5
o

H

1

1.5 MAX.

0.76 |

2.5 4 2.5 4

X!

<
S

NK.)

CO

H

o\

i - 1 -2-2

to

w
1. BASE
2. COLLECTOR CHEAT

3. EMITTER
Si

.TEDEG T0-220AB
EIAJ SC-46

TOSH1 BA 2-10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No.

Weight : 1 . 9g

AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=200V, I E=0 - - 100 M
Emitter Cut-off Current lEBO VEB=7V, I C=0 - - 1 mA

Collector-Base
Breakdown Voltage

v (BR)CB0 Ic=lmA, I E=0 250 - - V

Collector-Emitter
Breakdown Voltage V(BR)CE0 Ic=10mA, IB=0 200 - - V

DC Current Gain hFE
VCE=5V, Ic=10mA 15 - -

VCE=5V, IC=5A 20 - 80

Collector-Emitter
Saturation Voltage

vCE(sat) IC=5A, IB=0.5A - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=5A, IB=0.5A - - 1.5 V

Switching Time

Rise Time tr 20As T OUTPUT - - 1.0

/iS
|/pB2 JB2

J]

'

a
:io

i

Storage Time c stg - - 2.5

Fall Time tf
i B1 =-i B2=a6A
DUTY CYCLE<1%

- - 1.0
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2SC3257
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2SC3257

*C — VBE SWITCHING CHARACTERISTICS
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC3258

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE(sat) =0.4V(Max.) at I C=3A

. High Speed Switching Time : t s tg=l • Ojus(Typ.

)

. Complementary to 2SA1293.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 100 V

Collector-Emitter Voltage VCEO 80 V

Emitter-Base Voltage Vebo 7 V

Collector Current
DC ic 5 A

Pulse ICP 8

Collector Power Dissipation
(Tc=25°C)

PC 30 W

Junction Temperature Ti 150 °C

Storage Temperature Range Tstg -55-150 °C

10.3MAX. 03.6±a2

2.5 4 2.5 4
X
<
ss

I-

- J

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO-220AB

TOSHIBA 2-10A1A
Mounting Kit No. AC75

ELECTRICAL CHARACTERISTICS (Ta==25°C) Weight : l.S g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=100V, l£=0 - - 1 M
Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 MA

Collector-Emitter
Breakdown Voltage V(BR)CE0 IC=10mA, Ib=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

»FE(2) VCE=1V, IC=3A 40 - -

Saturation
Voltage

Collector-
Emitter VcE(sat)

I C=3A, IB=0.15A
- 0.2 0.4

V

Base-Emitter vBE(sat)
- 0.9 1.2

Transition Frequency fT VCE=^V, IC=1A - 120 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 80 - pF

Switching Time

Turn-on Time ton
ZOfJ-B T OUTPUT
(~H INPUT JB1 _, ,

„

- 0.2 -

MS

ImlTn «>-^-ft") \r>"

Storage Time tstg

I Bl=-IB2=al5A VCC4-30V

DUTY CYCLE5jl%

- 1.0 -

Fall Time tf
- 0.1 -

Note : hpE(l) Classification : 70-140, Y : 120-240
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2SC3258
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2SC3280 SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SA1301

. Recommend for 80W High Fidelity Audio Frequency

Amplifier Output Stage.

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 160 V

Collector-Emitter Voltage VCEO 160 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 12 A

Base Current IB 1.2 A

Collector Power Dissipation
(Tc=25°C) PC 120 W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55^150 °c

20.5MAX. 03.3±O.2
3^

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-21F1A
Weight : 9.75g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=160V, IE=0 - - 5.0 uA

Emitter Cut-off Current lEBO VEB=5V, I C=0 - - 5.0 vk
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=50mA, Ib=0 160 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=1A 55 - 160

hFE(2) VCE=5V, IC=6A 35 74 -

Collector Emitter -

Saturation Voltage
vCE(sat) IC=8A, IB=0.8A - 0.35 2.0 V

Base-Emitter Voltage VBE VCE=5V, IC=6A - 1.0 1.5 V

Transition Frequency fT VCE=5V, IC=1A - 30 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 220 - pF

Note : hpE Q) Classification 55-110, : 80-160

TOSHIBA CORPORATION

600-



2SC3280
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.
Unit in mm

FEATURES

•

rity Audio Frequency

2 0.5 MAX. 03.3+0.2--

. Complementary to 2SA1302 \ ~ r^ r—

i-

. Recommend for 100W High Fide

Amplifier Output Stage. o
v -a

o
i i

o
•<*

o
0$

o

H
_1

113

d
"H

o
: «3
N

/<K
<o

d
. -H

o
c3+

1.0-

2.5

3.0

MAXIMUM RATINGS (Ta=25°C) 13
12 5

CHARACTERISTIC SYMBOL RATING UNIT
5.45±ai5

r~
5.45 + C.15

Collector-Base Voltage VCBO 200 V
Ixl"

Collector-Emitter Voltage vCEO 200 V dc>
+ 1

<o

C5.

1

Emitter-Base Voltage VEBO 5 V oi iri

F*lar^
Collector Current ic 15 A

r rx ;

Base Current IB 1.5 A 1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTERCollector Power Dissipation

(Tc=25°C) ?C 150 W
JEDEC

Junction Temperature T
J

150 °C EIAJ -

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2-21F1A

Weight : 9.75g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=200V, Ie=0 - - 5.0 tik

Emitter Cut-off Current lEBO VeB=5V, IC=0 - - 5.0 fik

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=50mA, Ib=0 200 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=1A 55 - 160
-

hFE(2) VCE=5V, IC=8A 35 60 -

Collector Emitter
Saturation Voltage

vCE(sat) IC=10A, Ib=1A - 0.40 3.0 V

Base-Emitter Voltage vbe VCE=5V, IC=8A - 1.0 1.5 V

Transition Frequency f T VCE=5V, IC=1A - 30 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 270 - PF

Note : hFE(l) Classification R : 55-110, 80-160

TOSHIBA CSC3H=W^C^F9^K.~T~IC3IXI iitiitiiiiiiiiiitiililiiltiiiiiiiiiiiiiiiHlllliiiiiiillliiiliilllltlllllMliiiiiiiiiliiiiiiiiiiiiiiiiiilllltiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiitiiiiiitiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiliilllliilMiillHlllilliiini
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2SC3281
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

CAR RADIO, CAR STEREO OUTPUT STAGE AMPLIFIER

APPLICATIONS.

FEATURES

:

. Good Linearity of fpg

. Complementary to 2SA1305 and 5W Output

Applications

.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

IB

PC

L stg

RATING

30

30

0.3

15

150

-55~150

UNIT

Unit in mm

10.3 MAX

1. BASE
2. COLECTOR
3. EMITTER

TOSHIBA 2-10L1A
Weight : 2.1g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=20V, I E=0 - - 1.0 MA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 nk
Collector-Emitter
Breakdown Voltage

v (BR) CEO I C=10mA, IB=0 30 - - V

DC Current Gain
hFE(l)
(Note)

VCE=2V, I C=0.5A 70 - 240

hFE(2) VCE=2V, IC=2.5A 25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=0.2A - 0.3 0.8 V

Base-Emitter Voltage VBE VCE=2V, IC=0.5A - 0.75 1.0 V

Transition Frequency f T VCE=2V, IC=0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 35 - pF

Note : hpE(l) Classification : 70-140, 120-240

TOSHIBA ^S^^F9^^^^F4^X.~Y~IC3a^l iiiiiiiiiiiiiiuiiiiiitiiiillllliiillill illlllllll lllilliiillilltlllllllllllllllllllllllltlllillllltllllliiiiiiiiitllllllllll llllllllllllillllllllllll liillllllllllll Itlllllllllllllllllltllllllllllllll illllll til Itllllllll
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2SC3297
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2SC3298
2SC3298A
2SC3298B

SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Transition Frequency : fT=100MHz (Typ .

)

. Complementary to 2SA1306, 2SA1306A, 2SA1306B

MAXIMUM RATINGS

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

2SC3298

2SC3298A

2SC3298B

2SC3298

2SC3298A

2SC3298B

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCEO

vEBO

ic

IB

Tstg

RATING

160

180

200

160

180

200

1.5

0.15

20

150

-55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

Unit in mm

1Q3MAX.

2±7.0 0Z.
/

0.2

r\r/'-ra s
d
+i

L o
:.:

X
<
s
to

1

J

w

1.2 U5

S
1.4

+
0.76-

025
0.15 w

2.54±0.25 2.54±0.25

mo
dd
+ 1

1

X
<
s
^

.

: :
\

h 2 h\

1. BASE
2. COLLECTOR
3. EMITTER

JEDEC -

EIAJ -

TOSHIBA 2-10L1 A

Weight 2.U

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=160V, IE=0 - - 1.0 MA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 nk

Collector-Emitter
Breakdown Voltage

2SC3298

v (BR) CEO IC=10mA, Ib=0

160 - -

V2SC3298A 180 - -

2SC3298B 200 - -

DC Current Gain
hFE
(Note)

VCE=5V, Ic=100mA 70 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, IB=50mA - - 1.5 V

Base-Emitter Voltage VBE VcE=5V, Ic=500mA - - 1.0 V

Transition Frequency f T VCE=10V, Ic=100mA - 100 - MHz

Collector Output Capacitance Cob VCB=10V, lc=0, f=lMHz - 25 -
P F

Note : hFE Classification : 70-140, Y : 120-240

TOSHIBA CSC3F9^^C3l=9^e^.~r*a^^ffXI iiiiiiittiiiiitiiHiitniiiitiiiiiiiiiiiMiiiiiiiiiiiiitiiiiitiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiitiiiiiitiiiiitJiiiiiitiiiniiiiiittiiMiitiiiittiiiiiiiiiiiiii-iiiiiiitiiitiitiiiiiiiiiiiiiiiiitiiiiiiiiiitii
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2SC3298 • 2SC3298A • 2SC3298B
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VcE(sat)=0.4V(Max.) at Ic=3A

, High Speed Switching Time : t stg=l . 0/is(Typ . )

. Complementary to 2SA1307

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

Tstt

RATING

60

50

2.0
20

150

-55-150

UNIT

10.3MAX.

70 03.2±O.2
r—1 /
i

<
/

\ei A

-HX
j

rfl

<
s

j

o
r-'

•

I 1.2

...

'

1.4
s

+ 0.25
0.76-0.15

,1

H

2.54±0.25 2.54 ±0.25

oo
+ 1

-I—!—

h

1. BASE
2. COLLECTOR
3. EMITTER

TOSHIBA 2-1 0L1A

Weight : 2.1$

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, I E=0 - _ 1 aA

Emitter Cut-off Current lEBO VEB=5V, I C=0 - - 1 fik

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, I C=1A 70 - 240

hFE(2) VCE=1V, I C=3A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) I C=3A, Ib=0.15A - 0.2 0.4
V

Base-Emitter VBE(sat) IC=3A, Ib=0.15A - 0.9 1.2

Transition Frequency f T VCE=^V, IC=1A - 120 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 80 - pF

Switching Time

Turn-on Time ton
20As , -r OUTPUT

I NPIIT -L F1 . .. « n - 0.1 -

fl s
o

Ib1 = -Ib2= g1 5A VG c = 30V

DUTY CYCLE^1%

Storage Time tstg - 1.0 -

Fall Time tf - 0.1 -

Note : hpE(l) Classification : 70-140, Y : 120-240

TOSHIBA ^3^^F*^^^^V=VXK.~V
-
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2SC3299
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2SC3299
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: VCE(sat) =0.4V (Max.) at I C=3A

. High Speed Switching Time : ts tg=1.0^s (Typ.)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VeBO

ic

ICP

IB

PC

stg

RATING

100

80

20

150

-55~150

UNIT

-J
-ti-

53

s
o a 6 MAX.
iH

f

—

:

1. BASE
2. COLLECTOR (FIN)

3. EMITTER

JEDEC

TOSHIBA

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta =25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=100V, lE=0 - - 1 nA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 MA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC-10mA, Ib=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=3A 40 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=3A, Ib=0.15A - 0.2 0.4
V

Base-Emitter vBE(sat) IC=3A, Ib=0.15A - 0.9 1.2

Transition Frequency fT VCE=4V, XC=1A - 120 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 80 - pF

Switching Time

Turn-on Time ton
20AB t OUTPUT - 0.2 -

AS
imfU2 ^Xao

H
>

Storage Time tstg - 1.0 -

Fall Time tf
IB1=-IB2 =Q15A

VCC^
DUTY CYCLE^1%

30V
- 0.1 -

Note : hFE (D Classification : 70-140, Y : 120-240

iiiiiiitiiiitiitiiiiiiiiiitiiiiii>itiiJtiiiiitti<ifiiiiitiiiiii>iiiiitiitiiiii(iiiiiitiittiiiiiiiitiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiini iiitiiiitniiitiriitiii TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING
APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATIONS.

FEATURES

:

. Excellent Switching Times
: tr=l.Ovs (Max.), tf=1.0/*s (Max.) (Ic=5A)

. High Collector Breakdown Voltage : VcEO=400V

MAXIMUM RATINGS (Ta=25 C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCEO

VEBO

ic

ICP

IB

Tstg

RATING

500

400

10

15

100

150

-55~ 150

UNIT

1&9MAX. 03.2 ±0.2

ffl

5.45±0.2 5.45±CL2

X
<
s

COrl

+ 1

to

q

00

-R „ ^_ |

D.--2--34
1r~

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-16 CIA

ELECTRICAL CHARACTERISTICS (Ta=25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, IE=0 - - 100 fiA

Emitter Cut-off Current lEBO VEB=7V, IC=0
- - 1 mA

Collector-Base
Breakdown Voltage V(BR)CB0 IC=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage V(BR)CE0 Ic=10mA, Ib=0 400 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=lmA, lc=0 7 - - V

DC Current Gain hFE VCE=5V, IC=5A 10 - -

Collector-Emitter
Saturation Voltage

VcE(sat) IC=5A, IB=0.5A - - 1.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=5A, Ib=0.5A - - 2.0 V

Switching Time

Rise Time tr
20UR Ic iIS
Js* t fa OUTPUT

^lTfn INPUT IB1 J> o

IB1 =-lB2= Cl5A rfT

DUTY CYCLE^1%

- - 1.0

ASStorage Time tstg - 2.5

Fall Time tf
- - 1.0
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2SC3306
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2SC3306
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SILICON NPN TRIPLE DIFFUSED TYPE 2SC3307

HIGH SPEED AND HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATIONS.

FEATURES

:

. Excellent Switching Times
: t r=1.0AS (Max.), tf=1.0/ts (Max.) (Ic=5A)

. High Collector Breakdown Voltage : VcEO=800V

MAXIMUM RATINGS (Ta=25 C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

Vebo

ic

ICP

IB

L stg

RATING

900

800

10

15

150

150

-55-150

UNIT

20.5MAX 03.3+0.2

,

o

J_§1I!
If

i iwi V1

2.5

3.0

+ 0.3
1.0-0.25.T

o

'

i.i-

5.45±Q15

wo
C5ci

+ 1

to

a

——>>

—

CD

«n*A
\ ^2 .

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-21P1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight

: 9.8g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, Ie=0 - - 100 fik

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base Breakdown
Voltage

V(BR)CB0 IC=lmA, IE=0 900 - - V

Collector-Emitter Breakdown
Voltage

V (BR) CEO IC=10mA, Ib=0 800 - - V

DC Current Gain
hFE(l) VCE=5V, IC=10mA 10 - -

-

hFE(2) VCE=5V, IC=5A 10 - -

Collector-Emitter Saturation
Voltage

vCE(sat) IC=5A, IB=1A - - 1.0 V

Base-Emitter Saturation
Voltage VBE(sat) IC=5A, IB=1A - - 1.5 V

Switching Time

Rise Time tr
I C-5A

INPUT fl l ^—*_*"—* n
- - 1.0

pSJr\n
lB2 1 Ji

B2 VCC 4=400V

DUTY CYCLE^1%
3I R1 =-I R2= 1.5A

Storage Time tstg - - 3.0

Fall Time tf - -.. 1.0
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2SC3307
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: vCE(sat)=0.4V(Max.) at Ic=3A

. High Speed Switching Time : t stg=l . 0/is(Typ . )

. Complementary to 2SA1308.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

ICP

PC

Tstg

RATING

100

80

30

150

-55-150

UNIT

°C

1H3MAX.

1. BASE
2. COLLECTOR (HEAT SINK'
3. EMITTER

JEDEC

TOSHIBA 2-1 OKI

A

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 2. 3g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0 - - 1 mA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 MA
Collector-Emitter
Breakdown Voltage v (BR)CE0 IC=10mA, IB=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

1»FE(2) VCE=1V, IC=3A 40 - -

Saturation
Voltage

Collector-
Emitter VcE(sat) IC=3A, IB=0.15A - 0.2 0.4

V

Base-Emitter vBE(sat) IC=3A, Ib=0.15A - 0.9 1.2

Transition Frequency fT VCE=4V, IC=1A - 120 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 80 - PF

Switching Time

Turn-on Time ton
20/18 T OUTPUT
l~H JB1 — , „

- 0.2 -

AS

IBI—IB2-Q15A Vcc=f30V

DUTY CYCLE^1%

Storage Time tstg - 1.0 -

Fall Time tf - 0.1 "

Note : hpE(l) Classification : 70-140, Y : 120-240
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2SC3308
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2SC3308
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BASE-EMITTER VOLTAGE VBE (V)

rth -- t W

inn

CORVES SHOULD BE APPLIED IN THERMAL
LIMITED AREA
(SINGLE NONREPETITIVE PULSE)

Q INFINITE HEAT SINK
@ NO HEAT SINK

<D

Mil

10
I hi

i

0.1

aoi ai i

PULSE WIDTH
10 100

( sec)

1000

20

10

SAFE DPERATI NG AREA

mini i i NiMH i

. I c MAX. (PULSED) *

: I c MAX.(CONTINUOUS)! 1 \ ' \
V° x^1

X-c X®
Vffi x?

5
|

\ fi^V^
3

'

*1 ^Y\& x *
iO X

1

o o\\j

. o A\\
Q5 -, ^V

-+ %\
Q3

J

n l

« SINGLE NONREPETITIVE
PULSE Tc = 25°C

• CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TTHMPFRATTTRR

a 03 .. ,, ..

30

COLLECTOR-EMITTER VOLTAGE VCE (V)

TOSHIBA CORPORATION iiiMtliiiliiiiiiiilllt»lllllllilitii»iiiitlitllliiiittiiiilliailllittttlMiiifiiiiittiiitiiitiiitiliiiiiiiiiltliiMli*lltMlliitlt»iitlliiliitiiiiiiiiiiiiitiiiiitiitiitiiitiiiiiiiiiiiitiittliilitlillitililltllitiiiiiiti

— ^20

—



SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING

APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES:

. Excellent Switching Times

t r=1.0/ts(Max.), tf=1.0)Us(Max.) at Ic=0.8A

. High Collector Breakdown Voltage : VcEO=^00V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcEO

VEBO

IB

PC

Tstg

RATING

500

400

0.5

2.0

20

150

-55 ~150

UNIT

7.0 0Z.Z-LO.Z

r—i /

A*
A—?m °.

CO

C5

HX
at

<
2
to

o

H
1

I

1

1.2 a
1

L4 : 5

1

+ C125 1 |!|

0.76-0.15
. I.lll

2.54 ±0.25
»—ii

—

2.54±Q25

1. BASE
2. COLLECTOR
3. EMITTER

TOSHIBA 2-10L1A

Weight : 2.1g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, l£=0 - - 100 M
Emitter Cut-off Current lEBO VEB=7V, IC=0

- - 1 mA

Collector-Base
Breakdown Voltage V(BR)CB0 I c=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain hFE
VCE=5V, IC=0.1A 20 - -

VCE=5V, IC=1A 8 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1A, IB=0.2A
- - 1.0 V

Base-Emitter
Saturation Voltage VBE(sat) IC=1A, IB=0.2A - - 1.5 V

Switching Time

Rise Time t r
ZOUe T

OUTPUT - - 1.0

flS

T ,Tr-| INPUT o-^wC—K a
o

Storage Time tstg At
,

- - 2.5

Fall Time tf
IB1=-I B2= 0-08A

VCC- 2

DUTY CYCLE <1%

DOV
- - 1.0

llllllllllllllllllllllllNiiiiiiiiiiiiiiiiiilllllllllllllillliillllllilllllllllllllH CORPORATION
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2SC3309

STATIC CHARACTERISTICS

2.0
COMMON EMITTER
T c = 25°C

180

1.6
,, 120

y 80

J* 6C)

-^ 40

0.8 20

n <i

IB=10mA

10 20 30 40 50 60 70

COLLECTOR-EMITTER VOLTAGE VCE (V)

2.0

Ic - VCE (LOW VOLTAGE REGION)

3 a<
J

COMMON EMITTER 180

120

80

60_
40

T c = 25°C

20

I B= 10mA

|T
2 4 6 8 10 12

COLLECTOR-EMITTER VOLTAGE VCE (V)

XFE

1 COMMON EMITTER

|

VCE=5V

Tc =100°C

52

-55

aoos aoi ao3 ai as 1

COLLECTOR CURRENT I c (A)

6-i ia

VCE(sat) - ic

:OMMON EMITTER

[ C /IB= 5]

1 -pi

**• o

ai »«

^
*<100

«B-_

ao5 ==

0.03 --
0005 Q01 0.03 ai a3

COLLECTOR CURRENT I c (A)

vBE(sat) 'BE

m q
i <
ta P
<! O
m >

COMMON JliMlTTiliK

' ic/IB=5

Tc =-5£ °C .:==

=::::"V
_... \ 100

aoos aoi Q03 ai 0.3 1

COLLECTOR CURRENT I c (A)

2.0

0.8

COMMON EMITTER 1 /VCE=5V
' /

7JI
o / <o/ <o/

// j 1 i f

~7
_j

A
J

r^
/

/ /
G2 Q4 a6 0.8 LO L2 1.4

BASE-EMITTER VOLTAGE Vgg (V)
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2SC3309

SWITCHING CHARACTERISTICS th
1U

I C/IB-10
I B(l)="lB(2)

PULSE WIDTH ZOfie

DUTY CYCLE< 1<#>

Tc = 25°C

5

t 8tg
3

1

0.5

t rNu.3 ^^ ^x^

n i

f

0.2 a4 0.6

COLLECTOR CURRENT

if 100

•S io

Ql
10

CURVES SHOULD BE APPLIED IN THERMAL
LIMITED AREA.

(SINGLE NONREPETITIVE PULSE)

© INFINITE HEAT SINK

® NO HEAT SINK

®l

11

PULSE WIDTH

1CT 10*

( sec )

(A)

SAFE OPERATING AREA

1 1 1 1 1 1 II 1 |

~I C MAX. (PULSED) &

. I c MAX.

(CONTINUOIjs\\ ° \ *Lo \o

X* \
1

fry*
i*

3,>^.\?
- . <5-.

V7:: c
°,?^

0.5

a3

1

10 ms * ' )

300 ms *

1 \~——i

—

1 1

Z * SINGLE NONREPETITIVE
PULSE Tc = 25°C

CURVES MUST BE DERATED

a 05

- L
I

IN

N

J

mi

T]3/

i

PE

1

WITH 1

RATURE

II

tHJf

1 i

LB

|

m

I I 1 1

COLLECTOR-EMITTER VOLTAGE VCE (V)
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2SC3310 SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING

APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times
: tr=1.0>us(Max.), tf=1.0/t"s(Max. ) at Ic=4A

. High Collector Breakdown Voltage : VcEO=400V

MAXIMUM RATINGS (Ta=25°c>

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

ICP

IB

PC

Ti

Tstg

RATING

500

400

2.0

30

150

-55-150

UNIT

10.3MAX.

7.0

r—

i

03.2±O.2

j

(AU« 3 CO

a
>< T<
a
to

«3

o

t
. 1-2 g
y s

H
1.4

+ 0.25 !'

Q76-Q15

2.54+0.25 2T54±0.25

<3c5

+ 1

1. BASE
2. COLLECTOR
3. EMITTER

TOSHIBA 2-10L1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 2.1g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=400V, IE=0 - - 100 nk

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base
Breakdown Voltage V(BR)CB0 IC=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 400 - - V

DC Current Gain "FE
VCE=5V,. JC=3A 12 - -

VCE=5V, I C=5A 8 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=5A, IB=1A - - 1.0 V

Base-Emitter
Saturation Voltage VBE(sat) IC=5A, IB=1A - - 1.5 V

Switching Time

Rise Time tr 20^8' TNT3TIT lm OUTPUT - - 1.0

jus

^r a

>

Storage Time tstg /&B2
lB2

J.
- - 2.5

Fall Time tf DUTY
-IB2 = CL4A VCC^
CYCLE<1%

200V
- - 1.0

TOSHIBA ^S^»»*i^^»15«^>k.~l~iC3i^ llilllllillliiiliiltl tllllllltlllllllltlllllllllllllllllltllllllllilillllllllllllllliltlllllllllllllllllltlllllllllllllllltllllllllllllllllllllllllltllllllllllflllllllllllllllllllllllllllllltlllllllllll
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SILICON NPNTRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC3335

HIGH VOLTAGE SWITCHING APPLICA1

COLOR TV CHROMA OUTPUT APPLICA1

riONS.

noNS.
Unit in mm

7.9 MAX.

FEATURES

:

o

^h ,a8 03.i±ai

l

. High Voltage : VCEO=250V
/ r

i i

/ i

i

i- 3 I
1

T
. Low Cre : 2.0pF(Max.)

. Complementary to 2SA1322

x'

m

^1205^

\ jl !

z
1.6 5 3

"'1

asi

MAXIMUM RATINGS (Ta=25°C) aso J
o

0.7 6 **

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 250 V
XI*

Collector-Emitter Voltage VCEO 250 V
lO

ci

2.3

<
. 2.3 *

Emitter-Base Voltage VEBO 5 V
1

o*

m m 4

Collector Current
DC ic 50 mA

1 2 n
\

Peak ICP 100
-L. JSMlT'l/JjiK

2. COLLECTOR (HEAT SINK)
3. BASE

Base Current IB 20 mA
JEDEC TO-126

Collector Power
Dissipation

Ta=25°C
PC

1.2
W EIAJ -

Tc=25°C 10.0 TOSHIBA 2-8P1A

Junction Temperature T.i 150 °C Weight : 0.72g

Storage Temperature Range Tstg -55-150 °C
Mounting Kit No. AC46C

ELECTRICAL CHARACTERISTICS (Ta=25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=200V, IE=0 - - 1.0 fik

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 1.0 Hk

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=lmA, IB=0 250 - - V

DC Current Gain hFE VCE=20V, Ic=25mA 50 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=10mA, lB=lmA - - 1.5 V

Base-Emitter Voltage VBE VcE=20V, Ic=25mA - 0.75 - V

Transition Frequency fT VCE=10V, Ic=10mA 60 100 - MHz

Reverse Transfer Capacitance Cre VCB=30V, IE=0, f=lMHz - - 2.0 PF

nil itliilii»tlliiitiiiiiiiiitlliiiiiiiiiiiitii«ltiiiiiiiiiiti«iilill>liiitiiitiiiiiiiiiiiitttniill»iititiillllll itiitiitiiiitiitiiliJtiiilJtiitlilllltllltililllilliliiiiiffiiiiiiiiiitliililttitliiiiiiiiiiiiiitiiiiiiti ~r~CZ*^^Ba-"BB^^B^B^ CORPORATION
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2SC3335

IC - VCe (LOW VOLTAGE REGION)

5 20

3 io

| I

COMMON EMITTER

1.6 1.2
Tc = 25°C

S +•

Sx"
^-"

»*- 0.8

0.6'/ **
«£i

--
«>*

/
',/ ^**

Q4

0.3/ / s r

h /, ^ |

^ a2

*«-
^ ai5

i>

lB= a0 5mA
/"•

Io 1

4 8 12 16 20 24 28

COLLECTOR-EMITTER VOLTAGE VCE (V)

500
hFE — ic

- COMMON EMITTER
" Tc=25°C300

100

VCE==20V

-*MV N\ X i

rz \\ \>
v 10 "\\
s 5

10

5
1 3 10 30

COLLECTOR CURRENT I c (mA)

500
hpE - 1 C

COMMON EMITTER

vCE=iov
300

Tc -1U0X

1 1 ; _̂3
?v-25 =T i7

50 >
V̂

fc.

30
\
5\

10

vCE(sat) — I C

1 3 10 30
COLLECTOR CURRENT I c (mA)

H H
a o
H >
k
o
Rh w
n rt

W <
i-l H
i-l i-l

C) o
o >

05

Q3

Q05

COMMON EMITTE

ic /IB= 1

5
„

2

|13 10 30 100

COLLECTOR CURRENT Ic (mA)

'CE(sat) — Z C VBE

H >
<
W
K p
W <rt

H 0)

H
M w
a o
H >
«
O
H w
n n
W <
-J H
i-I i-lo O
o >

a 5

0.3

Ql

Q05

0.0;

COMMON EMITTER

^C^B ^

Tc = 100 'C

::: \\
... \ ^25

X-25

i i n
'oi3 13 10 30

COLLECTOR CURRENT Ic (mA)

COMMON EMITTER _J 1 1

VCE=10V

/

c
o

II

,/

IV
°

7
fi

'

/
/ 1 1

—

*

/ /
Q2 0.4 0.6 a8

BASE-EMITTER VOLTAGE V

1.0

BE (V)
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2SC3335

c ob. c re - VCB

o»

I E=°
f = 1 MHz

Tc = 2 5"C

Cob

X. c j-e

40 80 120 160 200 240 280

COLLECTOR-BASE VOLTAGE VCB (v)

f T ic
500

- COMMON EMITTER

Tc = 2 5°C300

VCE=20V

100

U30

\

1(
h

\

13 1 3 10 30

COLLECTOR CURRENT (mA)

PC Ta

CD Tc-Ta INFINITE HEAT SINK

(g) NO HEAT SINK

dD

" © '

40 80 120 160 200

AMBIENT TEMPERATURE Ta CC)

SAFE OPERATING AREA
200

1 1 Mil 1 II

I c MAX (PULSED)* 10 ms*

:i c MAX
-(CONTINUOUS)

^ ^\\ A\VjL-
-

\
30

<*>\

&N •4*

10

V

5

. •*• SINGLE NONREPETITIVl
PULSE Tc = 2 5'C

CURVES MUST BE DERATE]
: LINEARLY WITH INCREAS]
- IN TEMPERATURE

?.

1
}

<
s
o :
m -

o
>

i;

as I i. UJ i L. i 1 1

1

1

3 10 30 100 300

COLLECTOR-EMITTER VOLTAGE VCE (V)
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2SC3344 SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE SWITCHING
APPLICATIONS.

HIGH SPEED DC-DC CONVERTER APPLICATION.

FEATURES

:

. Excellent Switching Times
: t r=1.0/is(Max.), tf=1.0>us(Max. ) at Ic=4A

. High Collector Breakdown Voltage : VcEO=400V

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VcEO

VEBO

IC

ICP

IB

PC

Tstg

RATING

500

400

10

1.7

60

150

-55-150

UNIT

10.3MAX.

7.0 03.2x0.2
czil /

i C^<j
,1

n
d
H
o
i-"

i-H

X
»>

ci

+1

o
ITS

il

J[
1.2 a"

\ 1.4 s

aye
+Q25
-0.15

.! 1

>— -

rf

-v

2.54 + 0.25
1

2.54 ± a 25

WO
dcS
+ 1

=€!&

1. BASE
2. COLLECTOR (HEAT SINK)
a EMITTER

TOSHIBA 2-10K1A
Weight : 2,

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=400V, l£=0 - - 100 tik

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1 mA

Collector-Base
Breakdown Voltage V(BR)CB0 I c=lmA, IE=0 500 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain
hFE(l) VCE=5V, IC=1A 15 - -

hFE(2) VCE=5V, IC=4A 10 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, Ib=0.8A - - 1.0 V

Base-Emitter
Saturation Voltage VBE(sat) IC=4A, Ib=0.8A - - 1.5 V

Switching Time

Rise Time tr
ZO/ie VCC=200V

^fll I c =4A,!a^lB2
I ^ -

INHJT o—^-AJQOUTPUT

lBl =-lB2=a4 A At

DUTY CYCLE^1%

- - 1.0

/iSStorage Time tstg - - 2.5

Fall Time tf - - 1.0

TOSHIBA CORPORATION iliiililtiitlltlllllllllllllltlitlllillliltillllilllilltiMlllltlllllilllillllllllltltllltiiiiiiliiitiiilllllltiiiiMiiiiiiiiiiilliliiliiiiiiiiitiitiiiiiiiiiitiiiiiiiitltlMMtlltltllllllllllllllllMlllltlllllllllliiiii
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2SC3344

9

ic V CE
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EMITTER

Tc = 25°C
8

800 700
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400
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2 70
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, 1
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^
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~
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100
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/
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COLLECTOR-EMITTER VOLTAGE VCE (V"
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—

'

-
1

• 200

150

100

70
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IB = 20 mA
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COLLECTOR-EMITTER VOLTAGE

12 14
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hpE In

COMMON EMITTER

VGE =5V
-

"' TC == 100 C

25

; ^==^"

01 0.3 1

COLLECTOR CURRENT (A)

vCE(sat)
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Q3

«
o
o ci
a <
aa00
o>

-

; COMMON EMITTER i

j\
Jji c/Ib- 5

.

, I'
A t

'

1 1 S'
V

5=

Tc--55'C ^>

-- ^T\ 10 o
::: \ 25

1 1

0.1 0.3 1

COLLECTOR CURRENT I

3

C (A)
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2SC3344

°>

vBE(sat) - Ic

< 5
K '""

£> ^
E-l Ej 3
<! <B

CO
Ĥ

K mw>
E-i

Eh 1MSH
Wc5

1 «! as
m j
<!o
pq>

0.2

I C/IB =5

Tc == -5 5°=

\ ^

LOO\

ai 0.3 i

COLLECTOR CURRENT 'a>

SWITCHING CHARACTERISTICS

0.5

G3

In/lp == 10

X B1 = _IB2

PULSE WIDTH = 20 Me

DUTY CYCLER \%

?~
1
1

^Or
52 )t„-t-_

TC-10C°C

_^100
J r

25
V >t f

-

12 3 4 5 6

COLLECTOR CURRENT I c (a)

ic - VBE

n
7r

4
oO//

2 ///
yv>

COMMON EMITTER

n
VCE = 5V

a 4 0.8 1.2 1.6 2.0

BASE-EMITTER VOLTAGE VBE ^V:

r th t w

CURVES SHOULD BE APPLIED IN
THERMAL LIMITED AREA
(SINGLE NONREPETITIVE PULSE)

(1) INFINITE HEAT SINK
(2) NO HEAT SINK

(2)

10

cu.. |

1

a i

a ooi o.oi ai

PULSE WIDTH

100 1000 10000

sec )

20

10

SAFE OPERATING AREA

I G MAX. (PULSED)

*

V c

'1

—i

" rn i

Ic MAX
JCCONTI-
NUOUS)

>i ~Vih\V5\ \ \ .« \ O, ~\ m
5 -V: ...

\o
3

\

^ \ \ \*

1

o %>* y&.V 3±
p ^1

0.

5

0.3

G.1

NONREPETITIVE PULE

: To = 25°C

E\\S

- CURVES MUST BE DERATED
- LINEARLY WITH INCREASE

0.05

an 2 li I _i_i_i-u .

-LJ-L ,

3 10 3G 100 300 1000

COLLECTOR-EMITTER VOLTAQE VGE (V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC3345

(Typ.)

Unit in mm
HIGH CURRENT SWITCHING APPLICATIONS.

10.3 MAX. 03.6±O.2

FEATURES

:

. Low Collector Saturation Voltage

s
/

Mr

of x'

5
X

: VCE(sat)=0..4V(Max.) (at Ic=6A)

. High Speed Switching Time : t stg=1.0^s

. Complementary to 2SA1328

MAXIMUM RATINGS (Ta=25°C)

to

1.5 MAX

.

T

13.0

MIN.

CHARACTERISTIC SYMBOL RATING UNIT

2.54

|W

Collector-Base Voltage VcBO 60 V
>

—

2.5 4
X
<
s

1

Collector-Emitter Voltage VcEO 50 V
CO

r-i

lO

Emitter-Base Voltage vebo 6 V
: -1 -

l»—
3-

Collector Current ic 12 A

Base Current IB 2 A 1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTERCollector Power Dissipation

(Tc=25°C)
PC 40 W

JEDEC T0-220AB

Junction Temperature T
J

150 °C EIAJ SC-46

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2-10A1A

ELECTRICAL :HARACTERISTICS (Ta =25°C)

Mounting Kit No.

Weight : 1 . 9g

AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, I E=0 - " - 10 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 10 MA

Collector-Emitter
Breakdown Voltage V(BR)CE0 I c=50mA, Ib=0 50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, Ic=6A 40 - -

Saturation
Voltage

Collector-Emitter VcE(sat) I C=6A, IB=0.3A - 0.25 0.4
V

Base-Emitter vBE(sat) I C=6A, Ib=0.3A - 0.9 1.2

Transition Frequency fT VCE=5V, IC=1A - 90 * - MHz

Collector Output Capacitance Cob VCB=10V, lE=0, f=lMHz - 180 - pF

Switching Time

Turn-on Time ton
on»o OUTPUT - 0.2 -

A S

lBfi
INP0^crr

1^IB2
IB2 ^ J*

I B1 =-I B2 = C,3A VCC = 30V

DUTY CYCLER 1%

Storage Time cstg
- 1.0 -

Fall Time tf - 0.2 -

Note : hpE(l) Classification : 70-140, Y : 120-240
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2SC3345

ic — VC E
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L k 4 6 6 1 1 2 14
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H >
I
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a
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c\j
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o 1 ol °Z °J o/

—

°7
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\ \ li

4>
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COLLECTOR-EMITTER VOLTAGE Vqe (Vj
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COLLECTOR CURRENT I c (A)

1.0

VqE -- I c
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Tc = 100°C

0.8

o / o
CO

1

o I o
r cv/

nfi
c

c

1

a 1

3 1

o
;

(

0.4

< r /i0^
*^oo
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V CE -

500

300

s 50
(U
«
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2 4 6 8 10

COLLECTOR CURRENT I c (a)

hPE — IC

COMMUJN JJJMl I"1'JtUK

VCE=1V

Tc=100°(

25

-55 -

03 1 3 10

COLLECTOR CURRENT I c (A)

Q6 -

COMMON EMITTER
Tc=-5 5°C

<
S

_ o O
to

o
CD • Of

-11

O /— <o h-
-1 1

o/
CV o/

01

II

M
"*50 .

2 4 6 8 10

COLLECTOR CURRENT Ic (A)

m <

1

vCE(sat) — I c

; COMMON EMITTE

;i c/l B=2Q5

Q3

1*\

£.,JcS$
t\ \°

Q 05

a or
Ol Q3 1 3 10

COLLECTOR CURRENT I c (a)
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2SC3345

< 2m >

Vbe( sat) - ic

common emitter

.

ic/Ib= 20

1
Tc -5 5*C

v 2b

1000.3

n n

Q3 1 3 10

COLLECTOR CURRENT I c (A)

ic — Vbe

COMMON EMITTER

VCE=1V
8

b b r
o / It

- 25 ,

- -5 5

E-

-<

f f

f4

2 /
:/ /

n
'

O 4 a 8 1.2 1.6 2.0 2.4

BASE-EMITTER VOLTAGE VBE (V)

PC Ta SAFE OPERATING AREA

a 10

a) Tc == Ta INFINITE HEAT SINK

@ 300X3U0X2mm A£ hkat sink.

3) 100X10 0X2mm k£ HEAT SINK

(4) 50X50X2mm A£ HEAT SINK

© NO HEAT SINK

®

®
s.

®

1®.

\
\

40 80 120 160 200

AMBIENT TEMPERATURE Ta (°C)

1 II II

' I c MAX (PULSED) 5*1

1 v

: (CONTI-
NUOUS )

_^„
s. S

[\ \ A

A^^
\ it. ,

V£A*H -^

6

4-

• '^A X

\-±hn± 1 1

1

-*• SINGLE NONREPETITIVE\d
.: PULSE Tc = 2 5°C
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X X

\£
LINI
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,ARI

EMI

->Y

DEI

W
*A

ITH
TUR]
Ll_L

INCREA
2

SE

l

o
H
o
>

. nil13 10 30

COLLECTOR-EMITTER VOLTAGE
100
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SI LICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage

: vCE(sat)=0.4V (Max.) (at IC=6A)

. High Speed Switching Time : t stg=1.0>us (Typ.)

. Complementary to 2SA1329

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

3.0:3 MAX 03.6±Q2

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

VCEO

VEBO

ic

IB

PC

L stg

RATING

80

80

12

40

150

-55-150

UNIT

2.5 4 2.5 4 <
s

1

\

1. BASE
2. COLLECTOR (HEAT SINK)
3 EMITTER

T0-220AB

EIAJ

TOSHIBA 2-10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Mount]
Weight

ng Kit No. AC75
: l,9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 - - 10 //A

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 10 Mk
Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=50mA, IB=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=6A 40 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=6A, IB=0.3A - 0.2 0.4 V
Base-Emitter vBE(sat) IC=6A, IB=0.3A - 0.9 1.2

Transition Frequency fT VCE=5V, IC=1A - 80 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 220 - pF

Switching Time

Turn-on Time ton 5T TNPT7T ?
fp°T

u
°
T - 0.2 -

MS

IBl=-lB2=Q3 A VCC= 30V

DUTY CYCLE^1%

Storage Time cstg - 1.0 -

Fall Time tf " 0.2 -

Note : hpF-m Classification : 70-140, Y : 120-240
TOSHIBA COWPORATIOINIumHiiumMMmiuimimHiimmiHimmmmim™
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2SC3346

Ic — VCE VCE - I C

"0 2 4 6 8 10 12 14

COLLECTOR-EMITTER VOLTAGE VCE (V)

2 4 6 8 10 12

COLLECTOR CURRENT I c (A)

VCE

500

300

2 4 6 8 10 12

COLLECTOR CURRENT I c (A)

hFE — I C

- COMMON EMITTEK
" vCE=iv

Tc = 100°C

25

2 4 6 8 10 12

COLLECTOR CURRENT I c (A)

vCE(sat)

0.3 1 3

COLLECTOR CURRENT I
(

(A)

0.1 0.3 1 3 10 20

COLLECTOR CURRENT I c (A)
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2SG3346

St

H Eh
CO 1-3

< O
m >

VBE (sat )
— ic

T

3
j

COMMON EMITTER

T I C/IB = 20

1
T c = -55°(

= *
: 5 - -

as
,.-=^=

v 2̂5

u:s \100

0.1

I c
_ vBE

ai Q3 1 3 10

COLLECTOR CURRENT I c (A)

HI COMMON EMITTER
VCE=1V

•° /-o 1o / IjN 25
' p -551

Eh

(|

/
i7
/,

a 4 0.8 1.2 1.6 2.0 2.4

BASE-EMITTER VOLTAGE VBE (V)

Ta SAFE OPERATING AREA

.30

(J) Tc = Ta INFINTE HEAT SINK

® 300X300X2mm k£ HEAT SINK

© 100X100X2 mm h£ HEAT SINK
(4) 50X50X2mmA£ HEAT SINK
(5) NO HEAT SINK

40 80 120 160 200

AMBIENT TEMPERATURE Ta (°C)

30

Q5

03

1 1 llll

1 1
1 -X: I c MAX. ^

- (C0NTI-
. NUOUS)

\
v \

\

•AVVo ^\ v*

c>\V ~\?

o

t? A \^o Y* \
1 O <?,

Fn"
I ii

. X SINGLE NONREPETITIVE
PULSE Tc = 25°C

CURVES MUST BE DERATED
- LINEARLY WTTH TNCRRARTC

<
s -

. o
IN 1 EMI3EJ

L

(A

_l

TUR

i i

E o
>

' 1

1 3 10 30

COLLECTOR-EMITTER VOLTAGE V
100

CE (y )
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SILICON NPN TRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE

SWITCHING APPLICATIONS.

FEATURES

:

. Excellent Switching Times (Ic=0.8A)

: t r=1.0j«s (Max.), tf=1.0/is (Max.)

. High Collector-Emitter Breakdown Voltage : VcEO=800V

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Pulse

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

ic

ICP

IB

PC

stg

RATING

900

800

60

150

-55-150

UNIT

Unit in mm

15.9MAX.. 0Z.Z±a2

Ci^ q. *il !. I S

1. BASE
2. 0OLLECTOR( HEAT SINK)

3. EMITTER

2-16C1

A

ELECTRICAL CHARACTERISTICS (Ta=25 c)

Weight : 4.6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, I E=0 - - 100 uA

Emitter Cut-off Current lEBO VEB=7V, IC=0
- - 1 mA

Collector-Base
Breakdown Voltage

V(BR)CB0 I C=lmA, IE=0 900 - - V

Collector-Emitter
Breakdwon Voltage

v (BR) CEO I c=10mA, IB=0 800 - -
. V

DC Current Gain hFE VcE=5V, Ic=0.8A 10

Collector-Emitter
Saturation Voltage

vCE(sat) IC=0.8A, Ib=0.16A - - 0.6 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=0.8A, Ib=0.16A - - 1.2 V

Switching Time

Rise Time tr
20/ls VCC= 400V

lBlI
H/TT

Ic
il
§

I NPUTo-^-T^TpUT
I B1 = a08A IB2 *\

lB2=-a20A ^
DUTY CYCLE^.1%

- - 1.0

MSStorage Time tstg
- - 4.0

Fall Time tf
- - 1.0

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=2000 (Min.) (VCE=3V, IC=3A)

• Low Saturation Voltage

: vCE(sat)=l-5V (Max.) (IC=3A)

• Monolithic Consturction With Built-in

Base-Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage
Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current
Collector Power Dissipation

(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO
vCEO

VEBO

IC

IB

PC

Tstg

RATING

80

80

0.2

50

150

-65M.50

EQUIVALENT CIRCUIT

BASEo-

UNIT

V

°C

COLLECTOR

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

, JZfc5.0MAX .

jZfel.OMAX

+ 0.09
0LO-O.O3

30.2 x 0.2

1 BASE
2. EMITTER

COLLECTOR (CASE)

TO

3, TB

21 A 1 A

Mounting Kit No. AC 7

3

Weight : 12g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=80V, IE=0 _ _ 100 PA
Emitter Cut-off Current xEB0 VEB=5V, IC=0 - - 3 mA
Collector-Emitter
Breakdown Voltage V (BR) CEO I c-50mA, IB=0 80 - - V

DC Current Gain
hFE(l) VCE=3V, IC=3A 2000 - L5000
nFE(2) VCE=3V, IC=7A 1000 - -

Collector-Emitter
Saturation Voltage

VCE(sat)l Ic=3A, lB=6mA - 0.9 1.5
V

VCE(sat)2 IC=7A, lB=14mA - 1.2 2.0
Base-Emitter
Saturation Voltage

VBE(sat) Iq=3A, Ig=6mA - 1.5 2.5 V

Switching

Time

Turn-On Time ton 20AB
OUTPUT - 0.8 -

ys

,h*1 INPUT IB1| J fl

;| .a
rH

1

45V

Storage Time tstg - 3.0 -

Fall Time tf IB1 =-IB2 = 6mA
DUTY CYCLE^l^ CC

< - 2.5 -

TOSHIBA CORPORATION
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2SD523

IC - VCE VcE
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a
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1
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TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiim nullum iiniiiiiii imiiMii M * ) i mil 1 1 Ml M 1 1

1

km iM i linn i mini

-642-



2SD523

7

ic — Vbe

COMMON EMITTER

"

V

CE=3V
/

'

1 /

/
. p/ «)[ U5

[c

c

//

o

3 / ^r
> / /
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/ /
'
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/ / /
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1 Ml Mill

Ic MAX ("PULSED)*

-Ig MAX j-j--|
.o

-( CONTINUOUS Vv>V^
-2x i V_V=>

°>T \ V vw
\?%^

O -V \
*
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Q3
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

_

HIGH POWER SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=2000 (Min. ) (VCE=3V, IC=5A)

• Low Saturation Voltage

: VCE (sat)=l- 5v <Max -> dc=5A)

• Monolithic Construction With Built-in

Base-Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC
Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation (Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

IB

?C

L stg

RATING
80

80

15

0.2

100

150

-65^150

UNIT
V

L BASE

2. EMITTER
COLLECTOR (CASE)

JEDEC TO

EIAJ TB — 3

TOSHIBA 21 A 1 A

EQUIVALENT CIRCUIT
BASE

-COLLECTOR

6 EMITTER

Mounting Kit No. AC73

Weight : 12. 9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current
Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage
Base-Emitter
Saturation Voltage

Switching

Time

Turn-on Time

Storage Time

Fall Time

SYMBOL

ICBO

lEBO

v (BR) CEO

hFE(l)
hFE(2)

VCE(sat)(i:
VCE(sat)(2:
vBE(sat)

Lon

-stg

TEST CONDITION MIN.

VCB=80V, IE=0

VEB=5V, lc=0

Ic=50mA, Ib=0

VCE=3V, Ic=5A
VCE=3V, I C=15A
IC=5A, IB=10mA
If=15A, !B=30mA
IC=5A, IB=10mA

20A8 iB1r
IBItP^ INPUT _2fiB

afi

OUTPUT

l/fcB

IBl=- IB2 = 10mA

DUTY CYCLE<:i#
VCC = 50V

80

TOW
low

TYP

0.8

4.0

3.0

MAX.

100
"TO"

T7T
"2TTT

2.5

UNIT

yA
mA

ys

TOSHIBA CORPORATION
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2SD524
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2SD524
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=100V

• Low Collector Saturation Voltage : VCE (sat )=2.0V(Max.

)

• Complementary to 2SB595.

• Recommended for 30W High Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 100 V

Collector-Emitter Voltage vCEO 100 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 5 A

Emitter Current IE -5 A
Base Current IB 4 A

Collector Power Dissipation
(Tc=25°C)

pC 40 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55VL50 °C

10.3MAX. ^3.6±0.2

1. BASE
2. COLLECTOR (HEAT SINK)

a EMITTER

JEDEC TO — 220AB

TOSHIBA 2 — 10 A 1 A

Mounting Kit No. AC75
Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°cl
CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX.

100

r

UNIT
Collector Cut-off Current !CB0 VCB=100V, IE=0 UA
Emitter Cut-off Current Jebo VEB=5V, IC=0 mA
Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=50mA, IB=0 100

Emitter-Base
Breakdown Voltage

DC Current Gain

Collector-Emitter

Saturation Voltage

v (BR)EB0 IE=10mA, Ic=0

hFE(l)

(Note)
VCE=5V, IC=1A

hFE(2) VCE=5V, Ic=4A

vCE(sat) IC=4A, IB=0.4A

40

20

240

2.0

ITTBase-Emitter Voltage

Transition Frequency

VBE VCE=5V, IC=1A

fT VCE=5V, IC=1A
Collector Output Capacitance ^ob VCB=10V,

I

E=0 , f=lMHz

12

100

Note : hFE (1 ) Classification R : 40^80, : 70^140, Y : 120^240

MHz

pF
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2SD525
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Power Dissipation : PC=30W (Tc=25°C)

• Good Linearity of hpj?.

• Complementary to 2SB596.

• Recommended for 20 ^ 25W High Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCB0 80 V

Collector-Emitter Voltage vCE0 80 V

Emitter-Base Voltage vEB0 5 V

Collector Current ic 4 A

Emitter Current IE -4 A

Base Current IB 3 A

Collector Power Dissipation
(Tc=25°C)

?C 30 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55vL50 °C

00.3MAX. ,
/2te.6±0.2

i

1. BASE

Z COLLECTOR (HEAT SINK)

3. EMITTER

TO — 220 AB

46

Mounting Kit No.

Weight : 1.9g
AC75

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP, MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 30 yA
Emitter Cut-off Current IEB0 VEB=5V >

IC=0 100 yA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, IB=0 80

Emitter-Base
Breakdown Voltage

V (BR)EB0 IE=10mA, Ic
=0

DC Current Gain

hFE(l)

(Note)
VCE=5V, IC=0.5A

hFE(2) VCE=5V '
IC=3A

40 240

15 50

Collector-Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.3A 0.45 1.5

Base-Emitter Voltage 'BE VCE=5V >
IC=3A 1.0 1.5

Transition Frequency fT VCE=5V, IC=0.5A 8.0 MHz

Collector Output Capacitance Cob VcB=10V,lE=0,f=lMHz 90

Note : hFE(l) Classification R : 40^80, : 70vL40, Y : 120^240
pF

TOSHIBA CORPORATION
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2SD526
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2SD526
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HIGH POWER SWITCHING APPLICATIONS.

DC-AC POWER INVERTER APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES:

. High Voltage : VcEO(SUS)=450V

. Triple Diffused Design.

. Darlington Design

MAXIMUM RATINGS (Ta=25°C)

SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage VCEO(SUS)

Emitter-Base Voltage

Collector Current

Emitter Current

5ase Current

SYMBOL

VCBO

VEBO

ic

IE

IB

RATING

600

450

120

-120

UNIT

2-04.O±C2

4MIN.

1. BASE
2. EMITTER
3. COLLECTOR

Thermal Resistance
(Double Side Cooling)

Rth(j-c) 0.13 5C/W

Junction Temperature Th 125 °C TOSHIBA 2-42A1A

Storage Temperature Range stg -40-150 °C

Mounting Force Required 400±40 kg
Weight : 70g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

DC Current Gain hFE
VCE=5V, IC=120A 150 - -

VCE-5V, IC=60A - 500 -

Collector-Emitter
Sustaining Voltage VcEO(SUS; IC=0.5A, L=40mH 450 - - V

Collector-Emitter
Saturation Voltage

VcE(sat)
IC=120A, IB-2.4A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat)
- - 2.5 V

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 2 mA

Emitter Cut-off Current IEBO VEB=5V, IC=0
- - 150 mA

Switching
Time

Turn-on Time "ton
IC=120A, IB1=2.4A,

-IB2=2.4A, VC=300V

- 3 - /iS

Storage Time "tstg
- 12 - /iS

Fall Time tf - 8 - /IS

Note : Pulse Test; Pulse Width^300^s , Duty CycleS3%
Mounting Force; F=400kg

TOSHIBA CORPORATION lltillllltMlllMllltllltlMllllllllltllll 11 IIIIIIIIIIIIMKIMM Illllll lllltllMlltltlllllllll Mlllllillltllllllllllllllllllltllll MlllllMllMlltMltlltlllllllllMIIIMllllllllllltll

652



2SD548
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2SD548
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SILICON NPN EPITAXIAL TYPE
(DARLINGTON POWER) 2SD549

PULSE MOTOR DRIVE, HAMMER DRIVE APPLICATIONS.

SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=4000(Min.) (VCE=2V, Ic=150mA)

• Low Saturation Voltage

: VCE(sat)=1.5V(Max.) (IC=1A, IB=lmA)

MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emi t

t

er-Base Voltage

Continuous Collector Current

Collector Power Dissipation

(Ta=25°C)

SYMBOL

VcBO

VCEO
vEBO

ic

PC

RATING

30

30

10

1.5

1.0

UNIT

Unit in mm
7.9MAX.

1. EMITTER
2. COLLECTOR (HEAT SINK)

3. BASE

Junction Temperature 150 TO — 126

Storage Temperature Range L stg -55M.50

2 — 8P 1 A

EQUIVALENT CIRCUIT

BASE
..COLLECTOR

Mounting Kit No. AC46C
Weight : 0.72g

<:
I

i

OEMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, Ie=0 - - 10 yA
Emitter Cut-off Current IEB0 VEB=10V, IC=0 - - 10 VA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, IB=0 30 - - V

DC Current Gain hFE VCE=2V, Ic=150mA 4000 - -

Collector-Emitter
Saturation Voltage

vCE(sat) I(]=1A, lB=lmA - - 1.5 V

Base-Emitter
Saturation Voltage

vBE(sat) Iq=1A, lB=lmA - - 2.2 V

Switching

Time

Turn- on Time ^on
OUTPUT - 0.18 -

ysiBliF
INPUTigl r--—h T

Storage Time tstg ZLIB2 ^L^fS - 0.6 -

Fall Time tf
lBl="
DUTY C

lB2 = lm
t VCC = 15VYCLE^1<# LL

- 0.3 -
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2SD549
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2SD549
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2SD552 SILICON NPN TRIPLE DIFFUSED TYPE

HGIH POWER AMPLIFIER APPLICATIONS.

HIGH POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES

:

• High Power Dissipation : Pc=150W (Tc=25°C)

• High Collector Current : I C=15A

• High Voltage : VCEO=180V

• Complementary to 2SB552.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 220 V
Collector-Emitter Voltage vCEO 180 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 15 A

Base Current IB 3 A
Collector Power Dissipation^,.,, . PC 150 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -65VL50 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO

TC — 3, TB

2 — 21 A 1 A

Mounting Kit No. AC73
Weight : 12. 9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=150V, IE=0 - - 100 yA
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, IB=0 180 - - V

DC Current Gain
^FE(l)
(Note)

VCE=5V, IC=5A 25 - 80

"FE(2) VCE=5V, IC=15A 10 15 -

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=10A, IB-1A

- - 2.0 V

Base-Emitter
Saturation Voltage

VBE(sat)
- 1.5 2.5 V

Transition Frequency fT VCE=10V, IC=1A - 4 - MHz

Collector Output Capacitance cob VCB=50V , IE=0 , f=l.MHz - 160 - PF

Switching

Time

Turn- on Time ton 324
e rmm^Bl^ OUTPUT - 1 -

ys

T__n —v*-k ) IG
Storage Time tstg

lBl=-lB2-°-5A VGC =125V
DUTY CYCLE^1#

- 3.5 -

Fall Time tf
- 0.5 -

Note : hEE f^ Classification

TOSHIBA CORPORATION
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2SD552

IC ~ VCE
12

" 2
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2SD552

S 10

c->>

^0.5
&q
fp

> 0.3
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--. ic /IB =10

.. Tc- _ £ 5*(

100
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1
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH CURRENT SWITCHING APPLICATK)NS.

CC=4A)

INDUSTRIAL APPLICATIONS

Unit in mm

POWER AMPLIFIER APPLICATIONS. 10.3MAX. .03.6+0.2

5
FEATURES

:

r^ sis X
<
31

• Low Saturation Voltage kP
5

: vCE(sat)=°.4V (Max.) (at ]

• Complementary to 2SB553.

j

in"H

1
ml

II

|

M
3o.5MAX.

0.76

2.54^ 2.54

X
<
2

-MAXIMUM RATINGS (Ta=25°C)

-

d r-

,i
2
d a

K

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 70 V

Collector-Emitter Voltage VCEO 50 V
1. BASE
2. COLLECTOR (HEAT SINK)

S EMITTER
Emitter-Base Voltage vEBO 5 V

Collector Current ic 7 A
JEDEC TO — 220AB

Collector Power
Dissipation

Ta=25°C
?C

1.5
W EIAJ SC — 46

Tc=25°C 40
Junction Temperature T

J
150 °C TOSHIBA 2 — 10 A 1A

Storage Temperature Range Tstg -55^150 °C Mqunting
Weight :

Kit No. AC75

1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=70V, IE=0 - - 30 vA
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 50 UA
Collector-Emitter
Breakdown Voltage

v (BR)CE0 Ic=50mA, IB=0 50 - - V

DC Current Gain
hFECn
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=4A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, IB=0.4A - 0.2 0.4 V

Base-Emitter
Saturation Voltage vBE(sat) IC=4A, IB=0.4A - 0.9 1.2 V

Transition Frequency fT VCE=4V, Ic=lA - 10 - MHz
Collector Output Capacitance Cob VcB=10V

,

Ie=0 ,
f=lMHz - 250 - pF

Switching

Time

Turn- on Time ton

IB1=-IB2= 0.3A VCC = 30V

DUTY CYCLE^l^

- 0.2 -

lisStorage Time fcstg
- 2.5 -

Fall Time tf - 0.5 -

Note: hFE(l) Classification : 70^140, 120^240
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2SD553

STATIC CHARACTERISTICS
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2S0553
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2SD633
2SD634
I2SD635I

SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=2000 (Min.) (VcE=3V, Ic=3A)

• Low Saturation Voltage

: vCE(sat) =1 - 5v (Max.), (I C=3A)

• Complementary to 2SB673, 2SB674, and 2SB675,

MAXIMUM RATINGS

CHARACTERISTIC

Collector-Base

Voltage

Collector-Emitter

Voltage

2SD633

2SD634

SYMBOL

2SD635

2SD633

2SD634

2SD635

Emitter-Base Voltage

Continuous Collector Current

Contunuous Base Current

Collector Power Dissipation
(Tc=25°c:

Junction Temperature

Storage Temperature Range

'CBO

CEO

VEBO

ic

IB

PC

RATING

100

80

60

100

80

60

0.2

Tstg

40

150

-55VL50

UNIT

°C

INDUSTRIAL APPLICATIONS

Unit in mm

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO — 220 AB

Mounting Kit No.

Weight : 1.9g
AC75

EQUIVALENT CIRCUIT

1—wv, 1>

~5k

.COLLECTOR
1

<
i ~^9_

i

^EMITTER

TOSHIBA CORPORATION
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2SD633 • 2SD634-2SD635

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-

off Current

2SD633

!CBO

VcB=100V, lE=0 - - 100

yA2SD634 VCB=80V, IE=0 - - 100

2SD635 VCB=60V, IE=0
- - 100

Emitter Cut-off Current IEBO VEB=5V, I C=0
- - 3.0 mA

Collector-

Emitter

Breakdown
Voltage

2SD633

v (BR)CEO I c=50mA, IB=0

100 - -

V2SD634 80 - -

2SD635 60 - -

DC Current Gain

hFE(l) VCE=3V, IC=3A 2000 - 15000

hFE(2) VCE=3V, IC=7A 1000 - -

Collector-Emitter

Saturation Voltage

VcE(sat)(l) IC=3A, lB=6mA - 0.9 1.5
V

VCE(sat)(2; Iq=7A, Ig=l4mA - 1.2 2.0

Base-Emitter
Saturation Voltage

VBE(sat) I^=3A, Ig=6mA - 1.5 2.5 V

Switching

Time

Turn- on Time ton 20AS n
___^TPUT - 0.8 -

ys
mF la

1
H

= 45V

Storage Time tstg - 3.0 -

Fall Time H DUTY C

IB2 =6mA vcc
3YCLE^1#

- 2.5 -

TOSHIBA CORPORATION
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2SD633* 2SD634 •2SD635
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2SD640 SILICON NPN TRIPLE DIFFUSED TYPE

HIGH VOLTAGE SWITCHING APPLICATIONS.

HIGH POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Voltage : VCEO=400V

• Low Saturation Voltage : VCE(sat )=1.5V (Max.)

(IC=5A, IB=1A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 600 V

Collector-Emitter Voltage VCEO 400 V

Emitter-Base Voltage vEBO 5 V

Collector Current !C 7 A

Base Current IB 2 A
Collector Power DissipationF

(Tc=25°C) ?C 100 W

Junction Temperature T
i

150 °C

Storage Temperature Range Tstg -65M.50 °C

INDUSTRIAL APPLICATIONS

Unit in mm

ei

025.OMAX.

f-

,021-OMAX., %
:

"1
CO

1

li ! .

lr±n: \
1

1

. +ao9 i

51.0-0.0 4

'

t

, 30.2 ±0.2

c>c5

+ 1

to

H
r-f

1&9±0.24

X04.0—0.15 S" X Z><N

<
so
Oi

\

ti

^ cSd

<^ 1 (h y + 1

^\ -^ y C5

40.0MAX.

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO-204MA/TO-3

EIAJ TC — 3, TB — 3

TOSHIBA 2 — 21 E 1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No.AC73
Weight : 15. 8g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=500V, IE=0 - - 100 yA
Emitter Cut-off Current IEBO VEB=5V, IC=0 - - 1 mA
Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, IB=0 400 - - V

DC Current Gain hFE VCE=5V, IC=1A 25 - 140
Collector-Emitter
Saturation Voltage vCE(sat) IC=5A, IB=1A - - 1.5 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=5A, IB=1A - - 2.0 V

Transition Frequency fT VCE=10V, IC=0.5A - 3 - MHz
Collector Output Capacitance Cob VCB=50V,

I

E=0 , f=lMHz - 70 - pF

Switching

Time

Turn- on Time ton 20/

lB

af

<e i OUTPUT
TNPTTT XB1

Q

- 1.0 -

ysStorage Time tstg /£B2 ^2^ ?°g - 3.0 -

Fall Time fcf
DUTY C

VCC = 200V
IB2 = 0.3A

YCLE'.^l^

- 0.6 -

TOSHIBA CORPORATION
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2SD640

STATIC CHARACTERISTICS hFE - I C
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2SD640

Pc Ta SAFE OPERATING AREA

0) \ £ T Ta
(INFINITE HEAT SINK)

@ 300X300X2mmA^
(HEAT SINK)

@ 200 X 200X 2 mm A^

(HEAT SINK)

@ 150 X 150 X 2mm k£

(HEAT SINK)

^3)

(HEAT SINK)

(HEAT SINK)

(2)

^- © S- (43

^^V vX
UP.
c&

25 50 75 100 125 150 175 200

AMBIENT TEMPERATURE Ta (°C)

5 10 30 50 100 300 500 1000

COLLECTOR-EMITTER VOLTAGE VCE (V)
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD641

HIGH VOLTAGE SWITCHING APPLICATIONS.

HIGH POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High Voltage : VCEO=400V

• Low Saturation Voltage : VcE(sat) =l»5V (Max.)

(IC=10A, IB=2A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

'ollector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO
vCEO

VEBO

ic

IB

[stg_

RATING

600

400

15

150

150

-65VL50

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

INDUSTRIAL APPLICATIONS
Unit in mm

^25.0MAX

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO-204MA/TO-3

TC 3, TB — 3

2 — 21E 1 A

Mounting Kit No. AC73
Weight : 15. 8g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 0.5 mA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 1 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=20mA, IB=0 400 - - V

DC Current Gain "FE VCE=5V, IC=5A 20 - 140

Collector-Emitter
Saturation Voltage VcE(sat) IC=10A, IB=2A - - 1.5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=10A, IB=2A - - 2.0 V

Transition Frequency fT VCE=10V, IC=0.5A - 4 - MHz

Collector Output Capacitance Cob VCB=50V

,

Ie=0 ,
f=lMHz - 150 - pF

Switching

Time

Turn- on Time ton

ib

£\

B iB1
OUTPUT

- 0.8 -

MS^B2 IB2
j |3Storage Time tstg - 3.5 -

Fall Time tf
DUTY C

-IB2 = 0.5A

DYCLE^l %

- 0.6 -

iimiumHiiimiMiimmmiMmMiiimiiMMmMmMMmmiHMmimimiMmMMiiimmmmiimHiMHimMMiiiiiMiiiiiiiiMM CORPORATION
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2SD641

STATIC CHARACTERISTICS
hFE

5 I |

K 16
o °
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g as
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'

-—
800-

- t -/
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:4> ^ \ o§„ 1 ^ «— .-— 400
tf> \° P _ 200

100
< z „_

£ I-n = 50mA

1 ) J_Lo.
12 0.8 0.4

" BASE CURRENT
" IB (

A ) ~

2 4 6
C0LLECT0R-

04EMITTER VOLTAGE

H pq >

M
a h

1.2^ < COMMON

' ' ^
^ c^C-t^

< c)

T c = 25 °C

J c - vBE
16

14

12

£ 8

VCE -5 V

1 1
h
f

i
'

'

S\

nl
'<o/ <o

*/l It

i

/,
0.4 0.8 1.2 1.6 2.0 2.4 2.1

BASE -EMITTER VOLTAGE VBE (v)

0.05 0.1 0.3 0.5 1 3 5 10 20

COLLECTOR CURRENT I c (A)

0.3 0.5 1

.

3 5

COLLECTOR CURRENT Ic

H Eh
CQ J
< O

20
|

—

VBE( 3at ) ~- ic

C

10; !

OMMON EMITTER

I

5 --

3

1 - Tc = —

5

5°C --

0.5 = \ 25
3

n* 1 III

0.05 0.1 0.3 0.5 1 3 5

COLLECTOR CURRENT Ic

10 20

(A)
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2SD641

lfiO

Pc - Ta

3
CD Tc = Ta

(INFINITE HEAT SINK)

@ 300X 300 X 2mm A^

(HEAT SINK)

140

120

\(HEAT SINK)

k®
150 X 150X 2mm A£

\(Hii;AT S1WKJ

\ (§j 100X100X2mmAi

80
\(HEAT SINK)

60

40
,-7N

®
1

?,n - (£•

1

'

n ^

SAFE OPERATING AREA

25 50 75 100

AMBIENT TEMPERATURE
125 150

Ta ("C) 3 5 10 30 50 100 300 5CO 1000

COLLECTOR-EMITTER VOLTAGE VGE (V)

IIIIIIHIII til il li lltll tlllJ IJ] IIII1IM I It lit 1 Ill If llllll IMiniIMM IJMIMIII IlliliMIt 111 IIMllt Jilllllll 1 1 1 1 1 f 1 1 1 1 (II T 1 1

1

lilt 1 1 1 1 1 1 M I J 1 1 tl I I <l ~l~^:^^^ —i^X,^^. CORPORATION

-673-



2S0647A
2SD697Ai

SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.
DC-AC POWER INVERTER APPLICATIONS.
MOTOR CONTROL APPLICATIONS.

FEATURES

:

. High Voltage : VCEO(SUS) ^ 450v (
2SD697A >

. Triple Diffused Design.

. Darlington Design.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SD647A
VCBO

800 V
2SD697A 500

Collector-Emitter
Voltage

2SD647A
VcEO(SUS

. 600 V
2SD697A > 450

Emitter-Base Voltage Vebo 5 V

Collector Current ic 100 A

Emitter Current IE -100 A

Base Current IB 6 A

Thermal Resistance
(Double Side Cooling)

Rth(j-c) 0.13 °c/w

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -40-150 °c

Mounting Force Required F 400±40 kg

2 -04.0 ±0.2

1. BASE
2. EMITTER
3. COLLECTOR

JEDEC

TOSHIBA 2—42A1A

Weight : 70g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

DC Current Gain hFE
VCE=5V, IC=100A 100 - -

VCE=5V, I C=50A - 500 -

Collector-Emitter
Sustaining Voltage

2SD647A
VCE0(SUS ) Ic=0.5A, L=40mH 600

450

- - V

2SD697A

Collector-Emitter
Saturation Voltage VCE(sat)

IC=100A, Ib=2A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat)
- - 2.5 V

Collector Cut-off
Current

2SD647A
ICBO

VCB=800V, IE=0 - - 2
mA

2SD697A VCB=500V, Ie=0 - - 2

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 200 itiA

Switching

Time

Turn-on Time ton
IC-100A, IB1-2A,

-IB2-2A, VC-300V

- 2.5
- fis

Storage Time fcstg
- 20 - AS

Fall Time tf - 4 - /IS

Note : Pulse Test; Pulse Width^300jtxs , Duty Cycle^3%
Mounting Force; F=400kg
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2SD647A*2SD697A

vBE(sat) ~
- ic

2
1 c

c

1

COMMON EMITTER
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—
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/
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•

/

<0 1

10

X£
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* /
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/
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1

f

7 • /

/

3
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3=£

40 80 120 160 200
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2SD647A*2SD697A

SAFE OPERATING AREA SWITCHING CHARACTERISTICS

0.2

I c MAX '(
PULSED')**5

' &MII Mill 1
1

1 1

I C MAX ^(PULSED)* - ^V<£s^•r
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^
^ ---^•'-

X
•!•

\
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•d>

4% ^

\

: •& SINGLE NONREPETITIVE ^
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.

DC MOTOR CONTROL APPLICATIONS.

ELECTRIC CAR APPLICATIONS.

FEATURES

:

. High Voltage : VCEO ( SUS )=300V

. Triple Diffused Design.

. Darlington Design .

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage ^CEO(SUS)

Emitter-Base Voltage

Collector Current

Emitter Current

Base Current

Thermal Resistance
(Double Side Cooling)

Junction Temperature

Storage Temperature Range

Mounting Force Required

SYMBOL

VCBO

VEBO

ic

IE

IB

Rth(j-c)

L stg

RATING

300

300

400

-400

12

0.04

125

-40-150

1000±100

UNIT

C/W

kg

2-05.2±O.2

04.3 ±0,1

1. BASE
2. EMITTER
a COLLECTOR

TOSHIBA 2-6 7A1A
Weight : 250g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

DC Current Gain hFE VCE=5V, Ic=400A 100 400 -

Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=0.5A, L=40mH 300 - - V

Collector-Emitter
Saturation Voltage

vCE(sat) IC=400A, Ib=8A (Note) - - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=400A, Ib=8A (Note) - - 2.5 V

Collector Cut-off Current ICEO VCE=300V, Ib=0 - 1.0 10 mA

Emitter Cut-off Current lEBO VEB=4V, ic=o - 50 250 mA

Switching
Time

Turn-on Time ton
IC=400A, Ib1=4A,

-IB2=4A S Vc=100V

- 1.0 3.0 AS

Storage Time tstg - 8 13 AS

Fall Time tf - 2 3.0 AS

Note: Pulse Test,. Pulse Uidth ^300,ac „ Duty Cycle^3%
Mounting Force; F=1000kg

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimimiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim CORPORATION
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2SD648A

SWITCHING CHARACTERISTICS

SAFE OPERATING AREA
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2SD648A

vBE(sat) - IC
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

Unit in mm

HIGH POWER SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=2000(Min.)(VCE=3V, IC=3A)

• Low Saturation Voltage

• VCE( Sat) =1 - 5v (Max.)(Ic=3A)

• Monolithic Cnstruction with Built-in Base-

Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC
Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO
ic

PC

Tstg

RATING
80

80

0.2

40

150

-65M.50

UNIT

015.7MAX

EQUIVALENT CIRCUIT

BASEo

OLLECTOR

EMITTER

1 BASE
Z EMITTER

COLLECTOR(CASE)

TO — 66

TC — 16A, TB

Mounting Kit No. AC74
Weight : 5.9g

ELECTRICAL CHARACTERISTICS (Ta=25°c)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0
- — 10U VA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
— — 3 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=50mA, Ib=0 80 - - V

DC Current Gain
hFE(l) VCE=3V, IC=3A 2000 - 15000

hFE(2) VCE=3V, IC=7A 1000 - -

Collector-Emitter

Saturation Voltage
VcE(sat)(i: IC=3A, lB=6mA - 0.9 1.5

V

VCE(sat)(2} IC=7A, lB=14mA - 1.2 2.0

Base-Emitter
Saturation Voltage vBE(sat) IC=3A, lB=6mA - 1.5 2.5 V

Switching

Time

Turn-on Time ton Zpus
x

.___ OOTPOT - 0.8 -

us

IB1 =-IB2 = 6mA VCC =

DUTY CYCLE^1$

r
= 45V

Storage Time fcstg
- 3.0 -

Fall Time tf
- 2.5 -

TOSHIBA CORPORATION iiiiiiillllllllliitllllllllltllllllilllf ItllllltiltltllllllllllliillllllliiltMtltiiiliiiitlllllllliiliiillltlltiiililllllltlllilitilillllltlllllltlltlllllllltlllltlllllllllliiillltltlllllllltllllllllllllllilltl
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2SD664

Ic - VCE CE
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2SD664

I C - VBE
SAFE OPERATINQ AREA
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SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

2SD683A,

HIGH VOLTAGE AND HIGH POWER SWITCHING APPLICATIONS.
MOTOR DRIVE APPLICATIONS.

FEATURES :

. High DC Current Gain : hFE=500(Min. ) (VCE=5V, Ic=5A)

. High Voltage : VcEO(SUS)=450V (2SD683A)

. Monolithic Construction With Built-in

Base-Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage VCBO 600 V

Collector-Emitter
Voltage

2SD683
vCEO

400
V

2SD683A 450
Emitter-Base Voltage vEBO 5 V

Collector Current ic 15 A
Base Current IB 2 A
Collector Power Dissipation

(Tc=25°C) PC 150 W

Junction Temperature Ti 150 °C
Storage Temperature Range Tstg -65^150 °C

EQUIVALENT CIRCUIT
BASEo

—

o COLLECTOR

=2kX2 <

ELECTRICAL CHARACTERISTICS

==200i2

(Ta=25°C)

EMITTER

INDUSTRIAL APPLICATIONS
Unit in mm

gfe5.0MAX. .

I3fe

JZfcLOMAX.

_ +009
#1.0—0.03

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO — 3

EIAJ TC — 3, TB

TOSHIBA 21 A 1 A

Mounting Kit No. AC73
Weight : 12. 9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP MAX. UNIT
Collector Cut-off Current ICBO VCB=600V, IE=0 - - 0.5 mA
Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 30 mA
Collector-Emitter
Sustaining Voltage

2SD683
vCE0(SUS) IC=5A, L=10mH 400 - -

V
2SD683A 450 - -

DC Current Gain
hFE(l) VCE=5V, IC=5A 500 - -

hFE(2) VCE=5V, IC=15A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=10A, IB=0.2A - - 2.0 V

Base-Emitter
Saturation Voltage vBE(sat) IC=10A, IB=0.2A - - 2.5 V

Emitter-Collector
Forward Voltage

VECF IE=10A, IB=0 - - 3.0 V

Collector Output Capacitance Cob VCB=50V,IE=0,f=lMHz - 100 - pF

Switching

Time

Turn-on Time ton
20AS OUTPUT

50V

- 0.4 -

ysStorage Time tstg - 15 -

Fall Time tf
1

IB1=- IB2 = 0.1A
L "v^w^

^

DUTY CYCLE^1# VCC = 1

- 3 -

TOSHIBA CORPORATION
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2SD683-2SD683A

STATIC CHARACTERISTICS hpE - I C
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2SD683*2SD683A
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2SD684
SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=1500 (Min.) (VCE=2V, IC=2A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage vCBO 600 V

Collector-Emitter Voltage vCEO 300 V

Emitter-Base Voltage Vebo 5 V

Collector Current XC
6 A

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C)

P
C 30 W

Junction Temperature T1 150 °C

Storage Temperature Range Tste -65VL50 °C

EQUIVALENT CIRCUIT

I ~2kQif
I y^ 1

'COLLECTOR

EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS .

Unit in mm

1. BASE

2. EMITTER
COLLECTOR (CASE)

TO 66

TC — 16A, TB

2 — 13 A 1 A

Mounting Kit No. AC74

Weight : 5.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0
- - 0.5 mA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 0.5 mA

Collector-Emitter Sustaining
Voltage

VCE0(SUS) IC=0.5A, L=40mH 300 - - V

DC Current Gain
hFE(l) VCE=2V, IC=2A L500 - -

hFE(2) VCE=2V I C=4A 200 - -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=4A, Ib=0.04A - - 2.0 V

Base-Emitter
Saturation Voltage vBE(sat) Ic=4A, IB=0.04A - - '2.5 V

Collector Output Capacitance Cob VCB=50V ,

I

E=0 , f=lMHz - 35 - pF

Switching

Time

Turn-on Time *-on 20m T
OUTPUT - 1 -

Us

r*1 INPUT J-Bi +--1 T °

B1
ir1 ^^rCZ? Is

IB1 ==- IB2 :=0-04A Vcc = 100V
DUTY CYCLER 1^

Storage Time tstg
- 8 -

Fall Time tf - 5 -

TOSHIBA CORPORATION
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2SD684

STATIC CHARACTERISTICS hFE
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2SD684A
SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

Unit in mm

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=600 (Min.) (VCE=2V, Ic=2A)

• Monolithic Construction With Built-in

Base-Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 600 V

Collector-Emitter Voltage VCEO
.

400 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 6 A

Base Current IB 1 A
Collector Power Dissipation

(Tc=25°C) PC 30 W

Junction Temperature Ti 150 °C

Storage Temperature Range Tstg -65vL50 °c

1, BASE
2. EMITTER

COLLECTOR(CASE)

JEDEC TO 66

EIAJ TC — 16A, TB — 23

EQUIVALENT CIRCUIT TOSHIBA

Mounting kit No.AC74
Weight : 5 . 9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, Ie=0 - - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 3 mA
Collector-Emitter Breakdown
Voltage V (BR) CEO IC=10mA, Ib=0 400 - - V

DC Current Gain
hFE(l) VCE=2V, IC=2A 600 - -

hFE(2) VCE=2V, IC=4A 100 - -

Collector-Emitter Saturation
Voltage vCE(sat) IC=4A, IB=0.04A

- - 2.0 V

Base-Emitter Saturation Voltage VBE(sat) IC=4A, Ib=0.04A - - 2.5 V

Emitter-Collector Forward Voltage Vecf IE=4A, IB=0
- - 3.0 V

Collector Output Capacitance Cob VcB=50V

,

Ie=0 ,
f=lMHz - 35 - pF

Switching Time

Turn-on Time ton 20U
OUTI

8

INPUT JB1[ f=j]

>UT

.a
N

- 1 -

VisStorage Time cstg £[IB2 ^2! I^fl1X1
)2 w. 1 »*

4_'_i

- 8 -

Fall Time tf
lBl =

DUTY

-IB2 = 0.04A
>

DOV - 5 -
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2SD684A

STATIC CHARACTERISTICS hFE ~ T C
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2SD685
SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE AND HIGH POWER SWITCHING APPLICATIONS.

FEATURES :

. High DC Current Gain

: hFE=400 (Min.)(VCE=2V, IC=4A)

. High Reverse Energy : Es/g=245mJ (Min.)

. Monolithic Construction With Built-in

Base-Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage VCBO 600 V
Collector-Emitter Voltage vCEO 400 V
Emitter-Base Voltage vebo i V

Collector Current ic 10 A
Base Current IB 2 A
Collector Power Dissipation

(Tc=25°C) PC 100 W

Junction Temperature T.1 150 *C
Storage Temperature Range Tstg -65vL50 °C

EQUIVALENT CIRCUIT

BASE o—

f

EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

025.OMAX.

L BASE
Z. EMITTER

COLLECTOR (CASE)

JEDEC TO

EIAJ TC - 3, TB

2 — 21A 1 A

Mounting kit No. AC73
Weight : 12. 9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, Ie=0 - - 0.5 mA
Emitter Cut-off Current !ebo vEb=5v, ic=u - - 20 mA
Collector-Emitter Sustaining
Voltage

vCEO(sus) IC=6A, L=10mH 400 - - V

Reverse Energy ES/B L=10mH, ICP=7A (Note) 245 - - mJ

DC Current Gain hFE(l) VCE=^V, IC=4A 400 - -

hFE(2) VCE=2V, IC=8A 100 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=8A, Ib=0.08A - - 2.0 V

Base-Emitter
Saturation Voltage VBE(sat) IC=8A, IB=0.08A

- - 2.5 V

Emitter-Collector
Forward Voltage VECF IE-IOA, IB=0 - - 3.0 V

Collector Output Capacitance Cob VCB=50V

,

Ie=0 , f=lMHz - 90 - pF

Switching

Time

Turn- on Time ton
20

lB
aF

*8 OUTPUT
INPUT ^t-^^EtT

Q±B2 IB2i[V-KjifS

- 1.0 -

usStorage Time tstg - 12 -

Fall Time tf
Ibi=~
DUTY OS

IB2 = 0.05A t-^^*£U
I

31E^.1% Vrn = 150V
- 5 -

Note: Eg/s is defined as the energy at which second breakdown occurs under the base

open circuit. ES / R=1/2L Inp2, Where L is a series load or leakage inductance and
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2SD685

hFE ~ I C

STATIC CHARACTERISTICS
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2SD685
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• High DC Current Gain : hpE=2000 (Min.

)

(Vce=2V,Ic=1A)

• Complementary to 2SB676.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 100 V

Collector-Emitter Voltage VCEO 80 V

Emitter-Base Voltage vEBO 5 V

Continuous Collector Current ic 4 A

Collector Power Dissipation
ffc=25°C) pc 30 W

Junction Temperature T
3

150 °C

Storage Temperature Range Tstg -55M.50 °C

EQUIVALENT CIRCUIT

.COLLECTOR

©EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

10.3MAX. #3.6±0.2

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TO — 220 AB

SC — 4e

TOSHIBA 2 — 10 A1A

Mounting Kit No.

Weight : 1.9g
AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 vCB=ioov, iE=o
- - 20 UA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 2.5 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, IB
=0 80 - - V

DC Current Gain
hFE(l) VCE=2V, IC=1A 2000 - -

hFE(2) VCE=2V »
XC=3A 1000 - -

Saturation

Voltage

Collector-Emitter vCE(sat) IC=3A, Ib= 6biA - - 1.5
V

3ase-Emitter VBE(sat) Iq=3A, Ig=6mA - - 2.0

Switching

Time

Turn-on Time ton
20*8

z
OUTPUT - 0.2 -

Us^B2 ^Lj^S !

f
9Storage Time tstg - 1.5 -

Fall Time tf

IB1 IB2-6mA \£
1

DUTY CYCLE^l^ VCC= 30V - 0.6 -

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim CORPORATION
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2SD686
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2SD686
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2SD687
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(DARLINGTON POWER)

SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS

POWER AMPLIFIER APPLICATIONS.

FEATURES :

. High DC Current Gain

: hFE=2000(Min.)(VCE=2V, Ic=lA)

. Low Saturation Voltage

: VCE(sat) =1.5V(Max.)(Ic=2A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 60 V

Collector-Emitter Voltage VCEO 40 V

Emitter-Base Voltage vEBO 5 V

Continuous Collector Current *C 3 A
Collector Power Dissipation

(Tc=25°C)
P
C

25 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55^150 °C

EQUIVALENT CIRCUIT
-COLLECTOR

I =4.8kO -30OH
i rrr^rz

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

^

lO.SMAX. 0Z.6±O2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO — 220 AB

TOSHIBA

Mounting Kit No. AC75
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=60V, IE=0 - - 20 yA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 2.5 mA

Collector-Emitter
Breakdown Voltage

y (BR) CEO IC=25mA, Ib=0 40 - - V

DC Current Gain
hFE(l) VCE=2V >

IC=1A 2000 - -

hFE(2) VCE=2V, IC=3A 1000 - -

Saturation

Voltage

Collector-Emitter VcE(sat) IC=2A, lB=4mA - - 1.5
V

Base-Emitter vBE(sat) IC=2A, lB=4mA - - 2.0

Switching Time

Turn-on Time ton 20«8 Z r- m PUT

a
;o

>

30V

- 0.1 -

ys
-rfq inputS; ^

Storage Time tstg

IB1 =—

I

B2 = 6mA *
,

DUTY CYCLE<1# VCC =

- 1.0 -

Fall Time tf - 0.2 -

TOSHIBA CORPORATION
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

LOW FREQUENCY MEDIUM POWER AMPLIFIER AND
MEDIUM SPEED SWITCHING APPLICATIONS.

PULSE MOTOR DRIVE, RELAY DRIVE AND HAMMER
DRIVE APPLICATIONS,

FEATURES

:

• High DC Current Gain
: hFE=1000 (Min.) (VCE=2V, IC=1A)

• Low Saturation Voltage
: vCE(sat)=l-5V (Max.) (IC=1A)

• Complementary to 2SB678

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage VCBO 100 V

Collector-Emitter Voltage vCEO 100 V

Emitter-Base Voltage Vebo 10 V

Continuous Collector Current ic 1.5 A

Collector Power
Dissipation

Ta=25°C
?C

0.8 W
Tc=25°C 8 W

Junction Temperature T.i 175 °C

Storage Temperature Range Tstg -65^175 °C

EQUIVALENT CIRCUIT

BASE <
COLLECTOR

EMITTER

Unit in mm
.09.39MAX.

j2fe.45MAX.

j2fo.45 a

05.08

1 EMITTER
2. BASE

3. COLLECTOR(CASE)

TO — 39

EIAJ 5, TB — 5B

TOSHIBA 2 — 8 B 1A

Weight : 1.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0 - - 10 UA

Emitter Cut-off Current TEBO vEb=iov, i c=o - - 10 yA

Collector-Emitter Breakdown Voltage V (BR) CEO IC=10mA, Ib=0 100 - - V

Emitter-Base Breakdown Voltage V (BR)EB0 IE=5mA, IC=0 10 - - V

DC Current Gain hFE
VCE=2V, I C=0.1A 2000 - -

VCE=2V, IC=1A 1000 - -

Collector-Emitter

Saturation Voltage
VCE(sat) IC=1A, lB=2mA - - 1.5 V

Base-Emitter

Saturation Voltage
vBE(sat) IC=1A, lB=2mA - - 2.5 V

Switching Time

Turn- on Time ton
20AS OUTPUT - 0.3 -

ys

-C3 INPUT B1r-1 fn

IB1 =-IB2 = 2mA
DUTY CYCLE^1#

.a

30V

Storage Time t stg
- 2.0 -

Fall Time tf - 0.7 -

limilllliiiiiilillHliiiiiiillMliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiH CORPORATION
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

LOW FREQUENCY MEDIUM POWER AMPLIFIER AND

MEDIUM SPEED SWITCHING APPLICATIONS.

PULSE MOTOR DRIVE, RELAY DRIVE AND HAMMER

DRIVE APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=1000 (Min. ) (VCE=2V, IC=1A)

. Low Saturation Voltage : VcE(sat) = l .5V(Max. ) (Ic=lA)

. Complementary to 2SB679.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 100 V

Collector-Emitter Voltage VcEO 100 V

Emitter-Base Voltage vEBO 10 V

Continuous Collector Current ic 1.5 A

Collector Power Dissipation „ .

TTc=25 C) PC 10 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55M.50 °C

EQUIVALENT CIRCUIT

BASEo-

,COLLECTOR

<t

OEVEMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

x.T

10.3MAX,

1.5MAX.

0.76

(2fe-6±0.2

><T

2.54 2.54
<
s
4

d
1 2 3
_. r_.

(0

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TO — 220 AB

EIAJ SC — 46

Mounting Kit No. AC75
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VcB=100V, IE=0 - - 10 UA

Emitter Cut-off Current IEB0 VEB=10V„ IC=0
- - 10 yA

Breakdown
Voltage

Collector-Emitter v (BR) CEO Ic=10mA, IB=0 100 - - V

Emitter-Base v (BR)EB0 IE=5mA, lc=0 10 - - V

DC Current Gain -hFE
VCE=2V, IC=0.1A 2000 - -

VCE=2V, IC=1A L000 - -

Collector-Emitter
Saturation Voltage

VCE(sat)
Iq=1A, I-D=2mA - - 1.5 V

Base-Emitter
Saturation Voltage

VBE(sat) Iq=1A, Ig=2mA - - 2.5 V

Switching

Time

Turn- on Time ton 20AS Id n
OUTPUT - 0.3 -

US

M INPUT B1 r^zz^b T
°

hiB 2
lB2

L_IriJ
]

S

IBl=- IB2 = 2mA A

DUTY CYCLE^1# cc

Storage Time tstg
- 2.0 -

Fall Time tf
- 0.7 -

TOSHIBA ^S^3F^^>C3R^BK.~n^3INI iiiiiiiiiiiiiiiiiiiiitiiiiMilllllllllllillllllillllltiiillllliillllillllllllMllllUllllliiillltlllllllllliiiitiiiiiiillllllllllliiilllllllllllllliiilllllllllllilllllllllliilillllllllllliilllllllllllliilitlllllllllltili
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SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATION

DC MOTOR CONTROL APPLICATION.

ELECTRIC CAR APPLICATION.

FEATURES

:

. High Voltage : VcE(SUS)> 200V

. Triple Diffused Design.

. Darlington Design.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in ram

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

ise Current

Thermal Resistance
(Double Side Cooling)

Junction Temperature

Storage Temperature Range

Mounting Force Required

SYMBOL

VCBO

VCE(SUS)

VEBO

ic

IE

IB

Rth(j-c)

-stg

RATING

200

200

600

-600

12

0.04

125

-40-150

1000±100

UNIT

°C/¥

°C

°c

kg

2-0&2±Q2

1. BASE
2. EMITTER
3. COLLECTOR

TOSHIBA 2-67A1A

Weight : 250g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

DC Current Gain nFE VCE=5V, I C=600A 150 400 -

Col leetor-Emitter
Sustaining Voltage VCEO(SUS) IC=0.5A, L=40mH 200 - - V

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=600A, IB=8A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage VBE(sat) - - 2.5 V

Collector Cut-off Current ICEO VCE=200V, IB=0 - 1.0 10 mA

Emitter Cut-off Current JEBO VEB=4V, IC=0 - 50 250 mA

Switching
Time

Turn on Time "ton
IC=600A, IB1=4A,

-lB2=4A, Vc=100V

- 2.0 - flS

Storage Time tstg
- 8 - /iS

Fall Time tf - 3 - /IS

Note : Pulse Test; Pulse Width^300^ Duty CycleS3#
Mounting Force; F=1000kg

lliriHIMMIIIIiniMIHIIHIinilNHIiniUIUMHIUIUIlUMI(UUIU(lUUUI(inUI(IM(UUUUMUIUUlMnUUniMlMHlMUUUlMniUUniUHIIUUMIlUMiUllltUUUltUMUUtlUIMUlltinUUUttlU ~I~^3^SI—111^^^. CORPORATION

-701-



2SD698
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2SD698
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HIGH POWER SWITCHING APPLICATIONS.

DC-AC POWER INVERTER APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. High Voltage : VCEO (SUS)=200V

. Triple Diffused Design.

. Darlington Design.

MAXIMUM RATINGS (Ta=25°C)

SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector Base Voltage

Collector Emitter Voltage

Emitter Base Voltage

Collector Current

Emitter Current

Base Current

Thermal Resistance
(Double Side Cooling)

SYMBOL

vCBO

VCEO(SUS:

VEBO

ic

IE

IB

Rth(j-C
;

RATING

300

200

200

-200

12

0.13

UNIT

°C/W

2—04.O±O.2
DEEP 2.5±Q4

1. BASE

2. EMITTER
3. COLLECTOR

JEDEC

Junction Temperature 125 OC TOSHIBA 2-42A1A

Storage Temperature Range Tstg -40-150 Weight : 70

g

Mounting Force Required 400±40 kg

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

DC Current Gain hpE
VCE=5V, IC=200A 150 - -

VCE=5V, I C=100A - 700 -

Collector-Emitter
Sustaining Voltage

VCE0(SUS IC=0.5A, L=40mH 200 - - V

Collector-Emitter
Saturation Voltage VcE(sat)

IC=200A, IB=4A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Collector Cut-off Current ICBO VCB=300V, IE=0 - - 1.0 mA

Emitter Cut-off Current TEB0 VEB=5V, IC=0 - - 200 mA

Switching
Time

Turn-on Time "ton
IC=200A, IBi=4A,

_IB2=4A, VC=100V

- 1.0 - /is

Storage Time t stg - 4.5 - /is

Fall Time tf - 8.0 - /IS

Note : Pulse Test; Pulse Width^:300/ts , Duty Cycle ^3%
Mounting Force; F=400kg
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2SD700
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2SD700
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Complementary to 2SB686.

• Recommended for 30 ^ 35W High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VCBO

vCEO
vEBO

RATING

100

100

UNIT

V

Unit in mm

rfjj

15.9MAX.

r-Tjr
-<ppe

2.0±0,C I

+ 0.30
1.0— 0.25 I

\ri

03.2±O.2

ES

5.45tb0.2 5.45±0.2

*~+~*t- :

_^.

1„ BASE 2. COLLECTOR(HEAT SINK)
3. EMITTER

Emitter Current IE -6

Collector Power Dissipation

(Tc=25°C)
PC 60

TOSHIBA

Junction Temperature 150 Weight : 4.6g

Storage Temperature Range Tstg -55M.50

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX UNIT

Collector Cut-off Current JcBO VCB=100V, IE=0 - - 10 UA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 10 MA

Collector-Emitter

Breakdown Voltage
V (BR) CEO Ic

=50mA, IB
=0 100 - - V

Emitter-Base
Breakdown Voltage

V (BR)EB0 IE=10mA, I c
=0 5 - - V

DC Current Gain hFE
(Note)

VCE=5V, IC=1A 55 - 160

Collector-Emitter

Saturation Voltage
vCE(sat) I C=4A, IB=0.4A

- - 2.0 V

Base-Emitter Voltage VBE VCE=5V, IC=4A - - 1.5 V

Transition Frequency fT VcE^SV, IC=1A - 12 - MHz

Collector Output Capacitance Cob VcB=10v » lE=0 ,
f=lMHz - 100 - pF

Note : hEE Classification R : 55^110, : 80^160
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SILICON NPN TRIPLE DIFFUSED TYPE

Unit in mm

HIGH POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER AND DC-AC INVERTER

APPLICATIONS.

FEATURES

:

• Low Collector Saturation Voltage

: VCE (sat)=0.4V (Max.), (IC=6A)

• High Collector Power Dissipation : PC=80W (Tc=25°C)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage VCBO 70 V
Collector-Emitter Voltage vCEO 50 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 10 A
Base Current IB 2 A
Collector Power Dissi-/T , oq°r-\pation (.Tc-zd C) PC 80 W

Junction Temperature T.i 150 °C

Storage Temperature Range Tst S -55^150 °C

1&9MAX. 0&2±o.2

-A.'^ -A. _u
eH

5.45±Q2 545±0.2

+ 1

00

x'

03

.fuLu it ti aalif—

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA 2 — 16B1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 4 .6 g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=70V, IE=0 - - 10 yA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 UA

Collector-Emitter

Breakdown Voltage
v (BR) CEO Ic=50mA, IB=0 50 - - V

DC Current Gain

hFE(l)

(Note)
VCE=1V,IC=1A 70 - 240

hFE(2) VCE=1V,IC=6A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=6A, IB=0.3A - 0.25 0.4 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=6A, IB=0.3A - 0.9 1.2 V

Transition Frequency fT VCE=4V, IC=1A - 10 - MHz

Collector Output Capacitance Cob VcB=10V

,

Ie=0 ,
f=lMHz - 350 - pF

Switching

Time

Turn-on Time ton
20AS OUTPUT
|~1 INPUT iBl ~ .—

o

- 0.3 -

usStorage Time tstg

JB1— IB2-°- 3A VCC --=30V
DUTY CYCLER 1$

- 2.5 -

Fall Time tf - 0.4 -

Note : hpE(i) Classification : 70^140, Y 120^240

TOSHIBA CORPORATION
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STATIC CHARACTERISTICS

^ IT I

g o 10
O M
H

\ i-3 E-i o

140 120

J
Sm

^N 1 '- — 100

^\SI .T »— — do —^Vs «r j

\ f t 60
40

4 \A
— -T-r

IB = 20mA —
2

< \ '

1

150 100 50
"BASE CURRENT

IB (mA)

2 4 6 8
C0LLECT0R-

0.2 EMITTER
VOLTAGE

0.4«S VCE (V)

h mH >
°-6 3 H

< <j COMMON
°-8

ra 3 EMITTER
. _A^ .

V c£
cq > T 2t C

CE

hFE _ I C

0.1 0.3 0.5 1 3 5 10 30

COLLECTOR CURRENT Ic (A)

1

VCE(sat) "
" ic

; COMMON EMITTER

I I C/IB = 200.5

0.3
,cP

0.]

"250.05

0.03
"' —5£

0.01

1,0

0.8

0.6.

0.4

0.2

°«

COMMON EMITTER

& > Tc = 25 °C

>-3 eh
o o
> > II
g

o
N
II

m

3 o— to — o /

®AEh

53 300

400

600
1000

K
H
O

O
o

\
/

) 2 4 6

COLLECTOR
8 10

CURRENT
12

ic ( A

14

)

1 °
V CE 1 c

COMMON EMITTER

Tc- 100 °C
i n

0.8 1 1

-i
o

yv'
/

n,6 <
1

>

J

40C)

c— c\

1

.1-

60C

n,4 o^ 800
1000

i 1

0.2

2 4 6 8 10 12 14

COLLECTOR CURRENT Ic (A)

VCE - I C

0.4

EMTTTEB

Tc =—55 °C

1 1

-^
-

o
_ S 8H O / LD J

o 400

II

60C
80C
1000

0.1 0.3 0.5 1 3 5 10

COLLECTOR CURRENT Ic (A)
4 6 8 10 12 14

COLLECTOR CURRENT Ic (A)
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VBE

10 _ VCE = 1 V
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2SD718 SILICON NPN TRIPLE DIFFUSED TYPE

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SB688.

. Recommended for 45— 50W audio frequency amplifier

output stage.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

SYMBOL

vCBO

vCEO

vEBO

ic

IB

RATING

120

120

0.8

UNIT

Unit in mm

5.9MAX. .03.2x0.2

S8
->

itnu

+0.30
1.0—Q2 54-

O N

dc5
+ 1 00 00

1. BASE
2. COLLECTOR CHEAT SINK)
3. EMITTER

Collector Power Dissipation
(Tc=25°C)

80

Junction Temperature 150 TOSHIBA 2-16B1A

Storage Temperature Range
:
stg_ -55~ 150 Weight : 4.6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=120V, IE=0 - - 10 fiA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 M
Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=50mA, IB=0 120 - - V

DC Current Gain
hFE
(Note)

VCE= 5V >
IC=1A 55 - 160

Collector-Emitter
Saturation Voltage vCE(sat) IC=5A, IB=0.5A - - 2.5 V

Base-Emitter Voltage VBE VCE=5V, IC=5A - - 1.5 V

Transition Frequency ' fT VCE=5V, I C=1A - 12 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 170 - pF

Note: hFE Classification R: 55-110, 0:80-160
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IC - V CE hFE - Ic
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SILICON NPN DOUBLE DIFFUSED TYPE
(PCT PROCESS)

POWER REGULATOR FOR LINE OPERATED

TV APPLICATIONS.

FEATURES:

. Excellent Vide Safe Operating Area

(100 W-S at Tc=25°C).

. Included Abalanche Diode. : Vz=55±10V

. High D.C Current Gain. : hFE >500

. High Collector Power Dissipation Capability :

100 V at 25°C Case Temperature.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current (Continuous

Collector Current (Peak)

SYMBOL

VCBO

VCEO

VEBO

) ic

LCP

RATING

55+10

55±10

20

UNIT

025.OMAX.

Unit in mm

>T~

1. BASE
2. EMITTER

COLLECTOR (CASE)

Collector Power Dissipation
(Tc=25°C)

PC 100
JEDEC TO—

3

Junction Temperature 150 TOSHIBA 2—2 1A1A

Storage Temperature Range rstg -65-150

EQUIVALENT CIRCUIT

COLLECTOR <>

Mounting kit No. AC73

Weight :12.0g

1 2 Q
-AVI xs -o EMITTER

Vz=55±10V 6 BASE
ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Base Breakdown
Voltage

v (BR)CBO I C=10mA, l£=0 45 55 65 V

Collector-Emitter
Breakdown Voltage

V(BR)CEC I C=100mA, IB=0 45 55 65 V

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 10 fiA

DC Current Gain hfE VCE=5V, Ic=500mA 500 1000 2500

Collector-Emitter
Saturation Voltage

^CE(sat)
(1)

I c=500mA, lB=2mA - - 2.0 V

Collector-Emitter
Saturation Voltage

^CE(sat)

(2)
IC=1.0A, lB=20mA 1.0 2.0 3.0 V

Base-Emitter Voltage VBE VCE=5V, Ic=500mA 0.50 0.65 0.80 V

Allowable Energy (Tc=25°C) Et Application Circuit 100 - - ¥• sec

TOSHIBA CORPORATION llllllllllll
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CURVES SHOULD BE APPLY IN THERMAL LIMITED AREA.

CD USE 60X60X2mm3 A£ PLATE (HEAT SINK)

® USE 10 0X100X2 mm3 k£ PLATE CHEAT SINK)

® USE 300X300X2 mm3k£ PLATE (HEAT SINK)

USE MOUNTING KIT No. AC73 AND THERMAL COMPOUND.
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IN TEMPERATURE.
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120
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i . i i

40 60 80 100 120 140 160
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APPLICATION CIRCUIT

1S1888X4
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CUT - 0PP TIME t Cms )
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128

AC LINE VOLTAGE

y A
s°A

// 600
500

-

92 96 100
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104 108
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2SD777
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H
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<
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104
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R1 = 9.1kQ
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1000-y
750 /^500

92 96 100 104 108
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|
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/*- 500

92 96 100
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SILICON NPN TRIPLE DIFFUSED TYPE

HGIH POWER AMPLIFIER APPLICATIONS.

HIGH POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER APPLICATIONS

.

REGULATOR APPLICATIONS.

FEATURES

:

• High Power Dissipation : Pc=200W (Tc=25°C)

• High Collector Current : IC=30A

INDUSTRIAL APPLICATIONS
Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 100 V

Collector-Emitter Voltage VcEO 80 V

Emitter-Base Voltage VEBO 7 V

Collector Current ic 30 A

Base Current IB 8 A
Collector Power Dissipation ?l-o r

' ?C 200 W

Junction Temperature T.i 175 °C

Storage Temperature Range Tste -65^175 °C

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO

TC — 3, TB

Mounting Kit No. AC73
Weight : 12. 9g

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=100V, IE=0 - - 100 HA

Emitter Cut-off Current lEBO VEB=7V, Ic=0 - - 100 yA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, IB=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=1A 60 - 200

hFE(2) VCE=5V, IC=15A 10 - -

Collector-Emitter
Saturation Voltage

VCE(sat)
IC-15A, IB-3A

- 0.6 1.5 V

Base-Emitter
Saturation Voltage

vBE(sat)
- 1.4 2.5 V

Transition Frequency fT VCE=5V, IC=1A - 1.5 - MHz

Collector Output Capacitance Cob Vcb=10V ,

I

E=0 , f=lMHz - 400 - pF

Switching

Time

Turn-on Time fcon
20^ 8 IR1 OUTPUT - 2.5 -

US

XB1 IB2-°-5A VCC = 50V
DUTY CYCLE^l^

Storage Time tstg - 6 -

Fall Time tf
- 1.5 -

TOSHIBA CORPORATION
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2SD797

I C - VCE (LOW VOLTAGE REGION)

STATIC CHARACTERISTICS

3 24
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2SD797
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER) 2SD798

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE=1500 (Min.)(VCE=2V, IC=2A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage vCEO 300 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 6 A

Base Current IB 1 A

Collector Power Dissipation

(Tc=25°C)
PC 30 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55^150 °C

EQUIVALENT CIRCUIT

!
=s2kn

COLLECTOR

EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS

.

Unit in mm

IQ.SMAX., ,03.6±a.2

2.54 2.54

X

d
^

J-. ?c P .'

L BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TO — 220 AI

SC — 46

2 — 10A 1 A

Mounting Kit No. AC75
Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO Vcb=600v >
IE=0 - - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 0.5 mA

Collector-Emitter Sustaining
Voltage

vCE0(SUS) IC=0.5A, L=40mH 300 - - V

DC Current Gain hFE(l) VCE=2V, IC=2A 1500 - -

hFE(2) VCE=2V, IC=4A 200 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, Ib=0.04A - - 2.0 V

Base-Emitter
Saturation Voltage vBE(sat) I C=4A, Ib=0.04A - - 2.5 V

Collector Output Capacitance cob VCB=50V,IE=0,f=lMHz
- 35 - pF

Switching

Time

Turn-on Time ton 20US T ^™T

T Jp=\ input jfiir-^zJ-j "

B1U\ °-2*\<Zs ! la

IB1=- IB2 = °-04A *" *>

DUTY CYCLE^1# VCC -100V

- 1 -

MSStorage Time tstg - 8 -

Fall Time fc
f

- 5 -

TOSHIBA CORPORATION
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2SD798

STATIC CHARACTERISTICS
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Pc - Ta

Q) Tc = Ta

(INFINITE HEAT SINK)

© 300X 300X 2 mm A^
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@_
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®
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2SD799
SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High DC Current Gain : hFE=600(Min. ) (VCE=2V,IC=2A)

• Monolithic Construction with Built-in Base-

Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage vCBO 600 V
Collector-Emitter Voltage VCEO 400 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 6 A
Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C) ?C 30 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55M.50 °C

EQUIVALENT CIRCUIT

BASE

COLLECTOR

INDUSTRIAL APPLICATIONS

Unit in mm

10.5MAX ., _gf3.6±0.2

1. BASE
Z. COLLECTOR (HEAT SINK)

3. EMITTER

TO 220AB

TOSHIBA 2 — 10 A 1 A

ELECTRICAL CHARACTERISTICS (Ta==25°C)

'emitter Mounting
Weight :

Kit No. AC 7

5

1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 0.5 mA
Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 3 mA
Collector-Emitter Breakdown
Voltage

v (BR) CEO I c=10mA, IB=0 400 - - V

DC Current Gain
hFE(l) VCE=2V, IC=2A 600 - -

hFE(2) VCE=2V, IC=4A 100 - -

Collector-Emitter
Saturaton Voltage

vCE(sat) IC=4A, IB=0.04A - - 2.0 V

Base-Emitter
Saturation Voltage VBE(sat) IC=4A, IB=0.04A - - 2.5 V

Emitter-Collector
Forward Voltage

VECF IE=4A, IB=0
- - 3.0 V

Collector Output Capacitance Cob VCB=50V,

I

E=0 ,
f=lMHz - 35 - P F

Switching

Time

Turn- on Time ton
20AS OUTPUT

iBilFj
INPU^rTfiTP

\uibz Ib^uj^Sj!)
n

lBl=- IB2 = 0.04A *^ 1
DUTY CYCLEg,l# Vcc = 100V

- 1 -

ysStorage Time fcstg - 8 -

Fall Time tf - 5 -

TOSHIBA CORPORATION
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2S0799

STATIC CHARACTERISTICS
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2SD799
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD81

1

Unit in mm

HIGH POWER SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

• High Voltage : VCBO=900V

• High Peak Current Capability : Ic(Peak) =10A

• High Speed Switching : tf=0.5ys (Max.)

MAXIMUM RATINGS (Ta=25°C)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 900 V

Collector-Emitter Voltage VCEO 400 V

Collector-Base Voltage vEBO 7 V

Collector Current (DC) ic 6 A

Peak Collector Current -"x peak 10 A

Collector Power Dissipation
(Tc=25°C) PC 50 W

Junction Temperature T
J

150 °C

Storage Tempeature Range Tsts -65V150 °C

025OMAX.

+009
010-003

X-

+O08
040-015

302±02

2-0

1S9±Q2

1^
<>?\3T

4Q0MAX

.

1. BASE
2. EMITTER

COLLECTOR CASE

TO-3
TO-3 , TB-3

TOSHIBA 2- 21B1A

Mounting kit No. AC42C
Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=900V, Ie=0 - - 1 mA
Emitter Cut-off Current lEBO VEB=7V, lc=0 - - 1 mA

DC Current Gain
hFE(l) VCE=5V, I c=10mA 8 - -

hFE(2) VCE=5V, IC=0.6A 10 - 40
Collector-Emitter
Saturation Voltage vCE(sat) IC=2.5A, IB=0.5A - - 5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=2.5A, IB=0.5A

- - 1.5 V

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 75 - pF
Transition Frequency fT VCE=10V, IC=0.1A - 5 - MHz

Fall Time tf
IC=2.5A, IB1=0.5A

IB2=-1A (Fie.)
- - 0.5 ys

Fig.
COLLECTOR CURRENT WAA'EFORM

DUTY CYCLE5il#

2SC1173-Y
2SA473-Y

iilflifiiiiitiiiMfiiiiiiiiuiiiifiiJtliiiiiiiiiiiiflifltfiiiiiilllililiiiijfiiiiiiiiitilltllUllltiifiiiiiJiiitllllllllllUliiiiiiiiiiiiiiliitiiiiittltllllllllillfJlltllllllllllllllilltllllllillllllllllllllllillllllllll ~^C^9^^B—flB^^.^^. CORPORATION

-729-



2SD811
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2SD81

1

switching characteristic: PC Ta
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2SD818 SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VCBO=1500V

• Low Saturation Voltage : VCE ( sat)=4V (Typ.)

• High speed : t f=0.5ys (Typ.)

• Glass Passivated Collector-Base Junction.

Unit in mm

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC SYMBOL RATING UNIT

Collector Base Voltage VCBO 1500 V

Collector Emitter Voltage VCEO 600 V

Emitter Base Voltage VEBO 5 V

Collector Current ic 2.5 A

Emitter Current IE -2.5 A
Collector Power Dissipation

(Tc=25°C) PC 50 W

Junction Temperature T
i

150 °C

Storage Temperature Range Tstg -65^150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

JZf25.0MAX.

^21.0MAX.

3
+0.09

01.0—0.03

30.2 ±0.2

_ +0.08
04.0—0.15

2^

1-^ I
40.0 MAX.

1. BASE
Z EMITTER

COLLECTOR (CASE)

TO

TC — 3, TB

TOSHIBA

Mounting kit No. AC42C
Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=500V, IE=0

- - 10 yA
Emitter Cut-off Current iEBO VEB=5V, Ic=0 - - 1 mA
DC Current Gain hFE VCE=5V, IC=0.5A 8 20 _

Collector-Emitter Saturation
Voltage vCE(sat) IC=2.0A, IB=0.6A - 4 8 V

Base-Emitter Saturation Voltage vBE(sat) IC=2.0A, Ib=0.6A - - 1.5 V

Transition Frequency fT Vce=10V, Ic=0.1A - 3 - MHz
Collector Output Capacitance Cob Vcb=10V, l£=0, f=lMHz - 95 - pF
Fall Time tf ICP=Z0A,lBl(end)=a6A(Fig.) - 0.5 1.0 ys

Pig. t f TEST CIRCUIT

2SC2482

25AS

'CURRENT PROBE

BASE CURRENT COLLECTOR CURRENT

10%

IBl(end)

63.5As

TOSHIBA CORPORATION
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2SD818
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS

FEATURES

:

• High Voltage

. Low Saturation Voltage

High Speed

VCBO=1500V

VCE(sat)=4V (Typ.)

(IC=3A, IB=0.8A)

tf =1.0ys (Max.)

(ICP=3A, IBi(end)=0-8A)

Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTICS SYMBOL RATING UNIT

Collector Base Voltage vCBO 1500 V

Collector Emitter Voltage vCEO 600 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 3.5 A

Emitter Current IE -3.5 A
Collector Power Dissipation

(Tc=25°C) PC 50 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -65^150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

;ZS25.0MAX
<

X*

CO

04>.t

1—

GfeLOMAX.

CO
^" ^

1

TT+H |i! 1

+ 0.09 1

i— 0.03
j

l

T

30.2 ±0.2

to

d

16.9±0.2

04.0— 0.15

ft

N

o

~ ^ +1O
o^1-&) Jy

40.0

H
i

MAX.

1. BASE

2. EMITTER
COLLECTOR (CASE)

JEDEC TO — 3

EIAJ TG — 3, TB — 3

TOSHIBA 2 — 21 B 1 A

Mounting kit No. AC42C
Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=500V, l£=0 - - 10 yA
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1 mA

DC Current Gain hFE VCE=5V, IC=0.5A 8 20 -

Collector-Emitter Saturation
Voltage

vCE(sat) IC=3A, Ib=0.8A - 4 8 V

Base-Emitter Saturation
Voltage VBE(sat) IC=3A, Ib=0.8A - - 1.5 V

Transition Frequency fT VCE=1°V, I C=0.1A - 3 - MHz

Collector Output Capacitance Cob Vcb=10V, Ie=0, f=lMHz - 95 - pF
Fall Time tf ICp=3A, Ibi (end) =0 . 8A(Fig.; - 0.5 1.0 us

Fig. t f TEST CIRCUIT CURRENT PRPBE

BASE CURRENT COLLECTOR CURRENT

10$

._A
'90$

TOSHIBA CORPORATION
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2SD820 SILICON NPN TRIPLE DIFFUSED MESA TYPE

Unit in mm

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VcBO=1500V

• Low Saturation Voltage

: vCE(sat)=5V (Max.) (IC=4A, IB=0.8A)

• High Speed : tf=1.0ys (Max.)

• Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°C)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

025.OMAX ,

021.OMAX

+ Q09
£10-0.03

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Base Voltage VCBO 1500 V

Collector-Emitter Voltage VCEO 600 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 5 A

Emitter Current IE -5 A

Collector Power Dissipation
(Tc=25*0 PC 50 W

Junction Temperature T
J

150 °C

, Storage Temperature Range Tstg -65M.50 °C

W

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO-3

TC-3, TB-3

Mounting kit No. AC42C
Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 10 MA
Emitter Cut-off Current lEBO VEB=5V, ic=o - - 1 mA
DC Current Gain hFE VCE=5V, IC=1A 8 20 -

Collector-Emitter
Saturation Voltage vCE(sat) I C=4A, IB=0.8A - 3 5 V

Base-Emitter
Saturation Voltage vBE(sat) IC=4A, IB=0.8A - - 1.5 V

Transition Frequency fT VcE=10V, I C=0.1A - 3 - MHz

Collector Output Capacitance Cob VcB=10V

,

Ie=0 ,
f=lMHz - 165 - pF

Fall Time (Fig.) tf ICP=4A,IB1 (end)=0.8A - 0.5 1.0 ys

CURRENT PROBE

BASE CURRENT COLLECTOR CURRENT

10*

IBl(end)

6 35/iS

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

Unit in mm

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VCBO=1500V

• Low Saturation Voltage

: VCE (sat)=5V (Max.) (IC=5A, IB=1A)

• High Speed : t f=1.0us (Max.)

• Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 1500 V

Collector-Emitter Voltage VCEO 600 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 6 A

Emitter Current IE -6 A
Collector Power Dissipation

(Tc=25°C) PC 50 W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -65vL50 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

p*25.0MAX.

£21.0MAX .

fQ09
£1.0-003

3Q2±02

1. BASE
2. EMITTER

COLLECTOR(CASE)

JEDEC TO-3

EIAJ TC-3 •• TB-3

TOSHIBA 2- 21B1A

Mounting kit No,

Weight : 17g

AC42C

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 10 yA
Emitter Cut-off Current lEBO VEB=5V, Ic=0 - - 1 mA
DC Current Gain hFE VCE=5V, IC=1A 8 20 -

Collector-Emitter
Saturation Voltage VCE(sat) IC=5A, IB=1A - 3 5 V

Base-Emitter
Saturation Voltage vBE(sat) IC=5A, IB=1A - - 1.5 V

Transition Frequency fT VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VCB=10V , IE=0 ,
f=lMHz - 165 - pF

Fall Time (Fig.) tf ICp=5A,IBl(end)=lA - 0.5 1.0 ys

10p& 100 /IF

Fig. t f TEST CIRCUIT
T _ _ T

2SC2482

25AS
TXrrri,r

6 3.5US

>RRENT PROBE

BASE CURRENT COLLECTOR CURRENT

100

^BlCend)
1 — f

tf

iiiuiuuuuuiiuiituiuiuiiLUHiMMuuuMHMMUiuMiMuuuMinMUinMuuiMutnnnnniniinnHinnnMinHHinnnHHnnininnninniintiHinnnniniHiiHHiitiitMiiiiiititiiiiiiiiii ~I~^3^i-ll^>X. CORPORATION
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2SD821
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

Unit in mm

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : Vcbo=1500V

• Low Saturation Voltage

: VCE(sat)=5V (Max.) (IC=6A, IB=1.2A)

• High Speed : t f
=1.0As (Max.)

• Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 1500 V

Collector-Emitter Voltage VCEO 600 V

Emitter- Base Voltage VEBO 5 V

Collector Current ic 7 A

Emitter Current IE -7 A

Collector power Dissipation
XTc=25°C) ?c 50 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55^150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

025.OUAX-

2X0MAX

.

+0.09
010-0.03

3Q2±Q2

1. BASE
2. EMITTER

C0L1;ECT0R(CASE)

TO-3

TG-3 , TB-3

Mounting kit No. AC42C
Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=500V, IE=0 - - 10 yA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 1 mA

DC Current Gain hFE VCE=5V, IC=1A 8 20 -

Collector-Emitter
Saturation Voltage

vCE(sat) I C=6A, IB=1.2A - 3 5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=6A, IB=1.2A - - 1.5 V

Transition Frequency fT VCE=10V, I C=0.1A - 3 - MHz

Collector Output Capacitance Cob VcB=10V, lE=0,f=lMHz -
|

165 - PF

Fall Time (Fig.) tf I Cp=6A,IBl(end)=1.2A -
J

0.5 1.0 ys

Fig. t f TEST CIRCUIT CURRENT PROBE

BASE CURRENT COLLECTOR CURRENT
1056

iBl(end) 3Q9
_°?

635AS tf

O105 1
,
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2SD822
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD841

HIGH VOLTAGE SWITCHING APPLICATIONS-

FEATURES:
. High Voltage : VCB0=800V

. Low VcE(sat) : VCE ( sat )=l .OV(Max. ) (

I

C=0. 5A.

I

B=0.05A)

. High Speed Switching : tf=1.0/is (Max.)

. Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 800 V

Collector-Emitter Voltage VCEO 400 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 3 A

Base Current IB 1.5 A

Collector Power
Dissipation

Ta=25°C
?c

1.5
¥

Tc=25°C 40

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

10.3MAX. 03.6±O.2

2.5 4 2.5 4
X

"U
12:;
^ -*-

i

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO—220AB

TOSHIBA 2—10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 1.9g
Mounting kit No. AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, IE=0 - - 1 mA

Emitter Cut-off Current lEBO VEB=5V, Ic=0 - - 1 mA

Collector-Emitter
Breakdown Voltage

v (BR)CE0 I c=10mA, IB=0 400 - - V

DC Current Gain
hFE (

1

VCE=5V, Ic=10mA 8 - -

hFE (

2

VCE=5V, IC=0.5A 10 - -

Collector-Emitter
Saturation Voltage

vCE(sat) I C=0.5A, IB-0.05A - - 1.0 V

Base-Emitter
Saturation Voltage VBE(sat) I C=0.5A, IB=0.05A - - 1.5 V

Collector Output Capacitance Cob VCB=10V, l£=0, f=lMHz - 75 - pF

Transition Frequency fT VCE=10V, IE=-0.1A - 4 - MHz

Fall Time tf

20, Xe VCC#=200V

\w™ iB1 U-^ - - 1.0 flS

DUTY C

T^T.U.T.
IYCLE<2% "*

= 0.5A IB1=-IBg =Q05A

lllltlliiilllllllll*llttlltllllllltlltllllltltli>lltlllltllltllltltiilll«flttlllillitttllltlllllltllttli*lltlllllltllllllitlltltllltlltltllllllllfliflltlllllllllltllllllllltlllllttltiiiiitiitillllitiitltllfltlltllttillli ~S~CT^t^^SS-HiB^^B.^^ CORPORATION
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2SD841
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2SD841

SWITCHING CHARACTERISTICS
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SILICON NPNTRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

HIGH CURRENT SWITCHING APPLICATIONS.

= 30A

FEATURES

:

. High Collector Current :

. High DC Current Gain

: hFE=1000(Min.),(vCE=5V, IC=20A)

. Monolithic Construction with Built-in Base-Emitter

Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

SYMBOL

vCB0

VCEO

RATING

80

80

UNIT

Unit in mm

1. BASE

2. EMITTER

COLLECTOR (CASE)

Emitter-Base Voltage VEBO TO—

3

Collector Current ic 30 TC-3 , TB—

3

Base Current IB TOSHIBA 2— 21 Al A

Collector Power
Dissipation (Tc=25°C)

150

Junction Temperature 150

Storage Temperature Range ^tg_ -65 ~ 150

°C

°C

Mounting kit No. AC73
Weight : 12. 9g

EQUIVALENT CIRCUIT

BASE

COLLECTOR

EMITTER

TOSHIBA CORPORATION ii»iiiiiiiiiiliiiiiiiitiiilulltiitiiititiiiiillliitiiililiiiliiitiiitl*lliliillllliiiiitlliiMtliitiiiiiiitiitiiiiiiiiii(iiiiitiillllllllllliiillllllllllllililllllllliiliHi«iiiiiiiitlltiiiuiliHtlt*ltlliii»llllllllll
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2SD842

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 - - 100 /*A

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 10 mA

Collector-Emitter
Breakdown Voltage V(BR)CEO Ic=50mA, IB=0 80 - - V

DC Current Gain hFE(l) VCE=5V, IC=20A 1000 - -

hFE(2) VCE=5V, IC=30A 200 - -

Collector-Emitter
Saturation Voltage

vCE(sat)
IC-20A, IB-0.2A

- - 3 V

Base-Emitter
Saturation Voltage VBE(sat) - - 3.5 V

Emitter-Collector
Forward Voltage

VECF IE=10A, IB=0 - - 3 V

Transition Frequency- fT VCE=5V, IC=1A - 14 - MHz

Collector Output Capacitanc 2 C ob VCB=10V, IE =0, f=lMHz - 280 - PF

Switching

Time

Turn-on Time "ton
o

IB1 iINPUT . ;

VCG =50V

R=ion - 0.7 -

/isStorage Time tstg

20u

iBlf

IB 2 =0-01

A

:ygle^i%

.. OUTPUT

- 8 -

Fall Time tf
IB1="

DUTY C

- 2.5 -
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2SD842
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Saturation Voltage

: VCE(sat)=0.5V (Max.) (at IC=4A)

• Complementary to 2SB753.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power

Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

'CEO

vEBO

PC

Lstg

RATING

100

80

1.5

40

150

-55^150

UNIT

INDUSTRIAL APPLICATIONS
Unit in mm

10.3MAX. 0Z.6±O.2

2.54 k,.54

X
<
S

d 1 2 3

|

CD

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TO - 22 0AB

TOSHIBA 2 —10 A 1 A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting Kit No,

Weight : 1.9g
AC75

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=100V, IE=0 - - 5 pA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 5 UA

Collector-Emitter
Breakdown Voltage V (BR)CE0 Ic=50mA, IB=0 80 - - V

DC Current Gain
,hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=4A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) I C=4A, Ib=0.4A - 0.25 0.5
V

Base-Emitter vBE(sat) IC=4A, IB=0.4A - 0.9 1.4

Transition Frequency fT VCE=4V, IC=1A - 10 - MHz

Collector Output Capacitance Cob VCB=10V ,

I

E=0 , f=lMHz - 250 - pF

Switching

Time

Turn-on Time fcon
20AS l-a-, OUTPUTM TMP"T ax -, r -

- 0.4 -

us
.a

Storage Time tstg
iBiT

h*z ^YT - 2.5 -

Fall Time tf
IBl=-lB2 = a3A Vcg
DUTY CYCLE^1#

= 30V - 0.5 -

Note : hFE Q) Classification : 70M.40, Y : 120^240

lilllllllllllttllllllllitiiiiiiiiillllttJtliliiiiiillllllllllltlliiiiilllllilllliliiiillllllltlllllliiililJllltiiftiiiiillllfiiitiitiiiiiitlltlitlllllllifilfllllliiiiiiifiitllilllfllllllltllllllllllllilllllilttllllltlfll '^r^^^^^B—Bfl^^^^^ CORPORATION
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2SD843

STATIC CHARACTERISTICS
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2SD843
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATION.

FEATURES

:

• High Collector Current : IC=7A

• Low Collector Saturation Voltage

: vCE(sat) =0 - 4v (Max -) (at I C=4A)

• High Power dissipation : PC=60W (at Tc=25°C)

. Complementary to 2SB754.

Unit in mm

I5.9MAX

.

0Z.2±O.2

MAXIMUM RATINGS (Ta=25 °C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 50 V

Collector-Emitter Voltage VCEO 50 V
Emitter-Base Voltage VEBO 5 V

Collector Current ic 7 A
Emitter Current X E

-7 A

Collector Power
Dissipation

Ta=25°C
pc

2.5
W

Tc=25°C 60

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55M.50 °c

1. BASE 2. COLLECTOR (HEAT SINK)
S EMITTER

TOSHIBA Z - 16 B 1 A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0 - - 10 VA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 MA

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=50mA, Ib=0 50 - - V

Emitter-Base
Breakdown Voltage V (BR)EB0 IE=10mA, Ic

=0 5 - - V

DC Current Gain

hFE(l)
("Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=4A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, Ib=0.4A - 0.2 0.4 V

Base-Emitter Voltage vbe VCE=1V, Ic=4A - 0.9 1.2 V

Transition Frequency fT VCE=5V, IC=1A - 15 - MHz

Collector Output Capacitance Cob VcB=10V ,

I

E=0 , f=lMHz - 250 - pF

Note : hpE(i) Classification : 70^140, Y : 120^240

TOSHIBA CORPORATION iiiiiihiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHliiimiiiiiiiiiiiilliiiiiiiiimiiiNimiiiiN
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2SD844

STATIC CHARACTERISTICS hpE
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2SD845 SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATION,

FEATURES

:

• High Breakdoun Voltage : Vceo=150V (Min.)

• High Transition Frequency : fx=20MHz (Typ.)

• Complementary to 2SB755.

• Recommended for 8011 High-Fidelity Audio

Frequency Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO
vCEO
vEBO

L stg

RATING

150

150

12

-12

120

150

-55M.50

UNIT

Unit in mm

34.3MAX

1, BASE
2. COLLECTOR(HEAT SINK)

a, EMITTER

TOSHIBA 2 — 34 A 1A

Weight : 10. 8g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=150V, IE=0 - - 50 UA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 50 UA

Collector-Emitter
Breakdown Voltage

V (BR)CE0 IC=0.1A, IB
=0 150 - - V

Emitter-Base

Breakdown Voltage
v (BR)EB0 IE=10mA, IE=0 5 - - V

DC Current Gain hFE
(Note)

VCE=5V, IC=1A 55 - 160

Col leetor-Emitter

Saturation Voltage
VCE(sat) IC=5A, IB=0.5A

- - 2.0 V

Base-Emitter Voltage VBE VCE=5V, IC=5A - - 1.5 V

Transition Frequency fT VCE=10V, I C=1A - 20 - MHz

Collector Output Capacitance Cob VCB=10V,

I

E=0, f=lMHz - 200 -
PF

Note : hFE Classification R : 55^110, ; 30VL60

TOSHIBA CORPORATION
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2SD845
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2SD867 SILICON NPN TRIPLE DIFFUSED TYPE

HIGH POWER AMPLIFIER APPLICATIONS.

HIGH POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATONS.

FEATURES

:

• High Power Dissipation : Fc=100W(Tc=25°C)

• High Collector Current : Ic=10A

' Low Saturaton Voltage : VcE(sat)=0-5V (Typ. ) (Ic=5A)

MAXIMUM RATINGS (Ta=25°c)

ELECTRICAL CHARACTERISTICS (Ta=25°c)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTICS SYMBOL RATING UNIT

Collector-Base Voltage VCBO 130 V

Collector-Emitter Voltage vCEO 110 V

Emitter-Base Voltage vEBO 7 V

Collector Current ic 10 A
Base Current IB 5 A
Collector Power Dissipation pc 100 W

Junction Temperature Tj 175 °c

Storage Temperature Range Tstg -65VL75 °C

1. BASE

2. EMITTER
COLLECTOR (CASE)

TO-204MA/TO-3

TC — 3, TB

21D 1 A

Mounting Kit No. AC73
Weight : 12. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=130V, IE=0 - - 100 UA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 100 j VA
Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, IB
=0 110 - - V

DC Current Gain hFE(l)
(Note)

VCE=5V, I C=1A 50 - 200

hFE(2) VCE=5V, IC=5A 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat)
I C=5A, IB=1A

- 0.5 1.5 V

Base-Emitter
Saturation Voltage vBE(sat) - 1.2 2.5 V

Transition Frequency fT VCE=5V, IC=1A
- 1.5 - MHz

Collector Output Capacitance Cob VcB=10V,lE=0,f=lMHz - 200 - pF

Switching

Time

Turn- on Time ton
20/

iBlf

/s IB1 OUTPUT - 2.5 -

V s

INPUTo-^(?) ! G
°

r[iB2
xB8

jl
1°Storage Time fcstg

- 4.0 -

Fall Time tf
IB1=—IB2 = 0-5A Vcc = 50V
DUTY CYCLE <I 1 %

- 1.2 -

Note : h-FF.fn Classification : 50VL20, Y : 100^200

TOSHIBA CORPORATION
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2SD867
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2SD867
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD868

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VcBO=1500V

. Low Saturation Voltage : VcE(sat)=5V(Typ .

)

(IC=2A, Ib=0.6A)

. High Speed : tf=1 .0>«s(Max. )

(ICP=2A, lBl(end)=0.6A)

• Built-in Damper Type

. Glass Passivated Collector-Base Junction.

MAX I MUn RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature

SYMBOL

VcBO

VcEO

VeBO

ic

IE

PC

-stg

RATING

1500

600

2.5

-2.5

50

150

-65~150

EQUIVALENT CIRCUIT

BASE o-

COLLECTOR

50Q(TYP.)(i EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

Unit in mm

025OMAX

02 1.0 MAX,

+ ao9
s 1.0—0.03

TTT

30.2±0.2

1. BASE
2. EMITTER

COLLECTOR ('CASE)

TO-3

TC-3 , TB—

3

TOSHIBA 2—2 1B1A

Mounting Kit No. AC42C

Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current TCB0 VCB=500V, I E=0
- - 10 M

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE= 200mA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 8 12 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=2A, Ib=0.6A - 5 8 V

Base-Emitter
Saturation Voltage VBE(sat) I C=2A, Ib=0.6A - - 1.5 V

Forward Voltage
(Damper Diode)

-VF Ip=2.5A - 1.6 2.0 V

Transition Frequency f T VCE=10V, IC=0.1A
- 3 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 95 - pF

Fall Time tf ICP=2A, lBl(end)=0.6A - 0.5 1.0 MS

nniinimmniiiinmimiimiiinHmiiiimniiiiiinniHiiiiiiHniiniiiniiinimniininmimim CORPORATION

-757-



2SD868

tf TEST CIRCUIT
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2SD868

VCE hpE ~ I C

COMMON

.-10 00

00
00

EMITTEK

Tc = 2 5°C

**

«- 8
-• 6

s\z5
J^^—

-* 400

$x
^'

^- 200

fr
*

5C

— 100

s^
^ 1 1 1

COLLECTOR-EMITTER VOLTAGE VCE (V)

LO

v GE( sa t)
— IB

\
1

i COMMON EMITTER

Tc~25°C8 \ E
1 1 K

"i
b

1

\
\
\

ti

1.5 V2.0 ^C="A

0.8 1.2 1.6 2.0 2.4

BASE CURRENT I B (A)

^C - i c

50

40
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ftO

10

n
20 40 60 80 100 120 140 160

CASE TEMPERATURE Tc (°C)

LO 30 50 100 300 500 1000 3000

COLLECTOR CURRENT I c {mA;

c — V"BE

COMMON EMITTER

Tc -- 2 5'C

I B =0.4A

0.6

0.8

1.2

BASE-EMITTER VOLTAGE VBE (V

SAFE OPERATING AREA

104

I G -MAX.

4 CONTINUOUS

102

•*> SINGLE NONREPETITIVE
PULSE Tc = 2 5°C

I c MAX. (PULSED)*

l c .MAX.

:( PULSED) -S

: DC OPERATION

THERMAL
LIMITED

: CURVES MUST BE
" DERATED

LINEARLY WITH

[ INCREASE IN

TEMPERATURE

"] 3 10 30 100 300 1000 3000

COLLECTOR-EMITTER VOLTAGE VGE (V)
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2SD869 SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VCBQ=1500V

.• Low Saturation Voltage

: VCE(sat) =5V (Typ.) (I C=3A, IB=0.8A)

• High Speed : tf=1.0ys (Max.)

(ICP=3A, IBl(end)=0.8A)
• Built-in Danper Type.

• Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°fn
CHARACTERISTIC

Collector-Base Voltage
Collector-Emitter Voltage

Emitter-Base Voltage
Collector Current
Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature
Storage Temperature Range

SYMBOL

VCBO
vCEO

VEBO
ic

IE

EQUIVALENT CIRCUIT

BASE

Tstg

RATING

1500
600

3.5
-3.5

50

150

-65^150

COLLECTOR

50"TyP- J» EMITTER

INDUSTRIAL APPLICATIONS
Unit in mm

JEDEC TO - 3

EIAJ TC — 3, TB — 3

TOSHIBA 2-2 1B1A
Mounting Kit No. AC42C
Weight : 17g

ELECTRICAL CHARACTERISTICS (Ta==25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, Ie=0 - - 10 PA
Emitter-Base Breakdown Voltage V (BR)EB0 lE=200mA, IC=0 5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 8 12 -

Collector-Emitter Saturation
Voltage vCE(sat) IC=3A, Ib=0.8A - 5 8 V

Base-Emitter Saturation Voltage vBE(sat) IC=3A, IB=0.8A - - 1.5 V
Forward Voltage (Damper Diode) -vF IF=3.5A - 1.6 2.0 V

Transition Frequency fT VCe=10V, I C=0.1A - 3 - MHz

Collector Output Capacitance Cob VcB=10V,lE=0,f=lMHz - 95 - pF
Fall Time (Fig.) tf ICP=3A,IBl(end)=0.8A - 0.5 1.0 US

TOSHIBA ^S^3^4*^C3^4,^X.~V~B^3VXI iiiii iiiiiiiiiiiiiii itiiniiii itiiiiiiit iitnii til iiiiiiiiiiiiiiiiini iiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiniiiiiiiiiiiii iiiiiiiniiiiii iiiiiiini iiiiiiiiitiinii iiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiii
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Fig. tf TEST CIRCUIT
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2SD869
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'
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>
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o
in =
rH
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O o -

H >
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>
.Mi J13 10 30 100 300 1000 3000

COLLECTOR-EMITTER VOLTAGE VCE (V)
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD870

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VCBO=1500V

• Low Saturation Voltage

: vCE(sat) =5V (Max -> (IC=4A, IB=0.8A)

• High Speed ; tf=1.0ys (Max.) (I Cp=4A, IB i (end)=0. 8A)

• Built-in Damper Type.

• Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

IC

Tj

x stg

RATING

1500

600

-5

50

150

-65VL50

UNIT

V

Unit in mm

°C

JZ250MAX .

rnr

0Z1.QUAX .

-(109
jzao-0.03

itrr

1. BASE
2. EMITTER

COLLECTOR(CASE)

TO-3

TC-3, TB-3

EQUIVALENT CIRCUIT

«50n.(TYP.)AEMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Mounting kit No. AC42C
Weight : 17g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE-O - - 10 yA

Emitter-Base
Breakdown Voltage

V (BR)EB0 IE=200mA, I C=0 5 - - V

DC Current Gain hFE VCE=5V, IC=1.0A 8 VI -

Collector-Emitter

Saturation Voltage
vCE(sat) I C=4A, IB=0.8A

- 3 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4A, IB?=0.8A
- - 1.5 V

Forward Voltage
(Damper Diode)

-vF IF=5A
- 1.6 2.0 V

Transition Frequency fT VCE=10V, IC=0.1A - 3 MHz

Collector Output Capacitance Cob VCB=10V , lE=0 ,
f=lMHz - 165 — pF

Fall Time (Fig.) tf ICP=4A,IBl (end) =0 - 8A — 0.5 1.0 ys

iiiiiiiuiiiuiiiiiiiiiiiuiiuimmiiiiiiiHiiiiiiiiuiHimiiimuiiiiiuiuiuimiimiuimuiimuiuiuiuiiiiumiimmuiumiimiummiiiHiiimuuiiiiuiii iiiiiiiimiiiiiiiiiiiiiiiiiiimiitoshiba CORPORATION
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2SD870

Fig. t f TEST CIRCUIT
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2SD870
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2SD871 SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

• High Voltage : VCB0=1500V

• Low Saturation Voltage

: VCE(sat) =5v (Max.) (I C=5A, IB=1A)

• High Speed ; t f=1.0us (Max.) (Icp=5A, lBl(end)=lA)

• Euilt-in Damper Type.

• Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (T*=25°cA
CHARACTERISTIC

Collector-Base Voltage
Collector-Emitter Voltage
Emitter-Base Voltage

Collector Current

Emitter Current
Collector Power Dissipation

(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IE

PC

Lstg

RATING

1500

600

50

150

-65VL50

UNIT

V

°C

EQUIVALENT CIRCUIT

BASE

:50fi(TYP.)

Unit in mm

025.OMAX.

021.0MAX

"+0.09
010-0.03

3 am

+ao8
040-015

302±a8

2-0

SM&-

~ST

^
4Q0MAX

.

BASE
EMITTER

COLLECTOR(CASE)

JEDEC TO-3

TC-3, TB- 3

TOSHIBA 2-21B1A

Mounting kit No. AC42C
Weight : 17g

ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN

.

TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=500V, IE=0 - -. 10 yA
Emitter-Base

Breakdown Voltage
V
(F,R)EB0 IE=200mA, IC=0 5 - - V

DC Current Gain hFE VCE=5V, IC=1A 8 12 -

Collector-Emitter
Saturation Voltage VCE(sat) IC=5A, IB=1A - 3 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=5A, IB=1A - - 1.5 V

Forward Voltage (Damper Diode) -vF IF=6A - 1.6 2.0 V

Transition Frequency fT VCE=10V, Ic=0.1A - 3 - MHz
Collector Output Capacitance Cob VCB=10V,IE=0,f=lMHz - 165 - pF
Fall Time (Fig.) tf ICP=5A,IBi(end )=lA - 0.5 1.0 ys

TOSHIBA CORPORATION
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2SD871

Fig. t f TEST CIRCUIT
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2SD871
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD873

HIGH POWER AMPLIFIER APPLICATIONS

HIGH POWER SWITCHING APPLICATIONS

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES

:

• High Power Dissipation

High Collector Current

• Low Saturation Voltage

PC=150W (Tc=25°C)

IC=16A

VCE(sat)=O.AV(Typ.) (IC=8A)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 160 V

Collector-Emitter Voltage VcEO 140 V

Emitter-Base Voltage VEBO 7 V

Collector Current ic 16 A

Base Current IB 4 A
Collector Power Dissipation^,.,, v

?C 150 W

Junction Temperature Tj 175 °C

Storage Temperature Range Tstg -65VL75 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS

.

Unit in mm

1. base
2. EMITTER

COLLECTOR (CASE)

T0-204MA/T0-3

TG — 3, TB — 3

2 — 21D1A

Mounting Kit No. AC73
Weight : 12. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=140V, IE=0 - - 100 PA
Emitter Cut-off Current Jebo VEB=7V, IC=0

— — 100 yA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, IB=0 140 - - V

DC Current Gain
hFE(l) VCE=^V, IC=8A 15 - 60

hFE(2) VCE=4V >
IC=16A 5 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=8A, IB=0.8A - 0.4 1.4 V

Base-Emitter Voltage VBE VCE=4V »
IC=8A - 1.2 2.2 V

Transition Frequency fT VCE=^V, IC=1A - 1.5 - MHz

Collector Output Capacitance Cob VCB=10V ,

I

E=0 , f=lMHz - 350 - pF

Switching

Time

Turn-on Time ton
20#s Ipn OUTPUT

- 2.5 -

ysStorage Time tstg iBiir
- 4.5 -

QIB2 ^X f
S

-IB o = 0.5A "

3YCLE:^1# OL/
Fall Time tf

DUTY
- 1.4 -

TOSHIBA CORPORATION
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2SD873
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2SD873

SAFE OPERATING AREA

fth(t) ~ t

(1) NO HEAT S INK

(2) T c = 2 5 °C

INFINITE HEAT SINK

0.1

0.01
10"

TIME

0.5

0.3-

# SINGLE NONREPETITIVE PULSE
Tc =25°C

CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE.

' i i I I I II J L I I I I

3 5 10 30 50

COLLECTOR- EMITTER VOLTAGE
100 200

VCE (V)

llllltlllllllttltlllliMMIUItlllllllllllllllllillllltlllllllltlflllllltlllllltllllllllllllllllllJIIIIIIIIIltllllltlltlllllllltltllllllMtltlMlllllllllllltltllllllllllltllltllllllMlltllJilltlllllflllUllltMIIIIIIIIII ~V~^^^^a—BB^^.^X. CORPORATION

-771-



SILICON NPN TRIPLE DIFFUSED TYPE

at) =0.5V( Typ.) (Ic=3A)

INDUSTRIAL APPLICATIONS
Unit in mm

HIGH POWER AMPLIFIER APPLICATIONS

HIGH POWER SWITCHING APPLICATIONS
015.7
MAX.

3

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATIONS.

«!

S

1

012.5
MAX.n X

<

FEATURES

:

• Low Saturation Voltage : Vce(s

i

!

I

00

1 H
to

0C

HT [ti

4iao9 i

.75-0.03
|

ri O° "H

+ 0.05

24.38-0.04

14.7

MAXIMUM RATINGS (Ta=25°C)
'f

oc5

CHARACTERISTIC SYMBOL RATING UNIT ii— ^ irf^^
Collector-Base Voltage VCBO 110 V

^\
Collector-Emitter Voltage VCEO 80 V 32MAX.

Emitter-Base Voltage VEBO 7 V

Collector Current ic 3 A
2. EMITTER
COLLECTOR (CASE)

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C) PC 25 W JEDEC TO-66

Junction Temperature T
i

175 °C EIAJ TC-16A, TB-23

Storage Temperature Range Tstg -65M.75 °c TOSHIBA 2-13A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting kit No. AC74
Weight : 5.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VcB=H0V, Ie=0 - - 100 yA

Emitter Cut-off Current IEB0 VEB=7V, IC=0 - - 100 yA
Collector-Emitter Breakdown
Voltage

V(BR)CE0 Ic=50mA, IB=0 80 - - V

DC Current Gain
hFE(l) VCE=5V, IC=0.5A (Note) 60 - 300

hFE(2) VCE=5V, IC=2.5A 20 - -

Collector-Emitter Saturation
Voltage

vCE(sat)
I C=3A, IB=0.3A

- 0.5 1.0
V

Base-Emitter Saturation
Voltage vBE(sat)

- 1.2 1.5

Transition Frequency fT VCE=5V, IE=-0.5A - 3 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 85 - PF

Switching
Time

Turn-on Time ton 20JL9 j i—j-oOUTHJT

^-BllJl „T INHJTo-^-r rtf

JL iV0C=30V
lBl= -IB2= 0. 2A DUTY CYCLE ^1%J

- 1.5 -

usStorage Time tstg .
- 5.0 -

Fall Time tf - 2.0 -

Note : hFE Classification : 0: 60^120, Y : 100^200, GR : 150^300
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2SD877
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2SD878 SILICON NPN TRIPLE DIFFUSED TYPE

HIGH POWER AMPLIFIER APPLICATIONS.

HIGH POWER SWITCHING APPLICATIONS.

DC-DC CONVERTER APPLICATIONS.

REGULATOR APPLICATIONS.

FEATURES

:

• High Power Dissipation : FC=115W (Tc=25°C)

• High Collector Current : I C=15A

• Low Saturation Voltage : VCE (sat )=0. 3V (Typ. ) (IC=4A)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 100 V
Collector-Emitter Voltage VCEO 60 V
Emitter-Base Voltage VeBO 7 V

Collector Current IC 15 A
Base Current IB 7 A
Collector Power Dissipation--,, . PC 115 W
Junction Temperature Tj 175 °C

Storage Temperature Range Tstg -65M.75 °C

j2fe5.0MAX.

,^gfeLOMA

^

_, -1-0.09

,01.0— 0.04

iOt-
cicS

+ 1

_, +0.08
^4.0—0.15

30.2±0.2

ia9±a24

I
'fescs

+ 1

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO-204MA/TO-3

EIAJ TC — 3, TB — 3

TOSHIBA 2 — 21D1A
Mounting Kit No. AC73
Weight : 12. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VcB=100V, Ie=0 - - 100 MA
Emitter Cut-off Current JEBO VEB=7V, IC=0 - - 100 UA
Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, IB=0 60 - - V

DC Current Gain hFE(l) VCE=4V, IC=4A 20 - 70

hFE(2) VcE=4V, Ic=10A 5 - -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=4A, IB=0.4A - 0.3 1.1 V

Base-Emitter Voltage VBE VCE=4V, IC=4A - 1.1 1.8 V

Transition Frequency f^ VCE=^V, IC=1A - 1.5 - MHz

Collector Output Capacitance Cob VcB=10V ,

I

E=0 ,
f=lMHz - 150 - pF

Switching

Time

Turn-on Time ton
22£B

TM-orn^Bl OUTPUT

- 2.5 -

ysStorage Time tstg

IB1=-IB2 = 0.5A % >

DUTY CY0LEg;i# ou

- 3.5 -

Fall Time tf - 1.2 -
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2SD878
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2SD878
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD880

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES :

. High DC Current Gain
: hEE=300(Max. )(VCE=5V, Ic=0.5A)

. Low Saturation Voltage
: VCE ( sat )=1.0V(Max.)(IC=3A, Ifi=0.3A)

. High Power Dissipation : PC=30W (Tc=25°C)

; Complementary to 2SB834.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

vEBO

ic

stg

RATING

60

60

0.5

1.5

30

150

-55VL50

UNIT

Unit in mm

10.3MAX. 03.6iO2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TO-220AB

TOSHIBA 2-10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting
Weight :

kit No. AC75
1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=60V, IE=0
- - 100 ]XA

Emitter Cut-off Current IEB0 VEB=7V »
^=0 - - 100 UA

Collector-Emitter Breakdown
Voltage

V (BR) CEO I c=50mA, Ib=0 60 - - V

DC Current Gain hFE VCE=5V, IC=0.5A (Note) 60 - 300

Collector Emitter Saturation

Voltage
vCE(sat) IC=3A, IB=0.3A - 0.25 1.0 V

Base-Emitter Voltage VBE VCE=5V, I C=0.5A
- 0.7 1.0 V

Transition Frequency fT VCE=5V, I C=0.5A - 3.0 - MHz

Collector Output Capacitance Ccb VCB=10V, IE=0, f=lMHz - 70 - pF

Switching Time

Turn-on Time ton
2Q«s

iBlfl

DUTY C

INHJT IB1
0,™?T

t,o 2A 30V

- 0.8 -

ysStorage Time t stg - 1.5 -

Fall Time tf YCLE < 1% - 0.8 -

Note: hFE Classification 60^120, Y : 100^200, GR: 150^300.
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2SD880
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SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER) 2SD1034A

HIGH POWER SWITCHING APPLICATIONS.

DC-AC POWER INVERTER APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. High Voltage : VCEO (SUS)=450V

. Triple Diffused Design.

. Darlington Design.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATION
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage VcEO(SUS) 450 V

Emitter-Base Voltage Vebo 6 V

Collector Current ic 300 A

Emitter Current IE -300 A

Base Current IB 12 A

Thermal Resistance
(Double Side Cooling) Rth(j-c) 0.08 °C/W

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -40-150 °C

Mounting Force Required F 500±50 kg

2-04.O±Q.2

)- 1

)-2

BASE (WHITE)
EMITTER
EMITTER (RED)

COLLECTOR

EIAJ

TOSHIBA 2-60B1A
Weight : 150g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

DC Current Gain h-FE
VCE=5V, Ic=300A 150 - -

VCE=5V, I C=150A - 500 -

Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=0.5A, L=40mH 450 - - V

Collector-Emitter
Saturation Voltage VcE(sat)

IC=300A, Ib=6A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat)
- - 2.5 V

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 2 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0
- - 600 mA

Switching Time

Turn-on Time ton
IC=300A, IB1=6A,

-lB2=16A, Vc=300V

- 1 2

MSStorage Time tstg - 13 16

Fall Time tf - 2.5 4

Note : Pulse Test; Pulse width ^300/*s, Duty Cycle ^3%
Mounting Force; F=500kg

TOSHIBA CORPORATION
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2SD1034A

2.8

VBE(8 at) ~ ic

COMMON EMITTER

I B =6A
2.4

^ S

. x &*
'

1 3t^<j
^oo

l.b

1.2

100 200 300 400 500 600

COLLECTOR CURRENT I c (a)

VCE - I C VCE - I C

i

—

,

300
CUMMUN EMITTER

T c = 2 5°C

PULSE WIDTH= 50Ae

i

/

/

i

t

100

/
/

i

i

i

/ '"T

/ 1
i

50 / 1
i

/
/

i

i

^ / / '

30

c

//

w/ to/

/ / i

10
>,** /

/
/

/
t

1 <

t

0/
/

/

>
. if- i
s / / ~~r

* t

V /
i

>
^ /

t^f >
/

3 / / r , t i

I£ X2

r rZ-
^/

1
—

rf-
^<£ ^-<.^

•»

0. K
100 200 300 400 500 600

COLLECTOR CURRENT Ic Ca)

500 i
•

r

COMMON EMITTER

Tc = 100"C

PULSE WIDTH /

= 50/is '

i / i

300
/

/

/

1

1

TOO

/

/

i

1

t

i i /
/ /

f i /

/

30
II

a

> i 1
1 "• ^/ ©

«

}/ ' / /
t

H
f

f

_i
i

i

i

/

/

00

1

1

/
1 i /

/
1

r>.

&>

1 i i
L V

1 i\
{* 1 .

r~
i t

/
/

\-+
1

'

/
i

/ t

1
-^t.&

t •

/

^

-

/

& ^—
46"

> ""*.
• -.

100 200 300 400 500 600

COLLECTOR CURRENT I c ( A)

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiililllimiiiuiiiiiilliiiiiiiiiiiiiiillilliiiHiiiililllimiiiiN

-780-



2SD1 034A
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2SD1052 SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS .

FEATURES :

. High DC Current Gain of 250 to 750 at

VCE=5V, IC=0.5A

. Low VcE(sat) of 1.0V (MAX.) at Ic=lA, Ib=0.02A

. Collector Power Dissipation of 30W at Tc=25°C

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

10.3MAX ^3.6±Q2

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEB0

IB

T-i

Tstg

RATING

50

50

0.5

1.5

30

150

-55-150

UNIT

V

°C

°C

1. BASE
2. collector Cheat sink)
3. EMITTER

JEDEC TO—220AB
EIAJ SC—46
TOSHIBA 2-10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting kit No.AC75
Weight : L9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0 - - 100 jjlA

Emitter Cut-off Current lEBO veb=tv, ic=o - - 100 M
Collector-Emitter
Breakdown Voltage V(BR)CE0 Ic=50mA, IB=0 50 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 250 - 750

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1.0A, IB=0.02A - 0.25 1.0 V

Base-Emitter Voltage VBE VCE=5V, Ic=0.5A - 0.7 1.0 V

Transition Frequency- fT VCE=5V, IC=0.5A - 5.0 _ MHz
Collector Output Capacitance Cob Vcb=10V, IE=0, f=lMHz - 70 _ pF

Switching Time

Turn-on Time ^on ^f8
INPUT IB1

OUTPUT

IB1=10mA 10V
I Bg =—20mA
DUTY CYCLE<1%

- 1.5 -

/IS
Storage Time Tstg - 4.5 -

Fall Time Tf - 3.0 -
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2SD1052

Ic — VCE

4

COMMON EMITTER

Tc= 25°C 35
30

-25
— 20

. 15

10 -

A

2

-Ifl = 5m

1

12 3 4 5

COLLECTOR -EMITTER VOLTAGE VCE (V)

hpE - IC

uuu
COMMON EMITTER

000

VCE=5V

„ —
- Tc — 100 C

Rfin 25.

-25.
300

inn

50

003 0.05 0.1 Q3 Q5 1

COLLECTOR CURRENT I c (A)

VCE(sat)

005

0.03

COMMON EMITTER

I C /IB =50

^J >K

^
'

&

001 003 005 0.1 03 0.5 1

COLLECTOR CURRENT Ic (A)

I C — VBE
3.0

COMMON EMITTER /;

25

" VCE=5V

;

1

/

20 1 1

fr,

in\

15
Ij

/
/

/
I

/

05 / ;
J

/ /
n / /

0.2 04 06 Q8 1-0 12 1A

BASE -EMITTER VOLTAGE VBE (V)

TOSHIBA CORPORATION

-783-



2SD1052
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SD1052A

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS .

FEATURES :

. High DC Current Gain of 400 to 1200 at

VCE=5V, IC=0.5A

. Low VcE(sat) of 1-OV (MAX.) at Ic=lA, IB=0.02A

. Collector Power Dissipation of 30V at Tc=25°C

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

vCB0

vCE0

VEB0

ic

IB

?C

stg

RATING

50

50

0.5

1.5

30

150

-55-150

UNIT

V

W\

0.7 6 .

.2=5 4, 2.5 4

X
<

%
f
«,

2 ?

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

T0-220AB

EIAJ SC-46

TOSHIBA 2—10A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Mounting kit No.AC75
Weight : L9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0 - - 100 M
Emitter Cut-off Current lEBO VEB-7V, IC=0 - - 100 M
Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=50mA, IB=0 50 - - V

DC Current Gain hpE VCE=5V, IC=0.5A 400 - 1200

Collector-Emitter
Saturation Voltage

VCE(sat) IC=1A, IB=0.02A - 0.25 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A - 0.7 1.0 V

Transition Frequency- fT VCE=5V, IC=0.5A - 5.0 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 70 - PF

Switching Time

Turn-on Time Ton
20WS OUTPUT
pq input jbi y \

—

°

1biT
\Aj

°^0 ton

10V
IB1^10mA
I Bg=—20mA
DUTY CYCLL <1 %

- 2.0 -

/isStorage Time Tstg - 5.0 -

Fall Time Tf - 3.0 -

iiuiiiuuiiiiitiiuiiHiiiiiiiiiiiiiiiiuiiiiuiiiiuitiitiiuiiiiiiiiuiiiMiiiiHiittiitiuiiiiiiiuiitiiiiiiiiiiitiniiiiuiiiifiiiiiiitiiH CORPORATION
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2SD1052A

ic CE

COMMON EMITTER

Tc = 25°C
20

16
- 14

10

8
_ 6

4

I B= * mA

12 3 4 5

COLLECTOR- EMITTER VOLTAQE VCE (V)

hFE - IC

1000

500

300

VGE=5V

Tc=100°C

__25_

003 0.05 0.1 0,3 0.5 1

COLLECTOR CURRENT Ic (A)

vCE(sat) - Ic

0.5

H 0.3

<
HP
o
>

0.1

0.05

0.03

0.01

COMMON EMITTER

I C /IB=50

V
Xl-. ^

'.Yr^.

,<'&%

003 0.05 01 0.3 0.5 1

COLLECTOR CURRENT Ic (a)

T C
_ VBE

3 15

S 1JD

O 0.5

COMMON EMITTER

VCE =5V

i
"

/
o/ ml

? i
j

c

c

//

7
/ /

1

^
r"

'
i

/ /
y
f

/
/ -I/

02 0.4 0.6 0.8 1£> 1.2

BASE -EMITTER VOLTAGE VBE (V)

TOSHIBA CORPORATION
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'th(t)

i(i) WITHOUT HEAT SINK F>0
ft° ^>

J^rffll
^\Tc = 25°C K

10 10 ±

TIME
1

( sec)

SAFE OPERATING AREA

"
1 1

-
1 -T 1 II

I I c MAX. (PULSED)-)/

I \\ v*\
I G MAX. (CONTINUC US) \W

*

> \

If
n

1 ^

I

- •* SINGLE NONREPETITIVE

PULSE Tc = 25°C

CURVES MUST BE DERATED r"
LINE

TEMP
ARL^

ERA!

W
UR

IT

E

H

U

IN

1_I_L

CREASE

II

IN c
Si1

>

1 3 5 10 30 50 100

COLLECTOR -EMITTER VOLTAGE VCE (V)

2SD1 052A

P C - Ta

Ph 1=

« 10

o —

CD TV — Tfl

INFINITE HEAT SINK

® 300 X 300 X 2mm AC

HEAT SINK

© 200 X 200 X 2mm AC

HEAT SINK

@ lOOX 100X ImmAC;

HEAT SINK

© 100X lOOX 1mm Fe

HEAT SINK
v © 50 X 50XlmmA<?

©

(8>

1̂

(4)

—

©

^J7) 50 X 50 X 1mm Fe

Cfil \ >iEAT SINK

|® NO HEAT

\ SINK

^J I I |1

25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta (°C

)

TOSHIBA CORPORATION
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2SD1 069 SILICON NPN DOUBLE DIFFUSED TYPE (PCT PROCESS)

Unit in mm

TV HORIZONTAL DEFLECTION OUTPUT APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES:

. Built in Damper Type.

. High Collector Current Capability.

. High Collector Power Dissipation Capability.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 300 V

Collector-Emitter Voltage VCEO 150 V

Emitter-Base Voltage VEBO 6 V

Collector Current ic 7 A

Collector Current (Peak) ICP 15 A

Base Current TBM 2 A

Collector Power
Dissipation

Ta=25°C
PC

1.75
¥

Tc=25°C 40

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °C

10. 3 MAX. 03.6 ±.0.2

•

C2J[f n

Xp
a
CO

Hi

H

a
to

lrf'1

1.5 MAX.
_||

II

M
a
o
CO"

Q7_e
-^

2.5 4 2.5 4

X

cv *|
<

"W1 2 3

to
1

1. BASE
2. collector Cheat sink)
3 EMITTER

TO—2 20AB

TOSHIBA 2-10A1A

Mounting kit No. AC75

We ight : 1.9 g

EQUIVALENT CIRCUIT

o COLLECTOR

=-100Q

EMITTER

TOSHIBA CORPORATION

-788



2SD1069

ELECTRICAL CHARACTERISTICS (Ta=25°C;

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current Ices VCE=250V, VBE=0 - - 1.0 mA

Collector-Emitter
Sustaining Voltage

vCEO(SUS )
IC=0.1A, L=50mH 150 - - V

Collector-Base
Breakdown Voltage

v (BR)CBO IC=lmA, Ie=0 300 - - V

Emitter-Base
Breakdown Voltage

vebo IE=0.1A, IC=0 6 - - V

DC Forward Current
Transfer Ratio

hFE VCE=1.5V, IC=5A 10 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=5A, IB=0.5A - - 1.5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=5A, IB=0.5A - - 1.5 V

Damper Diode Forward
Voltage

-VF IC=-6A
- - 1.8 V

Collector Current
Fall Time

tf Icp=5A, lBl(end)=0.5A - - 1.0 ps

Transition Frequency fT VCE=10V, IC=0.2A - 18 - MHz

TOSHIBA CORPORATION
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2SD1069

TEST CIRCUIT

+VCC (2)

IC " V C E

COMMON EMITTER

Tc=2 5"C

1400 1000 700

500

300

200

100

Il

—"r '"

3=50mA

... .

°

Q4 Q8 1.2 1.6 2.0

COLLECTOR — EMITTER VOLTAGE VCE Cv)

vCE(sat) - Ic

0.5

Q3

3 0MM0N EMITTED

ic/iB=io

3

T c = 7 5°C

5 <^=

30 50 100 300 500 1A 3A 5A 10A

COLLECTOR CURRENT Ic (mA)

hFE - IC

10 30 50 100 300 500 1A 3A 5A 10A

COLLECTOR CURRENT I c CmA)

X C - vBE(sat)

Q5

0.3

Ql

; COMMON EMITTER

: Ic/lB=10
jv

4
/,
/ /

2s- Z_ 'in/ <0

// fjcv
i r

£

/

*

¥
0.2 Q4 0.6 0.8 1.0 1.2 1.4 1.6

BASE—EMITTER SATURATION VOLTAGE
vBEfsat) CV)

TOSHIBA CORPORATION
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2SD1069

vCB(sat) - !]

2.4

1.6

0.4

COMMON EMITTER

1

T c = 7 5°C

\
\ vIc^A

<. —

—

5

Q4 Q8 1.2 1.6 2.0 2.4

BASE CURRENT I B CA)

9 2-4

vCE(sat )
IB

COMMON EMITTER
Tc = 85'C^ .

cd 2.0

1

> 1.6
1

<

1

o Q8 V

I ^ I C=7A

04

\
^. —

•

5 .

Q4 0.8 1.2 1.6 2.0

BASE CURRENT I B (A)

vCE(sat) - I B
2.4

5 2-0

1.6

H ^

o D 0,4

COMMON EMITTER

I

Tc=—2 5°C

\

\
\ I C = 7A

V

Q4 Q8 1.2

BASE CURRENT

2.0

r th ~ t

CURVES SHOULD BE APPLIED IN

THERMAL LIMITED AREA.

® NO HEAT SINK

(g) Tc = Ta INFINITE HEAT SINK

^

m®.

(A)

100

TIME

la 10e 100s

t (msec)

tf — Tc (Typical)

ICP= 5A
I B1=I B2= Q5A

' TEST CIRCUIT

20 40 60 80 100 120

CASE TEMPERATURE Tc (°C)

TOSHIBA CORPORATION
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2SD1087
SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

. High DC Current Gain

: hFE=1000(Min.) (VCE=3V, IC=15A)

. Low Collector Saturation Voltage

•• VcE(sat)=1.5V(Max.) (Ic=15A)

. Monolithic Construction with Built-in

Base-Emitter Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 100 V

Collector-Emitter Voltage VCEO 100 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 15 A

Base Current IB 1 A
Collector Power Disipation

(Tc=25°C) PC 100 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °c

3 4.3 MAX.

B^^^f1-
1. BASE
2. COLLECTOR CHEAT SINK)
3. EMITTER

TOSHIBA 2 —34A1A

Weight : 10. 8g

EQUIVALENT CIRCUIT

BASE o-

q COLLECTOR

%2kXi % 20012
' W •——>/W f

6 EMITTER

TOSHIBA CORPORATION

792-



2SD1087

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, l£=0 - - 100 AA

Emitter Cut-off Current iEBO VEB=5V, IC=0 - - 10 mA

Collector-Emitter
Breakdown Voltage

v (BR)CEO IC=50mA, Ib=0 100 - - V

DC Current Gain b-FE VCE=3V, IC=15A 1000 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=15A, Ib=0.025A

- - 1.5 V

Base-Emitter
Saturation Voltage VBE(sat) - - 2.2 V

Emitter-Collector
Forward Voltage Vecf IE=10A, IB=0 - - 3 V

Transition Frequency fT VCE=5V, IC=1A - 14 - MHz

Collecotr Output Capacitance Cob VCB=10V, lE=0, f=lMHz - 280 - pF

Switching Time

Turn-on Time ton
CC

R

= 50V

= 10.Q

- 0.7 -

usStorage Time tstg

DUTY

yV^ OUTPUT
;

- 8 -
IB2

=-iB2 = ao
CYCLER

ĵW
|

Fall Time tf

A

1A

1%

- 2.5 -

TOSHIBA CORPORATION

-793



2SD1087

'CE hFE — I C

14

12

10

8

6

4

2

n

I
|

< 7
1.6

EMITTER
Tc=2 5°C

—

>

t

o / 1.4 _M
h

H
'/

1.2a
«

1

0.8fto
Eh

lB= 0i6mAW
J -r
O 1

COLLECTOR—EMITTER VOLTAGE fv)

5000

3000

§ 1000

200

COMMON

- VCE~ 3V

EMITTER

| 1

cpV
>f

—55^1

0.3 Q5 1 3 5 10

COLLECTOR CURRENT I c ( A)

vCE(sat) - Ic

°Htt5
o £>

I C/IB=5

Tc ==—5 5°C

25

-H-H-
100

1

1

« m
H >
Eh
Eh
H
a w
H C5

1 <
H H
03 J
< O
CQ >

Ql

0.3 0.5 1 3 5 10 30

COLLECTOR CURRENT I c ( A)

vBE(sat) - Ic

I C/IB=5

1 1 II

Tc~

25

444
100

Q3 Q5 1 3 5 10

COLLECTOR CURRENT I c (A)

SAFE OPERATING AREA
ou

1 1 1 1 1
1 II 1

I c MAX ("PULSED)*
30

1 1 1 J
S _\> \<£ -10

I c MAX y
\

i

-fCONTINUOUS^V^ri Vw \ '^ ~

*\*
5

"c>\

— ^r
* T i

1

A
-* \ >

- o
\ i

\
v\\ L V

- \> \

c?V \v 1

Q3
c \ \>

,
"

\ ^
\\

Ql

& SINGLE N0NREPETITIV]
PULSE Tc=2 5°C

• CURVES MUST BE DERATE]
" LINEARLY WITH INCREASI
h IN TEMPERATURE

z \

" X
0.05 £j

:
-- O

a 02 _lULLl II
1 1—1

>

10 30 50 100 300

COLLECTOR—EMITTER VOLTAGE Vr (V)
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE=2000(Min.) (Vce=2V, Ic=2A)

MAXIMUM RATINGS (Ta=25°C)

INDUS 1K1AL AMPLICATIONS

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 300 V

Collector-Emitter Voltage VCEO 250 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 6 A

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C)

PC 30 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55~150 °c

EQUIVALENT CIRCUIT

BASE'

> COLLECTOR

H £
I I <w I

10.3MAX. 03.6±O.2

2.5 4 2.5 4

X

C*| lOl

>
<#

i %==_!]?. 3
.

J—

^

0*

1. BASE
2. COLLECTOR ("HEAT SINK)

3. EMITTER

TO-220AB

TOSHIBA 2-10A1A

EMITTER
Mounting kit No. AC75
Weight : L9g

ELECTRICAL CHARACTERISTICS (Ta=25 c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=300V, IE=0
- - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 0.5 mA

Collector-Emitter Sustaining
Voltage ^CEO(SUS) IC=0.5A, L=40mH 250 - - V

DC Current Gain
hFE(l) VCE=2V, IC=2A 2000 - -

hFE(2) VCE=2V, IC=4A 200 - -

Collector-Emitter Saturation
Voltage

vCE(sat) IC=4A, Ib=0.04A - - 2.0 V

Base-Emitter Saturation

Voltage VBE(sat) I C=4A, Ib=0.04A - - 2.5 V

Collector Output Capacitance Cob VCB=50V, lE=0, f=lMHz - 35 -
PF

Switching Time

Turn- on Time ton 20/is °H?

IBllM INPUTo-^4£ I
,

wibz lB2:Crs

:

:

1 j.J

IB1=-IB8 =004A * J

DUTY CYCLE^1% ^

PUT

. m
N

oov

- 1 -

/tsStorage Time tstg - 8 -

Fall Time tf
- 5 -

llllliiillllllliiiiiillllllliiliiilllllllllliiiiiillilllillllllllllHiiilllllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilllliiiiiiiiiiiM CORPORATION
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2SD1088

VCE VBE(sat) - IC
7.0

ao
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20 10

5
EMITTER

Tc=2 5°C

2
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COLLECTOR—EMITTER VOLTAGE VCE fv)

hFE ~" I C

jf- 5000

500

300

4 ^
1

—

#" tfi>**'*<by^

} ,

/
4>

SE """"

\\
s
v

"""

COMMON EMITTE» n
v3E~ 2 ^

1 1 1 Ui-iJ J

1"
0.03 0.05 Ql 03 05 1

COLLECTOR CURRENT I

3

C (A)

VcE(sat) - Ic

t, >

o
E-i M
o §

o O
o >

0.5
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3

(A)
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100
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COLLECTOR CURRENT I c (A)

SAFE OPERATING AREA

05

0.3
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005

Q03

II 1 1 1
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.Ic MAX."\
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD1090

*

ability

Unit in mm

COLOR TV POWER REGULATOR APPLICATIONS.
159MAX. pa2±a2

FEATURES:

i ^-^11
=1

. High Voltage : VCEO=1SOV

. High DC Current Gain : hpE=500(Min.

)

. Large Collector Power Dissipation Cap

y
4>

c

T? ]

x'

CO

<

>

.

C3

H

I
o

a5

: PC=80W 1

! -H

1

">

2 3 2

2.0 ±Q 3 I
1

+ 0.30 i

i.o— 0.2 5
i

1

5.45±0.2 545±a2

MAXIMUM RATINGS (Ta=25°C) x"
<
a
GO

H

COiH

cSci

+ 1

CO

<
a
00

CHARACTERISTIC SYMBOL RATING UNIT
oil *

%^=^ ^ M 1

Collector-Base Voltage VCBO 200 V

Collector-Emitter Voltage VCEO 180 V
1. BASE

Z. COLLECTOR (HEAT SINK)

3. EMITTER
Emitter-Base Voltage vEBO 5 V

Collector Current ic 5 A
JEDEC —

Base Current IB 2 A EIAJ -

Collector Power Dissipation
(Tc=25°C) ?C 80 W

TOSHIBA 2-16B1A

Weight : 4.6g
Junction Temperature T

J
150 °C

Storage Temperature Range Tstg -55 -150 °c

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current
ICB0 VCB=200V, IE=0

- - 100 p.A

ICEO VCE=180V, IB=0 - - 10 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 100 vA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, Ib=0 180 - - V

DC Current Gain hFE VCE=5V, IC=1A 500 - 2000

Collector-Emitter
Saturation Voltage VcE(sat) IC=1A, lB=20mA - - 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=1A 0.60 0.70 0.80 V

TOSHIBA CORPORATION
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2SD1090

I C - VCE (LOW VOLTAGE REGION)

10 50 20 COMMON EMITTER

/

1

' Tc = 2 5°C

// 10 _,

//

f

//
/

5

3
—L/

1

I3= 1mA

1
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COMMOM EMITTER
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/
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o
O hi 7 /

" I
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j

7_/
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4""

50 • COMMON EMITTER
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?n HI Ml
I L_l'Mi 1

10 30 50 100 300 500 1A

COLLECTOR CURRENT I c CmA)
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o
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0.3
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O
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SAFE OPERATING AREA

Q5

0.3

0.05

1 1 1 Mil 1 1

I c MAX (PULSED)

: I C MAX
^CONTINUOUS)

to -
y> "V o V% V %y

"%>. ^V^t ^ \\<s>

^O
. v
\\A

«ii s\
«:A\
\\\
A\

\

X

o
H
o
>
1,,

:•£ SINGLE NONREPETITIVE
I PULSE Tc = 2 5lC

. CURVES MUST BE DERATED
LINEARLY WITH INCREASE
I N

i

T EMPERATU
1

1

RE
l 1 L_ i i i

3 5 10 30 50 100 300 500

COLLECTOR-EMITTER VOLTAGE VCE (V)

2SD1090

H FM

Tc = Ta

INFINITE HEAT SINK

25 50 75 100 125 150

AMBIENT TEMPERATURE Ta OC)
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SILICON NPN DOUBLE DIFFUSED TYPE (PCT PROCESS)

POWER REGULATOR FOR LINE OPERATED TV,

FEATURES:

. Excellent Wide Safe Operating Area

(80 W.Sec at Tc=25°C)
+15V
-10V

. Included Abalanche Diode: V£=55

. High DC Current Gain : hFE -500

. High Collector Power Dissipation Capability
: 80W at 25°C Case Temperature

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 55
+15
-10

V

Collector-Emitter Voltage VCEO 55
+15
-10

V

Emitter-Base Voltage VEBO 5 V

Collector Current (Continuous) ic 4 A

Collector Current (Peak) ICP 20 A

Collector Power Dissipation
(Tc=25°C) PC 80 W

Junction Temperature T.i 150 °C

Storage Temperature Range Tstg -55-150 °c

EQUIVALENT CIRCUIT

COLLECTOR

= 2.Q
-ww«

—

'-10

Unit in mm

0&2±Q2
lb.9MAX.

, /
o| ' o <o

1 / rA\4

4- 7 OfV-*
X

> \
Ci
4-1

; —f °
o O C5

ei o c\j OS N
"

i

III \f I s
2.0 ±0.3

-H

+ 0.3
1 2 3 %

.

1.0— 0.2 5

545±02 5.45±Q2

>J M ^ 2
c!c5 S

S + 1 00 CO

00 ^

%
Oi <*.

:ob m 1
-L

•

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC —

EIAJ -

TOSHIBA 2-16B1A

Weight: 4.

EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Base Breakdown
Voltage V(BR)CB0 IC=10mA, Ie=0 45 55 70 V

Collector-Emitter
Breakdown Voltage

v (BR)CEO I C=100mA, IB=0 45 55 70 V

Emitter Cut-off Current TEBO VEB=5V, lc=0 - - 10 AA

DC Current Gain hFE VCE=5V, Ic=500mA 500 1000 2500

Collector-Emitter
Saturation Voltage

vCE(sat)
(1)

IC=500mA, lB=2mA - - 2.0 V

Collector-Emitter
Saturation Voltage

vCE(sat)
(2)

IC=1.0A, lB=20mA - - 3.0 V

Base-Emitter Voltage VBE VCE=5V, I C= 500mA 0.50 0.65 0.80 V

Allowable Energy (Tc=25 C) ET Application Circuit 80 - - W. sec

TOSHIBA CORPORATION
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2SD1092

Ic — VCE (LOW VOLTAGE REGION) Ic - VCE (HIGH CURRENT REGION)
2.4

1.6

£ 0.8

Q4

20^ COMMON
lOJJ /5 2.5 EMITTER

Tc= 2 5°C
2.0

1.6

1.2

Q8

IB—Q2mA

2 4 6 8 10

COLLECTOR - EMITTER VOLTAGE

12

(V)

hFE ~ I C

30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

10 30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

16

g "

| COMMON
LOA 2A EMITTER

Tc=2 5°C1A
500

1

100
1

50

i

20

10

lR=5mA

L

10 2

COLLECTOR
30 40 50 60 70

- EMITTER VOLTAGE VCE (V)

3000
h-EE I C

^CE=10V

1000

-S 5
*?

lilt- 4 Z±
. ±
.1

500
•?,

300
-p

COMMON EMITTER

Tc = 100°C
J

1

1

50 1 1 III _I 1

30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

VcE(sat) ~ I C

«
O H

a 05
W E-<

tJ J
J O
O >
o U02

Tc=2 5°C

>°
^>\r //
y

V
f&A

^20

^

30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT (mA)
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2SD1092

10

vCE(sat) - I c

- COMMON EMITTER

- Tc = 10 0°C5

3

>
^

1

<a Q5
fN° AH

r *^/Z>

^
^50
s 20

01

1 3 3 50 100 3C 500 1000 30 DO 5C

rCE(sat) ~ *C

co Q5

o Q3

01

a 05

•

: CCMMON EMITTER

- Tc-—2 5°C

T

T
T <?T *

' i\*0.

<c
50

^20
" \vjr,

1
1

1

30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

TYPICAL TEMPERATURE COEFFICIENT

5000

a looo

o
M

500

H
» 300

g
D
o
K
o 100
E->

O

£ 50
o
o

30

VfiE

COMMON
EMITTER

VCE-5V

„o L to

/
o

//

o
f-l

1
1

/ 1

ZI /

tt /

/ I

/

'

0.4 1.0

BASE - EMITTER VOLTAGE Vr (V)

72

o

Ph\ 60

52

48

. I n=l 0mA

44 48 52 56 60 64 68 72
COLLECTOR - BASE BREAKDOWN VOLTAGE

V(BR)CB0 ( v )
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2SD1092

SAFE OPERATING AREA

i* n°

Ta

Tc = Ta

INFINITE HEAT SINK

25 50 75 100 125 150 175
AMBIENT TEMPERATURE Ta (°C)

0.5

Q3

Ql

,._

|

4*
-Ic MAX. ^VV*

K^
c*

i

•?

>

_ll

H

LINEARLY "WITH INCREASE
IN TEMPERATURE .

l-l

53

i
•

o
H
o
>

1

1 3 5 10 30 50 100

COLLECTOR - EMITTER VOLTAGE VCE (V)

ET - Tc

140

12

|

100

<D

!
co 80

!^ 60

20

"

REGULATOR OUTPUT TERMINAL IS

SHORT-CIRCUIT IN ABNORMAL
CONDITION, MUST NOT EXCEED
OVER THIS ALLOWABLE VALUE.

20 40 60 80 100 120 140

CASE TEMPERATURE Tc (°C)

rilltlllllllMtllllfllMIIMIItlllllltllllllilJtlllJtlllllllJMIIMtllltlllllllMlllllJfitJIIIIIIIlfllitlltlltlltllMllllltllMllllllfflflllMt Illllllllt JMMIIillJMiriinitlllMillllllMIIIIIIIIMIIItt M ~T~^I^^^ — ^^.^^. CORPORATION

-803-



2SD1092

APPLICATION CIRCUIT

1S1888X4

O:VLIME loooofl^
ioov pnnnnT

(50Hz~ J I

60Hz) ^ ^

^2

3A

OE
+114V

G l> °2 >
C3> °4 : CL0047A

rn rrr

FUSE F 1 ; I — t

10 30 100 300 1000 3000 10000

BLOWING TIME t (me)

TOSHIBA CORPORATION
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144

AC INPUT VOLTAGE -- Ei r

14

136

128 c

*\yT~~ 600^ 700
12 4

" VyJ

116

112

108

ini
84 92 96 100 104 108

AC INPUT VOLTAGE (Vrms )

112

< p.

pj w

2SD1092

14

1 o
-- i^in ripple

10

8

6

300 400 500 600 700 800

LOAD CURRENT I (mA)

AC INPUT VOLTAOE - E

Fh

£ o

llO

112
hpE=1500

1000-j

108 ^OC 750

^500

IO=500mA
R1=aHcQ
Tc = 2 5 °C

100

| J
92 96 100 104 106

AC INPUT VOLTAGE (Vrms )

AC INPUT VOLTAOE - E AC INPUT VOLTAOE
120

.9 116w

112

108

« 96

I 3=6 0mA
R!=aikQ
Tc=2 5t

hFE=1500^ £j^ 750

f*~~ 500lOOOj/

84 92 96 100 104 108
AC INPUT VOLTAGE (Vrms )

I = 700mA

114
R!=aikQ
Tc = 2 5°C

hFE=1500

lOOO^Z (750

- 500
106

Q4
84 88 92 96 100 104 108 112

AC INPUT VOLTAGE (

V

rms )
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2SD1148 SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SB863.

. Recommend for 70W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VEBO

ic

IB

stg

RATING

140

140

10

100

150

-55-150

ELECTRICAL CHARACTERISTICS (Ta=25 )

UNIT

V

°C

Unit in mm

159MAX. J#3.2±0.2

x" CO r1

+ 1

545±Q^ &45±CL2 t*s

2
00

r-i

CO 00

"^

\- —

T

1. BASE
2. COLLECTOR CHEAT SINK)

2. EMITTER

JEDEC

TOSHIBA 2-16B1A

Weight : 4 . 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=140V, l£=0 - - 5.0 M
Emitter Cut-off Current lEBO VEB=5V, IC=0

- - 5.0 fik

Collecotr-Emitter
Breakdown Voltage

v (BR) CEO IC=50mA, Ib=0 140 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=1A 55 - 160

hFE(2) VCE=5V, IC=5A 25 - -

Collector Emitter
Saturation Voltage

vCE(sat) IC=5A, Ib=0.5A - 0.4 2.0 V

Base-Emitter Voltage VBE VCE=5V, I C=5A - 0.96 1.5 V

Transition Frequency f T VCE=10V, IC=1A
- 20 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 200 — PF

Note: hpg(i) Classification, 55-110 : 80-160

TOSHIBA CORPORATION •••iiiHlllllliliiiiiililtlllllliitiillililHlliulllllllllllllMtilllllllltlllltllitiulllilillllliiliMlHHlllllltllllllllllltllliiiltllllllllllllllllillllllllllliiliillllllliiiiMltllliliiiiiiitllilllllllllllMli
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2SD1148

ic — VCE
<J

1 500
1000 I

\

COMMON EMITTER

Tc=2 5°C500

|
// *+

w>*

M'/
' S *

K (,
/'

100

6 K/ ^ »——

-

——

I s
50ls

4

Is
~>~

30

V/
»»—

z

I
IB=10mA

y^
i i i i

IC - VBE

2 4 6

C OLLECTOR—EMITTER

8 10 12 14

VOLTAGE VCE Cv)

lOOOr

120

hpE — X C

a03 ai 0.3

COLLECTOR CURRENT

1 3

IC (A)

10

PC - Ta

Tc=Ta

INFINITE HEAT SINK

25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta CC)

COMMON EMITTER

VCE=5V

SJ ,

IJtQ

//

1 1 / /

a 4 0.8 1.2 1.6 2.0

BASE-EMITTER VOLTAGE VBE (v)

h m
s o
m >

Q03 ai 03 1 3

COLLECTOR CURRENT Ic (a)

SAFE OPERATING AREA
30

0.5

Q3

2.4

1

vCE(sat )
— ic

: COMMON EMITTER

: ic/i B=io

T|y±

0.5 oV
Q3 %><
ai m* :

aos

nnx

l c MAX (pulsed)^

Ic MAX ' \ \ 1

("CONTINUOUS) \o\oW
/,\ .* X~\4%\*X^^v^
_1_ ^^

.-& SINGLE NONREPETITIVE
PULSE Tc=2 5°C

CURVES MUST BE DERATED
LINEARLY WITH INCREASE

: I N TEMPERATURE
L

38

o
• o>

_I_L.

3 5 10 30 50 100 300 500

COLLECTOR—EMITTER VOLTAGE VCE Cv)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

SWITCHING APPLICATIONS.

CATIONS.

V MAX. @Ic=2A, lB=40mA

Unit in mm

SUITABLE FOR MOTOR DRIVE APPLI
&8MAX. < dd

+ 1

in

H

L

FEATURES

:

. High DC Current Gain
N

5.2±az
5

d

. Low Saturation Voltage : 0.6

. Built-in Free Wheel Diode

^-^ f

-H
m
iri

( h-

d
-H

d
+
to

d
-H
in

iri

^

I

|
f
5

,

MAXIMUM RATINGS (Ta=25°c)
1

CHARACTERISTIC SYMBOL RATING UNIT a95MAX.
S
o
w
H

1

2.3

f
a.6±ai5Collector-Base Voltage VCBO 50 V

Collector-Emitter Voltage VCEO 20 V
2.3H

d
-H
in

d

Emitter-Base Voltage vEBO 6 V
o?

Qi

1

3
C

4
d

-H
W

Collector Current
(DC) ic 2 A '

1 .
A

(Peak) ICP 4 A
a ! M

1 'I
i

Diode Forward Surge Current
(t=lsec)

IFP 1 A 1. BASE
2. COLLECTORS FTNl

Collector Power Dissipation PC 1 W 3. EMITTER

Junction Temperature T
i

150 °c JEDEC -

Storage Temperature Tstg -55-150 °c
EIAJ -

TOSHIBA 2 —7B1A

ELECTRICAL CHARACTERISTICS (Ta=25 C) Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0 - - 1 nk

Emitter Cut-off Current xEB0 VEB=5V, lc=0 2.5 6.25 15 mA

Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=20mA, L=40mH 20 - - V

DC Current Gain (Note 1) hFE(l) VCE=2V, IC=1A 100 - 300

DC Current Gain hFE(2) VCE=2V, IC=2A 60 - -

Collector-Emitter
Saturation Voltage VCE(sat) IC=2A, lB=40mA - 0.4 0.6 V

Base-Emitter
Saturation Voltage VBE(sat) IC=2A, lB=40mA - - 1.5 V

Diode Forward Voltage -VF IF=1A, IB=0
- - 2.0 V

EQUIVALENT CIRCUIT Note 1 : According to the value of hFE(l) , 2SD1160 is

^collector classified as follows.

BASE O-

EMITTER

CLASSIFICATION MIN. MAX.

2SD1160-0 100 200

2SD1160-Y 150 300

TOSHIBA CORPORATION
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2SD1160

VCE - 1 C hpE — Ic

0.6

a4

m 0.2

<*< 8 COMMON

/
EMITTER

Tc = 2 5"C
L *~ -*-

6

5

4

f

3

a
,

I
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COLLECTOR—EMITTER VOLTAGE VCE (V)

fe 500

300

COMMON EMITTER

VCE=2V

^c

___
30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

b m

o o

° 8

VcE(sat) - IC VBE(sat) - IC

as

0.3

ai

ao3

. I C/lB=5

' ..

^c* '^
^25^ 100
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COLLECTOR CURRENT I c (mA)

Ip Vp
IIXHJ

500

=o J

o
(t3/

/

100

" /// r
A

50

30
J

/
0.2 a4 0.6 Q8 1.0

DIODE FORWARD VOLTAGE
1.4

(V)

m l

Q5

IC/IB=5

Tc = -2 5°C

==-* -

:: \ 25
100

30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

rth - t

k

0.1

Tc = 2 5°C

CURVES SHOULD
THERMAL LIMITE

BE AP
D ARE

PLIED
A

[N

III

10m lOOm 1

PULSE WIDTH

10 100

t (sec)

1000
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2SD1160

SAFE OPERATING AREA

OPERATING CONDITIONS

IN TEST CIRCUIT

SHOWN IN Fig—1,
MUST NOT EXCEED
OVER THIS SHADED

AREA.

TEST CIRCUIT

lOVo

JUL

L=10mH

COLLECTOR-EMITTER VOLTAGE

1.2

^C - 'I a

1.0

0.8

0.6

a4

0.2

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta (°C)

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATION.

DC-AC POWER INVERTER APPLICATION.

MOTOR CONTROL APPLICATION.

FEATURES

:

. High Voltage :

V

CE0 (SUS) >900V
. Triple Diffused Design
• Darlington Design

INDUSTRIAL APPLICATIONS
Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 1000 V

Collector-Emitter Voltage vCEO(SUS) 900 V

Emitter-Base Voltage Vebo 6 V

Collector Current ic 100 A

Emitter Current IE -100 A

Base Current IB 12 A

Thermal Resistance
(Double Side Cooling)

Rth(j-c) 0.08 °C/W

Junction Temperature T.i 125 °C

Storage Temperature Tstg -40-150 °C

Mounting Force Required F 500±50 kg

2 -04.0 ±0.2

® BASE
©-1 EMITTER
(g)-2 EMITTER
© COLLECTOR

EIAJ

TOSHIBA 2-60B1A
Weight : 150g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Forward Current Transfer
Ratio hFE

VCE=5V, IC=100A 60 - -

VCE=5V, IC=50A - 500 -

Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=0.5A, L=40mH 900 - - V

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=100A, Ib=3A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Collector Cut-off Current ICBO VCB=1000V, IE=0 - - 2 mA

Emitter Cut-off Current JEBO VEB=6V, IC=0 - - 1000 mA

Switching
Time

Turn-on Time ton IC=100A, lBl=3A,

-lB2=6A, Vc=600V,

RL=6Q

- 1.0 2.0 jttS

Storage Time tstg - 20 25 /MS

Fall Time tf - 3.0 5.0 /is

Note : Pulse Test: Pulse Width ^300A s Duty Cycle ^3%
Mounting Force; F=500kg

llltllllllllllllllllllllllMllilllMlltllilllllllllllllllltllllllMIMIltllll1tlMllllllllllllllllllI1llllllllllllltll1llltllll]lltlllllllllllltflllllllllltllltllllliiiiiiitiit(lliiiiiiiiiiiiiMltllMllilllllllttlltlllll ~B~^^S^^—^^S,^^. CORPORATION

-811-



2SD1165A
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2SD1165A

SWITCH [NO TIME

SAFE OPERATING AREA

1

(X5

I c MAX. (PULSE) «
' T r;/l

i nun i i
\ - \v-"

I c MAX. (PULSE)

»

—-|\-g- \<p v+
-IC MAX v"j
(PULSE ) &

V" f"
k£ -

o \%
. . L # _

\. -i%

\

« SINGLE NONREPETITIVE \
PULSE Tc = 25°C \

ra -

to -

ra -

H -

o .

>
1 1 1

: CURVES MUST BE DERATED

I LINEARLY WITH INCREASE

L-JUk L_ ...

300

COLLECTOR-EMITTER VOLTAGE VCE (V)

hpE - IC

100
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SILICON NPN TRIPLE DIFFUSED MESA TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATION

AC & DC MOTOR CONTROL APPLICATION

INVERTER APPLICATION

FEATURES

:

. High Voltage : VCE0 (SUS) >900V

. Triple Diffused Design

. Darlington Design

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Base Current

Thermal Resistance
(Double Side Cooling)

SYMBOL

VCBO

vCEO(SUS)

Vebo

ic

IE

IB

Rth(j-c)

RATING

1000

900

200

-200

12

0.04

UNIT

C/W

2-0&2±U2

1. BASE
2. EMITTER
3. COLLECTOR

JEDEC

EIAJ

Junction Temperature 125
TOSHIBA 2-67B1A

Storage Temperature stg -40-150 Weight : 250g

Mounting Force Required 1000±100 kg

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX.
—

UNIT

Forward Current
Transfer Ratio

hFE Vce=5V, Ic=200A 80 200 -

Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=0.5A, L=40mH 900 - - V

Collector-Emitter
Saturation Voltage VcE(sat)

IC=200A, Ir=5A (Note)

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Collector Cut-off Current ICEO VCE=900V, IB=0 - 1.0 3.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - 300 2000 mA

Switching
Time

Turn-on Time ton
IC=200A, Ib1=4A,

-lB2=8A, Vc=600V

- 1.8 3.0 fl s

Storage Time tstg - 24 30 flS

Fall Time tf - 4.0 8.0 us

Note: Pulse Test; Pulse Width ^300/is Duty Cycle^3%
Mounting Foce; F=1000kg

TOSHIBA CORPORATION
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2SD1166
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD1187

HIGH POWER SWITCHING APPLICATIONS

DC-DC CONVERTER AND DC-AC INVERTER APPLICATIONS

FEATURES

:

. Low Collector-Emitter Saturation Voltage
: VCE ( sat)=0.5V (Max.) (IC=6A)

. High Collector Power Dissipation: Pc=80W (Tc=25 C)

MAXIMUM RATINGS (Ta=25 C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IB

PC

Tstg

RATING

100

80

10

80

150

-55-150

UNIT

1&9MAX. 03.2±O.2

545±0.2 545±0.2

X°

WH
C5c5

+ 1

00

x'

03

CO N *
Jap o

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

EIAJ

TOSHIBA 2—16B1A

Weight
ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cutoff Current ICBO VCB=100V, IE=0 - - 10 uA

Emitter Cutoff Current lEBO VEB=5V, lc=0 - - 10 fiA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, IB=0 80 - - V

DC Current Gain hFE(l)(Note) VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=6A 30 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=6A, IB=0.3A - 0.3 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=6A, Ib=0.3A - 0.9 1.4 V

Transition Frequency fT VCE=4V, IC=1A - 10 - MHz

Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 350 - pF

Switching
Time

Turn-on Time ton
20A 3 _ lT)n _ OUTPUT - 0.5 -

us& ^1 aStorage Time fcstg
- 2.5 -

Fall Time tf
iB1=~]

DUTY C

[B2 = 0,3A vcc =
YCLE^1%

>

= 30V - 0.8 -

Note: hFE (i) Classification : 70-140, Y : 120-240

TOSHIBA CORPORATION
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2SD1187
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2SD1187
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER REGULATOR FOR LINE OPERATED TV.

FEATURES

:

. Excellent Wide Safe Operating Area (lOOW.Sec at Tc=25°C

. Included Abalanche Diode : Vz=60±15V

. High DC Current Gain : hFE=2000 ~ 20000

. Darlington Connected Type.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current (Continous)

Collector Current (Peak)

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature

SYMBOL

VCBO

VCEO

VEBO

IC

ICP

PC

L stg

RATING

60±15

60+15

20

100

150

-65-150

UNIT

025.0 MAX.

02 1.0 MAX

ttT3
+ao9

01.0—0.03

A:

t

3Q2±0.2

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—

3

TC—3 , TB—

3

TOSHIBA 2-21A1A

COLLECTOREQUIVALENT CIRCUIT

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 12. Og
O EMITTER

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Base Breakdown
Voltage V(BR)CB0 Ic=10mA, l£=0 45 60 75 V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=100mA, Ib=0 45 60 75 V

Emitter Cut-off Current lEBO VEB=6V, IC=0
- - 100 fik

DC Current Gain hFE VCE=5V, Ic=0.5A 2000 - 20000

Collector-Emitter
Saturation Voltage

VcE(sat)
(1)

IC=0.5A, lB=lmA - - 1.5 V

Collector-Emitter
Saturation Voltage

VcE(sat)
(2)

IC=1A, Ig=lmA - - 2.5 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A - - 1.8 V

Allowable Energy (Tc=25°C) Et Application Circuit 100 - - W-sec

TOSHIBA CORPORATION iiiitiitlflllltllllltlltlllilltllllll*lllillltllttllilltlllllllllllltlllllllllllllllltllllltltlliliitiitllllllllllttlllllfllllliaillllltlllllllllllllllllll*lltlllJIII«tit(llll*llllllllllilllllilllllllltlllltlJtlll
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2SD1208
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2SD1208
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APPLICATION CIRCUIT

2SD1208
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2SD1208
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SB905

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEBO

IC

IB

Tstg

RATING

150

150

1.5

1.0

1.0

10

150

-55 ~150

ELECTRICAL CHARACTERISTICS (Ta=25 C)

UNIT

Unit in mm

S8MAX.

urn
Q.6±0.15

£3. 2£

fiTi
i—;r

1. BASE
2. COLLECTOR (PIN)

3. EMITTER

JEDEC

TOSHIBA

Weight : 0.36g

Note: hpE Classification 60-120, : 100-200, Y : 160~320

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=150V, IE=0
- - 1.0 mA

Emitter Cut-off Current lEBO - VEB=6V, lc=0 - - 1.0 Mk

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=10mA, IB=0 150 - - V

DC Current Gain
hFE
(Note)

VCE=5V, Ic=200mA 60 - 320

Collector-Emitter
Saturation Voltage

vCE(sat) IC=500mA, lB=50mA - - 1.5 V

Base-Emitter Voltage VBE VCE=5V, Ic=5mA 0.5 - 0.8 V

Transition Frequency fT VcE=5V, Ic=200mA 20 100 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 13 20 pF

TOSHIBA CORPORATION
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2SD1220
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2SD1220
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2SD1221 SILICONNPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

AUDIO FREQUENCY POWER AMPLIFIER APPLICATION.

FEATURES

:

. Low Collector Saturation Voltage
: VCE(sat)=0.4V(Typ.) (IC=3A, IB=0.3A)

. High Power Dissipation : PC=20W (Tc=25°C)

. Complementary to 2SB906

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature

SYMBOL

VcBO

VcEO

VeBO

ic

IB

PC

Tstg

RATING

60

60

0.5

1.0

20

150

-55-155

UNIT

&8MAX.

~J

&2n£&

Q6MAX.

I
\~ -',

J
ms a*j bjo I

u s sJZZ

1. BASE

Z. COLLECTOR (FIN)

3. EMITTER

EIAJ

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, IE=0 - - 100 uA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 100 lik

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=50mA, Ib=0 60 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=0.5A 60 - 300

hFE(2) VCE=5V, IC=3A 20 - -

Collector-Emitter
Saturation Voltage VCE(sat) IC=3A, Ib=0.3A - 0.4 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A - 0.7 1.0 V

Transition Frequency fT VCE=5V, IC=0.5A - 3.0 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 70 - pF

Switching Time

Turn-On Time ton 20AS TNPTTT IB1 OUTMT

IB1 =-I B2= 0.2A

DUTY CYCLE^1%

- 0.8 -

/ISStorage Time tstg - 1.5 -

Fall Time tf - 0.8 -

Note: hFE Classification : 60-120, Y : 100-200, GR : 150-300

TOSHIBA CORPORATION
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2SD1221
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2SD1222
SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

(DARLINGTON POWER)

SWITCHING APPLICATIONS.
HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.
POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE(l)=2000(Min.) (VCE=2V, Ic=lA)

. Low Saturation Voltage
: VCE(sat)=1.5V(Max.) (I C=2A)

. Complementary to 2SB907.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

IB

Tstg

RATING

60

40

0.3

1.0

15

150

-55-150

UNIT

EQUIVALENT CIRCUIT

BASE O-

q COLLECTOR

,
5.2±0.2

¥=:j

0.95 MAX.

Q6±ai5

£3.

[i i

g.3.

H-
0.6MAX.

(1 2 5\~
Id a al_

1. BASE
2. COLLECTOR (PIN)

3. EMITTER

TOSHIBA 2—7B1A

I ~4.8kQ |=3 0Q
|_ _ _ _ '_ _*g_ t_ L

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=60V, IE=0 - - 20 jiA

Emitter Cut-off Current !eB0 VEB=5V, IC=0 - - 2.5 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=25mA, Ib=0 40 - - V

DC Current Gain hFE(l) VCE=2V, I C=1A 2000 - -

hFE(2) VCE=2V, IC=3A 1000 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=2A, lB=4mA - - 1.5
V

Base-Emitter vBE(sat) IC=2A, lB=4mA - - 2.0

Switching
Time

Turn-on Time ton
20MB OUT

T r£3 INPUT JB1 ' =p—

(

PUT - 0.1 -

/isStorage Time fc stg ZFb2 iB2 "L^XJa '

:

IB1=-IB2 = 6mA A, ,

DUTY CYCLER 1% VCC=

G

1

30V

- 1.0 -

Fall Time tf - 0.2 -

TOSHIBA C^^^V^S^C9^9^eK.T~SC3B^I lllllMlllttllflllltlMlllllllllltlllllllllltlilllllllllltllltMlllllllllllllllllllllllltllllllllMIIIIIIIIIIIIIIHIIMIIIUIIIIlllllltltlllllllllllllMIMIItllltlltlMMttlllllllllfllllllllMIIIIMtlMllllllllllliltllll
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2SD1222
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2SD1 222
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER) 2SD1223

SWITCHING APPLICATIONS.

HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE (i)=2000(Min.) (VCE=2V, IC=1A)

. Low Saturation Voltage
: VcE(sat)=1.5V(Max.) (I C=3A)

. Complementary to 2SB908.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYBMOL

VCBO

'CEO

VEBO

ic

IB

L stg

RATING

100

80

0.4

1.0

15

150

-55~150

UNIT

EQUIVALENT CIRCUIT

BASE O-

p COLLECTOR

=4.5kQ =300Q
_ _ J _ <W _ _ J

A I

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Unit in mm

&8MAX.

1. BASE
2. COLLECTOR (PIN)

3. EMITTER

TOSHIBA 2—7B1A

Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=100V, IE=0 - - 20 ,«A

Emitter Cut-off Current lEBO V£B=5V, IC=0 - - 2.5 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=10mA, Ib=0 80 - - V

DC Current Gain
hFE(l) VCE=2V, Ic=lA 2000 - -

hFE(2) VCE=2V, IC=3A 1000 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=3A, IB=6mA
- - 1.5

V
Base-Emitter vBE(sat) IC=3A, lB=6mA - - 2.0

Switching
Time

Turn-on Time ton 20/48 OUTPUT - 0.2 -

fl s

ij—J INPUT Bl
, jX ^i

a

>

50V

Storage Time tstg bB2 ^[U^j ^

IB1=—lB2 = 6mA ™
DUTY CYCLE^ 1% VCC-

- 1.5 -

Fall Time tf - 0.6 -

TOSHIBA CORPORATION
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2SD1223

J-c VcE Ic - VCE

COMMON EMITTER 1

50

•^40cTl

350

300

Tc = 2 5°C

|

1
250

1

1 1

o
'12 3 4 5

COLLECTOR-EMITTER V0LTAQE VCE (V)

COMMON EMITTER

Tc= 10 0°C

300

20

. 17 5 .

150

I B= L35AA _

12
COLLECTOR—EMITTER

3 4 5

VOLTAGE VCE (V)

l C — VCE IC _ VBE

COMMON EMITTER

Tc=— 5 5°C

800

700 _:

600

500

lB= 400/tA

i°

in COMMON EMITTER

/

VCE=2V

i

ip

o/Jlf

*

/
COLLECTOR—EMITTER VOLTAQE VCE (V)

Q8 1.6 2.4

BASE-EMITTER VOLTAQE
&2

'BE (V)

0.1

hPE — Ic

S°1
V*5000

\ c
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2SD1223
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER)

PULSE MOTOR DRIVE, HAMMER DRIVE APPLICATIONS.

SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE=4000(Min.) (VCE=2V, Ic=150mA)

. Low Saturation Voltage
: VCE(sat)=1.5V(Max.) (IC=1A, IB=lmA)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-^Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25°C

Junction Temperature

SYMBOL

VcBO

vCEO

VeBO

ic

IB

RATING

30

30

10

1.5

0.15

1.0

10

150

UNIT

&8MAX

1. BASE

Z. COLLECTOR (PIN)

3. EMITTER

JEDEC

Storage Temperature Range stg -55-150 TOSHIBA 2—7B1A

EQUIVALENT CIRCUIT

BASEO-

Weight : 0.36g

COLLECTOR

K
>EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0 - - 10 AA

Emitter Cut-off Current iEBO VEB=10V, IC=0 - - 10 MA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, I B=0 30 - - V

DC Current Gain hFE VCE=2V, Ic=150mA 4000 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=1A, IB=lmA - - 1.5
V

Base-Emitter vBE(sat) IC=1A, IjplmA - - 2.2

Switching
Time

Turn-on Time con
ZO/i OUTPUT

T 1 1 f ~ - 0.18 -

JUS

1-1

JbiI
- INPUT -"-Bl f-| h

I

5V

Storage Time tstg - 0.6 -

Fall Time tf
lBl=~

DUTY C

IB2 = lmA X
(

YCLE^1% vCC =:l
- 0.3 -

TOSHIBA CORPORATION
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2SD1224

600
ic — VCE

COMMON EMITTER

Tc = 2 5°C

< 500
S 60

o
400

r- 50

f-r~
40

Cd 300
D
O

' 1
'

30«
° 200
o

—
1

20

8 ioo j

*—
1

f
Ig-IUAA

|

°c
)

L £
r
5 4t 6

COLLECTOR—EMITTER VOLTAGE VCE (V)

1 C — VqE

§ 300

COMMON EMITTER

Tc=—5 0°C

140r

120

100

f 80

r
60

< 1

40

IB=2 0/iA

)
) 1L A n it 5 6
COLLECTOR—EMITTER VOLTAGE

^FE — I C

(V)

20000

10000

5000

3000

Tc = 10 0°C

-TTT-
—5C1

'-' VC E=2V
__- 1 l-U.-"*- 1

a oi ao3 ai 0.3 i

COLLECTOR CURRENT I c (A)

ic — vc E
600

COMMON EMITTER

Tc = 10 0°C

500 35

30
1

25

20

200
15

10

100 IB= 5j«A

n 12 3 4 5 6

COLLECTOR—EMITTER VOLTAGE VCE (V)

ic — VBE

1.0
COMMON EMITTER

VCE=2V T
1

0.8
T '

o
o

II

o\t
o
F

0.4

/

Q2 /

/
-1

/
"0 Q4 a8 1.2 1.6 2.0

BASE—EMITTER VOLTAGE VBE (V)

2.4

« p
W crt

H mH
M W
a n
w >
k
a
H W
O rt
w <
>-l H
.-1 h-4

o O
u >

in

VCEO at )
~ ic

-44.
COMMON EMITTER

IC/IB=1000

||

i

Tc ==- 5 0°(

Ub -—

V

v
0.3

N

\

n i 1 III

0.002 aoi ao3 ai a3 l

COLLECTOR CURRENT I c (A)

TOSHIBA CORPORATION

837



2SD1224
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD1279

COLOR TV HORIZ. DEFLECTION OUTPUT APPLICATIONS.

SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCB0=1400V

. Low Saturation Voltage

: VCE(sat) =5V(Max.) (IC=8A, IB=2A)

. High Speed : tf=l . Qus(Max.

)

. Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Tc=25 C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 1400 V

Collector-Emitter Voltage VCEO 600 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 10 A

Base Current IB 5 A

Collector Power Dissipation PC 50 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -65-150 °c

02&OMAX.

Zfel-OMAX

C "

t:
^ +ao9
0i.o-o.O3

^ +ao8
04.0-0.15

30.2±0.2

ld9±0.2

2 -@

V^4
-&

4 ao MAX

.

+) o

11

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO-3

EIAJ TC-3, TB-3

TOSHIBA 2-21B1A

Weight : 17,

ELECTRICAL CHARACTERISTICS (Tc=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 10 MA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1 mA

DC Current Gain b-FE VCE=5V, IC=2A 8 22 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=8A, Ib=2A - - 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=8A, Ib=2A - - 1.6 V

Transition Frequency fT VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VcB=10V, lE=0, f=lMHz - 165 - pF

Collector Current Fall Time tf
ICP=7A, lBl(end)=1.5A

(Fig.)
- - 1.0 flS

llltllllllltillllltllltllllltllllllttltllttllltlltlltltllllllllflllllltllllltllilllllllllllttlllllillltltllltlltlltllllltllllllllltlllllllltlllllllllllltllllllllillltllllltlttlllllllllltllillltltllllltlltlllllllllllllt
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2SD1279

Fig. tf TEST CIRCUIT
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)
(DARLINGTON POWER)

POWER REGULATOR FOR LINE OPERATED TV.

FEATURES

:

. Excellent Wide Safe Operating Area (80 W.sec at Tc=25 C

. Included Abalanche Diode : Vz=60±15V

. High DC Current Gain : hFE=2000~ 20000

. Darlington Connected Type.

MAXIMUM RATINGS (Tc=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current (Continous)

Collector Current (Peak)

Collector Power Dissipation

Junction Temperature

SYMBOL

VcBO

VcEO

vEB0

ic

ICP

RATING

60+15

60±15

20

80

150

UNIT

159 MAX.
0a2±O.2

545±aj 5.45±0.2

+ 1

<3

00
00

1

(r -1
1 T1 ri

\ i

1. BASE

2. COLLECTOR (HEAT SINK)

3. EMITTER

Storage Temperature Range L stg -55~150 TOSHIBA 2-16B1A

EQUIVALENT CIRCUIT COLLECTOR
O

Weight : 4.6g

OBASE

-O EMITTER

ELECTRICAL CHARACTERISTICS (Tc=25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Base Breakdown
Voltage

v (BR)CB0 I c=10mA, IE=0 45 60 75 V

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=100mA, IB=0 45 60 75 V

Emitter Cut-off Current Jebo VEB=6V, IC=0
- - 100 nk

DC Current Gain nFE VCE=5V, IC=0.5A 2000 - 20000

Collector-Emitter
Saturation Voltage

VCE(sat)
(1)

I C=0.5A, I B=lmA
- - 1.5 V

Collector-Emitter
Saturation Voltage

VcE(sat)
(2)

IC=1A, lB=lmA - - 2.5 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A
- - 1.8 V

Allowable Energy Ex Application Circuit 80 - - W* sec

TOSHIBA CORPORATION II I 111 M 1 1 111 I H l II I MM II
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2SD1294

Vqe -- I C

500/^ ^450 400 COMMON
EMITTER

' Tc = 2 5°C0.8
350

300

OP,
250

200

04 150

100
n ">

IB=50/*A

2 4 6 8 10 12 14

COLLECTOR-EMITTER VOLTAGE VGE (v)

LOOOO
h-PE — I c

+
vCE-iov -

5000 \
3000 J

'^
V >X-

1000

COMMON EMITTER
: Tc = 25°C

\
1

1

500
1 IMD 100 3C)0 ]LOOO 3030

COLLECTOR CURRENT I c (mA)

COLLECTOR CURRENT

vCE(sat) - 1 C

H
« O
W <'
E-i H
H J"
M O
s >

I s
« O
O M
H H
o <:

O <
O CO

5

3

1

05

-

: COMMON EMITTER
" I c/l B-500

°A/
//
~^y

/

ik
' ,<£/

/^

1

ic — VBE

3000 COMMON EMITTER

VCE= 5V y—i

—

-f

%o J^
of—500 o

1 1
300

- c

100

50

30
/ i

10 1 / /
03 1.0 12 1.4 16 IB

BASE-EMITTER VOLTAGE VBE (V)

20

10
SAFE OPERATING AREA

I c MAX v>>

5
-o

>*>

\S»
N°*

1

1

H
H

05
jj

Q3 - CURVES MUST BE DERATED
LINEARLY WITH INCREASE

z
S >

01

IN T

_.

EMPER&T

i i

UI

i

^E

1 1 L 1 >

o
o
>
1 1 1

1 3 10

COLLECTOR-EMITTER VOLTAGE

PC - Ta

30 100

Vce (V)

Tc =Ta
INFINITE HEAT SINK

COLLECTOR CURRENT (mA)

25 50 75 100 125 150 175
AMBIENT TEMPERATURE Ta (°C)

UlllflK tlllMMMIMMIft llllllllJtil ttllllllllllMlltllf tfltlllt Itlll 11 tllllttlllt I I JIKIIIM1II1 till JIM UllllMli tlMIIIIIIIKMII ~B~C=>^^— ^^.^^. CORPORATION

-843-



2SD1294

APPLICATION CIRCUIT
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SILICON NPNTRIPLE DIFFUSED TYPE (PCT PROCESS) 2SD1313

HIGH POWER AMPLIFIER APPLICATIONS.

HIGH POWER SWITCHING APPLICATIONS.

Unit in mm

FEATURES

:

. High Power Dissipation

. High Collector Current

. High Speed Switching

. Low Saturation Voltage

MAXIMUM RATINGS (Ta=25°C)

PC=200W (Tc=25 C)

IC=25A (DC)

tf=0.5/is(Typ.)(Ic=15A)
VcE(sat)=1.0V(Max.)(IC=15A)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

DC

Pulse

DC

Pulse

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

SYMBOL

VCBO

VCEO

Vebo

IC

ICP

IB

IBP

PC

RATING

800

350

25

35

10

15

200

150

UNIT

2 0.5 MAX. 03.3x0.2

5.45±ai5 545±ai5

mo
dd
+ 1

<o

d

x'
<

"

C^
f 4

1. BASE
2. COLLECTOR(HEAT SINK)
3. EMITTER

JEDEC

EIAJ

Storage Temperature Range L stg -55-150 TOSHIBA 2-2IP1A

ELECTRICAL CHARACTERISTICS (Ta==25°C)
Weight : 9 • 75g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=800V, IE=0 - - 1 mA

Emitter Cut-off Current IEB0 VEB=7V, IC=0 - - 1 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, IB=0 350 - - V

DC Current Gain
hFE(l) VCE=5V, IC=1A 15 - -

hFE(2) VCE=5V, IC=25A 6 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=15A, IB=3A - - 1.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=15A, Ib=3A - - 1.7 V

Collector Output Capacitance Cob VCB=50V, Ie=0, f=lMHz - 170 - pF

Transition Frequency f T VCE=10V, IE=1A - 6 - MHz

Switching Time

Turn-on Time ton
20fle VCC = 200V

iBi
in §

-1
IB1 J^-^J

INPUT o-^-^J OUTPUT
DUTY CYCLE Ib2

V
^T

t - u - t

<Xfo
m

I C= 15A, I B1 =-IB2 =3A

- 0.8 -

JUSStorage Time tstg - 3.0 -

Fall Time tf - 0.5 -

lliiitltiiiiiititiiiiiifiiiiiiiiiilliiliiiiiiililliltlltllllllttlllMllllliliiitiitiitiiiiliilltiiillittlltMlllliltlliiitiiiitiiiiiitiiiiiiitiatlltMlltlltiitiiiitttllltllllllilllllilltlllllllllllltiaiiiiiiiitiiiiiiini "HV

-
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2SD1313
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2SD1313
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=100(Min. ) (Ic=15A)

. Low Saturation Voltage : VcE(sat) = 2V(Max. ) (Ic=15A)

. High Speed : tf=3As(Max.) (Ic=15A)

Unit in mm

MAXIMUM RATINGS (Tc=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 600 V

Collector-Emitter Voltage VCEO(SUS) 450 V

Emitter-Base Voltage vEBO 6 V •

Collector Current
DC ic 15

A
1ms ic 30

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C)

PC 150 W

Junction Temperature Tj 150 °c

Storage Temperature Range Tstg -40 -150 °c

20. 5 MAX. 03.3±O.2

+ 0.3
1.0 -0.25

*i

V

4=
~i-

WH
c>c5

-t- 1

CD

d

—
< i

—

00

X
<
s
w

B=A(TT a /

4

1. BASE
2. COLLECTOR (HEAT SINK)

a EMITTER

EQUIVALENT CIRCUIT

BASEO-

COLLECTOR
TOSHIBA 2-21 F1A

Weight : 9.75g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=600V, IE=0
- - 1.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0
- - 200 mA

Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=0.5A, L=40mH 450 - - V

DC Current Gain hFE VCE=5V, I C=15A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC-15A, IB-0.4A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat)
- - 2.5 V

Collector Output Capacitance Cob VCB=50V, Ie=0, f=lMHz - 150 - pF

Switching Time

Turn-on Time ton
OUTPUT - - 1.0

/IS

50Ae INHJT^_^y-
a
:0Storage Time tstg - - 12lBof\

B2
lB2

"J
j

Fall Time tf
I B l=-lB2=a4A Vcc = 3
DUTY CYCLE=0.5%

00V - - 3.0

TOSHIBA CORPORATION iitiiiiiiiiiiiiiltiitlilllllilllltllllllliiiiiiilllliiiiiiltllll*l<tllllltltllltlliitittll»aiiilitlllllHtiiitiitiiiiiiiiiiiiiitlllllllllilltlllllltllllllllllltliiiiiiitiiMllltlllllltltliitiiiiiiiiiiiiiitiili*lllltillll
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2SD1314
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD1353

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain of 200 to 1200 at VCE=5V, Ic=0.5A

. Low VcE(sat) of 1 . 0V (Max.) at Ic=lA, Ib=0.02A

. Collector Power Dissipation of 30W at Tc=25°C

MAXIMUM RATINGS (Ta=25 c)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VEBO

ic

IB

Tstg

RATING

50

50

0.5

1.5

30

150

-55~150

UNIT

0z.z±az

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-10K1A

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 2 . Og

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, Ie=0 - - 100 tik

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 100 nk

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, IB=0 50 - - V

DC Current Gain hpE (Note) VCE=5V, IC=0.5A 200 - 1200

Collector-Emitter
Saturation Voltage

VCE(sat) I C=1A, IB=0.02A
- 0.25 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A - 0.7 1.0 V

Transition Frequency fT VCE=5V, IC=0.5A - 5.0 - MHz

Collector Output Capacitance Cob VCB=10V, l£=0, f=lMHz - 70 - pF

Switching Time

Turn-on Time ton ZOftB t OUTPUT
Z-l iNFrr jbi J—- • o

- 2.0 -

MS
I B1 = 10mA °

IB2=-20mA VCG=10V

DUTY CYCLE<1%

Storage Time fc stg
- 5.0 -

Fall Time tf
- 3.0 -

Note : hFE Classification GR : 200-400, BL : 350-700, V : 600-1200

tiiitiiititiiiiiiiiiitiitiitiiiiiiiiitiifiiitiiitiaiiiiitiitiiMiiiiiiitiiiiiiiiiiiiiiiiiiitiiiiifiitiifiiiiiiiiitiitiiiiiMiiiiittiiiiiiiitiiiiiiiiiiitiiiitiiiMiiiiiiiiitiiiiiiiiiiiiiiitittiatiiiiiiiiiiiiiiiiitiitiiii ~v~^^»^^a-^aa^^.>B^ corporation
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2SD1353
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD1354

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=300(Max. ) (VcE=5V, Ic=0.5A)

. Low Saturation Voltage
: VCE(sat)=l-0V(Max.)(IC=3A, IB=0.3A)

. High Power Dissipation : PC=30W (Tc=25
P
C)

. Complementary to 2SB994

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

SYMBOL

VcBO

VCEO

VEBO

ic

IB

RATING

60

60

0.5

1.5

30

150

UNIT

03.2±O.2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

Storage Temperature Range L stg -55-150 TOSHIBA 2-1 OKI A

Weight : 2.0g

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, IE=0 - - 100 M
Emitter Cut-off Current lEBO VEB=7V, IC=0

- - 100 fik

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, IB=0 60 - - V

DC Current Gain hfE(^ote ) VCE=5V > IC=0-5A 60 - 300

Collector Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.3A - 0.25 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A
- 0.7 1.0 V

Transition Frequency f T VCE=5V, IC=0.5A
- 3.0 - MHz

Collector Output Capacitance Cob . VCB=10V, lE=0, f=lMHz - 70 - pF

Switching Time

Turn-on Time ton
20*s TNH1T j _

OUTPUT - 0.8 -

as
<

•9
H

1

Storage Time tstg
- 1.5 -

Fall Time tf
lBl =-I B2 =Q2A ycc =

DUTY CYCLE<1%

30V
- 0.8 -

Note : hFE Classification : 60-120, Y : 100-200, GR : 150-300

ltlllttllllllltllllll«lllllllillllllltlllltllllllllllltllllllllltlllttlllllltllllll*lltlllllltt1llllttlllllllllltlll»(tltllllltlltllltlllltllltllllllltllttlllttlllllltltlllllllllllllllltlllllllllllll»<lltlitltlllllltllll ~^~^^»^^B—<aB^^,^^ CORPORATION
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2SD1354
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS. Unit in mm

(sat)=2.0Vtt

d Frequency

lax.

)

10/3 MAX

0.2FEATURES

:

7.0 03.2 i
/

. High Breakdown Voltage : VCEO=100V " r~*~g' 1

to

c5

»
o

L

>-*<l
. Low Collector Saturation Voltage : Vqj?

. Complementary to 2SB995

. Recommended for 30W High Fidelity Audic

Amplifier Output Stage.

<
s

"3.

0.7

2 ) "
H to

c5

+1
o
trf

\\\\\\,
1.2 »

1.4

+ 0.25
s-ai5 ; H

-*

CO

2.543:0.25 2.54±a25

MAXIMUM RATINGS (Ta=25°C)

too

cici

+ 1

m
d

X
<

.CHARACTERISTIC SYMBOL RATING UNIT
/

N *

cp a

1

L i\

Collector-Base Voltage VcBO 100 V ( ?*)
.

Collector-Emitter Voltage VcEO 100 V
1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTEREmitter-Base Voltage VeBO 5 V

Collector Current ic 5 A
JEDEC

Base Current IB 0.5 A El AJ -

Collector Power Dissipation
(Tc=25°C)

PC 40 W TOSHIBA 2-10K1A

Weight : 2.0g

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55^150 °C

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0
- - 100 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 1 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, Ib=0 100 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=1A 40 - 240

hFE(2) VCE=5V, IC=4A 20 - -

Collector-Emitter
Saturation Voltage

VcE(sat) I C=4A, IB=0.4A
- - 2.0 V

Base-Emitter Voltage VBE VCE=5V, I C=1A
- - 1.5 V

Transition Frequency fT VCE=5V, IC=1A
- 12 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz " 100 - pF

Note hFE (i) Classification R : 40-80, : 70-140, 120-240

TOSHIBA CORPORATION
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2SD1355
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|
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-

i
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD1356

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Power Dissipation : PC=30W (Tc=25°C)

. Good Linearity of hEE

. Complementary to 2SB996

. Recommended for 20 — 25W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 80 V

Collector-Emitter Voltage VCEO 80 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 4 A

Base Current IB 0.4 A

Collector Power Dissipation
(Tc=25°C) PC 30 W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °C

ELECTRICAL CHARACTERISTICS (Ta=25 C)

0&2±a2

1. BASE
2. collector Cheat sink)
3. EMITTER

TOSHIBA 2-10K.1A

Weight : 2.1

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=80V, IE=0
- - 30 uA

Emitter Cut-off Current !eB0 VEB=5V, IC=0 - - 100 fik

Collector-Emitter
Breakdown Voltage

v (BR)CE0 Ic=50mA, IB=0 80 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=10mA, lc=0 5 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=0.5A 40 - 240

hFE(2) VCE=5V, IC=3A 15 50 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.3A - 0.45 1.5 V

Base-Emitter Voltage VBE VCE=5V, IC=3A - 1.0 1.5 V

Transition Frequency fT VCE=5V, IC=0.5A - 8.0 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 90 - pF

Note : hFE (!) Classification R : 40-80, : 70-140, Y : 120-240

fiitiiiiiiiiiiiiiiiiifiiiiiiiiiiiiitiifiiaiiiiiitiitlililiiitiiitiiiitii)iiiiiiiiiiiiftiitiitiiiiiiiiiiiiiitii*iiiiiitiiiiiiiiiiiitiiititiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiif(iilllllliltlltll«titlilililli«lllliliitllll ~V~C^>^^S—^5K^S^ CORPORATION
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2SD1356
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

2SD1357
2SD1358
I2SD1359

HIGH POWER SWITCHING APPLICATIONS.
HAMMER DRIVE, PULSE MOTOR DRIVE APPLICATIONS.

FEATURESr
. High DC Current Gain: hFE=20O0(Min. ) (at VcE=3V, Ic=3A)
. Low Saturation Voltage: VcE(sat)=l • 5V(Max. ) (at Ic=3A)
. Complementary to 2SB997, 2SB998, 2SB999

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Voltage

2SD1357

VcBO

100
V2SD1358 80

2SD1359 60

Collector-Emitter
Voltage

2SD1357

VCEO

100
V2SD1358 80

2SD1359 60

Emitter-Base Voltage VEBO 5 V

Collector Current ic 7 A

Base Current IB 0.2 A
Collector Power Dissipation

(Tc=25°C) ?C 40 W

Junction Temperature T.i 150
u
c

Storage Temperature Range T fitg -55-150 u
c

EQUIVALENT CIRCUIT

Tt
^5kQ

, COLLECTOR
"1

I

I

ELECTRICAL CHARACTERISTICS (Ta=25°c)

INDUSTRIAL APPLICATIONS
Unit in mm

,j.Q.3Mjg :

1. BASE
2. COLLECTOR
a EMITTER

TOSHIBA 2-10K1

A

Weight : 2.1

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

2SD1357

ICBO

VCB=100V, Ie=0 - - 100

M2SD1358 VcB=80V, Ie=0 - - 100

2SD1359 VcB=60V, IE=0 - - 100

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 3.0 mA

Collector-Emitter
Breakdwon Voltage

2SD1357

V (BR) CEO IC=50mA, Ib=0

100 - -

V2SD1358 80 - -

2SD1359 60 - -

DC Current Gain hFE(l) VCE=3V, IC=3A 2000 - 15000

hFE(2) VCE=3V, IC=7A 1000 - -

Collector-Emitter
Saturation Voltage

^CE(sat)(D IC=3A, lB=6mA - 0.9 1.5 V

vCE(sat)(2) IC=7A, IB=lAmA - 1.2 2.0

Base-Emitter
Saturation Voltage

vBE(sat) IC=3A, lB=6mA - 1.5 2.5 V

Switching Time

Turn-on Time ton
„ n/ . OUTPUT - 0.8 -

/IS

IBl=_IB2 =6mA *
i

DUTY CYCLE<ll% VC c= 4

.a

H

!>

5V

Storage Time tstg - 3.0 -

Fall Time tf - 2.5 -

iiiiiiuiiuuuiuuuutiiuiiiuuuniuitMiuiuiMiuuiuuiiMitMiiiununuMutnnunnnnnnnnnnnnnnnninnHnnnnnHHnninnnnnninniHnnnnnitnHninnnniinnniiinin ~I~C3^3—Ili^^V CORPORATION
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2SD1357-2SD1358-2SD1359
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2SD1357-2SD1358-2SD1359
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=600(Min. ) (at VCE=2V, Ic=2A)

. Monolithic Construction with Built-in Base-Emitter
Shunt Resistor.

MAXIMUM RATINGS (Ta=25 C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage VCEO 400 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 6 A

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C) ?c 30 W

Junction Temperature T
i

150 °C

Storage Temperature Range Tstg -55~150 °C

EQUIVALENT CIRCUIT ^COLLECTOR

BASEo- <;
}

1G3MAX.

1. BASE
2. COLLECTOR (HEAT SINK)

3l EMITTER

TOSHI BA 2-10K1A

Weight
ELECTRICAL CHARACTERISTICS (Ta=25°C) A emitter

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 3 mA

Collector-Emitter Breakdown
Voltage

V (BR) CEO Ic=10mA, Ib=0 400 - - V

DC Current Gain
hFE(l) VCE=2V, IC=2A 600 - -

hFE(2) VCE=2V, IC=4A 100 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=4A, Ib=0.04A - - 2.0
V

Base-Emitter VBE(sat) IC=4A, Ib=0.04A - - 2.5

Emitter-Collector
Forward Voltage Vecf IE=4A, IB=0 - - 3.0 V

Collector Output Capacitance Cob VCB=50V, IE=0, f=lMHz - 35 - pF

Switching Time

Turn-on Time ton 20AS T
-°_U.T

PUT - 1 -

AS
iBllh INHJT^HHrJl. U

kliBZ
lBa

|l J3J;|S
lBl =-lB2= a°4A *

DUTY CYCLE^1% VCC -100V

Storage Time tstg - 8 •-

Fall Time tf
- 5 -

TOSHIBA CORPORATION iiiiiiiiiiiiliiiiillllllllilllllllilllliiltiiiiiillliiiitilllllililllliiilllitiillliiillllliiilllllllllllllliiltllllllllllilillllltiilllllllillllllliiiiitlliiillllllliillllltiililllliiillllllliiiillllliillltlintiiilltll
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2SD1360
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2SD1361
SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=2000(Min. ) (VCE=2V, IC=2A)

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 300 V

Collector-Emitter Voltage VcEO 250 V

Emitter-Base Voltage VeBO 5 V

Collector Current ic 6 A

Base Current IB 1 A

Collector Power Dissipation
(Tc=25°C) ?c 30 W

Junction Temperature T
i

150 °C

Storage Temperature Range Tstg -55^150 °C

EQUIVALENT CIRCUIT .COLLECTOR

I va 1

ELECTRICAL CHARACTERISTICS (Ta=25 C)
'EMITTER

INDUSTRIAL APPLICATIONS
Unit in mm

10.3MAX.

0&2±o.2

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA 2-1 OKI A

Weight : 2.

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=300V, I E=0 - - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.5 mA

Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=0.5A, L=40mH 250 - - V

DC Current Gain
nFE(l) VCE=2V, IC=2A 2000 - -

hFE(2) VCE=2V, IC=4A 200 - -

Saturation
Voltage

Collector-Emitter VcE(sat) I C=4A, IB=0.04A - - 2.0
V

Base-Emitter vBE(sat) IC=4A, Ib=0.04A - - 2.5

Collector Output Capacitance Cob VCB=50V, IE=0, f=lMHz - 35 - PF

Switching Time

Turn-on Time ton 20fle OUTPUT - 1 -

fiS^Zt& m̂Storage Time c stg
- 8 -

Fall Time tf DUTY CYCLE^1% CC 00V - 5 -

TOSHIBA CORPORATION
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2SD1361
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2SD1362 SILICON NPN TRIPLE DIFFUSED TYPE

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Current : Ic=7A
. Low Saturation Voltage : VcE(sat)=0. 5V(Max. ) (at Ic=4A)

. High Collector Power Dissipation
: Pc=40W (at Tc=25°C)

. Complementary to 2SB992

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VeBO

ic

IB

PC

Tstg

RATING

100

80

1.5

40

150

-55-150

UNIT

V

10.3MAX,

7.0 03.2±O.2

1 /
r~ y i.

& to

c5

-H

o
IS

X
<
s
to

j
i

a
w
o
iri

1

|

T

. 1.2 a

1.4

1
\+ 0.25

0.76-0.15

2.54 ±02^ ,_ 2.54 ±0.25

iOO

+ 1

c3

,i ! !

€Hi=!:

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

T 0SH1 BA 2-1 OKI A

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 2 . Og

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0
- - 5 nk

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 5 nk

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, Ib=0 80 - - V

DC Current Gain

hFE(l)
(Note)

VCE=1V, .IC=1A 70 - 240

hFE(2) VCE=1V, IC=AA 30 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=4A, Ib=0.4A - 0.25 0.5
V

Base-Emitter VBE(sat) IC=4A, IB=0.4A
- 0.9 1.4

Transition Frequency fT VCE=4V, IC=1A - 10 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 250 - P F

Switching Time

Turn-on Time ton
2^ 3

INPU
oLJ|fc.

WIB2 lB2

lBl=- IB2=a3A

DUTY CYCLE^1%

OUTPUT - 0.4 -

flS1¥
VGC =30V

Storage Time tstg
- 2.5 -

Fall Time tf
- 0.5 -

Note : hpE(l) Classification : 70-140, Y : 120-240

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMii! ill i inn iiitiiiuiiin unit
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2SD1362
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2SD1362
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Current : Ic=7A

. Low Saturation Voltage
: VCE ( sat) =0.4V(Max.) (at IC=4A)

. High Collector Power Dissipation
: Pc=40W (at Tc=25°C)

. Complementary to 2SB993

MAXIMUM RATINGS (Ta=25°c)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 70 V

Collector-Emitter Voltage VcEO 50 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 7 A

Base Current IB 1 A

Collector Power
Dissipation

Ta=25°C
PC

1.5
W

Tc=25°C 40

Junction Temperature T.1 150 °C

Storage Temperature Range Tste -55-150 °C

10.3MAX.

7.0

r

—

1

03.2±O.2
' i

i

K.

'

CO
' d

-H
o
r-°

Hto

l

i

W
d
+1
o
irf

W1.4

0.7 6
+ 0.25
-Q15

1 i

2.54±Q25 2.54±0.25

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

TOSHIBA 2-10K1A

ELECTRICAL (:haracteristics (Ta=25°C) Weight : 2. 0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=70V, IE=0 - - 30 Mk

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 50 Mk
Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=50mA, IB=0 50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=4A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=4A, IB=0.4A - 0.2 0.4
V

Base-Emitter VBE(sat) IC=4A, IB=0.4A - 0.9 1.2

Transition Frequency fT VCE=4V, IC=1A - 10 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 250 - pF

Switching Time

Turn-on Time ton
20Mb t__ OUTPUT
,-*, I NPUT 1B1 uuir

_
u - 0.2 -

MS
imrk2 ^jt•oHStorage Time tstg - 2.5 -

Fall Time tf

iBl—lB2 = CL3A
v

. j
DUTY CYCLE^.1% GG = 30V - 0.5 -

Note : hFE(l) Classification 70-140, 120-240

TOSHIBA CORPORATION
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2SD1363
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SILICON NPN TRIPLE DIFFUSED TYPE

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain of 200 to 1200 at VCE=5V, I C=0.5A

. Low VCE ( sat ) of 1.0V (Max.) at Ic=lA, IB=0.02A

. Collector Power Dissipation of 25W at Tc=25 C

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

vCE0

VEBO

ic

IB

Tstg

RATING

50

50

0.5

2.0

25

150

-55~ 150

UNIT

10:3 MAX.

.
7.0

r

—

"
03.2±O.2

/
-r^jk

-r s CO

C5

H
• oX

V a
<<

3
to

ii

1
. 1.2

1
1.4

+0.25
0.76-0.15

,

i

i

—

2.5 4±0.25 2.54 ± a 25

+ 1

12 3'

1. BASE

2. COLLECTOR
3. EMITTER

J EDEC

TOSHIBA 2-10L1

A

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 2.1g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=50V, IE=0
- - 100 AA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 100 A A

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=50mA, Ib=0 50 - - V

DC Current Gain
hFE

x(Note) VCE=5V, IC=0.5A 200 - 1200

Collector-Emitter
Saturation Voltage

vCE(sat) I C=1A, IB=0.02A
- 0.25 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=0.5A - 0.7 1.0 V

Transition Frequency f T VCE=5V, IC=0.5A
- 5.0 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMH Z - 70 - PF

Switching Time

Turn-on Time con
2^ e

INPUT IB1 _°™5T - 2.0 -

ix s

I B1 = 10mA J
I B2=-20mA

GC

DUTY CYCLE<1%

.a
•o
H

1

10V

Storage Time tstg
- 5.0 -

Fall Time tf
- 3.0 -

Note : hFE Classification GR : 200-400, BL : 350^700, V : 600-1200
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2SD1405,
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SILICON NPN TRIPLE DIFFUSED TYPE

AUDIO FREQUENCY POWER AMPLIFIER APPLICATIONS. Unit in mm

• 5A)

10.3MAX.
FEATURES

:

. High DC Current Gain : hpE=300(Max. ) (VCE=5V, Ic=0

. Low Saturation Voltage

-

7.Q 03.2±O.2
/

i\f
Irf • "rf CO

d
U
n

-

to

Hi

:

V
' VCE (sat)=l-0V(Max.)(Ic=3A, IB=0.3A)

. High Power Dissipation : Pc=25W (Tc=25°C)

. Complementary to 2SB1015

MAXIMUM RATINGS (Ta=25°C)

Mill
II

1.2 S5

1.4

1

rt

CHARACTERISTIC SYMBOL [ RATING UNIT 0.76-0.15

2.54 ±Q25
Collector-Base Voltage VcBO 60 V

2.54 + a2 5

Collector-Emitter Voltage vCEO 60 V
mo

+ 1

in

<o

<

f-

|

Emitter-Base Voltage VeBO 7 V C\?

12 3
\

Collector Current ic 3 A

Base Current IB 0.5 A
1. BASE
2. COLLECTOR'

3. EMITTERCollector Power
Dissipation

Ta=25°C
?C

2.0
W

Tc=25°C 25
JEDEC -

Junction Temperature T.i 150 °C E I A J -

Storage Temperature Range Tstg -55~150 °C TOSHIBA 2-10L1A
. . — '

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 2.1g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, IE=0 - - 100 fik

Emitter Cut-off Current IEBO VEB=7V, IC=0
- - 100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=50mA, IB=0 60 - - V

DC Current Gain hpg(Note) VCE=5V, IC=0.5A 60 - 300 -

Collector Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.3A - 0.25 1.0 V

Base-Emitter Voltage vbe VCE=5V, IC=0.5A
- 0.7 1.0 V

Transition Frequency f T VCE=5V, IC=0.5A
- 3.0 - MHz

Collector Output Capacitance Cob VCb=10V, Ie=0, f=lMHz - 70 - PF

Switching Time

Turn-on Time ton
OUTPUT

20/ie INPUT IB1 .^. ,
- 0.8 -

yttS

<

9
H

i

Storage Time tstg
- 1.5 -

Fall Time tf
lBl=-lB2 = a2A

VCC-

DUTY CYCLE<1%

=30V
- 0.8 -

Note : hFE Classification : 60-120, Y : 100-200, GR : 150-300
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2SD1406
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : Vqeo=100V

. Low Collector Saturation Voltage : VcE(sat) =2 - 0V(Max.

)

. Complementary to 2SB1016

. Recommended for 30W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCEO

VEBO

ic

IB

stg

RATING

100

100

0.5

30

150

-55~150

UNIT

Unit in mm

10.3MAX.

j#3.2±0.2

1. BASE
2. COLLECTOR
3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-10L1A

Weight : 2.1g

ELECTRICAL CHARACTERISTICS (Ta= =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO Vcb=100v . IE=0 - - 100 Mk

Emitter Cut-off Current xEB0 VEB=5V, IC=0
- - 1 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=50mA, Ib=0 100 - - V

DC Current Gain

hFE(l)
(Note)

VCE=5V, IC=1A 40 - 240

hFE(2) VCE=5V, IC=4A 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, IB=0.4A - - 2.0 V

Base-Emitter Voltage VBE VCE=5V, IC=1A
- - 1.5 V

Transition Frequency fT VCE=5V, IC=1A
- 12 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 100 -
PF

Note : hpgQ) Classification R : 40~80, 70-140, 120-240

TOSHIBA CORPORATION HIIIIIHIIIIIIIIIIllllllllllllllllllllllllllllllllllllllllllllHIIIIIIIIIlllllllllllllllllllllllMlllllllllllHllllllllllHIHIlHllllllllllllll lillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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2SD1407
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SILICON NPN TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS.

?5W (Tc=25

Fidelity

°C)

Audio Frequency

Unit in mm

10.3MAX,.

FEATURES

:

r^ 03.2±O.2

. High Power Dissipation : Pc= j

i
J I"ri A n

:

:::
. Good Linearity of hEE

1

)
r5

. Complementary to 2SB1017

. Recommended for 20— 25W High

Amplifier Output Stage.

N

IIt

m
1.2 g

1.4

+ 0.25
0.76-0.15

MAXIMUM RATINGS (Ta=25°C) 2.54±a25 2.54±0.25

CHARACTERISTIC SYMBOL RATING UNIT mo
cicj

-H
in

X!
<

Collector-Base Voltage VCBO 80 V

r

<D

Collector-Emitter Voltage VcEO 80 V
-1 1 1-

n i
>, 3

\

It

Emitter-Base Voltage vEBO 5 V 1

Collector Current ic 4 A 1. BASE
2. COLLECTOR
3. EMITTERBase Current IB 0.4 A

Collector Power Dissipation
(Tc=25°C)

PC 25 W JEDEC -

E I A J -

Junction Temperature T
j

150 °C TOSHIBA 2-10L1A

Storage Temperature Range Tstg -55^150 °C Weight 2 •lg

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, Ie=0 - - 30 AA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 100 fi A

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=50mA, Ib=0 80 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=10mA, IC=0 5 - - V

DC Current Gain
hFE(l)
(Note)

VCE=5V, IC=0.5A 40 - 240

hFE(2) VCE=5V, IC=3A 15 50 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.3A - 0.45 1.5 V

Base-Emitter Voltage VfiE VCE=5V, IC=3A - 1.0 1.5 V

Transition Frequency fT VCE=5V, IC=0.5A - 8.0 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 90 - pF

Note : hFE (i) Classification R : 40-80, : 70-140, Y : 120-240
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2SD1408
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

IGNITER APPLICATIONS.

VCE=2V, IC=2A)
3ase-Emitter

INDUSTRIAL APPLICATIONS
Unit in mm

HIGH VOLTAGE SWITCHING APPLICATIONS. 10.3MAX.

FEATURES

:

. High DC Current Gain : hFE=600(Min. ) (

. Monolithic Construction with Built-in
-

7.0 03.2±O.2
/

r~J Jrf rt w
C5

H

N

:::Shunt Resistor.

to

J

MAXIMUM RATINGS (Ta=25°C)

o
r-'

CHARACTERISTIC SYMBOL RATING UNIT

,1

1 1.2 z
M
SCollector-Base Voltage VCBO 600 V * 1.4

Collector-Emitter Voltage VCEO 400 V
+ 0.25

Q76-ai5

Emitter-Base Voltage VEBO 5 V 2.54±0.25 2.54±0.25

Collector Current ic 6 A mo
dd
+ 1

<s

|

Base Current IB 1 A
r

ID

Collector Power
Dissipation

Ta=25
u
C

pC
2.0

W 12 2

.1

Tc=25
u
C 25

Junction Temperature Ti 150 °C 1. BASE
2. COLLECTOR
3. EMITTERStorage Temperature Range Tstg -55-150 °C

EQUIVALENT CIRCUIT o COLLECTOR JEDEC -

BAS
i K

I'
i

;
i

EIAJ -
k.

i

i —W> Yfr-
TOSHIBA 2-10L1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) i emitter Weight : 2. lg

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VcB=600V, IE=0 - - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 3 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 400 - - V

DC Current Gain
nFEQ) VCE=2V, IC=2A 600 - -

hFE(2) VCE=2V, IC=4A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, Ib=0.04A - - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4A, Ib=0.04A - - 2.5 V

Emitter-Collector
Forward Voltage

VECF IE=4A, IB=0 - - 3.0 V

Collector Output Capacitance Cob Vcb=50V, IE=0, f=lMHz - 35 - PF

Switching Time

Turn-on Time ton
20/ts OUT]

jr^ input Ibi'"" z—^zrT

3UT

9in

- 1 -

/JSStorage Time tstg - 8 -

Fall Time tf

I Bl=-lB2= a04A

DUTY CYCLE< 1%
X)V - 5 -

TOSHIBA CORPORATION
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2SD1409
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2SD1410
SILICON NPNTRIPLE DIFFUSED TYPE

(DARLINGTON POWER)

IGNITER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=2000(Min. ) (Vce=2V, Ic=2A)

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 300 V

Collector-Emitter Voltage VcEO 250 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 6 A

Base Current IB 1 A

Collector Power
Dissipation

Ta=25°C
PC

2.0 W
Tc=25°C 25

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

EQUIVALENT CIRCUIT COLLECTOR

BASE o-

I lyvv 1

10.3MAX.

03.2±Q2

1. BASE
2. COLLECTOR
3. EMITTER

TOSHIBA 2-10L1A

Weight : 2.1g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=300V, IE=0 - - 0.5 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.5 mA

Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=0.5A, L=40mH 250 - - V

DC Current Gain hFE(l) VCE=2V, I C=2A 2000 - -

hFE(2) VCE=2V, I C=4A 200 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=4A, Ib=0.04A - - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4A, Ib=0.04A - - 2.5 V

Collector Output Capacitance Cob VCB=50V, Ie=0, f=lMHz - 35 - pF

Switching Time

Turn-on Time ton
ZOMe OUT
>p< INPUT Im r~Z^l^~

lL-VM-1 1 1

t- Lj

PUT

G

- 1 -

usStorage Time tstg - 8 -

Fall Time tf
IBl = -lB2 =Q04A Vcc= 1^

DUTY CYCLE^1%
ov - 5 -

TOSHIBA CORPORATION
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2SD1410
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NUOUS) w> V

1

'V^

\

f
K# \

<}
<?\0.5
o

03 V V
fc^V

a 05 " •* SINGLE NONREPETITIVE
PULSE Tc=25°C

CURVES MUST BE DERATED
" LINEARLY WITH INCREASE

>< \
a03 s

H

nm
I N 1'J!JMPi!RATURE

1 i i_i_i_

>"
1

10 100 300

COLLECTOR- EMITTER VOLTAGE VCE (V)

(A)

iiuiiuiiuiiiimiHiiiuuiuuMHiuiMUMiumMmmimuiwM^ CORPORATION

-883-



2SD1411 SILICON NPN TRIPLE DIFFUSED TYPE

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Saturation Voltage
: vCE(sat)=0.5V(Max.) at IC=4A

. Complementary to 2SB1018

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

Tstg

RATING

100

80

2.0

30

150

-55-150

UNIT

1. BASE
2. COLLECTOR
3 EMITTER

TOSHIBA 2-10L1A

Weight : 2.1g
ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0 _ _ 5 mA
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 5 ixk

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=50mA, Ib=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=4A 30 - -

Saturation
Voltage

Collector-Emitter vCE(sat) IC=4A, Ib=0.4A - 0.25 0.5
V

Base-Emitter VBE(sat) IC=4A, IB=0.4A - 0.9 1.4

Transition Frequency fT VCE=^V, IC=1A - 10 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 250 - P F

Switching Time

Turn-on Time ton f^ TKPHT 1^ _
0UF"T - 0.4 -

MS

I B1 =-I B2 =Q3A VCC = 30V

DUTY CYCLER 1%

Storage Time tstg - 2.5 -

Fall Time tf - 0.5 -

Note : hpEQ) Classification : 70-140, Y : 120-240
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2SD1411
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SILICON NPN TRIPLE DIFFUSED TYPE 2SD1412

HIGH CURRENT SWITCHING APPLICATIONS.

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Saturation Voltage : VcE(sat)=0.4V(Max. ) at Ic=4A

. Complementary to 2SB1019

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

CHARACTERISTIC

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VeBO

IC

IB

PC

Ti

Tstg

RATING

70

50

2.0

30

150

-55~150

UNIT

10.3MAX.

7.0 03.2±O.2

*s
Ii-t O
Je5 iri

CS

+1

s
to

J 0>

1

o

H

idN
1.2 »M

s
' 1.4

+ 0.25
Q76-ai5

, II i

2.54±0.25 —

*

2.54±a25

CiC5

+ 1

1. BASE
2. COLLECTOR
a EMITTER

TOSHIBA 2-10L1A

Weight : 2.1g

ELECTRICAL CHARACTERISTIC (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=70V, lE=0 - - 30 nk

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 50 iik

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=50mA, Ib=0 50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=1A 70 - 240

hFE(2) VCE=1V, IC=4A 30 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=4A, Ib=0.4A - 0.2 0.4
V

Base-Emitter VfiE(sat) IC=4A, Ib=0.4A - 0.9 1.2

Transition Frequency f T VCE=4V, IC=1A
- 10 - MHz

Collector Output Capacitance Cob VcB=10V, lE=0, f=lMHz - 250 - pF

Switching Time

Turn-on Time ton
20/Xs T OUTPUT

TNPUT IRI . x. r - - 0.2 -

MSl/flB2 IB2 ^ <

IB1=-IB2= 0-3A VCC-

DUTY CYCLE^1%

P
:o
H
[

30V

Storage Time tstg
- 2.5 -

Fall Time tf
- 0.5 -

Note : hFE (i) Classification : 70-140, Y : 120-240

iiiiiiiiiiiiiiiiiiiiiiiiiiiini iiiiiiiiiiimin iiiiiinmiiiiiiiim iiiiiiiiiiiiiiiiiiiiiiin iiiiiiiiiiniii iiimiii imiiiiiii iimmiiiiiiiiiimiiiiiiiiimni miTOSHIBA CORPORATION
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2SD1412
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2SD1412
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCBO=1500V

. Low Saturation Voltage
: VCE(sat)=5V(Typ.) (I C=2A, IB=0.6A)

. High Speed : tf =1. 0/is(Max. ) (IcP=2A, lBl(end)=0.6A)

. Built-in Damper Type

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEB0

ic

IE

?C

Tstg

RATING

1500

600

2.5

-2.5

80

150

-55-150

UNIT

EQUIVALENT CIRCUIT

base ID-

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

1&0MAX. 03.6x0.2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-16D1A

Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 10 fik

Emitter-Base Breakdown Voltage v (BR)EB0 lE=200mA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 8 12 -

Collector-Emitter
Saturation Voltage VcE(sat) I C=2A, IB=0.6A - 5 8 V

Base-Emitter Saturation Voltage VBE(sat) IC=2A, IB=0.6A - - 1.5 V

Forward Voltage (Damper Diode) -VF IF=2.5A - 1.6 2.0 V

Transition Frequency f T VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 95 - PF

Fall Time (Fig.) tf ICP=2A, lBl(end)=0.6A - 0.5 1.0 us

TOSHIBA CORPORATION

-890-



Fig. tf TEST CIRCUIT
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2SD1425
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 2SD1 426

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCBo=1500V

. Low Saturation Voltage
: VCE(sat)=5V(Typ.) (IC=3A, IB=0.8A)

. High Speed : tf=1.0As(Max. ) (ICP=3A, Ifil (end)=0. 8A)

. Built-in Damper Type

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IE

PC

stg

RATING

1500

600

3.5

-3.5

80

150

-55~150

UNIT

EQUIVALENT CIRCUIT

BASE O

COLLECTOR

50.Q(TYP^

ELECTRICAL CHARACTERISTICS (Ta=25°C)

EMITTER

Unit in mm

1&0MAX. ^3.6x0.2

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA 2-16D1A

Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=500V, I E=0 - - 10 Mk

Emitter-Base Breakdown Voltage v (BR)EB0 I E=200mA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 8 12 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=3A, IB=0.8A - 5 8 V

Base-Emitter Saturation Voltage vBE(sat) IC=3A, IB=0.8A - - 1.5 V

Forward Voltage (Damper Diode) -VF IF=3.5A
- 1.6 2.0 V

Transition Frequency fT VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 95 - pF

Fall Time (Fig.) tf ICp=3A, lBl(end)=0.8A - 0.5 1.0 MS

lllltltltlllllMlltllltlllMMIIIlllIIMMtMtllllMlllll tMMMUlt Mill tlli 1 MllltlllllllllMlllllllllllltlltllllllllllllMIIHKMIMIMItlllMIIIIIMIlltlMMIIIltltlllltll Ill ~B~C3^^— ^^ .^^. CORPORATION
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2SD1426

Fig. tf TEST CIRCUIT
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2SD1426
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2SD1427 SILICON NPN TRIPLE DIFFUSED MESA TYPE

Unit in mm
COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCBO=1500V

. Low Saturation Voltage
: VCE ( sat )=5V(Max.) (I C=4A, IB=0.8A)

. High Speed : tf=l . 0/is (Max. )

. Built-in Damper Type

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 1500 V

Collector-Emitter Voltage VCEO 600 V

Emitter-Base Voltage VEBO 5 V

Collector Current If. 5 A

Emitter Current IE -5 A

Collector Power Dissipation
(Tc=25°C) ?C 80 W

Junction Temperature Ti 150 °C

Storage Temperature Range Tstg -55-150 °C

EQUIVALENT CIRCUIT

BASE O-

COLLECTOR

I
50QCTYP.)

(|) EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25° C )

1SOMAX. ^3.6 ±C2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

TOSHIBA 2-16D1A

Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=500V, Ie=0 - - 10 MA

Emitter-Base Breakdown Voltage v (BR)EB0 I E=200mA, I C=0 5 - - V

DC Current Gain hFE VCE=5V, IC=1.0A 8 12 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, Ib=0.8A - 3 5 V

Base-Emitter Saturation Voltage VBE(sat) I C=4A, Ib=0.8A - - 1.5 V

Forward Voltage (Damper Diode) -VF lF=5A - 1.6 2.0 V

Transition Frequency f T VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob Vcb=10V, IE=0, f=lMHz - 165 - pF

Fall Time (Fig.) tf ICp=4A, IBl(end)=0.8A - 0.5 1.0 ft s

TOSHIBA CORPORATION
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Fig. tf TEST CONDITION
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2SD1427
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VcBO=1500V

. Low Saturation Voltage
: VCE(sat)=5V(Max.) (IC=5A, IB=1A)

. High Speed : tf=l. 0/«s(Max.

)

. Built-in Damper Type

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Tc=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

vCEO

VEBO

ic

IE

[ stg

RATING

1500

600

-6

80

150

-55-150

EQUIVALENT CIRCUIT

BASEO-

COLLECTOR

1 -y/»
^50Q(TYP. )

ELECTRICAL CHARACTERISTICS (Tc=25°C)

3
EMITTER

UNIT

Unit in mm

1&0MAX. 03.6±Q2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

J EDEC

EIAJ

TOSHI BA 2-16D1A
Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=500V, IE=0 - - 10 nk

Emitter-Base Breakdown Voltage V(BR)EB0 IE=200mA, Ic=0 5 - - V

DC Current Gain nFE VCE=5V, IC=1A 8 12 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=5A, IB=1A - 3 5 V

Base-Emitter Saturation Voltage vBE(sat) IC=5A, IB=1A
- - 1.5 V

Forward Voltage (Damper Diode) -VF IF=6A - 1.6 2.0 V

Transition Frequency fT VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 165 - PF

Fall Time (Fig.) tf ICP=5A, lBl(end)=lA - 0.5 1.0 MS

iiiNiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiMimimiiiiiiM CORPORATION
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2SD1428

Fig. tf TEST CIRCUIT
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2SD1428
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SILICON NPNTRIPLE DIFFUSED MESA TYPE

Unit in mm

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCBO=1500V

. Low Saturation Voltage : VcE(sat)=4V (Typ.)

. High Speed : tf=0.5/is (Typ.)

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IE

L stg

RATING

1500

600

2.5

-2.5

80

150

-55-150

UNIT

1S0MAX. 03.6 ±0.2

1. BASE
2. COLLECTOR(HEAT SINK)

3. EMITTER

TOSHIBA 2-16D1A
Weight : 5 . 2g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0
- - 10 tik

Emitter Cut-off Current xEB0 VEB=5V, IC=0 - - 1 mA

DC Current Gain hFE VCE=5V, IC=0.5A 8 20 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2.0A, IB=0.6A - 4 8 V

Base-Emitter Saturation Voltage vBE(sat) IC=2.0A, IB=0.6A - - 1.5 V

Transition Frequency f T VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VCB=10V, I E=0, f=l-MHz - 95 - pF

Fall Time (Fig.) tf ICP=2.0A,lBl(end)=0.6A - 0.5 1.0 MS

Fig. tf TEST CIRCUIT
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SILICON NPNTRIPLE DIFFUSED MESA TYPE 2SD1 430

COLOR TV HORIZONTAL OUTPUT APP LICATIONS.

Typ.) (IC=3A, Ib=0.8A)

.) (ICP=3A, IBl(end)=0.8A)
ase Junction

Unit in mm

1&0MAX. 0a6±O.2 1.5

FFATTJRFS •
1

. 4 1

. High Voltage : VCB0=1500V

. Low Saturation Voltage
: VCE(sat)=4V (

. High Speed : tf=1.0AS (Max

. Glass Passivated Collector-B

^zc^- ,

o
- ei<

i
o

_T" J—

X
<
s
o

1.8 MAX. I
IE&P

r

s
1

Z*

^<o

4.0 ±a3 ,

2.3 MAX

.

S
^*

od
HMAXIMUM RATINGS (Ta=25°C) 1.2 MAX .

CHARACTERISTIC SYMBOL RATING UNIT 1

1

2 3
5.45 <

sCollector-Base Voltage VcBO 1500 V X
<
s
00

c5

5°

Ih-r
Collector-Emitter Voltage VCEO 600 V

CO

C\2

Emitter-Base Voltage VEBO 5 V
— [+ (fl t) •

|_w i

Collector Current ic 3.5 A 5°

1. BASE
2. COLLECTOR(HEAT SINK)

3. EMITTER

Emitter Current IE -3.5 A

Collector Power Dissipation

(Tc=25°C)
PC 80 W

JEDEC -
Junction Temperature T

J
150 °C EIAJ

Storage Temeprature Range Tstg -55-150 °C TOSHIBA 2-16D1A
Weight : 5.2g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0 - - 10 M
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1 mA

DC Current Gain hFE VCE=5V, IC=0.5A 8 20 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=3A, IB=0.8A - 4 8 V

Base-Emitter Saturation Voltage VfiE(sat) IC=3A, Ib=0.8A - - 1.5 V

Transition Frequency f T VCE=10V, IC=0.1A
- 3 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 95 -
P F

Fall Time (Fig.) tf ICP=3A, lBl(end)=0.8A - 0.5 1.0 MS

Fig. tf TEST CIRCUIT
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2SD1431 SILICON NPNTRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCBo=1500V

. Low Saturation Voltage
: vCE(sat)=5V(Max.) (IC=4A, I B=0.8A)

. High Speed : tf=l . 0As(Max.

)

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

IE

?C

gtg

RATING

1500

600

-5

80

150

-55-150

UNIT

160MAX. 03.6 ±0.2 1.5

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-1 6D1A

Weight : 5. 2g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCb=500V, Ie=0 - - 10 tik

Emitter Cut-off Current lEBO vEb=5v, ic=o - - 1 mA

DC Current Gain hFE VCE=5V, IC=1A 8 20 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4A, IB=0.8A
- 3 5 V

Base-Emitter Saturation Voltage vBE(sat) I C=4A, Ib=0.8A - - 1.5 V

Transition Frequency fT VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VCB=10V, I E=0, f=lMHz - 165 - pF

Fall Time (Fig.) tf ICP=4A, IBl(end)=0.8A - 0.5 1.0 AS

Fig. tf TEST CIRCUIT
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCBO=1500V

. Low Saturation Voltage
: vCE(sat)=5V (Max.) (IC=5A, IB=1A)

. High Speed : tf=1.0^s (Max.)

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°c)

Unit in ram

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

VEBO

ic

IE

stg

RATING

1500

600

-6

80

150

-55-150

UNIT

1S0MAX. 03.6±CL2

1. BASE
2. COLLECTOR (HEAT SINK;
3. EMITTER

TOSHIBA 2-16D1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 5.2g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=500V, IE=0 - - 10 uA

Emitter Cut-off Current Iebo VEB=5V, IC=0 - - 1 mA

DC Current Gain "FE VCE=5V, IC=1A 8 20 -

Collector-Emitter
Saturation Voltage VCE(sat) IC=5A, IB=1A - 3 5 V

Base-Emitter Saturation Voltage VBE(sat) IC=5A, IB=1A - - 1.5 V

Transition Frequency ft VCE=10V, IC=0.1A - 3 - MHz

Collector Output Capacitance Cob VcB=10V, IE=0, f=lMHz - 165 - pF

Fall Time (Fig.) tf I Cp=5A, IBl(end)=lA - 0.5 1.0 AS

Fig. tf TEST CIRUCIT
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SILICON NPNTRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.
Unit in nun

FEATURES

:

. High Voltage VCBO=1500V
Low Saturation Voltage

: VCE (sat)=5V (Max.) (IC=6A, IB=1.2A)

High Speed : tf=1.0^s (Max.)

Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VEBO

ic

IE

[ stg

RATING

1500

600

-7

80

150

-55-150

UNIT

1&0MAX. 03.6 ±0.2

I- '

1. BASE
2. COLLECTOR (HEAT SINK)

& EMITTER

TOSHIBA 2-16D1A

Weight : 5.2g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=500V, IE=0
- - 10 M

Emitter Cut-off Current lEBO VEB=5V, IC
=0 - - 1 mA

DC Current Gain hFE VCE=5V, IC=1A 8 20 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=6A, IB=1.2A
- 3 5 V

Base-Emitter Saturation Voltage VBE(sat) IC=6A, IB=1.2A
- - 1.5 V

Transition Frequency fT VCE=10V, IC=0.1A
- 3 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 165 - PF

Fall Time (Fig.) tf ICP=6A, lBl(end)=l-2A - 0.5 1.0 MS

Fig. tf TEST CIRCUIT
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
(DARLINGTON POWER) 2SD1 438

MICRO MOTOR DRIVE, HAMMER DRIVE APPLICATIONS.
SWITCHING APPLICATIONS.
POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain
: hFE=2000(Min.) (VcE=2V, Ic=lA)

. Low Saturation Voltage
: VCE(sat)=1.5V(Max.) (IC=1A, IB=lmA)

EQUIVALENT CIRCUIT COLLECTOR

a I

ELECTRICAL CHARACTERISTICS (Ta=25
u
c) 6 emitter

INDUSTRIAL APPLICATIONS
Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 80 V

Collector-Emitter Voltage vCEO 80 V

Emitter-Base Voltage VEBO 8 V

Collector Current ic 2 A

Base Current IB 0.5 A

Collector Power Dissipation
(Tc=25°C) PC 15 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

7. 9 MAX.

1. EMITTER
2. COLLECTOR (HEAT SINK)
3. BASE

JEDEC T O-l 2

6

TOSHIBA 2-8P1A
Mounting Kit No. AC46C
Weight : 0.72g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=80V, Ie=0 - - 10 M
Emitter Cut-off Current lEBO VEB=8V, IC=0 - - 4 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 80 - - V

DC Current Gain hFE VCE=2V, Ic=1A 2000 - -

Collector-Emitter
Saturation Voltage VcE(sat) Iq=1A, lB=lmA - - 1.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=1A, lB=lmA - - 2.0 V

Transition Frequency fT VCE=2V, IC=0.5A - 100 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 20 - pF

Switching Time

Turn-on Time ton ff INPUT IBI OUTPUT - 0.4 -

MS
IafL ^To

Storage Time tstg - 4.0 -

Fall Time tf
I B1 =-IB2=lmA Vcc =

DUTY CYCLE^1%
30V

- 0.6 -

iiiittiiiiiiuiiiiittiiii til tiliiiiiiiitiitiiliiiiiiiiiiiiMitiiiiniiiiiMiiiliiliiitiiMiiiiiiiiiiiiiiiiti ttiimitiit iitiiiniiiiitdii iiiiilllttliti iiimiiiMit linitiitiiiii "«~C^»^^»—aa^^^E^. CORPORATION
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2SD1438
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER)

HIGH CURRENT SWITCHING APPLICATIONS.

FEATURES

:

. High Collector Current : Ic=30A

. High DC Current Gain : hFE=1000(Min.

)

(VCe=5V, Ic=20A)
. Monolithic Construction with Built-in Base-Emitter
Shunt Resistor.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

ic

IB

PC

L stg

RATING

100

100

30

200

150

-65-150

UNIT

V

025.OMAX.

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO-3

EQUIVALENT CIRCUIT COLLECTOR TC-3 , TB-3

[_'_ _v^-

TOSHIBA 2-21A1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) EMITTER

Mounting Kit No. AC73
Weight : 13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, IE=0 - - 100 nk

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 mA
Collector-Emitter
Breakdwon Voltage

v (BR) CEO IC=50mA, Ib=0 100 - - V

DC Current Gain
hFE(l) VCE=5V, IC=20A 1000 - -

hFE(2) VCE=5V, IC=30A 200 - -

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=20A, IB=0.2A

- - 1.5 V

Base-Emitter
Saturation Voltage VBE(sat) - - 2.0 V

Emitter-Collector
Forward Voltage

VECF lE=10A, Ib=0 - - 3 V

Transition Frequency fT VCE=5V, IC=1A - 10 - MHz

Collector Output Capacitance Cob VcB=10V, lE=0, f=lMHz - 500 - pF

Switching Time

Turn on Time ton
?VCC = 50V

, njv tn^ttIri JR=10Q
- 1.5 -

MS

20fil3
o jr

r
K \ OUTHJT

\Storage Time tstg - 10 -

WbZ J.

lBl=-IB2 = a°lA
DUTY CYCLE^ 1%

Fall Time tf - 1.5 -

lllllllllllllllllllllllllllllllllllllllillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllillllilillllllllllllliliiillllllllliiillllllllllM CORPORATION
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2SD1460
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SILICON P CHANNEL MOS TYPE 2SJ115

Weight : 4,

ELECTRICAL CHARACTERISTICS (Ta=25°C)

AUDIO FREQUENCY POWER AMP-LI FIE R APPLICATION.

: VDSS=-160V

ance : lYf s l=2.0S (Typ.)

Unit in mm

15.9MAX.
.

03.2±O.2

Q

FEATURES: o

/
/o m

J

. High Breakdown Voltage

y- ^

i ?

"«—

1

\

-
w
o
-H

i

. High Forward Transfer Admitt X
< —

I

o
os

. Complementary to 2SK405

2.C

S

rf.

o

i

±a3
jl IO

1-1

SO

c5+ 0.3
1.0-0.2 5

j,

5.45 + Q.f 54 ;=>_!: 0.2

MAXIMUM RATINGS (Ta=25°C) 5

r-i

+ 1

Tl

CO

CHARACTERISTIC SYMBOL RATING UNIT ' 1
4- \h -?Y-^

Drain-Source Voltage VdSS -160 V
LLi a—n_.

1 i

Gate-Source Voltage vgss ±20 V
1. GATE
2. DRAIN (HEAT SINK)
5. SOURCE

Drain Current id -8 A

Power Dissipation (Tc=25°C) pd 100 W
JEDEG -

Channel Temperature Teh 150 °C EIAJ -

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2-16C1B

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VdS=0, VGS=±20V - - ±1.0 .M
Drain-Source
Breakdown Voltage V(BR)DSS ID=-5mA, VGS=0 -160 -

"'
- V

Gate-Source Cut-off Voltage VGS(OFF)
(Note)

VDS=-10V, I D=-0.1A -0.8 - -2.8 V

Drain-Source Saturation
Voltage VDS(ON) ID=-5A, VGS=-10V - -3.5 -7.0 V

Forward Transfer Admittance lYfsl VDS=-10V, ID=-2A 1.0 2.0 - s

Input Capacitance Ciss VDS=-10V, VGS=0, f=lMHz - 800 - pF

Output Capacitance Coss VDS=-10V, VGS=0, f=lMHz - 500 -
P F

Reverse Transfer Capacitance Crs VDs=-10V, VGS=0, f=lMHz - 110 - pF

Note : Vgs(OFF) Classification : -0.8 1.6, -1.4--2.

iiiiiiiiililtlltiiiiiltiittiiiiiitiittiiiiitiittiiiitiitiiiiiitttilitiiif iitiiitiililltliiiiitiiill(llilitiiitiitiltiittlll4iiiiitlilllttiitiiiiiiiitiitiiiiitiltlliilliiiillf Itllltiitilif Litiiilttlilllllllilllllllllll ~V~CZft^^BB—Ba^^K^^^ CORPORATION
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2SJ115

I D - VDS

co co

< i»
On —
Eh

-10 / -6
COMMON

- 5 SOURCE

Tc = 25°C

-4

-3
,

1

1

VQS =-2V
1

-4 -8 -12 -16

DRAIN-SOURCE VOLTAGE VDS (V)

IYf s l - I D

-20

Ql

1 1 1

. COMMON SOURCE ... Tc = -25°C

" V DS-- iU V
25

100

-0.03 -Ql -0.3 -1 -3 -10

DRAIN CURRENT I D (A)

c - vDS

% 1000

COMMON SOURCE

\

vGS = o

f = 1 MHz

Tc = 25°CW
\ •"x*.

-\ .^ c ies^ b o se

c re

id -- vGS

COMMON
SOURCE

vDS =-iov

IP I
/ /

II

— <> rr

A
X-6 ^

A°

-2

-2 -4 -6

GATE-SOURCE VOLTAGE (V)

H CO
O P
« >D
O
CO H

I d
S «HM E-i

< a
« o
p >

8

VDS(01\ ) - Tc

COMMON
SOURCE

. ID =-5A
VQS = -10V

6

n
50 100 150

CASE TEMPERATURE Tc (°C)

-20 -40 -60

DRAIN-SOURCE VOLTAGE V

80 -100

DS (V)

Pd -- Ta

is

120

80

40

n

Tc = Ta

INFINITE HEAT SINK
o

Ph

Eh

Ph
M
CO

M
R

o
Ph

40 80 120 160

AMBIENT TEMPERATURE Ta (°C

)
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2SJ115

t -
- ir

bUU

COMMON
SOURCE

300

100
T( >°c

td(off

)

50

30
1

tdCon)

10

ft

SAFE OPERATING AREA

-2 -4 -6 -8

DRAIN CURRENT ID (A) DRAIN -SOURCE VOLTAGE (V)

O
~VDD

INPUT
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SILICON N CHANNEL MPS TYPE (fr-MOS) 2SK324

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR

DRIVE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : V(br)dSS=400V

. High Forward Transfer Admittance : 1 Yf s l =5S(Typ.

)

. Low Leakage Current : IGSs=±100nA(Max. ) @ VGs=±20V

lDSS=lmA(Max.) @ VDs=400V

. Enhancement-Mode : Vth=l . 5 ~3. 5V @ lD=lmA

MAX

I

MUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation

(Tc=25°C)

Channel Temperature

SYMBOL

VdSX

VgSS

ID

IDP

?D

Tch

RATING

400

±20

10

15

120

150

UNIT

V

°C

1. GATE
2. SOURCE

DRAIN (CASE)

JEDEC TO-204MA/TO-3

EIAJ TC-3 , TB-3

Storage Temperature Range [stg_ -65-150 °C TOSHIBA 2-21E1B

Weight : 15. 8g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=400V, VGS=0
- - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS ID=10mA, VGS=0 400 - - V

Gate Threshold Voltage V th VDS=10V, ID=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, I D=5A 3.0 5.0 - S

Drain-Source ON Resistance Rds(on) lD=5A, VGS=10V
- 0.45 0.6 Q

Drain-Source ON Voltage ' VDS (ON) I D=10A, VGS=10V - 5 7 V

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 1500 2000 pF

Reverse Transfer Capacitance Crss VDS=10V, VGs=0, f=lMHz - 140 300 pF

Output Capacitance Coss VDs=10V, VGS=0, f=lMHz - 400 600 pF

Switching Time

Rise Time tr ,

Ji£ 5A
_..

- 50 100 ns

Turn-on Time ton

iovp-1 vIN u.

o
JJ- «^TJ H
10" e si „

Vjn : t r , t f<5ns
D.0^1% (2 UT= 5

o s
**

1

VDIf==200V
OQ)

- 80 150 ns

Fall Time tf
- 80 150 ns

Turn-off Time toff
- 350 700 ns

liiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiimiliii milllliiiiliiliiiiiililliiiiiilliiiilliiiliiiiillliniiill iillliiiiillliliilllliii Illliiliii milllliiilillllliiiiilllliiiiiliilllliiiiiillliiiiillllliiii TOSHIBA CORPORATION
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2SK324

16

Id -- vDS

10 8
// 6.5

l

6

COMMON SOURCE

1?

Tc = 25°C

^m
\

8

5

4

1

4.5 -

vOS = 4V .

4 8 12 16 20

DRAIN-SOURCE VOLTAGE VDS (V)

Vds -- vos

I
COMMON SOURCE
Tc = 25°C

1 ?

R \jNJ
*

—

15

[

^ 10

V 5~~^
ID = 1A

4 8 12 16 20

GATE-SOURCE VOLTAGE Vos (V)

ra —

Id - vos

- COMMON SOURCE
VDS = 10V

^ II /
i y /

&

1 ? <£
<s

y

I
2 4 6 8 10

GATE-SOURCE VOLTAGE VGS (V)

IYf 8 l - I D

0.3 1 3 io 20

DRAIN CURRENT ID (A)

In - Tc

03 1 3 10

DRAIN CURRENT I D (A)

-60 -40 -20 20 40 60 80 100

CASE TEMPERATURE Tc (°C)
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2SK324

o p
m >

V DS( ON) - T c

COMMON SOURCE

vGS = iov
15 .

8 12

10^

4
5

n

I D=1A
f 1

-40 40 80

CASE TEMPERATURE Tc (°C)

I DR - VDS

3 0MM0t SOURCE

8
Tc = 25°C

\-

f-, i ;f
xDR

4

Qo ~1
|

I
fc>

2
1 1 1

VQS = 3V^
C i

^
I

L

-CX6 -08 -1.0

DRAIN-SOURCE VOLTAGE VDS (V)

PD - Tc

til)

80

40

n
40 80 120 160

CASE TEMPERATURE Tc CO

0000

CAPACITANCE - VD£

5000— :

;

3000 ^
*̂ C i es ---

1000

500

s ^ose --

100

COMMON SOURCE S,. ^rss

I f = lMHz
Tc = 25°C

i_i__

50

30 iiii t i 1
i

,3 1 3 10 30 100

DRAIN -SOURCE VOLTAGE VDS (V)

SWITCHING TIME - In

10

toff
COMMON SOURCE

VDD== 200V

Tc = 25°C

iovn
o-U- v

:

lO^e

'IN t*<5 m VDD

1 3 10 30

DRAIN CURRENT I D (A)

SAFE OPERATING AREA

Q5

Q3 CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE.

I 1 I i III I
' ' ' ' "'I

3 10 30 100 300 1000

DRAIN-SOURCE VOLTAGE VDS (V)
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SILICON N CHANNEL MOS TYPE 0T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : V/gR) j)gg=450V

. High Forward Transfer Admittance : | Yf s | =5S(Typ.

)

. Low Leakage Current : lGSS=±100nA(Max. ) @ Vgs=±20V

lDSS=lmA(Max.) @ VdS=450V

. Enhancement-Mode : V th=l .
5 ~ 3. 5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VGSS

ID

LDP

?D

Teh

Tsts

RATING

450

±20

10

15

120

150

-65 ~150

UNIT

°C

1. GATE
2. SOURCE

DRAIN (CASE)

JEDEC T0-204MA/T0-3

EI AJ TC-3 , TB-3

TOSHIBA 2-21E1B

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 15.

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=450V, VGS=0
- - 1.0 itiA

Drain-Source Breakdown Voltage V (BR)DSS ID=10mA, VGS=0 450 - - V

Gate Threshold Voltage Vth VDs=10V, ID 1mA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=5A 3.0 5.0 - S

Drain-Source ON Resistance Rds(on) ID=5A, VGS=10V - 0.5 0.7 Q

Drain-Source ON Voltage vDS(0N) ID=10A, VGS=10V - 5.5 8 V

Input Capacitance Ciss VDs=10V, VGS=0, f=lMHz - 1500 2000 P F

Reverse Transfer Capacitance Crss VDs=10V, VGS=0, f=lMHz - 140 300 PF

Output Capacitance Coss VdS=10V, VGs=0, f=lMHz - 400 600 PF

Switching Time

Rise Time tr
l£=5A - 50 100 ns

Turn-on Time ton o
JJ- ^^
10* s St J

t
31

- 80 150 ns

Fall Time tf * 1 - 80 150 ns

Turn-off Time toff D.U^1% (ZqUT=£ oQ)
;j_n-~^^ •

- 350 700 ns

TOSHIBA CORPORATION itlllllllltlllllllltllllltlltlllliliiiititiiittiilllltltiiiiiiittliiiiiiitiiiiiiiiiiiiiiiiiiiilliiiitiiiiiilllllllllliiilliitiiliiiiiiiiiiitlillllllilllllltlltltlllllitllllitllililllliiiiiiiiiiiiiiiiiliiftttiiiliiililiii
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2SK325

In - VDS
r
..,, T-"'

10/8 COMMON SOURCE

A
'/ >

t

Tc=25"C

^
¥/

5

1

V(xa-4V .

4 8 12 16 20

DRAIN-SOURCE VOLTAGE VDS (V)

vDs -- vchS

1
COMMON SOURCE

Tc = 25°C

12

v
*«*. 15

1

^ 10

4

I.

1

5

n
^ Id =1A

1 1

4 8 12

GATE-SOURCE VOLTAGE V
16

GS (V)

!D ~~ VGS «*f B '
~ id

,
<o o

VDS = 10V
^ u /
i 11/

if

2 4 6

GATE-SOURCE VOLTAGE Vr (V)

10

lYfs l - Id

' COMMON SOURCE

;
VDS = 10V

,_«S -

25\
5

>-V V
^c-

n i
0.3 1 S

DRAIN CURRENT I D (A)

10 1 1— 1

COMMON SOURCE

;
Tc = 25°C

oO^

^^ io\

3

1

05

n t,

0.3 1

DRAIN CURRENT
3 10

ID U)
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id - Tc

50
COMMON SOURCE
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10
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5
5
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1

4
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1

0.1 35

a os
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CASE TEMPERATURE Tc (°C)

IHIIIIItlilllllllllllllllllllllltl1llllllHtllllll1illlllllllllllllllllllllllllllHllllllllllllHlllllllllltlllllllllllltlllllllllllllltlllllllllllillllltllllllllllHlllllllllllllllllllllllll*lllllllllllill»l"llilllil '^~^3^SBa—H^3.^9^. CORPORATION

-923-



2SK325

o p
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15^

8 12

^10

4
5

1
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1 1 1
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'

j
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)
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M
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ES
toff

COMMON SOURCE

VDI)=200V
Tc=25°C

7fl
10/18

D. U^Q5$
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SILICON N CHANNEL MOS TYPE (7T-MOS) 2SK355

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.
°

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : RDS(0N) =0.12O(Typ.

)

. High Forward Transfer Admittance : 1 Yf s | =6S(Typ.

)

. Low Leakage Current : lGSS=il0°nA(Max. ) @ Vq$=±20V
I DSS=lmA(Max.) @ VDS=150V

. Enhancement-Mode : Vfh=l .
5 ~ 3. 5V @ lQ=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VgSS

ID

Idp

Teh

Tstg

RATING

150

±20

12

40

120

150

-65-150

UNIT

°C

^2&0MAX.

1. GATE
2. SOURCE

DRAIN (CASE)

JEDEC TO-204MA/TO-3

TC-3 , TB-3

TOSHIBA 2-21 El

B

Weight : 15.1

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current Idss VDS=150V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS ID=10mA, VGS=0 150 - - V

Gate Threshold Voltage V t h Vds=10V, ID=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=10A 3 6 - S

Drain-Source ON Resistance RDS(ON) id=ioa, vGs=iov - 0.12 0.18 Q

Drain-Source ON Voltage VDS(ON) ID=10A, VGS=10V - 1.2 1.8 V

Input Capacitance Ciss VDS=10V, Vgs=0, f=lMHz - 1600 2200 pF

Reverse Transfer Capacitance Crss VDS=10V, VGS=0, f=lMHz - 350 600 pF

Output Capacitance Coss VDS=10V, VGS=0, f=lMHz - 800 1300 pF

Switching Time

Rise Time tr I D=10A - 120 260 ns

Turn-on Time ton 'II '$>"
, '& ^1

°'"UT
- 150 300 ns°-U- cl n ot

10/15
°t 1 H

l

Vjn : t r , t f <5ne vDd==100V

D.U<1% (Z UT= 50^)

Fall Time tf - 120 240 ns

Turn-off Time toff - 300 600 ns

TOSHIBA CORPORATION
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2SK356 SILICON N CHANNEL MOS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DTIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : RdS(ON)=0- 2Q(Typ .

)

. High Forward Transfer Admittance : ] Yf s | =6S (Typ .

)

. Low Leakage Current : IcsS^OOnACMax. ) @ Vgs=±20V
lDSS=lmA(Max.) @ VDS=250V

. Enhancement-Mode : Vfj^l . 5 ~ 3. 5V @ lD=lmA

INDUSTRIAL APPLICATIONS
Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VgSS

ID

idp

Pd

Teh

-stg

RATING

250

±20

12

30

120

150

-65-150

UNIT

°C

°C

02 5.0 MAX

1. GATE
2. SOURCE

DRAIN (CASE)

TO- 2 4MA/TO-3

EIA J TC-3 , TB-3

TOSHIBA 2-21E1B
Weight : 15.

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=250V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V(BR)DSS lD=10mA, VGS=0 250 - - V

Gate Threshold Voltage Vth VdS=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=10A 3 6 - S

Drain-Source ON Resistance Rds(on) ID=10A, VGS=10V - 0.2 0.25 Q

Drain-Source ON Voltage vds(on) id=ioa, vGs=iov - 2.0 2.5 V

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 1600 2000 pF

Reverse Transfer Capacitance Crss VDS=10V, VGS=0, f=lMHz - 220 320 pF

Output Capacitance Coss VDs=10V, VGS=0, f=lMHz - 570 700 pF

Switching Time

Rise Time tr ID=10A - 110 220
'

ns

Turn-on Time ton

±UV
1 1

V IN |,_ ~T v OUT

V IN : t r , t f <5ns VDrp=200V

D.U^1% (Z UT= 5 °Q)

- 130 260 ns

Fall Time tf - 100 200 ns

Turn-off Time toff - 320 640 ns

TOSHIBA CORPORATION
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SILICON N CHANNEL MOS TYPE (7T-MOS) 2SK357

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

DC-DC CONVERTER, MOTOR AND SOLENOID DRIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : RdS(ON)=°- 6Q (Typ.

)

. High Forward Transfer Admittance: 1 Yf s l =1 . 8S (Typ .

)

. High Drain Current : Iop=8A(Max.)

. Low Leakage Current: lGSS=±100nA(Max. ) @ Vqq=±20V
IDSS=lmA(Max.) @ VDs=150V

. Enhancement-Mode : Vth=l .
5 ~ 3. 5V @ lD=lmA

MAXIMUM RATINGS (Ta=25 C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

SYMBOL

VdSX

VGSS

IDP

Tch

RATING

150

±20

40

150

UNIT

Id 3 MAX.. 03.6 ±0.2

1. OATE
2. DRAIN (HEAT SINK)

3. SOURCE

TO-220 AB

Storage Temperature Range -stg -55~150 TOSHIBA 2-10A1C

Weight : 1.'

ELECTRICAL CHARACTERISTICS (Ta==25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current Jgss VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current Idss VDS=150V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS ID-10mA, VGS=0 150 - - V

Gate Threshold Voltage v th VDs=10V, ID=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=3A 0.8 1.8 - S

Drain-Source ON Resistance RDS(0N) ID=3A, VGS=10V
- 0.6 0.9 a

Drain-Source ON Voltage Vds(on) ID=8A, VGS=10V - 5.5 9.5 V

Input Capacitance Ciss VDs=10V, VGS=0, f=lMHz - 260 350 P F

Reverse Transfer Capacitance Cr ss VDS=10V, Vgs=0, f=lMHz - 50 100 PF

Output Capacitance Coss VDS=10V, VGS=0, f=lMHz - 160 250 pF

Switching Time

Rise Time tr
ID=3A - 30 60

ns
Turn-on Time ton '"J L

Vl
o
N

r 'K r'l °
V°m

- 40 80
10^ s si X I

V I N -
r r '

f f <5 nS VDD^75

v

D. !J^i% CZ0Ut = 50O.)

Fall Time tf
- 20 50

Turn-off Time toff
- 60 120

THIS TRANSISTOR IS THE ELECTROSTATIC SENSITIVE DEVICE. PLEASE HANDLE WITH CAUTION.

ITOSHIBA CORPORATION
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2SK357
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2SK357
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2SK358 SILICON N CHANNEL MOS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

DC-DC CONVERTER, MOTOR AND SOLENOID DRIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : RD g (qn)
=0- 7fi (Typ .

)

. High Forward Transfer Admittance: lYf s l=2.3S (Typ.)

. High Drain Current : Idp=8A (Max.)

. Low Leakage Current: IGSS=±100nA (Max.) @ VGs=±20V
IDSS=lmA (Max.) @ VDS=250V

. Enhancement-Mode : V th=1.5~3.5V @ Io=lmA

MAXIMUM RATINGS (Ta=25 c)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

SYMBOL

VDSX

vgss

ID

!dP

PD

Tch

RATING

250

±20

40

150

UNIT

10l3MAX. 03.6±(

2.5 4 2.5 4
X
<

C\i tn
\to 4=
i

"

'

1. GATE
2. DRAIN (HEAT SINK)

3. SOURCE

T0-220AB

Storage Temperature Range Tstg -55-150 TOSHIBA 2-10A1C

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 1.!

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current Idss VDS=250V, VGS=0
- - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS ID=10mA, VGS=0 250 - - V

Gate Threshold Voltage V th VDs=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance |Yf s l
VDS=10V, ID=3A 1.0 2.3 - S

Drain-Source ON Resistance RDS(0N) ID=3A, VGS=10V
- 0.7 1.0 Q

Drain-Source ON Voltage vDS(0N) ID=8A, VGS =10V - 6.5 12 V

Input Capacitance Giss VDs=10V, VGS=0, f=lMHz - 380 500 PF

Reverse Transfer Capacitance Crss VDS=10V, VGS=0, f=lMHz - 60 120 PF

Output Capacitance Coss VDS=10V, VGS=0, f=lMHz - 185 300 pF

Switching Time

Rise Time tr ID=3A
10v

f~l
v™ Hi rj

oV°ut

VIN , t r ,
tf <5nS v-p-p^isov

D.U^1% (Z ut = 50^)

- 20 40

nsTurn-on Time ton
- 30 60

Fall Time tf
- 30 60

Turn-off Time toff
- 80 160

THIS TRANSISTOR IS THE ELECTROSTATIC SENSITIVE DEVICE. PLEASE HANDLE WITH CAUTION.
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2SK358
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2SK358
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SILICON N CHANNEL MOS TYPE (tf-MOS) 2SK385

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : V(br)dss=400V

. High Forward Transfer Admittance : ] Yfs ) =5S (Typ.)

. Low Leakage Current : lGSS=±100nA(Max. ) @ Vgs=±20V

lDSS=lmA(Max.) @ VDs=400V

. Enhancement-Mode : Vtn=1.5~3.5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VGSS

ID

idp

Pd

Teh

•stg

RATING

400

±20

10

15

120

150

-55-150

UNIT

,.20.5 MAX. _, 03J3±Q2
i* .

"y^

545±0.15 545±ai5

mom
dd
+ 1

to

d
00

= \T=
^2 =E37

f

1. GATE
2. DRAIN (HEAT SINK)
3. SOURCE

JEDEC

TOSHIBA

Weight : 9.7g

ELECTRICAL CHARACTERISTICS Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakgae Current igss VG S=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current Idss VDS=400V, vGs=o - - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS lD=10mA, Vgs=0 400 - - V

Gate Threshold Voltage Vth VDs=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance ]Yf s l
VDS=10V, ID=5A 3.0 5.0 - S

Drain-Source ON Resistance RDS(0N) lD=5A, VGS=10V - 0.45 0.6 a

Drain-Source ON Voltage VDS(ON) ID=10A, VGS=10V - 5 7 V

Input Capacitance Ciss VDs=10V, Vgs=0, f=lMHz - 1500 2000 pF

Reverse Transfer Capacitance Crss VDS=10V, Vgs=0, f=lMHz - 150 300 pF

Output Capacitance Coss VDS=10V, Vgs=0, f=lMHz - 400 600 pF

Switching Time

Rise Time tr
I D=5A - 50 100 ns

Turn-on Time ton
uv

| 1

v in |L «1 uLJ,i

°-UL °sri of

VIN :t r ,t f<5n e VDCf=«00V

D.U^lfo (Z0UT=50Q)

- 80 150 ns

Fall Time tf - 80 150 ns

Turn-off Time toff - 350 700 ns

iiiitiiiiiiiiiiiiiiitiitiiiiiitiiiiiiiiitiiitiiiitiaiiiiitiiitiiiiiitiiitiiiiiiittiiitiitfiliiiliifiiiiiiiiitiitiiittiiiiiitiiiiiiltiiiiiitiiiitiitiiiiitiitiitiftiiiiiiiitfiiiittiifiitiifiiitiiftKiiitiiiiiiiiiftiifitiii ~V~C^^^ —•^^>^E^ CORPORATION
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2SK386 SILICON N CHANNEL MOS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : V/g^)Dgs=450V

. High Forward Transfer Admittance : 1 Yf s 1 =5S (Typ .

)

. Low Leakage Current : lGSS=±1 00nA(Max. ) @ VGS=±20V

lDSS=lmA(Max.) @ Vds=450V

. Enhancement-Mode : V th=1.5~3.5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS

Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VdSX

VGSS

ID

Idp

Pd

Teh

stg

RATING

450

±20

10

15

120

150

-55-150

UNIT

°C

,
20i5MAX. 03.3+U2

I' ;y-

545±Q15 545±ai5

wo

+ 1

to

C5

CO

x"

2 57—^
|

1. GATE
2. DRAIN (HEAT SINK)
a SOURCE

EIA J

TOSHIBA 2-21F1B
Weight : 9.7g

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=450V, Vgs=0 - - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS ID=10mA, VGS=0 450 - - V

Gate Threshold Voltage V th VDs=10V, ID=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, Id=5A 3.0 5.0 - S

Drain-Source ON Resistance Rds(on) ID=5A, VGS=10V - 0.5 0.7 Q

Drain-Source ON Voltage Vds(on) ID=10A, VGS=10V - 5.5 8 V

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 1600 2000 pF

Reverse Transfer Capacitance Crss VDs=10V, VGS=0, f=lMHz - 140 300 pF

Output Capacitance Coss VdS=10V, VGS=0, f=lMHz - 400 600 pF

Switching Time

Rise Time tr ID=5A - 50 100 ns

Turn-on Time ton

VIN : t r ,t f<5ne VDD=200V
D.U<1% (ZoUT=50Q)

- 80 150 ns

Fall Time tf - 80 150 ns

Turn-off Time toff - 350 700 ns

TOSHIBA CORPORATION ll llltlllllllttllllltllllMIMMItllttlllllllllll llllt tlllMllilllllllllllllllllltlltlltlllMIIMtlMIIIMItl IU tllllllllllMllillllllMIl tlllllllllMMItllllllMllll nil

— 934—



SILICON N CHANNEL MOS TYPE for-MOS) 2SK387

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : RdS(ON) = 0- 12 ^ (tYP •

)

. High Forward Transfer Admittance : 1 Yf s | =6S (Typ.)

. Low Leakage Current : lGsS=±100nA (Max « ) @ VgS=±20V

lDSS=lmA(Max.) @ VDs=150V

. Enhancement-Mode : Vth=1.5~3.5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VGSS

ID

idp

Tch

Tstg

RATING

150

±20

12

40

150

150

-55-150

UNIT

°C

°C

2Q5MAX. 0'3.3±Q2

5.45±ai5 545±Q15

mo
dd
+ 1

to

d

00

<
5
OS

V_ m
f \

1. QATE
2. DRAIN (HEAT SINK)
3. SOURCE

EIAJ

TOSHIBA 2-21F1B

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 9.7g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=150V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V(BR)DSS ID=10mA, VGS=0 150 - - V

Gate Threshold Voltage Vth VDs=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYf s l vDs=iov, id=ioa 3 6 - S

Drain-Source ON Resistance RDS (ON) ID=10A, VGS=10V - 0.12 0.18 Q

Drain-Source ON Voltage VDS(ON) ID=10A, VGS=10V - 1.2 1.8 V

Input Capacitance Ciss VDs=10V, VGS=0, f=lMHz - 1600 2200 PF

Reverse Transfer Capacitance Crss VdS=10V, VGS=0, f=lMHz - 350 600 PF

Output Capacitance Coss VDs=10V, Vgs=0, f=lMHz - 800 1300 PF

Switching Time

Rise Time tr I D=10A - 120 260 ns

Turn-on Time ton
1 1

V IN |L

lOAe o?

Vjfj : t r , tf<5ns
D.U^1% (Z UT= 5

of
H

h &

VDD==100V
OQ)

- 150 300 ns

Fall Time tf - 120 240 ns

Turn-off Time toff - 300 600 ns

iiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiitmiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiM CORPORATION
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2SK388 SILICON N CHANNEL MOS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : Rpg/ON\=0. 2 Q (Typ.

)

. High Forward Transfer Admittance : 1 Yf s l
=6S (Typ.)

. Low Leakage Current : IGSS=±100nA(Max. ) @ Vgs=±20V

IDSS=lmA(Max.) @ VDs=250V

. Enhancement-Mode : Vth= l • 5 - 3. 5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

SYMBOL

VDSX

VGSS

ID

idp

Pd

Teh

RATING

250

±20

12

30

150

150

UNIT

V

2Q.5MAX. 03.3±O.2

3£

5.45 +0.15 545±ai5

mo
OJH

+ 1

00

B-H,rTi
1. GATE
2. DRAIN (HEAT SINK)
3. SOURCE

Storage Temperature Range -stg -55-150 TOSHIBA 2-21P1B

Weight : 9.7g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS Vgs=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=250V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V(BR)DSS ID=10mA, VGs=0 250 - - V

Gate Threshold Voltage Vth VdS=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance )Yf s l
VDS=10V, ID=10A 3 6 - S

Drain-Source ON Resistance Rds(on) ID=10A, VGS=10V - 0.20 0.25 Q

Drain-Source ON Voltage vds(on) ID=10A, VGS=10V - 2.0 2.5 V

Input Capacitance Ciss VdS=10V, Vgs=0, f=lMHz - 1600 2000 PF

Reverse Transfer Capacitance Crss VDS=10V, Vgs=0, f=lMHz - 220 320 pF

Output Capacitance Coss VDs=10V, Vgs=0, f=lMHz - 570 700 pF

Switching Time

Rise Time tr ID=10A - 110 220 ns

Turn-on Time ton
\~l V IN |L

10AS d .

VIN : t r ' tf<5ns
D.U^1% (Z UT= 5

o ?
w

r
J,

VDIf=200V
0Q)

- 130 260 ns

Fall Time tf - 100 200 ns

Turn-off Time toff - 320 640 ns

TOSHIBA CORPORATION
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SILICON N CHANNEL MOS TYPE (7T-MOS)

AUDIO FREQUENCY POWER AMPLIFIER APPLICATION.

FEATURES

:

. High Breakdown Voltage

. High Forward Transfoer Admittance

. Complementary to 2SJ115

VDSS=160V

lYf s|=2.0S (Typ.)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current

Power Dissipation (Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

Vpss

VGSS

ID

PD

Tch

[stg_

RATING

160

±20

100

150

-55 -150

UNIT

Unit in mm

rf.,

15.9MAX..

m
)-

2.0 + 3 ,|

+ 03 I

&45±Q2,

03.2±O2

T c!

-H

eQ

c5c5

+ 1

m

.&45±Q2

UM

1. QATE
2. DRAIN (HEAT SINK)
3. SOURCE

JEDEC

TOSHIBA 2-16C1B
Weight : 4.6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VDS=0, VGS=±20V - - ±1.0 nk

Drain-Source
Breakdwon Voltage

V (BR)DSS lD=5mA, VGS=0 160 - - V

Gate-Source Cut-off Voltage VgS(OFF)
(Note)

VDS=10V, ID=0.1A 0.8 - 2.8 V

Drain-Source Saturation
Voltage VDS(ON) I D=5A, VGs=10V - 2.5 7.0 V

Forward Transfer Admittance lYfsl VDS=10V, ID=2A 1.0 2.0 _ s

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 430 - pF

Output Capacitance Coss VDs=10V, VgS=0, f=1MHz - 260 - pF

Reverse Transfer Capacitance Crs VDs=10V,VGS=0,f=lMHz - 80 - pF

Note : Vqs(OFF) Classification 0.8-1.6, 1.4-2.
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SILICON N CHANNEL MOS TYPE (7T-MOS)

HIGH SPEED SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. Low Drain-Source ON Resistance : RdS(ON) =0.1Q (Typ.)

. High Forward Transfer Admittance : lYf s l=4S (Typ.)

. Low Leakage Current : lGSS=±100nA(Max. ) @ Vgs=±20V

IDS S= 1mA (Max.) @ VDS=60V

. Enhancement-Mode : V th=l •
5 ~ 3. 5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

Vgss

ID

Idp

Tc h

_stg_

RATING

60

±20

10

15

60

150

-55-150

UNIT

1Q3MAX.

1. GATE
Z. DRAIN (HEAT SINK)
3. SOURCE

JEDEC

TOSHIBA 2-10K1B
Weight

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VdS=60V, VGS=0 - - 1.0 mA

Drain-Source Breakdwon Voltage V (BR)DSS ID=10mA, VGS=0 60 - - V

Gate Threshold Voltage V th VdS=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance Yfs VDS=10V, ID=5A 2 4 - S

Drain-Source ON Resistance RDS (ON) ID=5A, VGS=10V - 0.10 0.14 Q

Drain-Source ON Voltage vDS(0N) ID=10A, VGS=10V - 1.0 1.5 V

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 850 1100 pF

Reverse Transfer Capacitance crss VDS=10V, VGS=0, f=lMHz - 370 600 P F

Output Capacitance Goss VDS=10V, VGS=0, f=lMHz - 800 1100 pF

Switching Time

Rise Time tr lOVl 1 ,r ,
•"

lD=5A - 100 200 ns

Turn-on Time ton o-U- "gH^
10/lB Of

Vjjj : t r , t f<5 ns

D.U^1% (Z0UT= g

ak
r i
VDrr?30V

oQ)

- 120 240 ns

Fall Time tf - 85 170 ns

Turn-off Time toff - 160 320 ns

THIS TRANSISTOR IS THE ELECTROSTATIC SENSITIVE DEVICE. PLEASE HANDLE WITH CAUTION.
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SILICON N CHANNEL MPS TYPE (7T-MOS) 2SK41

8

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

.High Breakdown Voltage : V(BR)DSS=400V

. High Forward Transfer Admittance : lYf s]=1.2S (Typ.)

. Low Leakage Current : lGSS=±100nA(Max. ) @ Vgs=±20V

IDSS=1mA (Max.) @ VDs=400V

. Enhancement-Mode : Vth=l-5 ~ 3.5V @ In=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VGSS

ID

Idp

Pd

Tch

Tstg

RATING

400

±20

50

150

-55-150

UNIT

V

°C

L OATE
2. DRAIN (HEAT SINK)
3. SOURCE

TOSHIBA 2-10K1B

Weight : 2.0g

ELECTRICAL CHARACTERISTICS (Ta=25°C).

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGs=i20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=400V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V(BR)DSS ID=10mA, VGS=0 400 - - V

Gate Threshold Voltage Vth VDs=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDs=10V, ID=1A 0.6 1.2 - S

Drain-Source ON Resistance Rds(on) ID-1A, VGS=10V - 1.6 2.2 Q

Drain-Source ON Voltage vds(on) ID=4A, VGS=10V - 8.5 12 V

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 410 600 PF

Reverse Transfer Capacitance Crss VDS=10V, VGS=0, f=lMHz - 35 70 PF

Output Capacitance Coss VDS=10V, VGS=0, f=lMHz - 115 170 PF

Switching Time

Rise Time tr
ID=1A - 15 30 ns

Turn-on Time ton
n in ih

Q-LI-
<>cTJfi

Vjjj : t r , tf<5ns
D.U^1% (Z UT= 5

VDu=200V
on)

- 30 60 ns

Fall Time tf - 30 60 ns

Turn-off Time toff - 100 200 ns

THIS TRANSISTOR IS THE ELECTROSTATIC SENSITIVE DEVICE. PLEASE HANDLE WITH CAUTION.
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SILICON N CHANNEL MPS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. High Brakdwon Voltage : V(br)dss=450V

. High Forward Transfer Admittance : |Yf s |=1.2S (Typ.)

. Low Leakage Current : lGSS=:t100nA(Max. ) @ Vgs=±20V

lDSS=lmA(Max.) @ VDS=450V

. Enhancement-Mode : V th=l •
5 ~ 3. 5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

vgss

ID

idp

Pd

Teh

[stg_

RATING

450

±20

50

150

-55-150

UNIT

10. 3 MAX.

1. GATE
2. DRAIN (HEAT SINK)
a SOURCE

JEDEC

EIAJ

TOSHIBA 2-10K1B

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 2.0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current ^SS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=450V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V (BR)DSS lD=10mA, VGS=0 450 - - V

Gate Threshold Voltage Vth VDs=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=1A 0.6 1.2 - S

Drain-Source ON Resistance RDS(ON) ID=1A, VGS=10V - 1.8 2.5 Q

Drain-Source ON Voltage vDS(ON) ID=4A, VGS=10V - 9.0 14 V

Input Capacitance ^iss VDS=10V, VGs=0, f=lMHz - 410 600 pF

Reverse Transfer Capacitance Crss VDS=10V, VGS=0, f=lMHz - 35 70 pF

Output Capacitance ^oss VDS=10V, Vgs=0, f=lMHz - 115 170 PF

Switching Time

Rise Time tr ID=1A
lOV,-. yIN iL ~~f oVOUT

10fle sx i sj

VIN : t r ,t f<5ns, VDrp=«OOV
D.U^1% (Z UT=5°Q)

- 15 30 ns

Turn-on Time ton - 30 60 ns

Fall Time tf - 30 60 ns

Turn-off Time toff - 100 200 ns

TOSHIBA CORPORATION ltlllllltlllllllltllltllMllllllllllllllllllllltlllllllltlltlll(ltlllllllllllllllllllllltlllllltllltllllliliiiii*illlllll(llltltllltIllltlllllllllllllllllllllllllllllllltltl>tllllllllllllllllllllllllitlllllllllllllliilll
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SILICON N CHANNEL MPS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : V(br)dss=400V

. High Forward Transfer Admittance : lYf s l=2.5S (Typ.)

. Low Leakage Current : LGSS=i100nA(Max. ) @ Vgs=±20V

IDSS=1mA (Max.) @ VdS=400V

. Enhancement-Mode : Vth= l- 5~ 3. 5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
(Tc=25°C)

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

vgss

ID

Idp

pd

Teh

-stg

RATING

400

±20

60

150

-55-150

UNIT

°C

INDUSTRIAL APPLICATIONS
Unit in mm

10.3MAX.

7.0 szs3.2±o.2

r—

i

'

HA
<

I

to
ri,)

X
r

-H

+1
o
iri

zs

~n

jl .
1-8 »'

(176

1.4
1

j 2
+0.25
-ais

2.54±0.25
. i 3.54 ±0.25

mo xl
dr-t

1rlri

+ 1

r-\ N
m *
C5

f. .±±\-

C. 5 5;

1. QATE
2. DRAIN (HEAT SINK)
& SOURCE

TOSHIBA 2-10K1B
Weight

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS vDs=^oov, vGs=o - - 1.0 mA

Drain-Source Breakdown Voltage V(BR)DSS lD=10mA, Vgs=0 400 - - V

Gate Threshold Voltage Vth VdS=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=3A 1.0 2.5 - S

Drain-Source ON Resistance Rds(on) ID=3A, VGS=10V - 1.0 1.4 Q

Drain-Source ON Voltage vDS(0N) ID=8A, VGS=10V - 10 18 V

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 670 900 PF

Reverse Transfer Capacitance Crss VdS=10V, VGS=0, f=lMHz - 50 90 PF

Output Capacitance Coss VDS=10V, VGS=0, f=lMHz - 180 250 pF

Switching Time

Rise Time tr
I D=2A - 25 50 ns

Turn-on Time ton °-LL °ar^
lOflB Of

VIN : fcr ' tf<5ns
D.Ug^.1% (Z UT=5

o<
r ^

VDCp=200V
OQ)

- 40 80 ns

Fall Time tf - 35 70 ns

Turn-off Time toff - 140 280 ns

THIS TRANSISTOR IS THE ELECTROSTATIC SENSITIVE DEVICE. PLEASE HANDLE WITH CAUTION.
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SILICON N CHANNEL MPS TYPE (7T-MOS)

HIGH SPEED, HIGH VOLTAGE SWITCHING APPLICATIONS.

SWITCHING REGULATOR, DC-DC CONVERTER AND MOTOR
DRIVE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : V(gR ) Dg S=450V

. High Forward Transfer Admittance : ]Yf s |=2.5S (Typ.)

. Low Leakage Current : lGSS=±100nA(Max. ) @ Vgs=±20V

lDSS=lmA(Max.) @ Vds=450V

. Enhancement-Mode : V th=l-5~3.5V @ lD=lmA

MAXIMUM RATINGS (Ta=25°C)

INDUSTRIAL APPLICATIONS
Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current
DC

Pulse

Drain Power Dissipation
ITc=25°CJ

Channel Temperature

Storage Temperature Range

SYMBOL

VDSX

VGSS

ID

IDP

Teh

Tstg

RATING

450

±20

60

150

-55-150

UNIT

10.3MAX.

,,7-Q 0&2±o.2

r y ^ w jj

1. GATE
2. DRAIN (HEAT SINK)
& SOURCE

TOSHIBA 2-10K1B

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 2.0g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=±20V, VDS=0 - - ±100 nA

Drain Cut-off Current IDSS VDS=450V, VGS=0 - - 1.0 mA

Drain-Source Breakdown Voltage V(BR)DSS lD=10mA, VGs=0 450 - - V

Gate Threshold Voltage Vth Vds=10V, lD=lmA 1.5 - 3.5 V

Forward Transfer Admittance lYfsl VDS=10V, ID=3A 1.0 2.5 - S

Drain-Source ON Resistance Rds(on) ID=3A, VGs=10V - 1.1 1.6 a

Drain-Source ON Voltage VDS(ON) ID=8A, VGS=10V - 12 22 V

Input Capacitance Ciss VdS=10V, Vgs=0, f=lMHz - 670 900 pF

Reverse Transfer Capacitance Crss VDS=10V, Vgs=0, f=lMHz - 50 90 P F

Output Capacitance Coss Vds=10V, VGs=0, f=lMHz - 180 250 PF

Switching Time

Rise Time tr ID=2A - 25 50 ns

Turn-on Time ton
""

l~~l
" IN Ih

e-t

r ^
VDIf=200V

OQ)

- 40 80 nsu tJ- °cl h

10MB
°t JFall Time tf - 35 70 ns

Turn-off Time toff
Vjjj : t r , tf<5ns
V.U-^1% (ZouT= 5 - 140 280 ns

THIS TRANSISTOR IS THE ELECTROSTATIC SENSITIVE DEVICE. PLEASE HANDLE WITH CAUTION.
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3055

GENERAL PURPOSE POWER TRANSISTOR.

POWER REGULATOR, SWITCHING AND SOLLENOID
DRIVES APPLICATIONS.

FEATURES

:

. High Gain at High Current

.Low Saturation Voltage : VcE(sat) <1. IV, @Ic=4A,Ib=0.4A

. Excellent Area of Safe Operatings

Unit in mm

MAXIMUM RATINGS (Ta=25 C)
~)

CHARACTERISTIC SYMBOL RATING UNIT

* Collcetor-Base Voltage VCBO 100 V

* Collector-Emitter Sustaining
Voltaee (RpF=100 £1)

VCER(SUS) 70 V

* Collector-Emitter Sustaining
Vol tage

VCEO(SUS) 60 V

* Emitter-Base Voltage vebo 7 V

* Collector Current ic 15 A

* Base Current IB 7 A

* Collector Power Dissipation
(Tc=25°C) Derate Linearly

PC
115 W

0.66 w / °c

* Junction Temperature T
i

200 °c

* Storage Temperature Range Tstg -65-200 °c

02 50 MAX.

2*2 1.0 MAX,

+ 0.09
01.0—Q0 4

30.2±0.2

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC T0-2 4MA/TO—

3

EIAJ TC— 3 , TB—

3

TOSHIBA 2—21D1A

ELECTRICAL CHARACTERISTICS (Ta=25 C) Weight : 12. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=100V, VbE=-1-5V - - 5 mA

Collector Cut-off Current If.EX VrF=100V,VBE=-1.5V,Tc=150°C - - 30 mA

Collector Cut-off Current IrKO VrE=30V, IR=0 - - 0.7 mA

Emitter Cut-off Current lEBO VEB=7V, IC=0
- - 5 mA

Collector-Emitter
Sustaining Voltage

**
VCER(SUS IC=0.2A, RBE=100n 70 - - V

Collector-Emitter
Sustaining Voltage

**
vCE0(SUS IC=0.2A, IB=0 60 - - V

DC Current Gain nFE
VCE=4V, IC=4A 20 - 70

VCE=*V, IC=10A 5 - -

Base-Emitter Voltage Vre VCE=^V, In=4A
- - 1.8 V

Collector-Emitter
Saturation Voltage

vCE(sat)
Ir=4A, IR=0.4A - - 1.1 V

IC=10A, IB=3.3A - - 8 V

Small Signal Current Gain
Cut-off Frequency

fhfe VcE=^v » Ic=1A » f=10kHz 20 - - kHz

Small Signal Current Gain lhfe l VCE=4V, IC=1A, f=lMHz 2.5 - -

Second Breakdown Collector
Current fRase Forward Bias*)

Is/b
VCE=40V, t=ls
(non renetitive)

2.87 - - A

* In Accordance With JEDEC Registration Data.
** The sustaining voltages VceR(SUS) and ^ceo(SUS) MUST NOT be measured on a curve tracer.

lllllllllltlllllllllllltillt(tl*lllllltltliiitlllllllllllllliilllltlillllltlllllllltllliiiiiliii»iHlilllfllliiiiilllllll*llllliltlii«ttiiilMllllUllftiiiiiiiiHillllllllltllllllltlli«lttlllllllltliillllltflllfllllttlll ~S~^^i^3a—MM^B^X. CORPORATION
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2N3055
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3713

GENERAL PURPOSE POWER TRANSISTOR.

POWER REGULATOR, SWITCHING AND SOLENOID DRIVES

APPLICATIONS.

FEATURES:

. High Gain at High Current

. Low Saturation Voltage : VcE(sat) =1 - ov (Max.)

@ IC=5A, Ib=0.5A

. Excellent Area of Safe Operatings

MAXIMUM RATINGS (•Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Thermal Resistance

SYMBOL

VcBO

VCEO

VEBO

Junction ' Temperature

Storage Temperature Range Weight : 12. 6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VcE=80V, VBE=-1.5V - - 1 mA

Collector Cut-off Current JCEX
VCE=60V, VBE=-1-5V
Tc=150°C

- - 10 mA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 5 mA

Collector-Emitter
Sustaining Voltage

**
vCEO(SUS) IC=200mA, Ib=0 60 - - V

DC Current Gain nFE
VCE=2V, IC=1A 25 - 90

VCE=2V, IC=3A 15 - -

Base-Emitter Voltage VBE VCE=2V, IC=3A - - 1.5 V

Saturation
Voltage

Collector-Emitter VcE(sat) IC=5A, IB=0.5A - - 1.0
j

V

Base-Emitter VBE(sat) IC=5A, IB=0.5A - - 2.0 V

Small Signal Forward
Current Transfer Ratio

1 h f e 1

VCE=10V, IC=0.5A
f=lMHz

4 - -

* In accordance with JEDEC registration data.
** The sustaining voltage VcEO(SUS) MUST NOT be measured on a curve tracer.
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2N3713
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3714

GENERAL PURPOSE POWER TRANSISTOR.

POWER REGULATOR, SWITCHING AND SOLENOID DRIVES

APPLICATIONS.

FEATURES

:

. High Gain at High Current

. Low Saturation Voltage: VcE(sat)=l-OV (Max.)

@ IC=5A, IB=0.5A

. Excellent Area of Safe Operatings

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Thermal Resistance

SYMBOL

VcBO

VCEO

VeBO

ic

IB

'jc

RATING

100

80

10

150

1.17

UNIT

'C/W

Unit in mm

j^2 50MAX_.

f

21.01

f=;
MAX,

_, +ao9 I

Ao-ao4 i
n

Znz A-

+ 1

30i2±Q.2

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—2 4MA/TO-3

EIAJ TC—3 , TB-3

Junction Temperature 200 TOSHIBA 2—21D1A

Storage Temperature Range L stg -65-200 Weight : 12. 6g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEX VCE=100V, VBE=-1.5V
- - 1 mA

* Collector Cut-off Current ICEX
VCE=80V, VBE=-1.5V
Tc=150°C

- - 10 mA

* Emitter Cut-off Current lEBO VEB=7V, IC=0
- - 5 mA

* Collector-Emitter
Sustaining Voltage VcEO(SUS) IC=200mA, Ib=0 80 - - V

DC Current Gain t»FE
VCE=2V, IC=1A 25 - 90

VCE=2V, IC=3A 15 - -

* Base-Emitter Voltage VBE VCE=2V, IC=3A - - 1.5 V

* Saturation
Voltage

Collector-Emitter VcE(sat) IC=5A, Ib=0.5A - 1.0 V

Base-Emitter VBE(sat) IC=5A, IB=0.5A - - 2.0 V

Small Signal Forward
Current Transfer Ratio

ihf e i

VCE=10V, Ic=0.5A
f=lMHz

4 -

* In accordance with JEDEC registration data.

** The sustaining voltage VCEO(SUS) MUST NOT be measured, on a curve tracer.
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2N3714
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3715

GENERAL PURPOSE POWER TRANSISTOR.

POWER REGULATOR, SWITCHING AND SOLENOID DRIVES

APPLICATIONS.

FEATURES

:

. High Gain at High Current

. Low Saturation Voltage : VcE(sat)=0. 8V (Max.)

@ IC=5A, IB=0.5A

. Excellent Area of Safe Operatings

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 80 V

Collector-Emitter Voltage VcEO 60 V

Emitter-Base Voltage VEBO 7 V

Collector Current ic 10 A

Base Current IB 4 A

Collector Power Dissipation
(Tc=25C>C)

PC 150 W

Thermal Resistance 6 j c 1.17
u
c/w

Junction Temperature T
j

200 °c

Storage Temperature Range Tstg -65- 200 °C

025.OMAX,

*21.0 MAX

, +ao9
g^i.o—ao4

,

oc5.

c5c5

+ 1

30.2±0.2

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—2 4MA/TO—

3

EIAJ TC— 3 , TB—

3

TOSHIBA 2-21D1A

Weight : 12. 6g

ELECTRICAL CHARACTERISTICS (Ta=25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEX VCE=80V, VBE=-1.5V - - 1 mA

* Collector Cut-off Current ICEX
VCE=60V, VBE=-1.5V
Tc=150 C

- - 10 mA

* Emitter Cut-off Current iEBO VEB=7V, IC=0
- - 5 mA

* Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC= 200mA, Ib=0 60 - - V

* DC Current Gain hFE
VCE=2V, IC=1A 50 - 150

VCE=2V, IC=3A 30 - -

* Base-Emitter Voltage VBE VCE=2V, IC=3A - - 1.5 V

Saturation
Voltage

Collector-Emitter VcE(sat) IC=5A, IB=0.5A - - 0.8 V

Base-Emitter VBE(sat) IC=5A, Ib=0.5A - - 1.5 V

Small Signal Forward
Current Transfer Ratio

lhfe l

VCE=10V, IC=0.5A
f=lMHz

4 - -

* In accordance with JEDEC registration data.
** The sustaining voltage VcEO(SUS) MUST NOT be measured on a curve tracer.
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2N3715
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3716

GENERAL PURPOSE POWER TRANSISTOR.

POWER REGULATOR, SWITCHING AND SOLENOID

DRIVE APPLICATIONS.

FEATURES

:

. High Gain at High Current

. Low Saturation Voltage : VcE(sat)=0. 8V

@ IC=5A, IB=0.5A
. Excellent Area of Safe Operatings

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C)

Thermal Resistance

Junction Temperature

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

jc

RATING

100

80

10

150

1.17

200

UNIT

'C/W

Unit in mm

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—2 4MA/T0—

3

EIAJ TC— 3 , TB—

3

TOSHIBA 2—21D1A

Storage Temperature Range L stg -65-200 Weight : 12. i

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=100V, VBE=-1.5V - - 1 mA

Collector Cut-off Current ICEX
VCE=80V, VBE=-1.5V
Tc=150°C

- - 10 mA

Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 5 mA

Collector-Emitter
Sustaining Voltage

**
VCEO(SUS) Ic=200mA, Ib=0 80 - - V

DC Current Gain hFE
VCE=2V, IC=1A 50 - 150

VCE=2V, IC=3A 30 - -

Base-Emitter Voltage VBE VCE=2V, IC=3A - - 1.5 V

Saturation
Voltage

Collector-Emitter vCE<sat) IC=5A, IB=0.5A - - 0.8 V

Base-Emitter VBE(sat) IC=5A, IB=0.5A - - 1.5 V

Small Signal Forward
Current Transfer Ratio

Ihfel
VCE=10V, Ic=0.5A
f=lMHz

4 - -

* In Accordance with JEDEC Registration Data.
** The sustaining voltage VcEO(SUS) MUST NOT be measured on a curve tracer.
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2N3716
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3771

HIGH POWER AMPLIFIER, POWER SWITCHING,

DC-DC CONVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. High Collector Dissipation : Pc=150W (Tc=25°C)

. High Collector Current : Ic=30A (D.C)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage
(VBE=-1 • 5V, RBE=100fl)

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

DC

Peak

DC

Peak

Collector Power Dissipation
(Tc=25°C)

SYMBOL

VCBO

'CEX

vCEO

VEBO

IC

LCM

IB

IBM

RATING

50

50

40

30

30

7.5

15

150

UNIT

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO- 2 04 MA/TO -3

Junction Temperature Tj 200 EIAJ TC-3 , TB-3

Storage Temperature Range •stg -65^200 TOSHIBA 2-21D1A

Weight 12. 6g
ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICBO VCB=50V, IE=0
- - 2 mA

38 Collector Cut-off Current ICEX VCE=50V, VBE=-1.5V - -
. 2 mA

•*• Collector Cut-off Current rCEX
VCE=30V, VBE=-1.5V
Tc=150°C

- - 10 mA

* Collector Cut-off Current I CEO VCE=30V, Ib=0 - - 10 mA

S5 Emitter Cut-off Current IEBO VEB=5V, lc=0 - - 5 mA

3* Collector-Emitter
Breakdown Voltage

V (BR)CEO IC=200mA, I B=0 40 - - V

DC Current Gain hFE
VCE=4V, IC=15A 15 - 60

*;
VCE=4V, IC=30A 5 - -

38 Base-Emitter Voltage VBE VCE=4V » IC=15A - - 2.7 V

* Collector-Emitter vCE(sat)

IC=15A, I B=1.5A - - 2 V

IC=30A, I B=6A ~ - 4 V

•* Transition Frequency fT VCE=4V, IC=1A 0.2 - - MHz

3* Small Signal Forward
Current Transfer Ratio

hf e
VCE=4V '

IC=1A
f=lkHz

40 - -

^•In Accordance with JEDEC Registration Data.
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2N3771
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SILICON NPN TRIPLE DIFFUSED TYPE 2N3772

HIGH POWER AMPLIFIER, POWER SWITCHING

DC-DC CONVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. High Collector Dissipation : Pc=150W (Tc=25°C)

. High Collector Current : Ic=20A (D.C)

-Unit in mm

MAXIMUM RATINGS (Ta=25
J
c)

CHARACTERISTIC SYMBOL RATING UNIT

* Collector-Base Voltage VcBO 100 V
* Collector-Emitter Voltage

(VBE=-1.5V, RBE=100n)
VCEX 100 V

X Collector-Emitter Voltage vCEO 60 V

*• Emitter-Base Voltage VEBO 7 V

* Collector Current
DC ic 20 A

Peak ICM 30 A

•* Base Current
DC IB 5 A

Peak IBM 15 A

•*. Collector Power Dissipation
(Tc=25°C)

PC 150 W

* Junction Temperature T
j

200 °C

* Storage Temperature Range Tstg -65 ^200 °c

ELECTRICAL CHARACTERISTICS (Ta=25 C)

1. BASE

2. EMITTER

COLLECTOR ( CASE )

JEDEC T0-204MA/T0-3

EIAJ TC-3, TB-3

TOSHIBA

Weight': 12,

*

*

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=100V, Ie=0 - - 5 mA

Collector Cut-off Current ICEX VCE=100V, VBE=-1.5V - - 5 mA

Collector Cut-off Current ICEX
VCE=30V, VBE=-1.5V
Tc=150 C

- - 10 mA

Collector Cut-off Current ICE0 VCE=50V, IB=0 - - 10 mA

Emitter Cut-off Current lEBO VEB=7V, IC=0
- - 5 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=200mA, IB=0 60 - - V

DC Current Gain hFE
VCE=4V, IC=10A 15 - 60

VcE=^V, Ic=20A 5 - -

Base-Emitter Voltage VBE VCE=4V, IC=10A - 1.0 2.2 V

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=10A, IB=1A

- 0.3 1.4 V

IC=20A, IB=4A - - 4 V

Transition Frequency f T VCE=^V, IC=1A 0.2 - - MHz

Small Signal Current Gain
l

h fef VCE=4V, Ic=lA, f=lkHz 40 - -

•*• In Accordance with JEDEC Registration Data.
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH POWER AMPLIFER, POWER SWITCHING,
DC-DC CONVERTER AND REGULATOR APPLICATIONS

FEATURES:

. High Collector-Emitter Sustaining Voltage:
VCEO(SUS)=140V (Min.) @IC=0.2A, I B=0

. Excellent Area of Safe Operatings.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Unit in mm

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

DC

Peak

DC

Peak

Collector Power Dissipation
(Tc=25°C)
Derate Linearly above 25°C

SYMBOL
V,££Q_
VCEX

vCEO

VEBO

!CM

IBM

Junction Temperature

Storage Temperature

Ti

RATING
160

160

140

16

30

15

150

0.855

200

W/°C

-*!&. -65^200
°C

°C

ELECTRICAL CHARACTERISTICS

1. BASE
2. EMITTER
COLLECTOR ("CASE)

JEBEC TO-2 4MA/TO-3
EIAJ TC— 3. TB—

3

TOSHIBA 2-21D1A

CHARACTERISTIC
(Ta=25°C)

SYMBOL
Collector Cut-off Current

Collector Cut-off Current
Collector Cut-off Current

Collector Cut-off Current

Weight 12. 6g

ICBO

ICEX

-CEX

Emitter Cut-off Current

Collector-Emitter
Sustaining Voltage

Collector-Emitter
Sustaining Voltage

Collector-Emitter
Sustaining Voltage

DC Current Gain

Base-Emitter Voltage

Collector-Emitter
Saturation Voltage

I CEO

IEB0

v CEX(st

VCER(SUS)

TEST CONDITION

VCB=140V, l£=0

VCE=140V, VBE=-1-5V
VCe=140V, V BE=-1.5V, Tc=150°C

VCE=120V, IB=0

VEB=7V, IC=0

IC=0.1A, VBE=-1.5V
rbe=ioo ^

MIN TYP.

160

vCE0(SUS)

h-FE

VBE

Small Signal Current Gain
Small Signal Forward
Current Transfer Ratio

VCE(sat)

hf (

lhf
(

IC=0.2A, RBE=100fi

I C=0.2A, I B=0

VCE=4.0V, IC=8A

Vce=4-0V, I C=16A

VCE=4.0V, IC=J

IC=8A, I B=0.8A

IC=16A, I B=3.2A

VCE=4V, IC=1.0A, f=lkHz

VCE=4V, Ic=1.0A, f=50kHz

150

140

15

40

MAX.

2.0

2.0

10

10

5.0

UNIT

mA

mA

mA

mA

mA

60

2.2

1.4

4.0

*In Accordance with JEDEC Registration Data

'^'trace"
talnln8 V°ltageS VCEX(SUS)> VCER(sug) and VCE0(SUS) MUST NOT be measured on a curve

iiiiiiMiiiiiiiiiimiiiiiiimiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiim CORPORATION

-961-



2N3773

VCE IC - VBE

12

K 8

COMMON EMITTER

2.0 1.0
To = 2 5°C

Q8

0.6

0.5

a* .

0.3

Q2
I

ai

0.0 6

IB=a02A .

p

2 4 6 5

COLLECTOR—EMITTER VOLTAGE Vf

10

(V)

1000

500

300

« W
w m
H >
H
S H
^ rt

1
<!

W H
03 hJ
< O
m > ai

hpE — I C

+++

COMMON EMITTER

VCE=4V

III

Tc = lC 0°C

""'_.:::
"" -5 5

loi 0.03 ai a3 l 3 10 20
COLLECTOR CURRENT I c (A)

vBE(sat) - Ic

tr
COMMON EMITTER

IC/IB=10

(jj

Tc=—5 5°C

\ 25
100

a 01 003 ai a3 1 3 10 20
COLLECTOR CURRENT I G (A)

"0 0.4 a8 1.2 1.6

BASE—EMITTER VOLTAGE VBE (V)

I >
O
H H
O O
H <
A H
a J
o o
o >

VCE( sat) - ic

COMMON EMITTER

. I C/IB=10 1

&
"\

0.1
VJ

y.

Q05 -55
15

am
a 01 0.03 ai a3

COLLECTOR CURRE
1 3 10 20

NT I C (A)

P C - Tc
2UU

150

100

50

n
40 80 120 160

CASE TEMPERATURE Tc ("C)

TOSHIBA CORPORATION

-962-



SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER, SWITCHING CIRCUIT AND REGULATOR

APPLICATIONS.

FEATURES

:

. High Gain and Excellent hFE Linearity:
hFE=15 (Min.) @ VCE=-2V, IC=-3A

. Low Saturation Voltage:

VCE(sat)=-1.0V (Max.) @ Ic=-4A, IB=-0.4A

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

a Collector-Base Voltage VCBO -60 V

*• Collector-Emitter Voltage VCEO -60 V

38 Emitter-Base Voltage VEBO -7 V

•* Collector Current
DC ic -10 A

Peak ICM -15 A

38 Base Current IB -4 A

JS
Collector Power Dissipation
(Tc=25°C) Derate
Linearly above 25 °C

PC
150 W

0.86 W/°C

38 Junction Temperature T
J

200 °C

38 Storage Temperature Range Tstg -65-200 °C

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—2 04MA/T0-3

EIAJ TC— 3, TB—

3

TOSHIBA 2-21D1A

Weight : 12. 6g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

38

38

38

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=-60V, VBE=1.5V - - -1 mA

Collector Cut-off Current ICEX
VCE=-60V, VBE=1-5V
Tc=150°C

- - -5 mA

Collector Cut-off Current ICEO VCE=-30V, IB=0 - - -10 mA

Emitter Cut-off Current lEBO VEB=-7V, IC=0 - - -5 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=-0.2A, IB=0 -60 - - V

DC Current Gain hFE
VCE=~2V, IC=-1A 25 - 90

VCE=~2V, IC=-3A 15 - -

Saturation
Voltage

Collector-
Emitter

vCE(sat) IC=-4A, IB=-0.4A - - -1.0
_
V

Base-Emitter VBE(sat) IC=-4A, Ib=-0.4A - - -2.0 V

Transition Frequency fT VCE=-10V ,

I

c=-0 . 5A, f=lMHz 4 - - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - - 500 pF

38 In accordance with JEDEC registration data.
•*38The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer.
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SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER, SWITCHING CIRCUIT AND REGULATOR

APPLICATIONS.

FEATURES

:

. High Gain and Excellent hFE Linearity:
hFE=15(Min.) @ VCE=-2V, Ic=-3A

Low Saturation Voltage:

VcE(sat)=-1.0V(Max.)

MAXIMUM RATINGS (Ta=25 C)

@ IC=-4A, Ib=-0.4A

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)Derate Linearly
above 25 &

C

Junction Temperature

SYMBOL

VCBO

VCEO

VEBO

IC

ICM

IB

RATING

-80

-80

-7

-10

-15

-4

150

0.86

200

UNIT

w/
u
c

Unit in mm

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—2 4MA/T0—

3

TC— 3, TB—

3

TOSHIBA 2-21D1A

% Storage Temperature Range L Stg -65~ 200 Weight : 12. 6g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=-80V, VBE=1.5V - - -1 mA

Collector Cut-off Current ICEX
VCE=-80V, VBE=1.5V
Tc=150°C

- - -5 mA

Collector Cut-off Current ICEO VCE=-40V, IB=0 - - -10 mA

Emitter Cut-off Current lEBO VEB=-7V, IC=0 - - -5 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=-0.2A, IB=0 -80 - - V

DC Current Gain hFE
VCE=-2V, Ic=-1A 25 - 90

VCE=~2V, IC=-3A 15 - -

Saturation
Voltage

Collector-
Emitter

vCE(sat) IC=-4A, IB=-0.4A - - -1.0 V

Base-Emitter vBE(sat) IC=-4A, IB=-0.4A
- - -2.0 V

Transition Frequency fT Vce=-10V , Ic=-0 . 5A ,
f=lMHz 4 - - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - - 500 pF

-*C-In accordance with JEDEC registration data.
>*;The sustaining voltage Vceq(SUS) MUST NOT be measured on a curve tracer.

TOSHIBA CORPORATION
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SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER, SWITCHING CIRCUIT AND
REGULATOR APPLICATIONS

FEATURES

:

. High Gain and Excellent hpg Linearity:
hFE=30 (Min.) @ VCE=-2V, IC=-3A

. Low Saturation Voltage:

VcE(sat)=-1.0V (Max.)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

@ IC=-5A, Ib=-0.5A

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)Derate Linearly
above 25 C

Junction Temperature

SYMBOL

VcBO

VCEO

VEBO

ic

ICM

IB

Ti

RATING

-60

-60

-7

-10

-15

-4

150

0.86

200

UNIT

W/°C

025.OUAX.

1. BASE
2. EMITTER

COLLECTOR (CASE)

T0-204MA/T0-3

EIAJ TC-3. TB-3

TOSHIBA 2-21D1A
* Storage Temperature Range Lstg -65 ^200 Weight : 12.

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

A Collector Cut-off Current ICEX VCE=-60V, VBE=1.5V - - -1 mA

* Collector Cut-off Current ICEX
VCE=-60V, VBE=1.5V,
Tc=150°C

- - -5 mA

* Collector Cut-off Current iCEO VCE=-30V, IB=0 - - -10 mA

* Emitter Cut-off Current lEBO VEB=-7V, IC=0 - - -5 mA

* Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=-0.2A, IB=0 -60 - - V

* DC Current Gain hFE
VCE=-2V, IC=-1A 50 - 150

VCE=-2V, IC=-3A 30 - -

* Saturation
Voltage

Collector-Emitter vCE(sat) IC=-5A, IB=-0.5A - - -1.0 V

Base-Emitter vBE(sat) IC=-5A, IB=-0.5A - - -1.5 V

* Transition Frequency f T
VCE=-10V, IC=-0.5A
f=lMHz

4 - - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - - 500 pF

* In Accordance with JEDEC Registration Data.
** The sustaining voltage VcEq(suS) MUST NOT be measured on a curve tracer.
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SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER, SWITCHING CIRCUIT AND
REGULATOR APPLICATIONS.

FEATURES

:

. High Gain and Excellent hpg Linearity:
hFE=30 (Min.) @ VCE=-2V, Ic=-3A

Unit in irnn

Low Saturation Voltage:

VCE(sat)=-1.0V (Max.)

MAXIMUM RATINGS (Ta=25 C)

@ IC=-5A, IB=-0.5A

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)Derate Linearly
above 25 6

C

Junction Temperature

SYMBOL

VCBO

vCEO

vEBO

ic

ICM

IB

Ti

RATING

-80

-80

-7

-10

-15

-4

150

0.86

200

UNIT

^C~

1. BASE
2. EMITTER

COLLECTOR (CASE)

T0-204MA/TO-3
EIAJ TC-3 . TB-3

TOSHIBA 2-21D1A

* Storage Temperature Range L stg -65^200 Weight : 12. 6g

ELECTRICAL CHARACTERISTICS (ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=-80V, VBE=1.5V - - -1 mA

Collector Cut-off Current ICEX
VCe=-80V, VBE=1.5V
Tc=150°C

- - -5 mA

Collector Cut-off Current ICEO VCE=-40V, IB=0
- - -10 mA

Emitter Cut-off Current IEB0 VEB=-7V, IC=0
- - -5 mA

Collector-Emitter
Sustaining Voltage

**
vCE0(SUS) IC=-0.2A, lB=0 -80 - - V

DC Current Gain hFE
VCE=-2V, IC=-1A 50 - 150

VCE=-2V, IC=-3A 30 - -

Saturation
Voltage

Collector-Emitter VcE(sat) IC=-5A, IB=-0.5A - - -1.0 V

Base-Emitter VBE(sat) IC=-5A, IB=-0.5A - - -1.5 V

Transition Frequency fT
VCE=-10V, Ic=-0.5A
f=lMHz

4 - - MHz

Collector Output Capacitance Cob Vcb=-10V, Ie=0, f=lMHz - - 500 pF

* In Accordance with JEDEC Registration Data.
** The sustaining voltage Vce(SUS) MUST NOT be measured on a curve tracer,

inn jiiiiim iniif

i

jiiiiiiiii II iiiiiiiiiiiMiiiiiini iiiiiiiiiiiiiinii n iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiii inmiiii iimiiiiiiiiimiiNiiii mi u iiiiniii TOSHIBA CORPORATION

-969-



2N3792
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SILICON PNP TRIPLE DIFFUSED TYPE

Unit in mm

HIGH POWER SWITCHING, AMPLIFIER, DC-DC CONVERTER,

INVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. Specification for hpE and VcE(sat) UP to 30A:

hpE=5.0 (Min.) @ VCE=-4.0V, IC=-30A

VCE(sat)=-4.0V (Max.) @ Ic=-30A, IB=-6A

. Low Saturation Voltage:

vCE(sat)=-0.75V (Max.) @ IC=-10A, IB=-1.0A

vBE(sat)="l-6V (Max.) @ IC=-10A, IB=-1.0A

. High Collector Power Dissipation Capability:

P C=200W (Max.)

. Complementary to 2N5301

MAXIMUM RATINGS (Ta=25°C)

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—2 4MA/T0—

3

TC—3, TB—

3

TOSHIBA 2-21D1A

Weight : 12. 6g

CHARACTERISTIC SYMBOL - RATING UNIT

Collector-Base Voltage VCBO -40 V

Collector-Emitter Sustaining Voltage vCEO(SUS) -40 V

Emitter-Base Voltage Vebo -5.0 V

Collector Current
DC

ic
-30 A

Peak -50 A

Base Current DC
IB

-7.5 A

Peak -15 A

Collector Power
Dissipation

Ta=25°C
_

.. . PC 5.0 W

Derate above 25 C 28.6 mW/°C

Tc=25°C p C 200 W

Derate above 25 C 1.15 W/°C

Junction Temperature T
j

200 °C

Storage Temperature Range Tstg -65-200 °C

tllMlirillllllllllltltllMIIMIII MI1III1I1 ItMtlMII IJMIlllIIIMItll ItlMltllllllllllllllltMllltl IIIIIIItlMI I llIltllMMIllJlllltllllllllllMllllltlllllllllllll IIM1IIJI ~W~^^^^—l^^^^^^ CORPORATION
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2N4398

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP MAX. UNIT

58 Collector Cut-off Current iCBO VCB=-40V, IE=0
- - -1.0 mA

58 Collector Cut-off Current ICEX VCE=-40V, VBE=1.5V - - -5.0 mA

58 Collector Cut-off Current ICEX VCE=-30V, VbE=1-5V, Tc=150°C - - 10 mA

58 Collector Cut-off Current ICEO VCE=-40V, IR=0
- - -5.0 mA

58 Emitter Cut-off Current IEBO VEB=-5V, IC=0
- - -5.0 mA

58 Collector-Emitter
Sustaining Voltage

5858
VCEO(SUS) Ic=-200mA, IB=0 -40 - - V

DC Current Gain hFE

VCE=-2.0V, IC=-1.0A 40 - -

8 VCE=-2.0V, IC=-15A 15 - 60

VCE=-4.0V, IC=-30A 5.0 - -

* Base-Emitter Voltage VBE
VCE=-2.0V, IC=-15A

- - -1.7 V

VCE=-4.0V, IC=-30A
- - -3.0 V

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=-10A, Ib=-1.0A - - -0.75 V

58 IC=-15A, IB=-1.5A
- - -1.0 V

IC=-20A, IB=-2.0A
- - -2.0 V

IC=-30A, IB=-6.0A
- - -4.0 V

Base-Emitter
Saturation Voltage

vBE(sat)

IC=-10A, IB=-1.0A
- - -1.6 V

58
IC=-15A, IB=-1.5A

- - -1.85 V

IC=-20A, IB=-2.0A
- - -2.5 V

58 Transition Frequency fT VCE=-10V, Ic=~1.0A, f=1.0MHz 2.0 - - MHz

58 Small-Signal Current Gain hfe VCE=-10V, Ic=-1.0A, f=1.0kHz 40 - -

Switching
Time

Rise Time tr See Fig. 1-1 - - 0.4 us

58 Storage Time tstg See Fig. 1-2
- - 1.5 JUS

Fall Time tf - - 0.6 flS

58 In Accordance with JEDEC Registration Data.
5858 The sustaining voltage VcEO(SUS) MUST NOT be measured on a curve tracer.

Fig. 1 SWITCHING TIME EQUIVALENT TEST CIRCUITS

Fig. 1-2 TURN-OFF TIMEFig. 1-1 TURN-ON TIME

Vcc=
INPUT PULSE o

t r <2 0ns
J

-30V

P.W=10 to 100AS oi
D.U=S% Lo

2.0V . 10 A
TO SCOPE
t r <20na

^..XJ^^L

INPUT PULSE
tr <20ns
P.W=10 to 100,tts

D.U=2%

VCC=-30V

TO SCOPE
•t <20ne

VBB=4.0V
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2N4398
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SILICON PNP TRIPLE DIFFUSED TYPE

HIGH POWER SWITCHING.AMPLIFIER, DC-DC CONVERTER,

INVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. Specification for hpE and VcE(sat) Up to 30A :

hFE=5.0 (Min.) @ vCE=-4.0V, IC=-30A

vCE(sat)="4.0V (Max.) @ IC=-30A, IB=-6A

. Low Saturation Voltage :

VCE(sat)=-0.75V (Max.) @ IC=-10A, Ib=-1.0A

VBE(sat)=-1.6V (Max.) @ IC=-10A, IB=-1.0A

. High Collector Power Dissipation Capability :

PC=200W (Max.)

. Complementary to 2N5302

Unit in mm

1. BASE
2. EMITTER

COLLECTOR ("CASE)

JEDEC TO—2 04MA/TO—

3

EIAJ TC—3, TB—

3

TOSHIBA 2-2 1D1A

Weight : 12. 6g

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

•*• Collector-Base Voltage VcBO -60 V

5K Collector-Emitter Sustaining Voltage VcEO(SUS) -60 V

JK Emitter-Base Voltage Vebo -5.0 V

*• Collector Current
DC

ic
-30 A

Peak -50 A

38 Base Current
DC

IB
-7.5 A

Peak -15 A

Collector Power
Dissipation

Ta=25°C PC 5.0 W

38 Derate above 25 C 28.6 mW/°C

Tc=25°C PC 200 W

Derate above 25 C 1.15 w/
u
c

38 Junction Temperature Tj 200 °C

38 Storage Temperature Range Tstg -65^200 °C

TOSHIBA CORPORATION mini i iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiii mi imimiiMiimiiiiiiiiiiiiiiiiiimiiiNiiiiiiimuiiiiiiiiiiiiiiiiiimiiimiimniiiii iiiiiiiiiiiiiiiiu min
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2N4399

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-60V, IE=0 - - -1.0 mA
Collector Cut-off Current ICEX Vce=-60V, VBE=1.5V - - -5.0 mA
Collector Cut-off Current ICEX VcE=-30V, VBE=1.5V, Tc=150°C - - -10 mA
Collector Cut-off Current !CEO VCE=-60V, IB=0 - - -5.0 mA
Emitter Cut-off Current IEBO VEB=-5V, IC=0 - - -5.0 mA
Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=-200mA, IB=0 -60 - - V

DC Current Gain hFE

VCE=-2.0V, IC=-1.0A 40 - -

VCE=~2.0V, IC=-15A 15 - 60

VCE=-4.0V, IC=-30A 5.0 - _

Base-Emitter Voltage VBE
VcE=-2.0V,- IC=-15A - - -1,7 V

VcE=-4.0V, IC=-30A - - -3.0 V

Collector-Emitter
Saturation Voltage VCE(sat)

IC=-10A, IB=-1.0A - - -0.75 V

IC=-15A, IB=-1.5A - - -1.0 V

IC=-20A, IB=-2.0A - - -2.0 V

IC=-30A, IB=-6.0A - - -4.0 V

Base-Emitter
Saturation Voltage vBE(sat)

IC=-10A, IB=-1.0A - - -1.6 V

IC=-15A, IB=-1.5A - - -1.85 V

IC=-20A, IB=-2.0A - - -2.5 V
Transition Frequency f T VCE=-10V, IC=-1.0A, f=1.0MHz 2.0 - MHz
Small-Signal Current Gain hfe VCE=-10V, IC=-1.0A, f=1.0kHz 40 - -

Switching
Time

Rise Time tr See Fig. 1-1 - - 0.4 ^s

Storage Time tstg
See Fig. 1-2

- - 1.5 MS

Fall Time tf - - 0.6 us

•£ InAccodance with JEDEC Registration Data.
*-*;The sustaining voltage VCEo(SUS) MUST NOT be measured on a curve tracer.

Fig. 1 SWITCHING TIME EQUIVALENT TEST CIRCUITS

Fig. 1-1 TURN-ON TIME Fig. 1-2 TURN-OFF TIME

INPUT PULSE
t r <-2 0ns

P.W=10 to 100MB

D.U=2%

i=-30V

TO SCOPE
t r < 20ns

9V- -

INPUT PULSE
t r ^*2 Oris

P.W=10 to 100Mi

D.U=2%

10

Vnn=-30V

TO SCOPE
t^ < 20ns

= 4.0V

TOSHIBA CORPORATION
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2N4399

IC — VCE

COMMON EMITTER

/
/ -3

Tc=2 5°C

/

>'/ *•
""

-2

/
/

—1

-as
a6

-a*.

-a2

-ai
IB=—0.0 3A -

1 1
o

"0 —2—4-6—8 —10

COLLECTOR—EMITTER VOLTAGE VCE (V)

1000

hFE "" ic

: COMMON EMITTER

. VCE=-2V500

fc 300 rc=ioo°c'

53w 100
ili I

2
-
5

-;:

<

5H 50 2

H 30

g
D
° in

o

3
-a oi -a 03 -Qi -a 3 -l -3 —10

COLLECTOR CURRENT I c (a)

VBE(sat) - X C
-10

<! oi

Ul 0)

« H
W pq
H >
H
M
a h
^ rt
<

W H
CO h-I

<! O
m >

-a 5

-a 3

== - ^ra

COMMON EMITTER
IG/lB=10

III

Tc— E>5 C

\ *,5

)
N 10C

-a oi —a 03 —ai —a 3 —1
COLLECTOR CURRENT

—3 —10

IC ( A )

ic - VBE
-4U

-30

*'''
/>

-20

A°/
0// /

-10
£/ V

-0.5

-Q3

-ai

k > —0.05

h g —Q03
W <!

O O —Q01
o >

-0.4 —a8 —1.2 -1.6 -2.0

BASE—EMITTER VOLTAGE VBE (V)

vCE(sat) - IC

1

1

. Ic/IB^IO

4*>*
«£

'/

1

-55

i 5

t|

1 1

0.01 -0.03 -ai -a3 -1 -3 -10

COLLECTOR CURRENT Ic (A)

250
PC - Tc

200

150

100

n
to 80 120 160 200
CASE TEMPERATURE Tc (°C)

240

TOSHIBA CORPORATION iiimiiiiiiMIMMIIIIIIMMIMIIIIIIHIHIHIHIMIIIIIIIIIIIIIIHIIIIMIHIIIIIIMUIHM

-976-



SILICON NPN TRIPLE DIFFUSED TYPE 2N5038

DC-DC CONVERTER, SWITCHING REGULATOR AND

HIGH POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Excellent Switching Times
: tr <0.5As, tf<0.5AS @ Ic=12A, Ib=1.2A

. Low Saturation Voltage
: VCE(sat)<2.5V @ IC=20A, Ib=5A

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Sustaining
Voltage (Vbe=-1-5V, RbE=100Q)

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C) Derate Linearly
above 25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEX(SUS)

'EBO

ic

XCM

IB

PC

cstg

RATING

150

150

20

30

140

0.8

200

-65- 200

UNIT

W/°C

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—2 4MA/T0—

3

TC—3 , TB-3

TOSHIBA 2-21D1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 12. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=140V, VbE="1-5V - - 50 mA

Collector Cut-off Current ICEX VCe=100V, VBe=-1-5V,Tc=150°C
- 10 mA

Emitter Cut-off Current lEBO
VEB=5V, IC=0

- — 5 mA

VEB=7V, IC=0
- - 50 mA

Collector-Emitter Sustaining
Voltage

VCEO(SUS) IC=0.2A, Ib=0 90 - - V

DC Current Gain hFE
VCE=5V, Ic=2A 50 - 250

VCE=5V, IC=12A 20 - 100

Saturation
Voltage

Collector-Emitter VcE(sat) IC=20A, Ib=5A - - 2.5 V

Base-Emitter VBE(sat) IC=20A, IB=5A
- - 3.3 V

Small Signal Forward Current
Transfer Ratio

Ihfel VCE=10V, Ic=2A, f=5MHz 12 - -

Switching
Time

Rise Time tr INPUT Jfil .—oOUTPUT
!IC= 12A

- - 0.5 jus

Storage Time tstg
- - 1.5 MS

Fall Time tf
IB1—

I

B2-L2A V
DUTY CYCLE<2% CC=30V - - 0.5 MS

* In accordance with JEDEC registration data.

** The sustaining voltage VcEO(SUS) MUST NOT be measured on a curve tracer.
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2N5038
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SILICON NPN TRIPLE DIFFUSED TYPE 2N5039

DC-DC CONVERTER, SWITCHING REGULATOR AND
HIGH POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Excellent Switching Times
: tr <0.5AS, tf<0.5>us @ Ic=10A, Ib=1A

. Low Saturation Voltage
: VcE(sat) <2.5V @ Ic=20A, Ir=5A

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Sustaining
Voltage (VBE=-1.5V, RBE=100Q)

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)Derate Linearly 25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEX(SUS)

VEBO

ic

ICM

IB

PC

Tstg

RATING

120

120

20

30

1A0

0.8

200

-65~200

UNIT

w/
u
c

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—2 4MA/T0-3

EIAJ TC—3 , TB—

3

TOSHIBA 2—2 1D1A

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 12. 6g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=H0V, VBE=-1.5V - - 50 mA

Collector Cut-off Current ICEX VCE=85V,Vbe=-1.5V, Tc=150°C - - 10 mA

Emitter Cut-off Current Iebo
VEB=5V, IC=0

- - 15 mA

VEB=7V, IC=0
- - 50 mA

Collector-Emitter Sustaining
Voltage

VCEO(SUS) IC=0.2A, IB=0 75 - - V

DC Current Gain hFE
VCE=5V, IC=2A 30 - 250

VCE=5V, IC=10A 20 - 100

Saturation
Voltage

Collector-Emitter VcE(sat) IC=20A, Ib=5A - - 2.5 V

Base-Emitter VBE(sat) IC=20A, Ib=5A - - 3.3 V

Small Signal Forward Current
Transfer Ratio

Ihfel VCE=10V, Ic=2A, f=5MHz 12 - -

Switching
Time

Rise Time tr ^ INPUT *§!. ^—

|

lBlf
laiB2 *» \

—o OUTPUT

tIc=10A

- - 0.5 flS

Storage Time tstg
- - 1.5 ftS

Fall Time tf
iBl—lB2-^ A V
DUTY CYCLES2% CC=30V - - 0.5 flS

* In accordance with JEDEC registration data.
** The sustaining voltage VcEO(SUS) MUST NOT be measured on a curve tracer.
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2N5039
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SILICON NPN TRIPLE DIFFUSED TYPE 2N5301

Unit in mm

HIGH POWER SWITCHING, AMPLIFIER, DC-DC CONVERTER,

INVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. Specification for h^g an& vCE(sat) Up to 30A:

hFE=5.0 (Min.) @ VCE=4.0V, IC=30A

VCE(sat)=3.0V (Max.) @ Ic=30A, IB=6A

. Low Saturation Voltage:

VcE(sat)=0.75V (Max.) @ IC=10A, IB=1.0A

VBE(sat)=l-7V (Max.) @ Ic=10A, Ib=1.0A

. High Collector Power Dissipation Capability:

PC=200W (Max.)

. Complementary to 2N4398

MAXIMUM RATINGS (Ta=25 C)

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—2 4MA/T0-3

EIAJ TC-3, TB—

3

TOSHIBA 2-21D1A

Weight : 12. 6g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 40 V

Collector-Emitter Sustaining Voltage vCEO(SUS) 40 V

Emitter-Base Voltage vEBO 5 V

Collector Current
DC ic 30 A

Peak ICM 50 A

Base Current IB 7.5 A

Collector Power Dissipation (Tc=25 C)

Derate above 25 C

PC 200

1.14

W

W/°C

Junction Temperature T
J

200
u
c

Storage Temperature Range Tstg -65-200
u
c

JKIn Accordance with JEDEC Registration Data format JS-6 RDF-2.

li»litlllillltiilllliilliIMilliillil<llllHlliliilltlliMliitlllllllitllil<l»llllllltHiiililltllltlililillillltlllllllliIltlillillitilllliilllliIlillilltiilllllllIllillIillIlliHtliiiHllliHIHIHtillllHHilHiHIHi ~B~^^9^^— ^^.^^. CORPORATION
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2N5301

ELECTRICAL CHARACTERISTICS (Ta=25°c:

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

38 Collector Cut-off Current ICBO VCB=40V, IE=0 - - 1.0 mA
38 Collector Cut-off Current XCEX Vce=40V, VBE=-1.5V - - 1.0 mA
38 Collector Cut-off Current ICEX VCE=40V, VBE=-1.5V, Tc=150°C - - 10 mA
38 Collector Cut-off Current ICEO VCE=40V, IB=0 - - 5.0 mA
38 Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 5.0 mA
3* Collector-Emitter

Sustaining Voltage
3838

vCEO(SUS) Ic=200mA, IB=0 40 - - V

DC Current Gain hFE

VCE=2.0V, IC=1.0A 40 _ _
•

38 VCE=2.0V, IC=15A 15 _ 60

VCE=4.0V, IC=30A 5.0 - -

38 Base-Emitter Voltage VBE
VCE=2.0V, IC=15A - - 1.7 V

VCE=4.0V, IC=30A - - 3.0 V

w Collector-Emitter
Saturation Voltage vCE(sat)

IC=10A, IB=1.0A - - 0.75 V

IC=20A, IB=2.0A - - 2.0 V

IC=30A, IB=6.0A - - 3.0 V

* Base-Emitter
Saturation Voltage vBE(sat)

IC=10A, IB=1.0A - - 1.7 V

IC=15A, IB=1.5A - - 1.8 V

IC=20A, IB=2.0A - - 2.5 V
38 Transition Frequency fT VCE=10V, IC=1.0A, f=1.0MHz 2.0 - - MHz
38 Small-Signal Current Gain hf e VCE=10V, IC=1.0A, f=1.0kHz 40 - -

»; Switching,

Time

Rise Time tr See Fig. 1-1 - - 1.0 MS

Storage Time fcstg See Fig. 1-2
- - 2.0 MS

Fall Time tf - - 1.0 us
38 In Accordance with JEDEC Registration Data Format JS-6 RDF-1.

38 38 The sustaining voltage VceO(SUS) MUST NOT be measured on a curve tracer.
Fig. 1 SWITCHING TIME EQUIVALENT TEST CIRCUITS

Fig. 1-2 TURN-OFF TIMEFig. 1-1 TURN-ON TIME

INPUT PULSE
tr <^20ns
P.W = 10 to lOOtts

D.U=2%

-2V

10—**f-

--sov

TO SCOPE
t r <^20ns

INPUT PULSE
t r <^2 0ns
P.W=10 to 100AS
D.U=2%

11V
,

10

T

TO SCOPE
t r ^20ns

VBB=-4V
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2N5301
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2N5302 SILICON NPN TRIPLE DIFFUSED TYPE

Unit in mm

HIGH POWER SWITCHING, AMPLIFIER, DC-DC CONVERTER,

INVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. Specification for hFE and VCE ( sat ) Up to 30A:

hFE=5.0 (Min.) @ VCE=4.0V, IC=30A

vCE(sat) =3 - ov (Max.) @ IC=30A, IB=1.0A

. Low Saturation Voltage:

vCE(sat)=0-75V (Max.) @ IC=10A, Ib=1.0A

vCE(sat)=l-7V (Max.) @ IC=10A, Ib=1.0A

. High Collector Power Dissipation Capability:

PC=200W (Max.)

. Complementary to 2N4399

MAXIMUM RATINGS (Ta=25°c)

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—2 4MA/TO—3

EIAJ TC-3, TB—

3

2-21D1A

Weight : 12. 6g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 60 V

Collector-Emitter Sustaining Voltage vCEO(SUS) 60 V

Emitter-Base Voltage vEBO 5 V

Collector Current
DC ic 30 A

Peak ICM 50 A

Base Current IB 7.5 A

Collector Power Dissipation (Tc=25°C)

Derate above. 25 C

PC 200

1.14

W

W/°C

Junction Temperature T
j 200 °C

Storage Temperature Range Tstg -65-200 °C

•X-In Accordance with JEDEC Registration Data format JS-6 RDF-2

TOSHIBA ^IS^I>F9B^^^^9^eK.TB^^aXI ItlllllMlllllllllllllMlltllllllllNIIIIIMIIIIIIItlMlllllllllllltlllllltlllllllllllltllllllllllllllllllllllllllllltllllllllltlltlllllllllllllllllltllltlf IIIIIIIIIIIIItlllllilllllllHIIIIllllllllllllltlllllllllllllllM
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2N5302

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

*• Collector Cut-off Current ICBO VCB=60V, IE=0 - - 1.0 mA

*• Collector Cut-off Current ICEX VCE=60V, VBE=-1.5V - - 1.0 mA

585 Collector Cut-off Current ICEX VcE=60V, VBE=-1.5V, Tc=150°C - - 10 mA

85 Collector Cut-off Current ICEO VCE=60V, I B=0 - - 5.0 mA

*• Emitter Cut-off Current xEBO VEB=5V, IC=0 - - 5.0 mA
*• Collector-Emitter

Sustaining Voltage

**•
vCEO(SUS) Ic=200mA, I B=0 60 - - V

DC Current Gain hFE

VCE=2.0V, IC=1.0A 40 - -

*• VCE=2.0V, Ic=15A 15 - 60

VCE=4.0V, IC=30A 5.0 - -

* Base-Emitter Voltage VBE
VCE=2.0V, IC=15A - - 1.7 V

VCE=4.0V, IC=30A - - 3.0 V

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=10A, IB=1.0A - - 0.75 V

*• IC=20A, IB=2.0A - - 2.0 V

IC=30A, IB=6.0A - - 3.0 V

Base-Emitter
Saturation Voltage

vBE(sat)

IC=10A, IB=1.0A - - 1.7 V
•<*

IC=15A, IB=1.5A- - - 1.8 V

IC=20A, IB=2.0A - - 2.5 V

•*• Transition Frequency fT VCE=10V, IC=1.0A, f=1.0MHz 2.0 - - MHz

*• Small-Signal Current Gain hfe VCE=10V, IC=1.0A, f=1.0kHz 40 - -

Switching
Time

Rise Time tr See Fig. 1-1 - - 1.0 us

•*• Storage Time tstg See Fig. 1-2
- - 2.0 /US

Fall Time tf - - 1.0 us

8-In Accordance with JEDEC Registration Data Format JS-6 RDF-1

.

^••X-The sustaining voltage VCE0(SUS)MUST NOT be measured on a curve tracer.

Fig. 1 SWITCHING TIME EQUIVALENT TEST CIRCUITS

Fig. 1-1 TURN-ON TIME
VCC = 3 0V

INPUT PULSE
t r <20ns
P.W=10 to 100/is

D.U=2% |—o TO SCOPE
10 .J t,.^2 0ns

-2V-
-Jl

Fig. 1-2 TURN-OFF TIME

INPUT PULSE
t r <2 Ons
P.W=10 to 100/is

D.U=2%
11?

—9V VBB=-4V

TOSHIBA CORPORATION
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2N5302
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SILICON NPN TRIPLE DIFFUSED TYPE 2N5303

HIGH POWER SWITCHING, AMPLIFIER, DC-DC CONVERTER,

INVERTER AND REGULATOR APPLICATIONS

FEATURES

:

. High Collector-Emitter Sustaining Voltage:

VCEO(SUS)=80V (Min.) @ IC=200mA, IB=0

. Specification for hpg and VcE(sat) Up to 20A:

hFE=5.0 (Min.) @ VCE=4.0V, IC=20A

vCE(sat) =2 -0V (Max.) @ IC=20A, IB=4.0A

. Low Saturation Voltage:

VcE(sat)=0-75V (Max.) @ Ic=10A, IB=1.0A

vBE(sat)=l-7V (Max.) @ IC=10A, IB=1.0A

. High Collector Power Dissipation Capability:

PC=200W (Max.)

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

1. BASE
2. EMITTER

COLLECTOR ("CASE)

TO-2 4MA/TO— 3

EIAJ TC-3, TB-3

TOSHIBA 2-21D1A

Weight : 12. 6g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 80 V

Collector-Emitter Sustaining Voltage vCEO(SUS) 80 V

Emitter-Base Voltage vEBO 5 y

Collector Current
DC ic 20 A

Peak ICM 40 A

Base Current IB 7.5 A

Collector Power Dissipation (Tc=25°C)

Derate above 25 C

PC 200

1.14

W

w/°c

Junction Temperature T
J

200 °c

Storage Temperature Range Tstg -65 ~200 °c

^•In Accordance with JEDEC Registration Data format JS-6 RDG-2

,

Itlllilllltlltlllllltlllllltllllltllllllllllllltlllllilllltllllllllllllltllllllllllllllllllltlltllllllltliltlllllfllllllllllllltllllllllllllfllllltlililliifiiilliiiillllllllllillllllltlilllllllllllllllllllllltlltlltlllll
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2N5303

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
38 Collector Cut-off Current ICBO VCB=80V, IE=0 - - 1.0 mA
38 Collector Cut-off Current ICEX VCE=80V, VBE=-1.5V - - 1.0 mA

38 Collector Cut-off Current ICEX VCE=80V, vBE=-1.5V, Tc=150°C - - 10 mA
38 Collector Cut-off Current ICEO VCE=80V, IB=0 - - 5.0 mA
38 Emitter Cut-off Current ^BO VEB=5V, IC=0 - - 5.0 mA
38 Collector-Emitter

Sustaining Voltage
.. 3838
vCEO(SUS) Ic=200mA, IB=0 80 - - V

DC Current Gain nFE

VCE=2.0V, IC=1.0A 40 - -

38 VCE=2.0V, IC=10A 15 - 60

VCE=4.0V, IC=20A 5.0 - _

38 Base-Emitter Voltage VBE
VCE=2.0V, IC=10A - - 1.5 V

VCE=4.0V, IC=20A - - 2.5 V

•^ Collector-Emitter
Saturation Voltage vCE(sat)

IC=10A, IB=1.0A - - 1.0 V

IC=15A, IB=1.>5A - - 1.5 V

IC=20A, IB=4.0A - - 2.0 V

38 Base-Emitter
Saturation Voltage

VBE(sat)

IC=10A, IB=1.0A - - 1.7 V

IC=15A, IB=1.5A - - 2.0 V

IC=20A, IB=4.0A - - 2.5 V

38 Transition Frequency fT VCE=10V, IC=1.0A, f=1.0MHz 2.0 - - MHz

as Small-Signal Current Gain hf e VCE=10V, IC=1.0A, f=1.0kHz 40 - -

38 Switching
Time

Rise Time tr See Fig. 1-1 - - 1.0 AS

Storage Time tstg See Fig. 1-2
- - 2.0 AS

Fall Time tf - - 1.0 AS

38 In Accordance with JEDEC Registration Data Format JS-6 RDF-1

.

3838 The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer.

Fig.l SWITCHING TIME EQUIVALENT TEST CIRCUITS

Fig. 1-1 TURN-ON TIME Fig. 1-2 TURN-OFF TIME

-

-2V-

INPUT PULSE
tr <^20ns
P.W=10 to 100AS
D.U=2%

10
O v/W-

INPUT PULSE
t r ^2 One
P.W=10 to 100AS

TO SCOPE D.U=2%
t r^20ns 11V_.__ ,

1°

VCC=30V

T
—9V-

VBB=-tV

TO SCOPE
t.,^2 Ons

TOSHIBA CORPORATION
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2N5303
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH POWER AMPLIFIER, POWER SWITCHING AND

DC-DC CONVERTER APPLICATIONS.

FEATURES

:

. High Collector-Emitter Sustaining Voltage

: VCEO(SUS)=200V (Min.)

.. Low Saturation Voltage : VcE(sat) < !• 5V

@ IC=10A, IB=1A

. Excellent Switching Times : tr <2.0;U s, tf <1.0fis

@ IC=10A, Ib=±1A

. High Collector Power Dissipation Capacity

: Pc=175W (Max.)

. Excellent Area of Safe Operatings

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Sustaining
Voltage (RBE= 50Q)

Collector-Emitter Sustaining
Voltage (VBE=0)

Collector-Emitter Sustaining
Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power

Dissipation

Tc=25°C

Tc=100 C

Derate Linearly above 25°C

Junction Temperature

Storage Temperature Range

Lead Temperature
(0.8mm from case for 10s)

SYMBOL

VCBO

VCER(SUS)

VCEX(SUS)

VCEO(SUS)

VEBO

ic

ICM

IB

?C

L stg

TL

RATING

300

225

225

200

10

30

10

175

100

1.0

200

-65-200

230

UNIT

V

W/°C

Unit in mm

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO-2 4MA/TO—

3

EIA J TC—3 , TB—

3

TOSHIBA 2—2 1E1A

Weight : 15.

TOSHIBA CORPORATION
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2N6249

ELECTRICAL CHARACTERISTICS (Ta=25 c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEV Vqe=225V, Vbe=~1.5V - - 5 mA

* Collector Cut-off Current ICEV
VCE=225V, Vbe=-1-5V

Tc=125°C
- - 10 mA

Collector Cut-off Current ICEO VCE=150V, IB=0 - - 5 mA

* Emitter Cut-off Current lEBO VEB=6V, Ic=0 - - 1 mA

* Collector-Emitter
Sustaining Voltage

**
VCER(SUS) IC=0.2A, RBE=50Q 225 - - V

* Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=0.2A, IB=0 200 - - V

* Emitter-Base Breakdown
Voltage v (BR)EBO IE=lmA, IC=0 6 - - V

* DC Current Gain hFE VCE=3V, IC=10A 10 - 50

* Saturation
Voltage

Collector-Emitter VcE(sat) IC=10A, Ib=1A - - 1.5 V

Base-Emitter VBE(sat) IC=10A, IB=1A - - 2.25 V

* Small Signal Current Gain lhfe l

VCE=10V, IC=1A

f=lMHz
2.5 - -

Switching
Time

Rise Time tr
Im

f
TO™ - - 2.0 usINPUT o ^=X—

K

10MB XB2 |
'

i—i 1

iBlITI^r *

j c=200V

*

Storage Time tstg - - 3.5 flS

Fall Time tf
IB1=-IB2 = 1 A

DUTY CYCLE<2%
- - 1.0 fJLS

* Second Breakdwon Collector
Current (Base Forward Bias)

Is/b
VCE=30V, t=ls
(non-repetitive)

5.8 - - A

* Second Breakdown Energy
(Base Reverse Bias)

E s /b
IC=10A, VBE=-4V,
L=50^H

2.5 - - mJ

* In accordance with JEDEC registration data.

** The sustaining voltages VcER(SUS) and VcEo(SUS) MUST NOT be measured

on a curve tracer.

iiittiiiiiiiiiiiiiiiiiiiiiiiftillliliilliiitiitiiiiiiiiitiiiiiiiiaiiiiiitiitiiitiiiHiitiitiitiiiiiiiiitiiiiiifiiiiilllittiiltiiiiiiiiiiiiiiiitiiiiif iiiiiiiiiiitiiitiiiiiiiiiliiiiiiitiiiiifiitiiifiitiiiiiittiiiiini H^^^Bi^^B—HB^^.^^. CORPORATION
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2N6249
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SILICON NPN TRIPLE DIFFUSED TYPE

DC-DC CONVERTER, SWITCHING REGULATOR

AND HIGH POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector-Emitter Sustaining Voltage

: VCE0 (SUS)=275V (Min.)

. Low Saturation Voltage : VcE(sat) <1- 5V

@ IC=10A, Ib=1.25A

. Excellent Switching Times : tr <2.0jus, tf <1.0^s

@ Ic=10A, IB=±1.25A

. High Collector Power Dissipation Capacity

: P C=175W (Max.)

. Excellent Area of Safe Operatings

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Sustaining
Voltage (RBE=5Qfl)

Collector-Emitter Sustaining
Voltage (VBE=0)

Collector-Emitter Sustaining
Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power
Dissipation

Tc=25°C

Tc=100 C

Derate Linearly above 25°C

Junction Temperature

Storage Temperature Range

Lead Temperature
(0.8mm- from case for 10s)

SYMBOL

VcBO

VCER(SUS)

VCEX(SUS)

VCEO(SUS)

Vebo

ic

ICM

IB

L stg

TL

RATING

375

300

300

275

10

30

10

175

100

1.0

200

-65-200

230

UNIT

W/°C

Unit in mm

02&OMAX X

etero max,
X
1

5i

'
1

"I

*

+0.09
0i.o—a 04

\

+ 1

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—2 4MA/TO-3

TC—3 , TB—

3

TOSHIBA 2—21E1A

Weight : 15.

iniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiHiiiiiiiimiiiiiiiiiiiiiiiiiiiiiM CORPORATION
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2N6250

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEV VCE=300V, Vbe=-1-5V - - 5 mA

* Collector Cut-off Current ICEV
VCE=300V, VBE=-1.5V

Tc=125°C

- - 10 mA

Collector Cut-off Current ICEO VCE=225V, Ib=0 - - 5 mA

* Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 1 mA

* Collector-Emitter
Sustaining Voltage VCER(SUS) IC=0.2A, RBE=50Q 300 - - V

* Collector-Emitter
Sustaining Voltage

**
vCEO(SUS) IC=0.2A, IB=0 275 - - V

* Emitter-Base
Breakdown Voltage V(BR)EBO IE=lmA, lc=0 6 - - V

* DC Current Gain hFE VCE=3V, IC=10A 8 - 50

* Saturation
Voltage

Collector-Emitter VcE(sat) IC=10A, IB=1.25A - - 1.5 V

Base-Emitter VBE(sat) IC=10A, Ib=1.25A - - 2.25 V

* Small Signal Current Gain lhfe l

VCE=10V, IC=1A

f=lMHz
2.5 - -

Switching
Time

Rise Time tr Ip]
r _„„—

„

m - - 2.0 AS

10*b lBZ
[

:

t_ilB2 y

Tl C=10A

i

CC=200V

*
Storage Time ts - - 3.5 flS

Fall Time tf DUTY CYCLE<2%
- - 1.0 MS

* Second Breakdown Collecotr
Current (Base Forward Bias) I's/b

VCE=30V, t=ls
(non-repetitive)

5.8 - - A

* Second Breakdown Energy
(Base Reverse Bias) Es/b

IC=10A, VBE=-4V
L=50^H

2.5 - - mJ

* In accodance with JEDEC registration data.

** The sustaining voltages VcER(SUS) and VcEO(SUS) MUST NOT be measured on a curve

tracer.
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SILICON NPN TRIPLE DIFFUSED TYPE

DC-DC CONVERTER, SWITCHING REGULATOR

AND HIGH POWER AMPLIFIER APPLICATIONS.

FEATURES:

. High Collector-Emitter Sustaining Voltage

: VCEO (SUS)=350V (Min.)

. Low Saturation Voltage : VcE(sat) <1. 5V

@ IC=10A, Ib=1.67A

. Excellent Switching Times : t r <2.0 /
«s, tf<1.0^s

@ Ic=10A, Ib=±1.67A

. High Collector Power Dissipation Capacity

: Pc=175W (Max.)

. Excellent Area of Safe Operatings

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Sustaining
Voltage (Rbf=50Q)
Collector-Emitter Sustaining
Voltage (VBE=0)

Collector-Emitter Sustaining
Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power
Dissipation

Tc=25°C

Tc=100 C

Derate Linearly above 25°C

Junction Temperature

Storage Temperature Range

Lead Temperature
(0.8mm from case for 10s)

SYMBOL

VCBO

VCER(SUS)

VCEX(SUS)

VCEO(SUS)

vEB0

ic

ICM

IB

?C

L stg

TL

RATING

450

375

375

350

10

30

10

175

100

1.0

200

-65~200

230

UNIT

W/°C

Unit in mm

025OMAX,

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—2 4MA/T0-3

EIAJ TC—3 , TB—

3

TOSHIBA 2—21E1A

Weight : 15.
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2N6251

ELECTRICAL CHARACTERISTICS (T.a=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEV VCE=375V, VBE=-1-5V - - 5 mA

* Collector Cut-off Current ICEV
VcE=375V, VBE=-1.5V

Tc=125°C
- - 10 mA

Collector Cut-off Current ICEO VCE=300V, IB=0 - - 5 mA

* Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 1 mA

* Collector-Emitter
Sustaining Voltage VCER(SUS) IC=0.2A, RBE=50Q 375 - - V

* Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=0.2A, IB=0 350 - - V

* Emitter-Base
Breakdown Voltage

v (BR)EBO IE=lmA, IC=0 6 - - V

* DC Current Gain hFE VCE=3V, IC=10A 6 - 50

* Saturation
Voltage

Collector-Emitter VcE(sat) IC=10A, Ib=1.67A - - 1.5 V

Base-Emitter VBE(sat) IC=10A, IB=1.67A - - 2.25 V

* Small Signal Current Gain hfe
VCE=10V, IC=1A

f=lMHz
2.5 - -

Switching
Time

Rise Time tr INPUT o J**—

K

10A8
lB2

2

—o OUTPUT

:tl C= 10A

CC=200V

- - 2.0 us

*
Storage Time ts

- - 3.5 (IS

Fall Time tf
IBi^—IB2 = 1.6 7 A

DUTY CYCLE<2%
- - 1.0 flS

* Second Breakdown Collector
Current (Base Forward Bias) Is/b

VcE=30V, t=ls

(non-repetitive)
5.8 - - A

* Second Breakdwon Energy
(Base Reverse Bias)

Es /b
IC=10A, VBE=-AV
L=50aH

2.5 - - mJ

* In accordance with JEDEC registration data.

** The sustaining voltages VceR(SUS) and VcEO(SUS) MUST NOT be measured a curve tracer.

Iillttltl1llltllllllllllltltlltlll1llllllllllfltlllllltlllllllltlllltl**lllllitl«llltltlllllllllltlllltllliiiiiiiiiititllllllf llltltiiiiiiiiiiiittiiiiiiitltlilittlf ttllltllltlllltlllllitiiii*iilllitliti«lllllliaiiiiiiii ~a~C^»^^Ba—^^B.^^. CORPORATION

-997-



2N6251
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SILICON NPNTRIPLE DIFFUSED TYPE 2N6546

SWITCHING REGULATOR AND HIGH VOLTAGE

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER, RELAY AND SOLENOID

DRIVER APPLICATIONS.

FEATURES

:

. High Sustaining Voltage : VCEo(SUS) =300v ( Min O

. High Collector Current : Ic=15A (Max.)

. Excellent Switching Times

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Sustaining
Voltage

Collector-Emitter Sustaining
Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Emitter Current

Collector Power
Dissipation

Tc=25°C

Tc=100 C

Derate Linearly above 25°C

Junction Temperature

Storage Temperature Range

Thermal Resistance

Lead Temperature
(3.17mm from case for 5s)

SYMBOL

vCBO

VCEV

VCEX(SUS)

vCEO(SUS)

VEBO

ic

ICM

IB

IE

L stg

jc

TL

RATING

650

650

350

300

15

30

10

25

175

100

200

-65-200

275

UNIT

W/°C

c/w

Unit in mm

1. BASE
2. EMITTER

COLLECTOR v CASE)

T0-204MA/TO-3

TC—3 , TB—

3

TOSHIBA 2 —21E1A

Weight 15. 8g

tiiKiiiuiiii tiifiiiiiitiiiiitiiMiiiiiiriMiiiiiiiit» < tiitiiiiiiJiiitiifiiiiiiiiJriEiiiiiiiiiitiiiiiitiiiiiiiitriiiiiiiiiiMiiiiiitMtiiiiitiiiiiiiiitiiiiiMiiiiiiifiiiiiiiifiiiiiiiiiitiiiiiiiiii ~~^^X^^B—Bl^^>^k. CORPORATION
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2N6546

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEV VCE=650V, VBE=-1.5V - - 1 mA

* Collector Cut-off Current ICEV Vce=650V,Vbe=-1-5V; Tc=100
u
C - - A mA

* Collector Cut-off Current ICER VCE=650V, Rbe=50Q, Tc=100
U
C - - 5 mA

A Emitter Cut-off Current lEBO VEB=9V, IC=0 - - 1 mA

* Collector-Emitter
Sustaining Voltage (Note:l)

AA
VCEX(SUS)

IC=8A, Vciamp=350V, Tc=100°C 350 - - V

Ic=15A,Vciamp=200V, Tc=100°C 200 - - V

* Collector-Emitter
Sustaining Voltage

AA
vCEO(SUS) IC=0.1A, IB=0 300 - - V

* DC Current Gain b-FE
VCE=2V, IC=5A 12 - 60

VCE=2V, IC=10A 6 - 30

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=10A, IB=2A - - 1.5 V
*

IC=15A, IB=3A - - 5 V

IC=10A, Ib=2A, Tc=100°C - - 2.5 V

* Base-Emitter
Saturation Voltage

vBE(sat)
IC=10A, IB=2A

- - 1.6 V

IC=10A, Ib=2A, Tc=100°C - - 1.6 V

* Transition Frequency fT VcE=10V, Ic=0.5A, f=lMHz 6 - 28 MHz

* Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz 125 - 500 PF

Switching
Time

Delay Time td 100/ua VCC=250V

Vj^ES, Igl i—©OUTPUT
INPUT o-^-T

iBl—IB2-2A XB2 1
DUTY CYCLE <2%

-
•

- 0.05 flS

Rise Time tr
- - 1.0 -us

A Storage Time tstg
- - 4.0 AS

Fall Time tf
- - 0.7 MS

Storage Time tstg
See Fig.l Tc=100°C

- - 5.0 MS

Fall Time tf
- - 1.5 us

A Second Breakdown Collector
Current (Base forward biased) Is/b

VCE=100V, t=ls

(non repetitive)
0.2 - - A

* In Accordance with JEDEC Registration Data.

** The sustaining voltages VCEX ( SUS ) and VcEO(SUS) MUST NOT be measured

Note 1 : Test condition VCC=20V, L=180^«H, (Lr=0.05Q)

Fig.l : Inductive Load Switching Time Test Circuit.

on a curve tracer.

lff

V
IB=2A
f = lkHz
DUTY CYCLE < 3%

VBB=-5V ARs^CXIQ

L=180AH
(Lr= a05.Q)

vClamp=350V J_VCC= 2 0V
J I
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2N6546

20
ic - V CE

COMMON EMITTER

Tc = 2 5°C

1 6
1. 1 1.2

1.0__

Q8_

Q6

a4

Q2

S

8

0.1

IB-Q0 5A ~

'
1 1

I c - Vbe

2 4 6 8 10
COLLECTOR—EMITTER VOLTAQE VCE (V)

hFE

300

0.03 Ql Q3 1 3 10 20
COLLECTOR CURRENT I G (A)

20

vBE(sat) - Ic

5
H -P

< (Si 3
m m

K H
H m
H > 1

Eh
M

0.5

iiS a3
ra i-P

<! o
CP >

Ql

COMMON EMITTER

IC/IB=5

Tc=lC)0°C

35
00

T \ <

I -
1

0.01 a03 Ql Q3 1 3 10 20
COLLECTOR CURRENT I c (A)

16
COMMON EMITTER

<0

\

VCE=2V

y^ioo

Mi
r^^-55

/
//

1

J
Q4 Q8 1.2 1.6

BASE—EMITTER VOLTAQE VBE (V)

o
o o

o o
o >

3

V CE (sat) - I C

- COMMON EMITTER

IC/IB=5

ill

1

TTT
'

—

Q5
•Ci

0.3 "cV^I
*> T 25 .

-55
Ql

^

Q05

Q03

Q01
Q01 Q03 Ql Q3 1

COLLECTOR CURRENT (A)

200
PC -- T c

150

100

40 80 120 160 200
CASE TEMPERATURE Tc (r)

"ilium NMllliilllllliiiiiiiiiiiiiiiiiiiiiiMiiiiii ill I mill I utii ti 1MI1M1I 1 1> 1 1 i 1 1 1 » 1 1 1 1 F 1 1

1

1 1 1 • ) J J 1 1 1 1 t I 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1

1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1

~B~^^^^B—IB^^,^:V. CORPORATION

-1001-



SILICON NPNTRIPLE DIFFUSED TYPE

SWITCHING REGULATOR AND HIGH VOLTAGE

SWITCHING APPLICATIONS.

HIGH SPEED DC-DC CONVERTER, RELAY AND SOLENOID

DRIVER APPLICATIONS.

FEATURES

:

. High Sustaining Voltage : Vceo(SUS) =400V (Min.)

. High Collector Current : Ic=15A (Max.)

. Excellent Switching Times

MAXIMUM RATINGS (Ta=25 c)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Collector-Emitter Sustaining
Voltage

Collector-Emitter Sustaining
Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Emitter Current

Collector Power
Dissipation

Tc=25°C

Tc=100 C

Derate Linearly above 25°C

* Junction Temperature

* Storage Temperature Range

* Thermal Resistance

*J Lead Temperature
(3.17mm from case for 5s)

SYMBOL

VcBO

VCEV

VCEX(SUS)

VCEO(SUS)

vEBO

ic

ICM

IB

IE

PC

-stg

'jc

RATING

850

850

A50

400

15

30

10

- 25

175

100

200

-65-200

275

UNIT

W/°C

'C/W

Unit in mm

025.OMAX.

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—204MA/TO—

3

TC—3 , TB—

3

TOSHIBA 2-21E1A

Weight 15. 8g

TOSHIBA CORPORATION iiniiMiiii n i miNH it
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2N6547

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEV VCE=850V, VBE=-1-5V - - 1 mA

Collector Cut-off Current ICEV Vce=850V,Vbe=-1.5V,Tc=100°C - - 4 mA

Collector Cut-off Current ICER VCe=850V,Rbe=50Q, Tc=100°C - - 5 mA

Emitter Cut-off Current lEBO VEB=9V, IC=0 - - 1 mA

Collector-Emitter
Sustaining Voltage (Noterl)

**
VCEX(SUS)

IC=8A, Vclamp=450V, Tc=100°C 450 - - V

I C=15A, Vclamp=300V,Tc=100°C 300 - - V

Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=0.1A, IB=0 400 - - V

DC Current Gain hFE
VCE=2V, IC=5A 12 - 60

VCE=2V, IC=10A 6 - 30

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=10A, IB=2A - - 1.5 V

IC=15A, IB=3A - - 5 V

IC=10A, Ib=2A, Tc=100°C - - 2.5 V

Base-Emitter
Saturation Voltage

vBE(sat)
I C=10A, IB=2A - - 1.6 V

IC=10A, Ib=2A, Tc=100°C - - 1.6 V

Transition Frequency fT VCE=10V, IC=0.5A, f=lMHz 6 - 28 MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz 125 - 500 PF

Switching
Time

Delay Time td 100AS VCG= 2 50V

^lffl |jlc=10 A

OiB2 IrI I—oOUTPUT
INPUT o-^w—

T

lBl=-lB2=2A IB2
J,

DUTY CYCLE^2%

- -
. 0.05 MS

Rise Time tr - - 1.0 MS

Storage Time tstg - - 4.0 JUS

Fall Time tf - - 0.7 MS

Storage Time tstg
See Fig.l Tc=100°C

- - 5.0 MS

Fall Time tf - - 1.5 MS

Second Breakdown Collector
Current (Base forward biased) Is/b

VCE=100V, t=ls
(non repetitive)

0.2 - - A

* In Accordance with JEDEC Registration Data.

** The sustaining voltages VCEX (SUS) and VCE0 (SUS) MUST N0T be measured on a

Note.l : Test condition Vcc=20V, L=180aH (Lr=0.05Q)

Fig. 1 : Inductive Load Switching Time Test Circuit

curve tracer.

IbII

V
5Q)

IB=2A
f= lkHz VBB=-5V^-RS=CUQ

DUTY CYCLE ^3%

C f J>(Lr= a0£

iVclamp= 450V -}-VCG-Z0Y
* ' -I Gp=10A

IIIIIIIM
I
IMlllJMIIIIIIIJIMIf 111 lllllf llll llltl IMIIIIMlrllMfMIIIIIMMUf lllllllllllllllf lilt IIIMIIIMIlllllllf I 111 Ullllf > 1 11 1 1 1 M 1 1 1 1 1 1 1 1 II M I i 1 1 1 1 1 J J 1 1 1 1 Ml 1 1 1 1 1 1 1 1 1 1 P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IIM 1 1 1 1 1 1 1 riM i r ~l~^^»^^— ^^.^^^ CORPORATION
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2N6547

Ic — VCE I C — VBE
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1. 4
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Tc=i not:
1 1 lilt

.. S=- *»
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-5
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- :. k^_
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00Tit 1

001 003 Ql 03 1
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3 10 20

IC ( A )

16

ow 12

Z
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.C

//

O J

1

VCE=2V ; Aw

/^100

r"^--55

04 Q8 1.2 1.6
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v CE(sat) - IC

2.0

1:
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W 01

O
H H
O O
w <

O O
O >
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A
*> ^ 25 .

—55
... ^0
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COLLECTOR CURRENT I c (A)

PC - TC
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50
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40 80 120 160 200
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
BD135
BD137
BD1 39I

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Designed for Complementary Use with BD136, BD138

and BD140.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BD135

BD137

BD139

BD135

BD137

BD139

Emitter-Base Voltage

Collector Current

Collector Power
Dissipation

DC

Peak

Ta=25 C

Tc^60 C

SYMBOL

VCBO

vCEO

Vebo

ICM

PC

RATING

45

60

80

45

60

80

0.5

1.5

6.5

UNIT

Unit in mm

7.9MAX.

1. EMITTER
Z. COLLECTOR (HEAT S

Z. BASE
INK)

TO—126

TOSHIBA 2-8P1A

Junction Temperature 150 Weight : 0.72g

Storage Temperature Range Lstg -55-150

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO
VCB=30V, IE=0 - - 0.1

fik

Vcb=30V, lE=0, Ta=125°C - - 10

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 fik

Collector-Emitter
Breakdown Voltage

BD135

V(BR)CE0 IC=30mA, Ib=0

45 - -

VBD137 60 - -

BD139 80 - -

DC Current Gain

hFE(l) VcE=2v . Ic=5mA 25 - -

hFE(2) VCE=2V, Ic=150mA 40 - 250

hFE(3) VCE=2V, Ic=500mA 25 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=500mA, lB=50mA - - 0.5 V

Base-Emitter Voltage VBE VCE=2V, Ic= 500mA - - 1.0 V

Transition Frequency f T VCE=2V, IC=50mA 50 250 - MHz

iiiiiiiiiitiitiitiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiitiiiiiitiiiiitiiiiitiitiiiiitiiif iff iiff till rf ffifftirf i fficrtiff f rrtf ttf itff rt* iff tiiitf i iittf itfiti iff ititiitff^i *itif tf itifiiiiiiff i*ift»(i»juiififftiif jftjjuiijiiii ~^T~^^B^^B—a^^^B^. CORPORATION
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BD135*BD137»BD139

In - VCE hPE - I C

1.4

1.2

1.0

as

0.6
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^<£l Tc = 2 5°C

/
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/
s

20—
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1

t.
.

15

10

5

2.5

Ig=lmA

12 3 4 5

COLLECTOR—EMITTER VOLTAGE VCE (V)

BE

1.0

0.6

I
COMMON

/

EMITTER

VCE-2V

Tc=2 5°C/

'

/
—

^

/
0.4 as 1.2

BASE—EMITTER VOLTAGE (V)

500

300

:: COVMON KM1TTEK

=2V" V CE

Tc == 2 5°C

1005 a oi ao3 ao5 ai <

COLLECTOR CURRENT

vCE(sat)

(A)

0.5

Q3

H oo 0.1

a

a <

o >

Q05

003

- common emitter

-i c/Ib=io

5 10 30 50 100 300 500 1000 2000

COLLECTOR CURRENT I c (mA)

PC - Tc

5

HTT.AT

6

4

2

20 40 60 80 100 120
CASE TEMPERATURE Tc (°C

)

140
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BD135*BD137*BD139

Ta SAFE OPERATING AREA

0i4

0.2

FREE ATRfNO HEAT SINK")

20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta ("C)

COLLECTOR—EMITTER VOLTAGE
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BD136
BD138
IBD140I

SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Designed for Complementary Use with BD135, BD137

and BD139

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BD136

BD138

BD140

BD136

BD138

BD140

Emitter-Base Voltage

Collector Current

Collector Power
Dissipation

DC

Peak

Ta=25°C

Tc^60°C

SYMBOL

VCBO

VcEO

VEBO

ic

ICM

RATING

-45

-60

-80

-45

-60

-80

-5

-0.5

-1.5

6.5

UNIT

7.9 MAX.

1. EMITTER
2. COLLECTOR (HEAT SINK)

Z. BASE

TO—126

TOSHIBA

Junction Temperature 150 Weight : 0.72g

Storage Temperature Range L stg -55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO
VCB=-30V, IE=0 - - -0.1

MA

VCB=-30V, IE=0, Ta=125°C - - -10

Emitter Cut-off Current lEBO V£B=-5V, IC=0 - - -10 aA

Collector-Emitter
Breakdown Voltage

BD136

V (BR) CEO IC=-30mA, Ib=0

-45 - -

VBD138 -60 - -

BD140 -80 - -

DC Current Gain

hFE(l) VCE=-2V, IC=-5mA 25 - -

hFE(2) Vce=-2V, Ic=-150mA 40 - 250

nFE(3) VcE=-2V, Ic=-500mA 25 - -

Collector-Emitter
Saturation Voltage VCE(sat) IC=-500mA, lB=-50mA - - -0.5 V

Base-Emitter Voltage VBE VCE=-2V, Ic=- 500mA - - -1.0 V

Transition Frequency f T VCE=-2V, Ic=-50mA - 100 - MHz

TOSHIBA ^3^3R^>^3R^K~n^3INI iiiiiiiiiiiiiiiiiiiiiiiiiiiitlllllllllllllllllllllllllllllllllllllllllltlllllllllllllllllllllllltllllllllllllllllllllllllllllltllllllllllllllllllllllllllllllllllllllllllllllllltlllllllllllllllllllllllllllllllllllllllllll
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BD136*BD138*BD140
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BD136*BD138-BD140

PC - Ta SAFE OPERATING AREA

1.0

w > 0.8

0.4

FREE AIR
(NO HEAT SINK)

20 40 60 80 100 120
AMBIENT TEMPERATURE Ta (°C)

140

-0.01-

-Q005
-Q5 -1 -30 -50 -100

COLLECTOR—EMITTER VOLTAGE V r (V)
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SILICON NPN EPITAXIAL BASE MESA TYPE

BD233
BD235
IBD237

AUDIO POWER AMPLIFIER APPLICATIONS.

VERTICAL DEFLECTION OUTPUT APPLICATION IN TV.

FEATURES

:

. Designed for Complementary Use with BD234, BD236

and BD238

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BD233

BD235

BD237

BD233

BD235

BD237

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

Vebo

IC

ICM

IB

PC

Lstg

RATING

45

60

100

45

60

80

25

150

-55-150

UNIT

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Unit in mm

7.9 MAX.

1. EMITTER

2. COLLECTOR (HEAT SINK)

3. BASE

JEDEC TO—126

TOSHIBA

Weight : 0.72g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

BD233

ICBO

VcB=45V, l£=0

- - 100 MBD235 VCB=60V, IE=0

BD237 VCB=100V, IE=0

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 1 mA

DC Current Gain
hFE(l) VCE=2V, Ic=150mA 40 - -

hFE(2) VCE=2V, IC=1A 25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1A, IB=0.1A
- 0.6 V

Base-Emitter Voltage VBE VCE=2V, IC=1A - - 1.3 V

Transition Frequency f T VCE=10V, Ic=250mA 3 40
- MHz

lliilllliilliiitiiiiiiiiiiiiiiiiiiiiiittiiiiiiiiiiiiiiiiiiiiiiiiiirtiiiiiititiiiiiiiiiiiiiiiiiiitiiiiiiiiltiiilllltitiiiiiiiiiiiitiitiiiiiiiiiiitiiiiiliiltliiiitiiiiiiiliiiiiitiiiilitiiiiiitiiiiiiiitiiiililllitiiiiiiiiii ~V^^»^^B—^^.^V. CORPORATION
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BD233*BD235*BD237
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BD233*BD235*BD237

fT - ic
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iitittiittiiiii«itiiiftiitiiiitil>itl(il»ttiitiiiii}iitiiiiiitiiiifi»itiii]iitiii(iiiiiiiiiiiiitiiltllillitlllfliffftifftlifiiiiir«ifftiitlftltlllllttllltfliJltliJl»llilitlillflilllllllllllllililllltlltlliliilitlilliill nr~C3^3*—«S^^.^X. CORPORATION

-1015-



BD234
BD236
1D238I

SILICON PNP EPITAXIAL BASE MESA TYPE

AUDIO POWER AMPLIFIER APPLICATIONS.

VERTICAL DEFLECTION OUTPUT APPLICATIONS IN TV.

FEATURES

:

. Designed for Complementary Use with BD233, BD235

and BD237

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BD234

BD236

BD238

BD234

BD236

BD238

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

RATING

-45

-60

UNIT

vCEO

vEBO

ic

ICM

IB

Ti

[ stg

-100

-45

-60

-80

-5

-6

-2

25

150

-55-150

1. EMITTER
2. COLLECTOR (HEAT SINK)
3. BASE

JEDEC TO—126
EIAJ

TOSHIBA 2—8F1A

Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

BD234

ICBO

VCB=-45V, IE=0

- - -100 aABD236 VCB=-60V, I E=0

BD238 VCB=-100V, IE=0

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 mA

DC Current Gain
"FE(l) VCE=-2V, I c=-150mA 40 - -

hFE(2) VCE=-2V, IC=-1A 25 - -

Collector-Emitter
Saturation Voltage VCE(sat) IC=-1A, Ib=-0.1A - - -0.6 V

Base-Emitter Voltage VBE VCE="2V, IC=-1A - - -1.3 V

Transition Frequency fT VCE=-10V, Ic=-250mA 3 35
- MHz

TOSHIBA CORPORATION iiiilittitiiitiltiiiittiittiiiiiiiiliiiiiiiiiiiiiiiiMiliiilJiiifiitiiiiiillf tiiiiiiiiitiit iiliiitiiiliiititiiiitliifiitiitiiiiitittiititiiiiilitliiliittttiltittilitlfiliiliititiiiiiiiiiiiiiiirilltiftitliiiiflif til fifUf
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BD234*BD236*BD238
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BD234-BD236-BD238
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

BF457
BF458
BF459I

COLOR TV VIDEO AND CHROMA OUTPUT APPLICATIONS,

COLOR TV HORIZONTAL DRIVER APPLICATIONS.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BF457

BF458

BF459

BF457

BF458

BF459

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

TC=25°C

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

VEBO

IB

PC

L stg

RATING

160

250

300

160

250

300

100

50

1.2

8.3

150

-55 ~150

UNIT

mA

mA
1. EMITTER
2. COLLECTOR (HEAT SINK)

a BASE

JEDEC TO—126

TOSHIBA 2—8P1A

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 0.72g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

BF457

ICBO

VCB=100V, IE=0

- - 50 nABF458 VCB=200V, IE=0

BF459 VCB=250V, IE=0

Collector-Base
Breakdown Voltage

BF457

V(BR)CB0 IC=100/*A, ie=o

160 - -

VBF458 250 - -

BF459 300 - -

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=100/*A, IC=0 5 - V

Collector-Emitter
Breakdown Voltage

BF457

V (BR) CEO Ic=10mA, IE=0

160 - -

VBF458 250 - -

BF459 300 - -

DC Current Gain hFE VCE=10V, Ic=30mA 25 - 240

Collector-Emitter
Saturation Voltage VcE(sat) IC=30mA, lB=6mA - - 1 V

Transition Frequency fT VCE=10V, Ic=15mA - 100 - MHz

Collector Output Capacitance Cob VCB=30V, Ie=0, f=lMHz - 4 - pF

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNUiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiN CORPORATION
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BF457-BF458-BF459

I c
-

- VCE

COMMON 1.0^ Q9

0.8

_Tc=25tBO
0.7

60
a6

as

40
Q4

0.3

20
Q2

IB=aimA

I C
_ VBE

4 8 12 16 20 24

COLLECTOR—EMITTER VOLTAQE VCE (V)

80

20

COMMON EMITTER
/vCE=iov

|

J f~
3 /

3 I

"l

JC

c
H 1

H 1

/ 1

/,/
"0 Q2 Q4 0.6

BASE—EMITTER VOLTAGE
1.0

(V)

L FE ic
500

300

z 50
w
«
« 30

10

To =2 5"C

'
1

VCE=1

III!

ov
!!= ^

y

- ****
s \

s 2\
k. >

V
\

a3 a5 1 3 5 10 30 50 100

COLLECTOR CURRENT I c (mA)

500

300

< 100

hPE ~ I C

vCE=iov

Tc = 10 0'C

15 ,

~=Z~5

Q3 0.5 1 3 5 10 30 50

COLLECTOR CURRENT I c (mA)

100

vCE(sat) - Ic vCE(sat)

«
o
O O
w <

o o
o >

0.5

Q3

01

a 05
a3

COMMON EMITTER

Tc=2 5°C

~""A
t:

v..
JV...
/ ,

'

A' /
- To/ IB=2

X / /J-C/ *"-

-^ «* **
_!_--

i

5"

i

05 1 3 5 10 30 50 100

COLLECTOR CURRENT I c (mA)

H 03

K
O
H «
O C5
W <
^ t->

O O
o >

COMMON EMITTER

][ C/IB=10

" Tc — 10uu

—ITT

—

—L 1

\^25

11 I

L3 0.5 1 3 5 10 30 50 100

COLLECTOR CURRENT I c (mA)
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BF457*BF458*BF459

vBE(sat) - If

& ton*H > 0.5

a a3

ai

(COMMON EMITTER

[C/IB=10

re =2 5°C

0.3 0.5 1 3 5 10 30 50

COLLECTOR CURRENT Ic (mA)

fT - Ii

100

E- 300

a loo
a?

«
En 50

o 30

COMMON EMiTTKK

Ta = 25°C

- j<
V C

«1
E -= 2

'Ml
0V

>X.II
S~ S

k >r
N

r\v
\ \

'

5 '..

Q3 a5 1 3 5 10 30 50 100

COLLECTOR CURRENT I c (mA)

C Ot> ~ V C]

< ^
ft

iE-u

f=lMHz

Ta-= 2 5°C

30 50 100 300

SAFE OPERATING AREA

100

o 30

1

05

0.3

n i k i

"I c MAX (..FUlifcimJJ'
,. S

1 1 1 1 III \^V« $- -
1

Mill

I c MAX (CONTINUOUS) *5

>_. ^

—i- <^v
r> 0\
Zx^v

: 4>*X %M
c >>\ \?<

'V* °c

'>

%

cc

8? SINGLE NONREPETITIVE
PULSE Tc = 2 5°C

ICURVES MUST BE DERATED :

"- LINEARLY WITH INCREASE '-

'

IN TEMPERATURE "

i i i i i.i i i i . < , . .

PQ

. IO - -

.«*..

pq "-

—U.

i oi ;

. in .

. «* .

- m -

3 5 10 30 50 100

COLLECTOR—EMITTER VOLTAGE
300 500

CE (V)

«*

12
^c - l'a

©INFINITE HEAT SINK

(g)N0 HEAT SINK

-<sJ
'

8

6

2 HI>)

n
20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta (°C)

COLLECTOR-BASE VOLTAOE VCB (V)

tiiitiiitiitiiiiiiiiiiiiiiitiiJiiiiiiiiiiiiitriitiiiiiiiiiiiiiiiitiifiiitiiiiiiiiiiiiMitriiiitiiiiitiiitiiiiiiiiiiiiiiiiiiiiitiiiiiiiitiitiiiiiMiiiiMitiiiiiiiiiiiiiiititMiiiiiiiiiitiiiiiiiiiiiiiiliiiiiiiitiiiiiiiiiii ~B~^^>^^H—B^^,^:^. CORPORATION
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BF46JF
BF471

SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. PNP Complements are BF470, and BF472

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BF469

BF471

BF469

BF471

Emitter-Base Voltage

Collector Current

Total Power
Dissipation

DC

Peak

Ta=25°C

Tc=25 C

SYMBOL

VCBO

'CEO

vEBO

IC

ICP

tot

RATING

250

300

250

300

50

100

1.2

5.0

UNIT

mA

Unit in mm

y. 9 MAX

.

2.3 2.3

1 t r
I

1 2 3
f

1. EMITTER
2. COLLECTOR (HEAT SINK)
3. BASE

TO-1 Z(

EIA.T

Base Current IB 20

Junction Temperature 150

Storage Temperature Range l stg -65~150

Solder Temperature, 1.5mm
from Case for 10 Seconds.

350

mA TOSHIBA

Weight : 0.72g

THERMAL CHARACTERISTICS

CHARACTERISTIC SYMBOL RATING UNIT

Thermal Resistance (Junction to Ambient) R0JA 104 °C/W

Thermal Resistance (Junction to Case) R0JC 25 °C/W

TOSHIBA CORPORATION
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BF469*BF471

ELECTRICAL CHARACTERISTICS (Ta=25 C Unless otherwise specified)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

BF469 ICBO VcB=200V, IE=0 - - 0.1
fiA

BF471 !CER VCE=250V, RBE=2.7kQ - - 0.05

Emitter Cut-off Current lEBO VEB=5V >
IC=0 - - 10 fiA

Collector-Emitter
Breakdown Voltage

BF469 v (BR) CEO Ic=lmA, IB=0 250 - -
V

BF471 V(BR)CER IC=1>"A, RBE=2.7kQ 300 - -

High Temperature
Collector Cut-off Current

ICER
VCE=200V, RBE=2.7kQ

Tj=150°C
- - 10 tik

DC Current Gain "FE VCE=20V, Ic=25mA 50 - -

Collector-Emitter RF
Saturation Voltage

vCE(sat)

RF
Ic=25mA, Tj=150°C - 20 - V

Base-Emitter Voltage vbe VcE=20V, Ic=25mA - 0.75 - V

Transition Frequency fT VCE=10V, Ic=10mA 60 100 - MHz

Reverse Transfer Capacitance Cre VCB=30V, IE=0, f=lMHz - - 1.8 pF

liiiiillllllllllllllllllllllllllillillllllilllliiliiillillillllllllllllliiiiilillilllllllllllllllllllllllin Iliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiini iiiiiiiiiiiiiiiniiiiiiiiiii TOSHIBA CORPORATION
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BF469-BF471

60

50

10

I 3-- V CE (LOW VOLTAGE REGION)

1 1

COMMON EMITTER
T c = 25°C1.6 1.2

X ^ ^ X* —

-

—

-

08

a6
/
/ ^ ^ *-*

*~"

'.s ^ -*" -- a4

0.3/
/ S^^

n',S ^,
1

/
' ^ a2

(/ ^ *- Q15

ai'/^ =»-

—
V *B == 0.05mA

o|
1

"6 4 8 12 16 20 24 28

COLLECTOR-EMITTER VOLTAGE VCE (V)

*1FE tc
buu

COMMON EMITTER

Tc = 25°C

T

=^=3
v CE= 20V

-—A; -N"V->
v

A
kV\A V

LO\ \]

s 5

10
-T-

5 _I.
0.3 1 3 10 30 100

COLLECTOR CURRENT I c (mA)

hFE — ic

500
COMMON EMITTER
VCE=10V300

.

1 1 ::^v
10(1 25 —

^

*—
S\

-25 -T V
50

> ^
\ ^

^

J\

in

5

o
o ©
a <

o o
o >

V CE( sat

)

- ic
2

1

COMMON EMITTER

Tc = 25°C

0.5

Gl

I C//IB = 10

5

005
2

nn? 1

0.3 1 3 10 30

COLLECTOR CURRENT I c (mA)

1 3 10 30

COLLECTOR CURRENT I c (mA)

w o
L >
o
E-" H
o ©
H <
3 H
o o
D >

V CE (sat )
- ic

2
COMMON EMITTER

I C/IB=5

U3

0.1

Tc == 1 00"C

-^
a 05 "" \ s 25

-25

nn? 1 1

1

I c
-- VBE

50
COMMON EMITTER

VCE=10V
40

•o/

//

o / /

\
J

dJ

i

10 /

/ j
n -^

/ J
1 3 10 30 100

COLLECTOR CURRENT I c (mA)

02 04 0.6 0.8 1.0 1.2

BASE-EMITTER VOLTAGE VBB (V)

TOSHIBA CORPORATION
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BF469*BF471

Ofe Of
S5 P. 25

Eh Eh
M P M
O O O
<i o < <

'Ob - VCB fT - Ic

I E =

f= lMHz

Tc = 25°C

Cot

c re

40 80 120 160 200 240

COLLECTOR-BASE VOLTAGE VCB (V)

bOU

COMMON EMITTER

Ta=25°C

100

VCE=20V

—

V

\

50 \
V

30 110

10
1 3 10 3

COLLECTOR CURRENT I c (mA)

Ta SAFE OPERATING AREA

is
o o

LU

(T) Tc=Ta INFINITE HEAT SINK

@ NO HEAT SINK

6
QD

2
C1

40 80 120 160 200

AMBIENT TEMPERATURE Ta (°C)

240

200
TTTTTT1 T-TT
I C MAX. (PULSED) ^

'3 5 10 30 100 300

COLLECTOR-EMITTER VOLTAGE VCE (V)
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BF470
BF472

SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. NPN Complements are BF469, and BF471

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

BF470

BF472

BF470

BF472

Emitter-Base Voltage

Collector Current

Total Power
Dissipation

DC

Peak

Ta=25°C

Tc=25 C

Base Current

Junction Temperature

Storage Temperature Range

Solder Temperature, 1.5mm
from Case for 10 Seconds

SYMBOL

VcBO

vCE0

VEBO

ic

ICP

tot

IB

Tstg

RATING

-250

-300

-250

-300

-5.

-50

-100

1.2

-20

150

-65~150

350

UNIT

mA

mA

Unit in mm

7.9MAX.

2.3 2.3

3
s

"1
1 1

I 2 3
{

1. EMITTER
Z. COLLECTOR (HEAT SINK)
3. BASE

TO-126

TOSHIBA 2-8P1A

Weight : 0.72g

THERMAL CHARACTERISTICS

CHARACTERISTIC SYMBOL RATING UNIT

Thermal Resistance (Junction to Ambient) R0JA 104 °C/W

Thermal Resistance (Junction to Case) R0JC 12.5 °C/W

TOSHIBA CORPORATION illinium iiiiiiiiiiiiiiiiiiiiiiiiiiniiiii urn" iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiihiiiiiiihiiiiiiiiiiiiiiiiii HI"
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BF470-BF472

ELECTRICAL CHARACTERISTICS (Ta=25°C Unless otherwise specified)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

BF470 ICBO VCB=-200V, IE=0
- - -0.1

tik

BF472 ICER VCE=-250V, RBE=2.7kQ - - -0.05

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -10 vk

Collector-Emitter
Breakdown Voltage

BF470 V (BR) CEO IC=-lmA, Ib=0 -250 - -
V

BF472 V(BR)CER IC=-1«A, RBE=2.7kQ -300 - -

High Temperature
Collector Cut-off Current

ICER
VCE=-200V, RBE=2.7kn

Tj=150°C
- - -10 dk

DC Current Gain hFE VcE="20V, Ic=-25mA 50 - -

Collector-Emitter RF
Saturation Voltage

vCE(sat)
RF

Ic=-25mA, Tj=150°C - -20 - V

Base-Emitter Voltage VBE VCE=-20V, Ic=-25mA
- -0.75 - V

Transition Frequency fT VCE=-10V, Ic=-10mA 60 80 - MHz

Reverse Transfer Capacitance Cre VCB=-30V, IE=0, f=lMHz - - 1.8 pF

IlltlllllllllillltlilllttlltllllllllllMtlllMlllllllllllllllll llIltlllllllllltllllllltlltlllllMlllllMIIIIMIIItllllllllll llttlMtllllllttllllltllMKllllMlllfllMllllllllllltllJIMItllMMIItlllllllllltM ~B~^^»^^— ^^^^^^ CORPORATION
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BF470-BF472

I c
- VCE (L 3W VOLTAGE REQI01

bO

3.0

1 1 M |_ COMMON
EMITTER

Tc = 25°C
1.6 1.0 a6 ni

40
Q3

1

0.2
"VI

a 15
.

ai

10 I B= 0.05 mA

hpE — ic
bUl

" COMMON EMITTER
" T c = 25°C

300

- VCE = -20V

100

^
£±Ĵ

50
\ L

\ v
\ \

-10

30
V 5

in

5
-4 -8 -12 -16 -20 -24 -28

ijECTOR-EMITTER VOLTAGE VCE (V)

-03 -3 -10 -30

COLLECTOR CURRENT I c (mA)

500

30

hPE - Ic

COMMON EMITTER

Tc = 10
-

0°C
—

1

VCE
=- 10V

l

25

-25 ^ = =:=:

=t=3^ _...

k-t —U —

-

::::

-Q3 -1 -3 -10 -30 -100

COLLECTOR CURRENT Ic (mA)

vCE(sat) - 1 C

o
O O
m <

O O
o >

COMMON KMlTTJliK

" Tc = 25°C

-TO
ic /

lB^-rf

2 .

I

-03

COLLECTOR CURRENT (mA)

v CE(sat

)

o
h H
o o
h <:
hJ Eh

o o
o > -O05

COMMON KM1TT.KK

I /IB = 5

„o°r.

1 c 51 AAj*-1 ^-25

-25

-Q3 -1 -3 -10 -30 -100

COLLECTOR CURRENT I c (mA)

i-C
— VBE

50
COMMON EMITTER
vCE=-iov

11
<

' /

40

«/
30 21 fllin

o
6-.

J
i

I

1

/

/
f

/
/ J

BASE-EMITTER V0LTA0E VBE (V)

TOSHIBA CORPORATION
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BF470-BF472

< a
h £> <:
M o E-i

<
« K
CI H
H
t ) <«
W K
i-J W
hJ >O W
O «

c Db • C re — v :b

P. 10
ie=o
f= 1MHz
T c = 25°CCD

° 8

6

i

4 l\

V k

2
\^ •~~

C 0b

V -— c re

COLLECTOR-BASE VOLTAG-E VCB (V)

Ta

© Tc = Ta INFINITE HEAT SINK

@ NO HEAT SINK

" cD

- dt>

40 80 120 160 200 240

AMBIENT TEMPERATURE Ta CC)

fT I C

bUC
" COMMON EMITTER
' Tc = 25°C

300

VCE=-20V

10J T7T"":C10 ^^̂
L \
\\

50 Y
\

30 \\

in J
-1 -3 -10 -30

COLLECTOR CURRENT I c (mA)

SAFE OPERATING AREA
-200

-10

-a 5

1 MMII | | 1

I c MAX. (PULSED) •*•

1 1 1

lOrns-*-

/
- I c MAX.

(CONTINnnn.q^i l 4?0£S^
<oNl.^\lY«

. v^Ssm
<5 V

,
,

^w V

/4jw *

<?

^

o <~
L '.*. -v

•% SINGLE NONREPETITIVE
PULSE Tc = 25°C

CURVES MUST BE DERATED
: LINEARLY WITH INCREASE
- IN TEMPERATURE.

O OJ

ft. Pc

PQ e

: Lb

>< -

<
s
o
s -

o .

i i_1_1_L i 1

-3 -10 -30 -100 -300

COLLECTOR-EMITTER VOLTAGE VCE (V)

iiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiHimiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiM CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

HIGH VOLTAGE NPN SILICON POWER TRANSISTOR INTENDED

FOR USE IN THE SWITCHED MODE POWER SUPPLY OF

TELEVISION RECEIVERS.

FEATURES

:

. High Breakdown Voltage : VcES= 750V

. Low Saturation Voltage

: VCE ( sat )=5V(Max.) at Ic=4A, Ifi=lA

• High speed : tf=0.15ys (Typ.)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Emitter Voltage

SYMBOL

VCES

VCEX
(-VBE=1.5V

Collector Current

Base Current

DC

Peak

DC

Peak

Total Collector Power
Dissipation (Tc=25°C)

Junction Temperature

Storage Temperature Range

Thermal Resistance

VCEO

IC

ICM

-ICM

IB

IBM

RATING

750

750

300

100_IB(AV)

(DC or averaged over
any 20mS period)

UNIT

Unit in mm

mA

1.5-IBM

(turn-off current)

tot

L stg

Rth(j-c)

50

150

-65-150

2.5 C/W

025OMAX.

Zfel.0 MAX.s
, +ao9
01.0—a 03

TJT-l-

30.2±Q2

1. BASE
2. EMITTER

COLLECTOR ^CASE)

TO—

3

TC— 3 , TB—

3

TOSHIBA 2—21B1A

Mounting Kit No. AC42C

Weight : 17.0g

TOSHIBA CORPORATION
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BU126

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current

ICES(1) VCE=750V, VBE=0
- - 0.5 mA

Ices (2)
VCE=750V, VBE=0

Tj=125°C
- - 2 mA

Emitter Cut-off Current lEBO VEB=6V, I C=0
- - 5 mA

DC Current Gain nFE VCE=5V, I C»1A 15 - 60

Collector-Emitter
Saturation Voltage

VcE(sat)(l) I C=2.5A, IB=0.25A - - 10 V

VCE(sat)(2) IC=4A, IB=1A
- - 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=2.5A, Ib=0.25A - - 1.5 V

Collector-Emitter
Sustaining Voltage

vCEO(SUS) Fig. 1 300 - - V

Transition Frequency fT

VCE=10V, IC=0.2A,

f=lMHz
- 8 - MHz

Collector Output Capacitance Cob

VCB=10V, IE=0,

f=lMHz
- 85 - pF

Emitter Capacitance Cte
VEB=2V, IC=0,

f=lMHz

- 1.4 - nF

Switching Time
Fall Time tf

Fig. 2

- 0.15 - jUS

Storage Time tstg
- 1.2 - M s

TOSHIBA CORPORATION iiitiitiiiiitttiiiitlttlllMltiaiMllliiiiiiitiitliitiifitiiiiiiiiiitiiiiiiiiiiiiiiiitiiiiliiiiiiiiiiitiiiiitiiiiiiiitiiiiiitiitiitiifiiiiiiiitiitiiitiitiiiiiciitiiiiititiitiitiiiiiiiiiiitiitiiMiiitiaiiiiiiiiliiiiiiiitt
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SILICON NPN TRIPLE DIFFUSEDMESA TYPE BU2M
BU205

TV HORIZONTAL OUTPUT APPLICAT IONS.

3U204)
BU205)

Typ.)

Base Junction

Unit in mm

IZte&OMAX.
x'
<!

.

FEATURES

:

x'

CD

rf
. ...

021.0 MAX X
HH— 3

CO
. High Voltage : VCES=1300V (

1500V ( i :i: ' —n rm

. High Speed : tf=0.75 /ts (
_, +C109 1

01.0-0.03
j

. Glass Passivated Collector-

3Q2±a2

m
d
-H
o
.-i

_, + 0.08
04.0-0.15

1

|

1

&9±0.2

>-

"1N ^\ N
X
3i
o

MAXIMUM RATINGS (Ta=25°C) $
1

isI-

-H
o
.0)

CHARACTERISTIC SYMBOL RATING UNIT k^i
>*

sS H

Collector-Emitter
Voltage (VBE=0V)

BU204
VCES

1300
V 4a0MAX.

BU205 1500
1.. BASE

Collector-Emitter
Voltage (RBE=100n)

BU204
VCER

1300
V

2. EMITTER
COLLECTOR (CASE)

BU205 1500
JEDEC TO—

3

Transient
Collector-Emitter
Voltage (Flash-over)

BU204 VCE
(Flash-

over)

1500
V

EIAJ TC—3, TB—

3

BU205 1650 TOSHIBA 2—21B1A

Collector-Emitter
Voltage
(Open Base)

BU204
VCEO

600
V

Weight : 17. Og

BU205 700

Collector Current DC ic 2.5 A
Peak ICM 3

Transient Collector Current
(Flash-over)

ic

(Flash-
over)

5 A

Base Current (Peak) IBM 2.5 A

Reverse Base Current
DC -IB 100 mA

Peak "IBM 1.5 A

Collector Power Dissipation
(Tc^90°C)

pc !0 W

Junction Temperature Tj 115 °C

Storage Temperature Range Tstg -65-115 °C

liiiiiliilfiiiiiiiiiiliittiiiiiiiiiiiiJiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiftiiaiitililttittiiiiiiiiiiiiiiliiiiiitiiiiiiiiiiiiiiiiiiitiiiilliiiiiiitiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilliitiiiiiiiiiliiii -V~C^»^^— ^^.^^^ CORPORATION
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BU204-BU205

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ices Vbe=0 >
vce=vces - - 1 mA

DC Current Gain hFE Vce= 5V, IC=2A 2 - -

Emitter-Base
Breakdown Voltage V(BR)EBO lE=100mA, IC=0 5 - - V

Collector-Emitter
Saturation Voltage VCE(sat) IC=2A, IB=1A - - 5 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=2A, IB=1A
- - 1.5 V

Collector-Emitter
Sustaining Voltage

BU204
VCEO(SUS) IC=100mA, L=25mH

600 - -
V

BU205 700 - -

Fall Time tf ICp=2A, lB(end)=lA - 0.75 - /is

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 95 - pF

Transition Frequency f T
Vce=5V, f=5MHz
IC=0.1A

- 3 - MHz

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE BU207

TV HORIZONTAL OUTPUT APPLICATIONS.

on.

Unit in mm

FEATURES

:

Z*25.0MAX. X
3

•

. High Voltage : VCES=1300V
X
3
00

tfi

J .

2<2L0MAX. x" •<*

,-i

H

h CO

. High Speed : tf=0.7>us (Typ.) !

^

02

rrfr , i rm
. Glass Passivated Collector-Base Juncti 1+0.09

!

L.0—0.03

MAXIMUM RATINGS (Ta=25°C)
T -

\n

d
H

30.2±0.2 °,CHARACTERISTIC SYMBOL RATING UNIT

Collector-Emitter
Voltage (Vrf.=0V)

VCES 1300 V 1&9±0.2
H

Collector-Emitter
Voltage (Rbe=100Q)

VCER 1300 V

/2-(<
04.0—a is C* X

o
Transient Collector-Emitter
Voltage (Flash-over)

VCE
[Flash-over)

1500 V
) ^1

-H
o

^^Collector-Emitter Voltage
(Open Base)

VCEO 600 V
>) S H

40.0MAX.

,

Collector Current
DC ic 5

A
Peak ICM 7.5

1. BABE
2. EMITTER

COLLECTOR (CASE)Transient Collector
Current (Flash-over)

ic
[Flash-over)

10 A

JEDEC TO—

3

Base Current (Peak) IBM 4 A
EIAJ TC—3, TB—

3

Reverse Base
Current

DC -IB 100 mA
TOSHIBA 2—21B1A

Peak -IBM 2.5 A
Weight : 17. Og

Collector Power Dissipation
(Tc^95°C)

PC 12.5 W

Junction Temperature T
J

115 °C

Storage Temperature Range Tstg -65-115 °C

ELECTRICAL CHARACTERISTICS (Ta=25
u
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICES VCE=1300V, VBE=0V
- - 1 mA

DC Current Gain b-FE VCE=5V, IC=4.5A 2.25 - -

Emitter-Base
Breakdown Voltage

V(BR)EB0 IE=100mA, I C=0 5 - - V

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4.5A, IB=2.0A
- - 5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=A.5A, Ib=2.0A - - 1.5 V

Collector-Emitter
Sustaining Voltage VCEO(SUS) Ic=100mA, L=25mH 600 - - V

Fall Time tf IC=4.5A, IB (end)=l-8A
- 0.7 1 US

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 165 - pF

Transition Frequency f T VcE=5v » f=5MHz, I C=0.1A - 3 - MHz

llltlfllllllllllllllllltlttliiillilllllllllllllllltllttttlllllllllllllllllllllttlllllllllllili>ltlllllllitlllllllilliiilllllllllllliiiiiilllllllllllllilll«ltllllllllllllllltltftlllliiti«tllllltlltlllllHllliiiiiiiitlllll "~^^»^^S—•B^^.^^. CORPORATION
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BU208 SILICON IMPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

COLOR TV SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCES=1500V

. Low Saturation Voltage : VcE ( sat)=5V (Max.)

• Fall Time •* tf=0.7^s (Typ.)

. Glass Passivated Base-Collector Junction

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Emitter Voltage VCES 1500 V

Emitter-Base Voltage Vebo 5 V

Collector Current
DC ic 5 A

Peak ICM 7.5 A

Base Current (Peak) iBM 4 A

Total Power Dissipation

(Tc^95°C)
Ptot 12.5 W

Junction Temperature T
J

+115 °C

Storage Temperature Range Tstg -65-115 °C

Thermal Resistance Rth(j-c) 1.6 °c/w

ELECTRICAL CHARACTERISTICS (Tc=25°C)

Unit in mm

025.OMAX.

--<=&

2*2 1. MAX.

tr
+ 0.09

01.0-0.03
(L

30.2 ±0.2

+ao8
04.0—a 15

i&9±a.2

2-^

1-^5 21

4 0.0 MAX.

1. BASE
2. EMITTER

COLLECTOR (.CASE)

TO—

3

EIAJ TC—3, TB-3

TOSHIBA 2 —2 1 B 1

A

Mounting Kit No. AC42C

Weight : 17. Og

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current Ices VCE=1500V, VBE=0
- - 1 mA

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=lmA, IC=0 5 - - V

DC Current Gain hFE VCE=5V, IC=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4.5A, Ib=2A - - 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4.5A, IB=2A - - 1.5 V

Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=100mA, Ib=0, L=25mH 700 - - V

Transition Frequency f T .

VCE=5V, IC=0.1A - 7 - MHz

Collector Output Capacitance cob VcB=10V, IE=0, f=lMHz - 125 - PF

Switching Time
Fall Time tf ICM=4.5A, IB (end)=l-8A - 0.7 - MS

Storage Time tstg
ICM=4.5A, IB (end)=1.8A - 10 - US

TOSHIBA CORPORATION •••••••••iitiiiiiitiiiiiiiiiiiitiiiiiiiiiniMiaittiiiiii«tiiiiitiiiiiiiii«i«Miiiaiiiiiiiiiiiiaiitiiiii*tiiiiiiiiiiiiiiiiiitiiiiiiiiiii<tiiiiiiiiiiitiiiiaiitiiiiiMiiiiiiiiiiiiiiitiatiiiiiniiiiiiiati
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BU208

J C - VCE ipE

COMMON EMITTER

i
1

2000
1800
1600
1 Ann

Tc = 25°C

//, 1200

VA//A800

4 no

200

I]3= 100mA

50^ 10
2 4 6

COLLECTOR—EMITTER VOLTAGE (V)

JE(sat) - IB

\

5

.5

\<t

COMMON EMITTER

Tc - 25°C
j

0.4 Q8 1.2 L6
BASE CURRENT IB (A)

COMMON EMITTER

Tc = 25°C

K?\ \
'"A^ -

20

30 50 100 300 500 1000 3000 5000

COLLECTOR CURRENT I c (mA)

a4 as 1.2 i.i

BASE CURRENT IB (A)

PC - Tc

INFINITE HEAT SINK

\'

V

\
>

,

\
20 40 60 80 100

CASE TEMPERATURE Tc (°C)

120

i)iiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiii(iiiiiiiiitiiiiiiiiiiiiiiiiiiliiiltiiiitiiiiiiiiilMiMilltij(i]iiiiiiiiililMiiiiiiiiiillllliiiiiiiiiliiiliiiiiiiiiiiltlltiitilirillJliilliltlltiiiiiiitiiitiiMiiititiiiiilllMlliti ~V~^^»^^ S-^B i^S.^E^^ CORPORATION
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BU208A SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

COLOR TV -SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCES=1500V

. Low Saturation Voltage : VcE(sat)=lV (Max.)

• Fall Time : tf=0.7,us (Typ.)

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

ELECTRICAL CHARACTERISTICS (Tc=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Emitter Voltage VCES 1500 V

Emitter-Base Voltage Vebo 5 V

Collector Current
DC ic 5 A

Peak ICM 7.5 A

Base Current (Peak) IBM 4 A

Total Power Dissipation
(Tc^95°C)

p tot 12.5 W

Junction Temperature T
3

+115 °c

Storage Temperature Range Tstg -65-+115 °c

Thermal Resistance Rth(j-c) 1.6 °c/w

02 5.OMAX,

#2 1.0 MAX,

rtm
+ 0.09

0i.o-a 03

dxr

30.2x0.2

1. BASE
2. EMITTER

COLLECTOR i^CASE)

TO—

3

TC—3, TB—

3

TOSHIBA 2-21B1A

Mounting Kit No. AC42C

Weight : 17. Og

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ices VCE=1500V, VBE=0 - - 1 mA

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=imA, I C=0 5 - - V

DC Current Gain hFE VCE=5V, I C=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4.5A, IB=2A - - 1 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4.5A, IB=2A - - 1.5 V

Collector-Emitter
Sustaining Voltage VCEO(SUS)

IC=100mA, 13=0
L=25mtl

700 - - V

Transition Frequency f T VCE=5V, IC=0.1A - 7 - MHz

Collector Output Capacitance Cob VcB=10V, IE=0, f=lMHz - 125 -
PF

Switching Time
Fall Time tf ICM=4.5A, IB (end)=1.8A - 0.7 - flS

Storage Time tstg I CM=4.5A, IB (end)=l-8A - 10 - jus

TOSHIBA CORPORATION I
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BU208A

hFE - I C

In - VCE

COMMON EMITTER 20 00

00,Tc = 25°C
*"l8

1400^

1000

800

600

400

2 00

100

IB=5 0mA

S
2 4 6 8 10

COLLECTOR—EMITTER VOLTAGE VCE (V)

VBE - I]

1.4

COMMONI EMITTER

Tc = 25°C

\cs6^

^^^ ^

04 08 1.2 l.(

BASE CURRENT IB (A)

a >

COMMON EMITTER

Tc = 25°C

:::
:~^>

vio^... <v V̂
, .

|
1

1

it

II

\o

Ss=

30 100 300 1000 3000 10000

COLLECTOR CURRENT I c (mA)

vCE(sat) - J B

COMMON EMITTER

Tc = 25°C

\5

\ ^
\ r

4

04 08 1.2 1.6

BASE CURRENT I B (A)

PC Tc

INFINITE HEAT SINK

\x
v

\\
\

20 40 60 80 100 120

CASE TEMPERATURE Tc (°C)

iiiiiiiiiilliiiiiiiiiiiiiiillilliilliillilililiillliiiiiiimiiiiiiiiiiiiillliiiiNiMiiiiiiiN CORPORATION
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BU208A

TYPICAL DRIVE CONDITION DATA DRIVE CONDITION DATA

1.3

1.1

0.9

0.7

a 5

etg.

PEAK COLLECTOR
CURRENT

ICP=4.5A

FORWARD BASE
CURRENT

IBl(end) :z:1
-8 A

15

b
-LI +^

bC

Ql 0.2 0.3 a4 Q5 Q6 Q7
BASE CURRENT GRADIENT -dls/dt (A/As)

1.3

W Olt

as

PEAK COLLECTOR
'

1 /CURRENT
I C;p=3.4A

AMBIENT
. TEMPERATURE

Tc=2'5lC

f

i
I

1 i

*
\

//

•a
c

'

Li.2

/ c

1 H
/0.8

0.6

-r
ai 0.2 a3 a4 0.5 0.6 a? as

BASE CURRENT GRADIENT -dI B/dt (A/As)

DRIVE CONDITION DATA
1.5

1.3

1.1

Q7

0.3

PEAK COLLEC—
/

r

/'TOR CURRENT
. I CP=&4A

AMBIENT
TEMPERATURE

j

/ /

1
f 1

/ /Tc = 6 5"C fa

/
/

*i a
1.0

\
> \ h 1

0.6

1"

Ql 0.2 a3 Q4 0.5 0.6 0.7 0.1

BASE CURRENT GRADIENT -d Is/at (A/"s)
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SILICON NPN TRIPLE DIFFUSED MESA TYPE BU326A

HIGH POWER SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCBO=900V

. High Peak Current Capability : Ic(Peak) =8A

• Fall Time : tf=0.5/»s (Max.)

. Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

'EBO

ic

ICP

PC

L stg

RATING

900

400

60

150

-65-150

UNIT

Unit in mm

025OMAX.

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—

3

EIAJ TC— 3, TB—

3

TOSHIBA 2-2 1B1A

Mounting Kit No. AC42C

Weight : 17. Og

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Base Breakdown
Voltage

v (BR)CB0 Ic=lmA, l£=0 900 - - V

Collector-Emitter
Breakdown Voltage V(BR)CEO Ic=10mA, Ib=0 400 - - V

Emitter-Base
Breakdown Voltage

V (BR) EBO IE=5mA, lc=0 7 - - V

DC Current Gain hFE VCE=5V, IC=4A 3.5 - 12

Collector-Emitter
Saturation Voltage VCE(sat) IC=4A, IB=1.25A

- - 3 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4A, IB=1.25A - - 1.5 V

Fall Time tf
ICP=2.5A, IB1=0.5A
IB2=-1A

- - 0.5 MS

Transition Frequency fT VCE=10V, IC=0.1A - 5 - MHz

lltlliailltllllllltllltlllllltlllllllltllllllllllllllllllltllltlllllllllllllltltlllllltlilllllltlllllltlllllll llllllllttllltlltl<llllllllllllllltllllllllflttlltltllltllttllllltllllllllllliiiitlttlllltl*l*IIIllltlllllll*« 'H
-
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BU326A

i c - v
c hPE

10 12
COLLECTOR-EMITTER VOLTAGE VCE (V;

Tc=2 5°C

1

'i
5*

**

.

.

1 III 1

1

III 1

Q005 001 003 ai Q3tt5 1 3 5
COLLECTOR CURRENT I c (A)

« m
H >
H
H
l—

1

2 H
¥ n

1 <
W H
'11 i-J

< n
w >

10rr

Vl5E(sat) ic

COMMON EMITTER

Tc=2 5*C

1 -: I c/i B=5

Q5 -

0.1-
0005001 003 01 03 05 1 3

COLLECTOR CURRENT Ic (a)

O005O01 003 0.1 03 05 1 3 5
COLLECTOR CURRENT I c (a)

VCE(sat) ~ I]

K >

o >

I 1

COMMON EMITTER

1 Tc = 2 5°C

I \
\I 1

\
\I

\
\ )

T ,\1y
4 \

\l \l.5^ ^2.5^Ljc =3A

Ij
02 04 06 08 1.0 1.2

BASE CURRENT IB (A)

9 =i

V BE J-B

COMMON EMITTER
Tc = 2 5°C

?n
1

1 =>
I C =3A

/ .2.5
£-2
^-1.5
\l

1 n

n
I o t O 4 6 Q 8 1. 1.2 1.^

BASE CURRENT I B (a;

TOSHIBA CORPORATION
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BU326A

SWITCHING CHARACTERISTICS SAFE OPERATING AREA

(14

COMMON EMITTER

I B1 =0.5A

IB2=-1A
Tc=2 5*C

t ste:

tf

X4 1.8 2.2 2.6 3.0

COLLECTOR CURRENT I r (A)

SWITCHING CHARACTERISTICS

Q6 1.0 1.4 l.i

BASE CURRENT I B1 (A)

2
C5

1-H

<
1 Oh

O HH Ohm «

COMMON EMITTER
t S

08

" I C= 2.5A

.
IB2=- 1A
Tc = 2 5"C ^>

tK

n d
tf

COLLECTOR-EMITTER VOLTAOE

SWITCHING CHARACTERISTICS

-a 6 —i.o

BASE CURRENT

ilillllilllliilliiiiiiiimiiiiiiiiiiiiiililimiiiiiiiiiiiliiiiiliiillliiiiiiuiiiiiiiiim CORPORATION
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BU407D SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

TV HORIZONTAL DEFLECTION OUTPUT APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. Built in Damper Type

. High Collector Current Capability

High Collector Power Dissipation Capability

MAXIMUM RATINGS (Ta=25°C)

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

CHARACTERISTIC

Collector Current

DC

Repetitive

Peak

Base Current (Repetitive)

Collector Power Dissipation
(Tc=25°C)

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

ic

ICM

ICP

IBM

rstg

RATING

330

150

10

15

60

150

-55-150

EQUIVALENT CIRCUIT
B o-

ELECTRICAL CHARACTERISTICS (Ta=25°C)
-ioon

UNIT

Unit in mm

1Q3MAX. 03.6±O.2

I

2.5 4

A 3

2.5 4 <
S
r-

sl

%> \

\

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC TO—220AB
EIAJ SC—46

TOSHIBA 2—10A1A

Mounting Kit No. AC75

Weight : 1.9g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ices VCE=250V, VBE=0 - - 1.0 mA
Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=0.1A, L=50mH 150 - - V

Collector-Base Breakdown Voltage V(BR)CB0 IC=lmA, IE=0 330 - - V

Emitter-Base Breakdown Voltage v (BR)EB0 IE=0.1A, Ic=0 6 _ _ V

DC Current Gain hFE VCE=1.5V, IC=5A 10 - -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=5A, IB=0.5A - - 1.5 V

Base-Emitter Saturation Voltage vBE(sat) IC=5A, IB=0.5A - - 1.5 V

Forward Voltage (Diode) -VF IC=-6A - - 1.8 V

Fall Time tf
ICP=5A,
IB1=-IB2=0.5A

- - 1.0 us

Transition Frequency fT VCE=10V, IC=0.2A - 18 - MHz

TOSHIBA ^3C3*9B=*^3S=S^^.~nC3i^l iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitlltlllllllllllllllllllllllllllllllllltlllllllllllllllllllllllllilllllllllllllllllllllllllllllllllllltlllllllllllllllllllilllllllltlllllllllllllllllllllllllllllllllllllllllllllll
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BU407D

VCE (LOW VOLTAGE REGION) hFE _ I C
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BU407D
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SILICON NPN TRIPLE DIFFUSED MESA TYPE BU500

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCES=1500V

. Low Saturation Voltage : VCE (sat )=lV (Max.)

• Fall Time : tf=0.7/is (Typ.)

. Glass Passivated Base-Collector Junction.

MAXIMUM RATINGS (Tc=25°c)

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

CHARACTERISTIC

DC

Peak

Base Current (Peak)

Total Power Dissipation
(Tc=95°C)

Junction Temperature

Storage Temperature Range

Thermal Resistance

SYMBOL

VCES

vEBO

IC

XCM

IBM

L stg

Rth(j-c)

RATING

1500

7.5

12.5

+115

-65-115

1.6

UNIT

V

°C/W

Unit in mm

025OMAX.

02 1.0 MAXm
+ 0.09

01.0-0.03

3 0.2 ±0.2

1. BASE
2. EMITTER

COLLECTOR (CASE)

TO—

3

TC— 3, TB—

3

TOSHIBA 2—21B1A

Mounting Kit No. AC42

Weight : 17. Og

ELECTRICAL CHARACTERISTICS (Tc =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CES VBE=0, VCE=1500V
- - 1 mA

Emitter-Base
Breakdown Voltage

v (BR)EB0 IC=0, IE=lmA 5 - - V

DC Current Gain hFE VCE= 5V >
VCIC=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4.5A, IB=2A
- - 1 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4.5A, IB=2A
- - 1.5 V

Collector-Emitter
Sustaining Voltage

VCE(SUS) IB=0, Ic=100mA, L=25mH 700 - - V

Transition Frequency
(at f=5MHz)

f T VCE=5V, V IC=0.1A
- 7 - MHz

Collector Output Capacitance
(at f=lMHz)

cob VCB=10V, IE=0, f=lMHz - 125 - pF

Switching Time
Fall Time tf ICM=4.5A, IB (end)=l-8A

- 0.7 - us

Storage Time t s ICM=4.5A, IB (end) =1 - 8A - 10 - MS

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE BUY71

TV HORIZONTAL OUTPUT APPLICATION.

FEATURES

:

. High Voltage : VCEX=2200V

. Fast Switching : tf=0.7^s (Typ.)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Peak Collector-Emitter
Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

SYMBOL

vCBO

VcEX

'CEO

VEBO

ic

IB

RATING

2200

2200

800

UNIT

025.OMAX.

ZteLOMAXm
,-0LO9

01.0—ao3 4

1. BASE
2. EMITTER

COLLECTOR (CASE)

JEDEC TO—

3

Collector Power Dissipation
(Tc^80°C) PC 10

TC—3, TB—

3

TOSHIBA 2-21B1A

Junction Temperature 100 Weight : 17,

Storage Temperature Range L stg 60-100

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector-Emitter Cut-off

Current
XCEX VCE=2200V, VBE=-2V - - 1 mA

Emitter-Base
Breakdown Voltage V(BR)EB0 lE=100mA, I C=0 5 - - V

Collector-Emitter
Saturation Voltage VCE(sat) IC=1.5A, IB=1.5A - - 10 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=1.5A, Ib=1.5A - - 1.5 V

Transition Frequency fT VCE=5V, IC=0.1A - 4 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=1.0MHz - 50 - pF

Fall Time tf
I cp=1.2A
IBl(end) =0 - 55A

- 0.7 - fiS

iii*tiit»iiiiitiiitiiiiiiiiiiiiiiiitti>iiitiiitiiiiiiitiitiiiiiiiiittiiiatiiiiititittiitiittiitiitittitiiiiiiiii»iiiiitiiiitittiitiiiiiitiitiiiiiiiitiiiiitiiiiiiiiiiiiiiitii>ittiiiiii«itittiiiiiiiitiiiin«t>iiiiiiitii
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BUY71
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) TBF869
TBF871

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

. PNP Complements are TBF870 and TBF872.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

TBF869

TBF871

TBF869

TBF871

Emitter-Base Voltage

Collector Current
DC

Peak

SYMBOL

'CBO

'CEO

vEBO

ic

ICP

RATING

250

300

250

300

50

100

UNIT

mA

Unit in mm

9.9MAX. 03.2x012

1. EMITTER
2. COLLECTOR (HEAT SINK)
a BASE

JEDEC

TOSHIBA 2-10F1B

1.6
Total Power Dissipation tot 5.0

(Tc=25°C)

Base Current IB 20

Junction Temperature 150

Storage Temperature Range stg -65 -150

Solder Temperature, 1.5mm
from Case for 10 Seconds

350

Weight : 1.4g

mA

THERMAL CHARACTERISTICS

CHARACTERISTIC SYMBOL RATING UNIT

Thermal Resistance (Junction-Ambient) RflJA 78.3 °C/W

Thermal Resistance (Junction-Case) R0JC 25 °C/W

Him I I mi limn Hill I Illlllllllllllllllii lliiiillilliiiiiiiiiiiiiiiiMiiiiiiiiiiii || iillllilliiiiiii II Hililiilliiii TOSHIBA CORPORATION
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TBF869*TBF871

ELECTRICAL CHARACTERISTICS (Ta=25°C Unless otherwise specified)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

TBF869 ICBO VCB=200V, Ie=0 - - 0.1

fiA

TBF871 ICER VCE=250V, RBE=2.7kQ - - 0.05

Emitter Cut-off Current iEBO VEB=5V, IC
=0 - - 10 lik

Collector-Emitter
Breakdown Voltage

TBF869 v (BR) CEO Ic=lmA, IB=0 250 - -

V

TBF871 V (BR)CER Ic=1aA, RBE=2.7k.Q 300 - -

High Temperature
Collector Cut-off Current

XCER
VCE=200V, RBE=2.7kQ

Tj=150°C

- - 10 AA

DC Current Gain hFE VCE=20V, Ic=25mA 50 - -

Collector-Emitter RF

Saturation Voltage
VCE(sat)

RF
I C=25mA, Tj=150°C - 20 - V

Base-Emitter Voltage vBE VcE=20V, Ic=25mA.
- 0.75 - V

Transition Frequency fT VCE=10V, Ic=10mA 60 100 - MHz

Reverse Transfer Capacitance Cre VCB=30V, IE=0, f=lMHz - 1.3 1.8 pF

TOSHIBA CORPORATION
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TBF869-TBF871
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TBF869-TBF871
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) TBF870
TBF872

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

. NPN Complements are TBF869 and TFB871.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

TBF870

TBF872

TBF870

TBF872

Emitter-Base Voltage

Collector Current
DC

Peak

SYMBOL

vCBO

vCEO

vEBO

ic

ICP

RATING

-250

-300

-250

-300

-5

-50

-100

UNIT

mA

Unit in mm
9L9MAX. 03.2±Q2

1. EMITTER
2. COLLECTOR (HEAT SINK)
3. BASE

TOSHIBA 2 -10F1B

Total Power Dissipation
1.6

tot 5.0
(Tc=25°C)

Base Current IB -20

Junction Temperature 150

Storage Temperature Range L stg -65-150

Solder Temperature, 1.5mm
from Case for 10 Seconds 350

Weight : 1.4g

mA

THERMAL CHARACTERISTICS

CHARACTERISTIC SYMBOL RATING UNIT

Thermal Resistance (Junction-Ambient) R0JA 78.3 °C/W

Thermal Resistance (Junction-Case) R0JC 25 °C/W

TOSHIBA CORPORATION
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TBF870-TBF872

ELECTRICAL CHARACTERISTICS (Ta=25 C Unless otherwise specified)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

TBF870 ICBO VCB=-200V, IE=0 - - -0.1

nk
TBF872 ICER VCE=-250V, RBE=2.7kn - - -0.05

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -10 mA

Collector-Emitter
Breakdown Voltage

TBF870 v (BR) CEO Ic=-lmA, IB=0 -250 - -

V

TBF872 V (BR)CER Ic=-laA, RBE=2.7kQ -300 - -

High Temperature
Collector Cut-off Current

ICER
VCE=-200V, RBE=2.7kn

Tj=150°C
- - -10 Hk

DC Current Gain "FE VCE="20V, Ic=-25mA 50 - -

Collector-Emitter RF

Saturation Voltage
VcE(sat)

RF
Ic=-25mA, Tj=150°C - -20 - V

Base-Emitter Voltage VBE VCE=-20V, IC=-25mA - -0.75 - V

Transition Frequency fT VCE=-10V, IC=-10mA 60 80 - MHz

Reverse Transfer Capacitance Cre VCB=-30V, IE=0, f=lMHz - 1.7 2.0 pF

TOSHIBA CORPORATION uti n ill iiiimii it uitiiiii mi linn linn iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniliiii iiiiiiiiiiiiniiii mini minim i" i mhimii
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TBF870»TBF872
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TBF870-TBF872
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SILICON NPN TRIPLE DIFFUSED TYPE TSB3055

GENERAL PURPOSE TRANSISTOR

POWER REGULATOR, SWITCHING AND SOLENOID

DRIVE APPLICATIONS.

FEATURES

:

. Convenient MOLD Package : Useless Insulation Bushing

. High Gain at High Current

: hFE=20~100 @ VCE=4V, IC=4A

. Low Saturation Voltage
: VCE(sat)<l-lV @ IC=4A, IB=0.4A

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

Collector-Emitter Voltage

CHARACTERISTIC

Collector-Base Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation
(Tc=25°C) Derate above 25°C

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IB

Tstg

RATING

80

80

10

70

0.56

150

-55-150

UNIT

15.9MAX. 032±Q2

w
2.0 ±U3I
+0.30 I

1.0-0.2 5

<

m

£0

w

w/"c

°c

5.45±U2 5.45±U2

CO-H

+ 1 00

X

00

?-"^»•--" $
\ 1

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-16B1A

Weight : 4.6g

Notice ; Maximum torque applied
to mounting flange is

8 kg -cm

ELECTRICAL CHARACTERISTICS (Ta =25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEX VCE=80V, VBE=-1.5V
- - 1.0 mA

Collector Cut-off Current ICEO VCE=80V, IB=0
- - 0.7 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 5 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) Ic=200mA, Ib=0 80 - - V

DC Current Gain hFE
VCE=4V, I C=4A 20 - 100

VCE=^V, IC=10A 5 - -

Base-Emitter Voltage VBE VCE=4V, IC=4A - - 1.8 V

Collector-Emitter
Saturation Voltage

VcE(sat)
IC=4A, Ib=0.4A - - 1.1

V

IC=10A, Ib=3.3A - - 8.0

Transition Frequency f T VCE=10V, IC=0.5A, f=lMH2 3.0 8.0 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 70 - pF

* The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer.

il*llltiiitiiiiilliiiiiiitliiiiiiiilliiiiiiil>iiiiiiii*iiitiiitiiiiiiiiiiiiiiiiiiitiitiiiiifiiiiiiiiiiiiiiiitiitiiiiiiiiiitiitiiiiiiitiitiitiiiiiiiitiiiiititiiil»iitliiiiiiitl)liiiiiiiitiillll»lllifiiil«llliiiiililllllil '^T^^^i^^a—^^^B^. CORPORATION
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TSB3055
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

TV VERTICAL OUTPUT APPLICATIONS.

FEATURES

:

. Good Linearity of hEE

. Complementary to S1237

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 90 V

Collector-Emitter Voltage VcEO 90 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 4 A

Emitter Current IE -4 A

Base Current IB 3 A

Collector Power Dissipation
(Tc=25°C)

p C 40 W

Junction Temperature T
J

150 °C

Storage Temperature Tstg -55-150 °C

10.3MAX. 03.6±O.2

a

2.54

A
> r

i

2.54

X

N
Si

E-

4

r-i °JJ"
-

to

ci

{

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC TO—220AB
SC—4 6

TOSHIBA g—10A1A

Mounting Kit No. AC75

Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CBO VCB=90V, IE=0 - - 20 mA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 nk

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=50mA, IB=0 90 - - V

DC Current Gain
hFE(l) VCE=5V, IC=0.5A 40 - 200

hFE(2) VCE=5V, IC=3A 15 - -

Collector-Emitter
Saturation Voltage

VCE(sat) IC=3A, IB=0.3A - - 1.5 V

Base-Emitter Voltage VBE VCE=5V, IC=3A - - 1.5 V

Transition Frequency fT VCE=5V, IC=0.5A 3 8 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 85 - pF

Itlllitllilltlltllltilitlltiiitliif iiiiiiiiiitiiiiitllllllllflllllititiiiiiiiiiiitiitllllllllliltlllllllllltiitltllllllllitlltllllllllllllllttltllllltllllltllllllllltlllllllllllllllllllllllllllllltlllltlllttllllllllltl "V
-
C^i^^B—^^K.^^ CORPORATION
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S1236
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S1236

Ta SAFE OPERATING AREA

50

CD Tc = Ta INFINITE HEAT SINK
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_@ ENCLOSED IN 50X50X2mm A£ PLATE

40 |

©
30

20 - *l

•©
K

(JJ

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta v'Cj

0.5

0.1

O 05

II

TT ^T^-r^X-'*'.

X
L Vl\ v -s,

In MAX L vVAv^-A*-/
" (CONTINUOUS) ^Ov%\

^ao\."^ ~ZJt\\ ^\
'«

^
^

tf

. rd

c
r

1

'O)

:•& SINGLE :jonrepetitive
" PULSE Tc=2 5°C

.CURVES MUST BE DERATED
LINEARLY WITH INCREASE

^
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S1237 SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

TV VERTICAL OUTPUT APPLICATIONS.

FEATURES

:

. Good Linearity of hpE

. Complementary to S1236

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -90 V

Collector-Emitter Voltage VCEO -90 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -4 A

Emitter Current IE 4 A

Base Current IB -3 A

Collector Power Dissipation
(Tc=25°C) ?c 40 W

Junction Temperature T
J

150 °c

Storage Temperature Range Tstg -55-150 °C

10.3MAX 0Z.6±O.2

0.76

w ,01

3i
1. BASE
2. COLLECTOR (HEAT SINK

3. EMITTER

T —2 2 A B

EIAJ SC—4 6

TOSHIBA

Mounting Kit No. AC75

Weight : 1.9g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-90 V, IE=0 - - -20 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0

- - -10 fiA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-50mA, Ib=0 -90 - - V

DC Current Gain
hFE(l) VCE=-5V, IC=-0.5A 40 - 200

hFE(2) VCE=-5V, IC=-3A 15 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-3A, IB=-0.3A
- - -1.7 V

Base-Emitter Voltage VBE VCE=-5V, IC=-3A - - -1.5 V

Transition Frequency f T VCE=-5V, IC=-0.5A 3 5
- MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 130 - pF

TOSHIBA CORPORATION iiiuuiitiitiiiiuitiiiiiiiiitiiitiiiiitiifiiu iiinnii ill imiiiiiiiiiiiiimimi mi mi iiiiiiiiiiiiini iiiiiiiiiiiiiiiiiiiiiin ill iiiiiiiiiiiui m
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S1237
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S1237

Ta SAFE OPERATING AREA

ir; 20

CD Tc = Ta INFINITE HEAT SINK

© MOUNTED IN 200X200X2mm a£ PLATE

© MOUNTED IN 100X100X2mm k£ PLATE

® MOUNTED IN 50X50x2 mm A£ PLATE

I

- ©
-6

<4J

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta (°C

)

-2 —5 —10 —30—50 -100 -500

COLLECTOR—EMITTER VOLTAGE VCE (V)
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. High Collector-Emitter Breakdown Voltage

. Low Ccb (2.5pF Typ.)

VCEO=300V

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power
Dissipation

Ta=25°C

Tc=25"COr

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VeBO

IC

IB

L stg

RATING

300

300

100

50

1.5

6.25

150

-55-150

UNIT

V

mA

mA

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in ram

9.9MAX. j#3.2±0.2

(ffV°

1. EMITTER
2. BASE
3. COLLECTOR (HEAT SINK)

TQ-202

TOSHIBA 2-10D1A

Weight : 1.4g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=300V, IE=0 - - 10 M
Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 10 juA

DC Current Gain
hFE(l) VCE=10V, IC=4mA 20 - -

hFE(2) VCE=10V, Ic=20mA 30 - 150

Collector-Emitter
Saturation Voltage

vCE(sat) IC=10mA, lB=lmA - - 1.0 V

Transition Frequency fT VCE=10V, IG=20mA 50 70 - MHz

Collector-Base Capacitance Ccb VCB=20V, IE=0, f=lMHz - 2.5 3.0 PF

llllllltlltlllltlllllltiiiiiiiiiiiiiiiiiiiiititillllittllllllltllliiiitiiiiiiiiiiuilttlllllllliMlitiiiiiiillllltlltltiliiliillllllltliiltllltlllltiitiiiiiiiiitiiiiiiiiiitltliiiilllltllltftlitllllltllfiliiilllllli ^B~^I^i^^—Ba^^,^E^. CORPORATION
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S1298

f T CE Pn - Ta

- Tc = 25'C

80

9C MHz

70

60

50
I

"

40

1 3 5 10 30 50 100

COLLECTOR -EMITTER VOLT AG-E VCE (V)

(jTc=Ta INFINITE HEAT SINK

@ MOUNTED IN 50 X 50 X 2mm
A£ PLATE

© NO HEAT SINK

®

CD

" ©

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta CO
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S1375 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS,

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to S1376

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 80 V

Collector-Emitter Voltage vCEO 80 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 750 mA

Base Current IB 500 mA

Collector Power Dissipation PC 1.5 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

..9.9MAX.
,
03.2±Oig

'" —%. ,*&
3.

II
n

I
1 2 Z\

9.9 MAX.

1. EMITTER
2. BASE
3. COLLECTOR (HEAT SINK?

TOSHIBA

Weight : 1.4g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=30V, IE=0 - - 0.5 j«A

Emitter Cut-off Current iEBO VEB=5V, I C=0 - - 1.0 tik

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, IB=0 80 - - V

DC Current Gain
hFE(l) VCE=2V, Ic=150mA 70 - 240

hFE(2) VCE=2V, IC= 500mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) I c=500mA, IB=50mA - - 0.5 V

Base-Emitter Voltage VBE VCE=2V, IC= 500mA - - 1.0 V

Transition Frequency f T VCE=2V, Ic=150mA 50 100 - MHz

Collector Output Capacitance cob VCB=10V, IE=0, f=lMHz - 15 - pF

TOSHIBA CORPORATION
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S1375
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S1376 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS,

FEATURES

:

. Complementary to S1375

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -80 V

Collector-Emitter Voltage VCEO -80 V

Emitter-Base Voltage Vebo -5 V

Collector Current ic -750 mA

Base Current IB -500 mA

Collector Power Dissipation ?C 1.5 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

9.9MAX. 03.2±O.2

W-
a.

0.6 6

-$

m

Tr-rp;
',3-

4*

,9, 9 MAX.

1. EMITTER
2. BASE
3- COLLECTOR (HEAT SINK)

JEDEC

TOSHIBA

Weight : 1.4g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-30V, IE=0 - - -0.5 mA

Emitter Cut-off Current xEB0 VEB=-5V, IC=0
- - -1.0 mA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-10mA, Ib=0 80 - - V

DC Current Gain
hFE(l) Vce=-2V, Ic=-150mA 70 - 240

hFE(2) VCE=-2V, Ic=-500mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=_500mA, IB=-50mA - - -0.5 V

Base-Emitter Voltage VBE VCE=-2V, Ic=-500mA - - -1.0 V

Transition Frequency fT VCE=-2V, Ic=-150mA 50 100 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 20 - pF

TOSHIBA CORPORATION HlHH||HHHHHIIHI«HHlHl»tHIHH«HIH«HllWUHHHIHHH»HHHHHIHHHI»IUHIHIHHIHH«lHIHHIIHHHH»UHWHIHHIHlHHHHlHHHIIHHHII»HHHIH«UHHHIIHHHHIIHIIIHII
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S1376
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S1377 SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS.

TV HORIZONTAL DRIVER APPLICATIONS.

FEATURES

:

. High Collector to Emitter Breakdown Voltage

VCEO=250V

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 250 V

Collector-Emitter Voltage vCEO 250 V

Emitter-Base Voltage vEBO 6 V

Collector Current ic 500 mA

Base Current IB 250 mA

Collector Power
Dissipation

Ta=25°C
PC

1.5
W

Tc=25°C 6.25

Junction Temperature T
i

150 °c

Storage Temperature Range Tstg -55-150 °c

Unit in mm

9.9MAX. 03.2+0.2

i?
n.

1.2 TTTI

0.66

2.54

C1.6

r ; Tt; :

9. 9 MAX.

1. EMITTER
2. BASE
3. COLLECTOR (HEAT SINK)

JEDEC

EIA J

TOSHIBA 2-10Dli

Weight : 1.4g

ELECTRICAL CHARACTERISTICS (Ta=25 c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=250V, IE=0
- - 10 MA

Emitter Cut-off Current !eBO VEB=6V, IC=0
- - 10 nk

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=5mA, IB
=0 250 - - V

DC Current Gain hFE VCE=10V, I c=100mA 30 - 200

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=200mA, IB=20mA - - 3 V

Base-Emitter
Saturation Voltage

VBE(sat) Ic=200mA, I B=20mA - - 1.2 V

Transition Frequency fT VCE=10V, Ic=100mA 40 60 - MHz

Collector Output Capacitance Cob VCB=20V, Ie=0, f=lMHz - - 7 PF

TOSHIBA CORPORATION
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S1377

In - VCE

COMMON EMITTER

Tc = Z 5 °C

10^ Q
8
7

5
4

Z

3

H -\lnA

4 8 12 16 20

COLLECTOR-EMITTER VOLTAGE V CE (V)

hFE

COMMON EMITTER

VCB -10V

Tc = 25°C

3 5 10 30 50 100 300 500

COLLECTOR CURRENT I c (mA)

SAFE OPERATING} AREA

VCE(sat)

5

3

>

^ 1

Jt 0.5

0.05

0.03

common emitter

- i c/i b -io

- TC - 25 °C

— '— »*-"*-

1 3 5 10 30 50 100 300 500

COLLECTOR CURRENT I c (mA)

1000

500

300

3L

__ ._,,-...... Ill
1 II 1 1 1 1 1 1 1 1 1

; I c MAX. (PULSED; •*<

——

/

x 10ms &
\^^ ^ 100ms ••*;

%^^ - 500 ms S;

' ic MAX. (CONTINUOUS;

<

"-->

^ ^-^^ %AZ- \
°. ^ J L^i \ (J

"+ N

•X; SINGLE NONREPETITIVE\
PULSE Tc-"-25

3

C \
"J

: CURVES MUST BE DERATED
" LINEARLY WITH INCREASE
- TN TW.MPFfRATTTR-fi'

• o
o

, _

i

_i_i , J 1

5 10 30 50 100 300 500 1000

COLLECTOR-EMITTER VOLTAGE VCE (V)

TOSHIBA CORPORATION

1087



S1732 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

MEDIUM POWER AMPLIFIER APPLICATIONS.

TV HORIZONTAL DRIVER APPLICATIONS.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Pov/er

Dissipation

Ta=25 C

Tc=25 C

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

ic

IB

stg

RATING

200

120

800

500

1.5

6.25

150

-55-150

UNIT

mA

mA

Unit in mm

<19MAX. 3.2 ±;0.

2

,'

n

^ M
a

H
M

00

w

J

r
-1

c

i

I

n
_

!zi1.2
j

0.66
a

2.54 2.54
^H

3
U ci.8

;

Tl 2_3< ~
c.-.*ntn ~aco—mt.ii

X '

T i

1. EMITTER
2. BASE
3. COLLECTOR (HEAT SINK)

TOSHIBA 2-10P1A

Weight : 1 . 4g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=200V, IE=0 - - 10 fik

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 1 lik

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, IB=0 120 - - V

DC Current Gain
hFE(l) VCE=5V, Ic=100mA 60 - 250

hFE(2) VCE=5V, Ic=400mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, IB=50mA - - 1 V

Base-Emitter
Saturation Voltage

VBE(sat) IC= 500mA, IB=50mA - - 1.5 V

Transition Frequency fT Vce=5v » lE=100mA 30 50 - MHz

Collector Output Capacitance Cob VcB=L0V, IE=0, f=lMHz - - 30 pF

TOSHIBA CORPORATION
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S1732

VCE hFE ~ I C

1000

COMMON EMITTER

15 Tc = 25°C

10^ J7„
5

4

3

2

Ig = 1mA

1

COLLECTOR -EMITTER VOLTAOE VGE (V)

vCE(sat) - Ic

a w o.i

H >
K 0.05
O
£-< H
o S 0.03

: COMMON EMITTER
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j\
' //
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—

v 25

\ -25
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4

®

n
40 80 120
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VCE -5V
To = 100°C
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N

I I

-N
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800
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/ /

600 /

o/
o/
"V /
'/ /

Oil
lO /N 1

1 /

400
«?r

200

n
a2 0.4 0.6 0.8 1.0

BASE -EMITTER VOLTAGE VBE (V)
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500

300

i mi
- Ic MAA. ^±^UJ-itJii;iJ J •*

'
' "I

I c MAX. 1

-(CONTINUOUS

)

& Xs* \ ^
\^v
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X

o
o
>
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LINEARLY WITH INCREASE
I N T EMI'ERATURE

_U i

3

iLJ_1_.
3 5 10 30 50 100 300
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for TV Sound Output, Vert. Deflection

Output.

. Designed for Complementary Use with S1955.

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 60 V

Collector-Emitter Voltage VCEO 50 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 1.5 A

Emitter Current IE -1.5 A

Collector Power Dissipation ?C 1.5 W

Junction Temperature T.i 150 °C

Storage Temperature Range Tstg -55-150 °c

9. 9 MAX. 03.2±O.2
i

1

,

'

Jr.^
=U

T—

v

3°

1. EMITTER
Z. BASE
3. COLLECTOR fHEAT SINK)

JEDEC TO-202

EIAJ

TOSHIBA

Weight 1.4g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=50V, IE=0 - - 1.0 txk

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 fik

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 50 - - V

DC Current Gain hFE Vce=2V, Ic=150mA 70 - 240

Collector-Emitter
Saturation Voltage VcE(sat) IC=1A, IB=0.1A - - 1.0 V

Base-Emitter Voltage VBE VcE=10V, Ic=10mA 0.50 0.60 0.70 V

Transition Frequency f T VCE=10V, IC=100mA 50 100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 20 - pF

TOSHIBA CORPORATION imnmmmmmimmmuimimmiuumimimimiimmmmmimmmmim^
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S1954

IC - VCE hprg — Iq

1.2

COMMON EMITTER

20
18

r *£i

14

Tc -25°C

*12

10

8

6

4

Tr,-

/

2 4 6 8 10

COLLECTOR-EMITTER VOLTAGE VCE (V)

500

300
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Tc = 25°C
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i
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—

I

—

T- 1 i i

3
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I c MAX. '

1 1
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Aa -
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*„ °*> Sw \
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\h C vo

;
\\ \
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4- >T
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xitt\\\Y

0.1 k
\

•$.

\

0.05

no3
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o
o
>

nni
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IN T EMPI

i
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i
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i

E
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i
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for TV Sound Output, Vert. Deflection

Output.

. Designed for Complementary Use with S1954.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IE

PC

L stg

RATING

-60

-50

-5

-1.5

1.5

1.5

150

-55-150

UNIT

Unit in mm

9.9 MAX. 03.2±O.2

i?
tx

\T\XT T S3
M
a

3°

1 El -0^ HBDCT
n |2 ft

3° 3°

1. EMITTER
2. BASE
3. COLLECTOR (HEAT SINK)

TOSHIBA

Weight

2-10F1A

1.4g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-50V, IE=0 - - -1.0 aA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 mA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-10mA, Ib=0 -50 - - V

DC Current Gain hFE VCE=-2V, IC=-150mA 70 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-1A, IB=-0.1A - - -1.0 V

Base-Emitter Voltage VBE VCE=-10V, IC=-10mA -0.50 -0.60 -0.70 V

Transition Frequency fT VcE=-10V, Ic=-100mA 50 100 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 30 - pF

TOSHIBA CORPORATION nmnnmnmiimmmnnmiiimimmmimmmmmmninmiiimiiMiimiiim
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S1955

IC - Vqe hpB

o -0.4

-0.2

o

COMMON
EMITTER

Tc = 25°C-20 -18
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V*^ \
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S2000 SILICON NPNTRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

COLOR TV SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCES=1500V

. Low Saturation Voltage : VcE(sat)=5V (Max.)

. Fall Time : t f=0.7/ts (Typ.)

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current (Peak)

SYMBOL

VCES

VeBO

ic

ICM

XBM

RATING

1500

7.5

UNIT

1&0MAX. ,

03.6±<12

1. BASE
2. COLLECTOR(HEAT SINK)

3. EMITTER

Total Power Dissipation
(Tc^95°C) Ptot 12.5

Junction Temperature +115 TOSHIBA 2-16D1A

Storage Temperature Range L stg -55-115 Weight : 5.2g

Thermal Resistance Rth(j-c) 1.6 C/W

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ices VCE=1500V, VBE=0
- - 1 mA

Emitter-Base
Breakdown Voltage

v (BR)EB0 lE=lmA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, I C=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=4.5A, IB=2A - - 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=4.5A, IB=2A
- - 1.5 V

Collector-Emitter
Sustaining Voltage

vCEO(SUS) Ic=100mA, IB=0, L=25mH 700 - - V

Transition Frequency f T VCE=5V, IC=0.1A - 7 - MHz

Collector Output Capacitance Cob VCB=10V, I E=0, f=lMHz - 125 - PF

Switching Time
Fall Time tf ICM=A.5A, lB(end)=1.8A - 0.7 - MS

Storage Time t stg ICM=4.5A, IB (end)
=1 - 8A - 10 - /IS

TOSHIBA CORPORATION limn iiiiiiiiiiiiiiiiniii iiiiiillllllimiiilllimilllili ililiiiiiiuiiiiiiiiliiiliiiliililll Iliiilliiiinii mill iiiiiiiiiiiiiiiiiiiiiliiniiiii mi ililiiiiiini
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S2000

j-c VCE hpE — Ic

COMMON
EMITTER

2000 .1200

Tc= 2 5'C // 1600
/,1UUU

/// 80 °

//, 1400

4C

200

II =100mA

^ 50
^""-

^ P4

2 4 6 8 10

COLLECTOR-EMITTER VOLTAGE VCE (V)

vCE(sat) - IB

COMMOM EMITTER

\ Tc=2 5°C

\

^4
\_4-ft

S"7

Q4 0.8 1.2

BASE CURRENT
1.6 Z.0

Pp - Tc

20 40 60 80 100 120
CASE TEMPERATURE Tc (°C)

COMMON EMITTER

Tc = 2 5"C

--• ^H

*4
°>.V

30 100 300

COLLECTOR CURRENT
1000 3000 5000
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1 4
Vbe -- I B
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Tc = 25TC

1.2

1

\C
^^

0.8 \\
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\ 3.0

0.6
0.4 a8 1.2 1.6 2.0
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

COLOR TV SWITCHING REGULATOR APPLICATIONS.

FEATURES

:

. High Voltage : VCES=1500V

. Low Saturation Voltage : VcE ( sat )=lV (Max.)

. Fall Time : tf=0.7/is (Typ.)

. Glass Passivated Collector-Base Junction

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current (Peak)

SYMBOL

VCES

VEBO

ic

ICM

LBM

RATING

1500

7.5

UNIT

l&OMAX. <Zta.6±Q.2

r

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

Total Power Dissipation
(Tc^95°C) tot 12.5

Junction Temperature +115 TOSHIBA 2-16D1A

Storage Temperature Range -stg -55~ +115 Weight : 5.2g

Thermal Resistance Rth(j-c) 1.6 'C/W

ELECTRICAL CHARACTERISTICS (Tti=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current Ices VCE=1500V, Vbe=0
- - 1 mA

Emitter-Base
Breakdown Voltage

V(BR)EBO lE=lmA, IC=0 5 - - V

DC Current Gain hFE VCE=5V, Ic=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

VcE(sat) IC=4.5A, IB=2A - - 1 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=4.5A, IB=2A
- - 1.5 V

Collector-Emitter
Sustaining Voltage

VcEO(SUS) Ic=100mA, Ib=0, L=25mH 700 - - V

Transition Frequency f T VCE=5V, IC=0.1A
- 7 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 125 - pF

Switching Time
Fall Time tf ICM=4.5A, IB (end)=l-8A

- 0.7 -
IX s

Storage Time t stg ICM=4.5A, lB(end)=l-8A - 10 — us

TOSHIBA CORPORATION iiiiiiiiiiniiiiiiii iiiiiiiiiiiiiiini i
iiMiiiiiiiiiniiiiiiiiMiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiMiiiiiiiiiniiiiiiiiiiiiiimiimiiiiiiiiiiniiiiiiiiiiiHiiiiin

1096-



S2000A

VCE &FE — I C

< 5

COMMON EMITTER 20 30

on.Tc = 2 5°C *"l8

1400,

1000

800

600

400

2 30

r\
v 100

I B=50mA

/"
2 4 6 8 10

COLLECTOR-EMITTER VOLTAOE VCE (V)

L4

v BE "- IB

COMMON EMITTER

Tc = 25lC

1.2

i n \c^^r^2

"x 4

\3
n r

a«
a4 a 8 1.2 1.6 2.0

BASE CURRENT I B (A)

COMMON EMITTER

Tc= 251C

\
::: p- o :

::.' °<^
<s. i[ 1V M

O O

O O
o >

oi* 15

o
ft

30 100 300

COLLECTOR CURRENT
1000 3000

Ic (mA)

vCE(eat) - IB

\
COMMON EMITTER

\ Tc = 251C

I ^ -J

\ \\

4

Q4 a 8 1.2 1.6 2.0

BASE CURRENT I B (a)

PC ~ Tc

20 40 60 80 100
CASE TEMPERATURE Tc ('C)

120

111111111111 1,lllllmi Hllllllllltllllllllllliiliiili nil I urn Hiiiiiiilliiililiiiiiiiill I I iiiiiiiiiiiiiiiiiiii iiiiiiii i iiiiiiiiiiiiiiiiTOSHIBA CORPORATION

-1097-



S2000A

TYPICAL DRIVE CONDITION DATA DRIVE CONDITION DATA

13^ 4-!
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS,
Unit in mm

FEATURES

:

. High Voltage

. Low Saturation Voltage

. High Speed

VCES=1500V

VCE(sat)=4V(Typ.)
tf=0.7/ts(Typ.)

Built-in Damper Type.
Glass Passivated Base-Collector Junction.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current (Peak)

Total Power Dissipation
(Tc^95°C)

Junction Temperature

Storage Temperature Range

Thermal Resistance

EQUIVALENT CIRCUIT

SYMBOL

VCES

VEBO

IC

ICM

IBM

Ptot

rstg

Rth(j-c)

RATING

1500

3.5

10

+115

-65-115

1.6

UNIT

V

C/W

> COLLECTOR

1S0MAX. 03.6±Q2 1.5

1. BASE
2. COLLECTOR
3. EMITTER

JEDEC

EIA.

TOSHIBA 2-16D1A

BASEO-
Weight : 5.2g

ELECTRICLAL CHARACTERISTICS (Tc=25°C)
=50Q EMITTER

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current Ices VBE=0, VCe=1500V - - 1 mA
Emitter-Base
Breakdown Voltage v (BR)EB0 lc= 0» lE=200mA 5 - - V

DC Current Gain hFE VCE=5V, IC=0.5A 8 12 -

Collector-Emitter
Saturation Voltage vCE(sat) IC=3A, IB=0.8A - 4 8 V

Base-Emitter
Saturation Voltage VBE(sat) IC=3A, IB=0.8A - - 1.5 V

Forward Voltage (Diode) -VF Ip=3.5A - 1.4 2.0 V
Collector-Emitter
Sustaining Voltage VCE(SUS) lB=0, IC=100mA, L=25mH 700 - - V

Transition Frequency fT VCE
= 5V, VIC=0.1A - 7 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 95 - pF

Switching Time
Fall Time tf

ICM=3A, lB(end)=0.8A
- 0.7 1.0

us
Storage Time tstg - 7 -

iiliiiiiiiiiiif it iiiiiiiiimiiiiii i iiiiiiiniiiiiiiiiiiimiiiii iiiiiiiiniiimiiiii i iiiniiiiiiiii i iiiiiiiiiiiiiiiiiiiiiiiiiini niiiniiiiiiiiiii iiiimiTOSHIBA CORPORATION
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S2054

I C - VC E
4

COMMON EMITTER 1.0_ 08,
Q6 ,

- Tc = 25C

3
Q4,.

0.2

<i

Ql

1 Q05 -

7^
IB=O02A

£d 1 1

2 4 6 8 10

COLLECTOR-EMITTER VOLTAGE VCE (V)

VCE - I B
u

\
COMMON EMITTER

8 ,

Ta = 25"C

\

\
\

4 V «oY ^
\\ 1

ci\

*-*

04 08 1.2

BASE CURRENT

1.6

I B (A)

2.0

hpE " ic

t>U

COMMON EMITTER

- 0°°
j

VCE=5V

^ rfi

' ''1^

1

1000

COLLECTOR CURRENT (mA)

^C — VBE

COMMON EMITTER

Ta= 2 5°C

< III

C5 111

II HP 0.8

« inM III ^ 1.0

04 Q8 1.2 1.6 2.0 2.4

BASE-EMITTER VOLTAGE VBE (V)

Pc -- Tc

\H

\

\

\
\

50 100 150

CASE TEMPERATURE To CC)

TOSHIBA CORPORATION iiiiiimiiiiiiiiMiiiiiiiiii ilium iiiniii iiiiiiiiiiiiiniiiiiiiiiiii iiumiiiiiiii u iiiiiiini mi Hiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiimiiiiiiiiiiiiii
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SILICON NPN TRIPLE DIFFUSED MESA TYPE S2U55

Unit in mm

COLOR TV HORIZONTAL OUTPUT APPLICATIONS.

vCes=1500V
VCE(sat)=lV(Max.) (S2055A)
tf=0.7/ts (Typ.)

FEATURES

:

. High Voltage

. Low Saturation Voltage

. Fall Time

. Built-in Damper Type

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current (Peak)

Total Power Dissipation
(Tc^95°C)

SYMBOL

VCES

VEBO

ic

JCM

IBM

tot

RATING

1500

7.5

12.5

UNIT

V

1&OMAX. 03.6±d2

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

Junction Temperature Ti +115 JEDEC

Storage Temperature Range Tstg -65-115 EIAJ

Thermal Resistance Rth(j-c) 1.6 C/W
TOSHIBA 2-16D1A

EQUIVALENT CIRCUIT
Weight : 5 . 2g

•COLLECTOR

BASE O-

ELECTRICAL CHARACTERISTICS (Tc=25°c)
^5on

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICES VCE=1500V, VBE=0 - - 1 mA

Emitter-Base Breakdown Voltage V(BR)EB0 lE=200mA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, IC=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

S2055
VCE(sat) IC=4.5A, Ib=2A

- - 5
V

S2055A - - 1

Base-Emitter Saturation Voltage VBE(sat) IC=4.5A, IB=2A - - 1.5 V

Forward Voltage (Diode) -VF lF=5A - 1.4 2.0 V

Collector-Emitter
Sustaining Voltage

VCE(SUS)
IC=100mA, Ib=0
L=25mH

700 - - V

Transition Frequency fT VCE=5V, IC=0.1A - 7 - MHz

Collector Output Capacitance Cob VcB=10V, IE=0, f=lMHz - 125 - pF

Switching Time
Fall Time tf ICM=4-5A, lB(end)=1.8A - 0.7 - MS

Storage Time tstg ICM=4.5A, lB(end)=1.8A - 10 - /IS

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIUIHiiiiiiiiiHiiHiiiiiiiiiiiiHiiiiiiHi!!,!,!,!!!,,,! TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

TV HORIZONTAL OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCES=1500V

. High Speed : tf=0.75/is (Typ.)

. Glass Passivated Collector-Base Junction

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Emitter Voltage
(VBE=0V)

Collector-Emitter Voltage

(RBE=10QQ)

Transient Collector-Emitter
Voltage (Flash-over)

VCE
(Flash-over)

Collector-Emitter Voltage
(Open Base)

Collector Current
DC

Peak

Transient Collector Current
(Flash-over)

Base Current (Peak)

Reverse Base Current
DC

Peak

Collector Power Dissipation
(Tc^ 90°C)

Junction Temperature

Storage Temperature Range

SYMBOL

VCES

VCER

VCEO

ic

ICM

IC
(Flash-over

IBM

-IB

-IBM

PC

Tstg

RATING

1500

1500

1650

700

2.5

2.5

100

1.5

10

115

-65-115

UNIT

mA

1&0MAX.
,
0£6±O.2

[1* >""! "°^-

5
C

1. BASE
2. COLLECTOR
3l EMITTER

EIAJ

TOSHIBA 2-16D1A

Weight : 5.2g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ices VfiE=0, vce=vces - - 1 mA

DC Current Gain hFE VCE=5V, Ic=2A 2 - -

Emitter-Base
Breakdown Voltage

V(BR)EB0 IE=100mA 5 - - V

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=1A
- - 5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=2A, Ib=1A - - 1.5 V

Collector-Emitter
Sustaining Voltage

VCEO(SUS) IC=100mA, L=25mH 700 - - V

Fall Time tf ICp=2A, lB(end)=lA - 0.75 - MS

Collector Output Capacitance cob VcB=10V, f=lMHz - 95 - PF

Transition Frequency fT VcE=5V, f=5MHz, IC=0.1A
- 3 - MHz

TOSHIBA CORPORATION mini Him i iiiiiiiiini urn iiiimiinmiii i minimi i i immim mimimiiii imimim mil i minium
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SILICON NPN TRIPLE DIFFUSED MESA TYPE 52818
iS281 8A

COLOR TV HORIZONTAL OUTPUT APPLICATIONS. Unit in mm

FEATURES

:

. High Voltage

. Low Saturation Voltage

. High Speed

VCES=1500V
vCE(sat)=lv (Max.)(S2818A)
tf=0.7/tS (Typ.)

. Built-in Damper Type.

. Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current (Peak)

Total Power Dissipation
(Tc^95°C)

Junction Temperature

Storage Temperature Range

Thermal Resistance

SYMBOL

VCES

'EBO

LCM

*BM

tot

Lstg

Rth ( ,
j-c)

RATING

1500

7.5

12.5

+115

-65-115

1.6

UNIT

C/W

25.0 MAX.

02 i.0 MAX.

1^EEL3
"

_, +ao9
01.0-0.0 3

1. BASE
Z. EMITTER

COLLECTOR (CASE)

JEDEC TO-3

TC-3, TB-3

TOSHIBA 2-21B1A

EQUIVALENT CIRCUIT
a
^

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Collector Mounting Kit No. AC42C

Weight : 17.0g

—5 0Q o Emitter

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICES VCE=1500V, VBE=0
- - 1 mA

Emitter-Base
Breakdown Voltage

v (BR)EB0 lE=200mA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, IC=4.5A 2.25 - -

Collector-Emitter
Saturation Voltage

S2818 VCE(sat) IC=4.5A, IB=2A
- - 5 V

S2818A _ _ 1
Base-Emitter
Saturation Voltage

VBE(sat) IC=4.5A, IB=2A - - 1.5 V

Forward Voltage (Diode) -vF IF=5A - 1.4 2.0 V

Collector-Emitter
Sustaining Voltage

vCE0(SUS) IC=100mA, IB=0, L=25mH 700 - - V

Transition Frequency fT VCE=5V, IC=0.1A - 7 - MHz

Collector Output Capacitance cob VCB=10V, IE=0, f=lMHz - 125 -
PF

Switching Time
Fall Time tf ICM=4.5A, IB (end) =1 - 8A - 0.7 - #s

Storage Time tste ICM=4.5A, IB (end) =1 - 8A - 10 - MS

iiitiiiiiijiitiiiiiiiiiii jiiiiiijiiijlijjjiiijiijl^ijf jijijjijijljjiiiiiijjf jii i jjijijijj t j ) iijjjijljj ) ji 1iiiiii ) ijjii,, t iji,,jjii,i,,ijj f i, <r , J f^ l ij l i, lj,i l i, lfll)Jf j, f jjjj^ljjiljuuun^jt^jjljuj!^,!,!,,,!,!,J4tf|J|J -y-^^^^SS—01^»^^. CORPORATION
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SILICON NPN TRIPLE DIFFUSED MESA TYPE

COLOR TV HORIZONTAL OUTPUT APPLICATIONS. Unit in mm

FEATURES

:

. High Voltage

. Low Saturation Voltage

. High Speed

VCES=1500V
vCE(sat)=5V(Max.)
tf=0.7/*s (Typ.)

Built-in Damper Type.
Glass Passivated Collector-Base Junction.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current (Peak)

Total Power Dissipation
(Tc=g95°C)

Junction Temperature

Storage Temperature Range

Thermal Resistance

SYMBOL

VcES

vEBO

ic

LCM

LBM

'tot

Tstg

Rth(j-c)

RATING

1500

2.5

2.5

10

+115

-65-115

1.6

UNIT

V

c/w

£fe5.0MAX.

021.0 MAX.

+ 0.0 9
01.0-0.0 3

%

m=c

(L

30.2±0.2

40.0 MAX.

1. BASE
2. EMITTER

COLLECTOR ( CASE )

JEDEC TO-3

EIAJ TC-3, TB-3

TOSHIBA 2-21B1A

EQUIVALENT CIRCUIT

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Collector Mounting Kit No. AC42C
Weight : 17. Og

>0Q > Emitter

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICES VCE=1500V, VBE=0
- - 1 mA

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=200mA, lc=0 5 - - V

DC Current Gain hFE VCE=5V, IC=2A 2 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=1A
- - 5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=2A, IB=1A

- - 1.5 V

Forward Voltage (Diode) -VF IF=3.5A
- 1.4 2.0 V

Collector-Emitter
Sustaining Voltage

VCE0(SUS) Ic=100mA, Ib=0, L=25mH 700 - - V

Transition Frequency fT VCE=5V, IC=0.1A
- 7 - MHz

Collector Output Capacitance Cob VCB=10V , IE=0
,

-
f=lMHz - 95 - pF

Switching Time
Fall Time tf ICM=2A, lB(end)=lA - 0.7 1.0 AS

Storage Time tsta ICM=2A, iRfend^lA - 7 - flS

TOSHIBA CORPORATION HmMiMmHmiMiiMfflimmffliMiHHHmHHmiimm^
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S2824

hFE _ I C

ic VCE

COMMON
. EMITTER
Tc - 25°C

—iS

0.8

yK
«"

r
'

—*'
"^a'6

t
1*—^^--"

.

,

'

a 4

Y^
—

*

^ "oz

v.
"

0.1

C.0 5

LB- au«A

1 1 1

2 4 6 8 10

COLLECTOR-EMITTER VOLTAGE VCE (V)

VCE _ I B
"

1\
I

\ COMMON EMITTER
1
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\ \
\

\

\ V
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4
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V

*-* \ \
^VX^

1.2
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\
\

\

\
\
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COMMON EMITTER
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1, i i i
1 II —
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I C - VBE

COMMON EMITTER
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•< III
to HI as

- cj Hi
\ ill 1.0

^ m

a 4 0.8 1.2 1.6 2.0

BASE-EMITTER VOLTAGE VBE (V)
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TOSHIBA RF POWER AMPLIFIER MODULE S-AU3

UHF POWER AMPLIFIER MODULE (HAM FM) Unit Ln mm

6 60

12.12:0.2

FEATURES

:

@[

C

6Q0
2-1

. Output Power : P ^15W — 5 2.8 r
>» t

f
. Minimum Gain : Gp=18.7dB

h

. Efficiency : ^t-^^O^
?

. i

. 50 Input/Output Impedance 4-00.53:0.15 1 R 1

. Guaranteed Stability
© ® ©

2 2.5

S5
M
3
o

4 9.5

+ 1

5 4.0

1

r

MAXIMUM RATINGS (Tc=25 C) =L- * vL
CHARACTERISTIC SYMBOL RATING UNIT iP '

C5

-H

N

X
<
o
H

DC Supply Voltage vCc 16 V 1. RF INPUT

2- VX VC0N
3- V2 VCC
4. RF OUTPUT

5. GROUND (FLANGE)

DC Supply Voltage VCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30-100 °C
JEDEC —

Storage Temperature Range Tstg -40-110 °C EIAJ -

TOSHIBA 5-53C

CHARACTERISTICS (Tc=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range frange - 430 - 450 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VCON=12.5V

Zg=Zi=50Q

15 17 - W

Power Gain Gp 18.7 19.2 - dB

Total Efficiency ?T 40 50 - %

Input VSWR VSWRin
- 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VCON=12.5V

Pi=200mW

VSWR load 20:1 all phase

No Degradation -

Stability -

Vcc=12.5V, Pi=200mW

VCON=0~ 12.5V

VSWR Load 3:1 all phase

All spurious
output than 60dB

below desired
signal

-

iiiiiiiiiiiiiiiiinfiiiiiiiiiiiHiffffiiiiHiiifiiiiiiiiiiiiifniiiiniiiitiiiiiiniiinffifiiiiHiiiiiiitiiiitiifiiHiiiHHiHiiiiiHmMHiiiiiiiiiiHiHiiiiiiHWM CORPORATION

-1109-



S-AU3

SCHEMATIC

©
Rg= 5oQ

CIHKZ3

i_

rh > rrr

-W -\Q

I 1

©
vi(vCon)

fti rh rh rh I I /nu

©
1 JT

Po

RL=5 0Q

©
GROUND
(FLANGE)

TEST MOUNT

RF INPUT RF OUTPUT

GROUND VC0N Vcc

C-L.C3 : 15000pF

c2 ,c4 : 1/tF

L1( L2 : j#0.8 COPPER WIRE 8T , 5 ID

TOSHIBA CORPORATION iiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiii«ttitiiiiiiiiiiiiiitiiiiiiiii«aiiiiiiiiiiitiiitiitttiiiaitiiiiiiiiitiiiiittrtiiiiiti(ifititiiiiiiiiiiiiiiii>tiiitiiiiittifiiiiitiiiiififfiiiiiatatiiiMiiii(ti(ii«iiittiititniiiifiiiiii
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S-AU3

P , 7T , VSWf* in - f Po. ?T - Pi

24
vCc=vCON- 12.5 V

Pi=a2W
Tc = 2 5'C

p

>?T

VSWRin

1 1

w
SO o s£

M
50 fr Ph

fr

40 H
E>

425 430 435 440 445 450 455

FREQUENCY f (MHz)

f == 440 MHz

VC C=VC0N=1 2-5V

Tc=2 5°C

P

60

50

'in

^T

* "

"

^•'/ 30

*.

40 80 120 160

INPUT POWER P-:

200 240

(mW)

Pq. ^T - v C0N
24

12

f== 4 4 MHz

Vcc= 12.5 V

Pi=a2W
Tc=2 5°C

^0

Vi

/*>
f

/ <J/

•

•

2 4 6

VcON (V)

40 S

14

Po. 7T - VCC . VcON

t-= 4 4 MHz

P i
=02W

Tc=2 5°C

P

>?t
, _

«^

.

•

'CC '
v CON

10

(V)

TOSHIBA CORPORATION
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S-AU4 TOSHIBA RF POWER AMPLIFIER MODULE

UHF POWER AMPLIFIER MODULE (HAM SSB/FM)

FEATURES

:

. Output Power

. Minimum Gain

. Efficiency

P ^17W

GP=19.2dB

'?T^35%

. 50 Q Input/Output Impedance

. Guaranteed Stability

MAXIMUM RATINGS (Tc=25°C)

CHARACTERISTIC

DC Supply Voltage

DC Supply Voltage

RF Input Power

Operating Case
Temperature Range

Storage Temperature Range

SYMBOL

VCC

VCON

Tc(OP)

L stg

RATING

16

16

300

-30-100

-40-110

CHARACTERISTICS (Tc=25 C)

Unit in mm

UNIT

mW

60.0

5-j2fcli5±Q15 j

5 2.8

C!C5

+ I

2-R2.1±0.2

t

^0.5

4&5
5 4.0

"in m

H +)

J±±-

1. RF INPUT
2. V

3

3. VP

'CON

'CC4. V3 V
C

5. RF OUTPUT
6. GROUND (FLANGE)

JEDEC

TOSHIBA

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range frange 430 - 450 MHz

Output Power Po

P-j = 200mW

VCC=12.5V, VCON=12.5V

Zg
=Zi=50fi

17 20 - W

Power Gain GP 19.2 20 - dB

Total Efficiency >? T 35 45 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -
VCC=15V, VCON=12.5V
Po=20W
VSWR load 20:1 all phase

No Degradation -

Stability -

Vcc=12.5V, Pi=200mW

VCON=0 -12.5V

VSWR Load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

Intermodulation
Distortion Ratio

IMD

f 1=440. 000MHz, f 2=440. 002MHz

VCC=vC0N=12.5V, VBB=9V

P =13WpEP

- -32 - dB

TOSHIBA CORPORATION lliiiiiiiiilllllllllllllllllllllliiiiiiiiiiiiiiiiiiiiiiiilllllllllliiilllllllllllN
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SCHEMATIC

S-AU4

© ©
V2( VBB) V3 (VCC )

©
RL=5 0n

©
GROUND

(, FLANGE)

TEST MOUNT

RF OUTPUT

C 1' C 2' C3 : 1500pF, 10AF

L-L.L2.L3 : 00.8 COPPER WIRE , 8T, 5 ID

tll1IIIIMIItlllllllltlItlltllflllJIII»lttlMMltllllllllllllllftlllMlllllltlllllllIllllllIIIIIII>llllttlItlltllltlItlllll»llltllllllllltllllll>llll1litllIlltlllll{tlltlllllllltllillltJlllllltllltlllll»llllllllllill(l«l ~B~^^9^^a—BB^^^^^. CORPORATION
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S-AU4

Po. Vi - Pi

is 24

12

P
, 9T. VSWRin - f

v :c~ vc ON-= 12.5V

VBB=9V
Pi=a2W
Tc = 2 5°C

Po

^rp

V S W R -• _

430 435 440 445 450

FREQUENCY f (MHz)

2 g

1 £

S^

f~440MHz
VCC=VC0N=12.5V
VBB=9V

po.

>?T — ""

«•
••

*
*

'

s

100

_i-=^=~ 50 h

30 E

10 E-i

10 30 50 100 300
INPUT POWER Pi (mW)

IMD Pq> 7T - vC0N

4 8 12 16

OUTPUT POWER P (WpEp )

28

24

£W
20

o
P4

^ 16

g 12

E-i

D
Pn 8

f 140MHz
P i= 0.2W

" V BB= 9V
• TC = 25t

Po

>?t
- -

f *
»

»

*

. '/

40

20 j

14

)N (V)
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TOSHIBA RF POWER AMPLIFIER MODULE
S-AU5L
S-AU5M
S-AU5H

UHF POWER AMPLIFIER MODULE

FEATURES

:

. Output Power : P ^7W

. Minimum Gain : Gp=15.4dB

Efficiency ;40%

50 CI Input/Output Impedance

Guaranteed Stability

MAXIMUM RATINGS (Tc=25 c)

CHARACTERISTICS (Tc=25 C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

DC Supply Voltage vcc 16 V

DC Supply Voltage vCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30 -100 °C

Storage Temperature Range Tstg -40-110 °C

©

5 2.8

I
4-00.5*0. 15

: <g) ©

c5d
+ 1

rf
.

2-R2.1±0.2

*

2 2.5

4&5

C5 C5

-H H

A*•

RF INPUT

RF OUTPUT
GROUND (FLANGE J

JEDEC

TOSHIBA

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range (1) frange - 400 - 512 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VCON=12.5V

Zg=Zlp50Q

7 - - W

Power Gain GP 15.4 - - dB

Total Efficiency >7T 40 48 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VC0N=12.5V

Pi=200mW

VSWR load 20:1 all phase

No Degradation -

Stability -

VCC=12.5V, Pi=200mW

VCON=0 ~12.5V

VSWR Load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

(1) Frequency range is covered in three bands S-AU5L 400-440MHz
S-AU5M 440-480MHz
S-AU5H 480-512MHz

lllllllllllllllllllliliiiliiiiilillllllllllllliiiiiiillillllllillliiiiliiiiiiiiiliiiiiiiiiiiiiiiiliiilMiiiiillliillllilllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiM CORPORATION
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S-AU5L-S-AU5M-S-AU5H

SCHEMATIC

?iG>p.

Rg=5on
0"-CD

L_

P.B.
fit TT7 7T7 rtj I I rtri\\

©
v2 (

v

cc )

1 JT

RL=5 0.Q

©
GROUND
(FLANGE)

TEST MOUNT

RP OUTPUT

GROUND VC0N Vcc

c lF c 3 : i5000pP

c 2 ,c 4 : ljup

1*2, L2 : 00.8 COPPER WIRE 8T, 5 ID
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S-AU5L*S-AU5M*S-AU5H

Po 7T , VSWB in — f

12

P i =a2W, Tc = 2 5°C

10
S-AU5L S-AU5M

S-AU5H

8

P

6

7 T

-~ -- -•" —

-

— "~ — • -.

2

VSWRin

420 440 460 480

FREQUENCY f (MHz)

P
. ^T - ?:

s--AU5L f-= 4 2 MHz
S—AU5L

S-AU5M f=460MHz

S-AU5H f= 50 0MHz

V
°^> M

H
VC C=VC0N=12.5V

T c — 2 5 C

VT

-V s
•^ •- "S. ^. -- ^\ M

=

%? u*"

\^L
\h

//A
20 S

40 80 120 160 200 240 280

INPUT POWER Pi (mW)

ffffifffff«fiifrf<fifftiftitrriltiiififfffii«tfifJJ4iiJiJifiiifJJiJiiijfiiijijiiiiiiiiiiiiiiiiiiiiiiitifiliiiiiiitlllllllltiiiiiiiiiiiiitiiiiliiiiiiiiitiiiiiiiiiiiilllilliiiiiiiiiiiltlliitliliiiiiiiiiiiilniltlliiii*tiii ~B~^^^3V—BB^3^X. CORPORATION
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S-AU5L-S-AU5M-S-AU5H

P > Vl - VCC , VC0N
12

s -AU5L f = 42 0MH2

S—AU5M f=460MHz
S—AU5H f=5 0MHz

Pi =a2W
' Tc = 2 5°C

S—AU5L

Au
V
°// / H

60 e-

i.*»
""

T
' •"" ~~ - - —

o
40 §

•

M

20 H

Eh

o g
D 2 4 6

Vcc»

8

)N (

1

V)

3 1 2 14

TOSHIBA CORPORATION tiiiiiitiitilitiiiliiitiiiiiiiiitii tiiiiiiiiiiiittlitiiiiitiiitiiiiiiiiiiiiiiiiiitiitiaiiitiatiiitiitiiiiitiiiiiitiiiiitiiiiiiiiitiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiitiiiifiiiiiiiitiiiiiiitiiiiiitiiiititiii
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TOSHIBA RF POWER AMPLIFIER MODULE
S-AU6L
S-AU6M
IS-AU6H

UHF POWER AMPLIFIER MODULE

FEATURES

:

. Output Power : P ^13W

. Minimum Gain : Gp=18.1dB

. Efficiency : >?t5£40%

. 50Q Input/ Output Impedance

. Guaranteed Stability

MAXIMUM RATINGS (Tc=25°C)

Unit in mm

CHARACTERISTICS (Tc=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

DC Supply Voltage vcc 16 V

DC Supply Voltage vCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30-100 °C

Storage Temperature Range Tstg -40 -110 °c

©

6 0.0

I
4-0Q5±ai5 I ft I I

CD T@ ® ©

dd
+ 1

2—R2.l3:Q2

F^
I

4S5

10 m

a $

j±±.

RF OUTPUT
GROUND (FLANGE)

TOSHIBA 5-530

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range (1) frange - 400 - 512 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VCON=12.5V

Zg=Zl=50Q

13 - - W

Power Gain Gp 18.1 - - dB

Total Efficiency ? T 40 50 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VC0N=12.5V

Pi=200mW

VSWR load 20:1 all phase

No Degradation -

Stability -

VCC=12.5V, Pi=200mW

VCON=0- 12.5V

VSWR Load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

(1) Frequency range is covered in three bands S-AU6L 400-440MHz
S-AU6M 440-480MHz
S-AU6H 480-512MHz

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllim CORPORATION
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S-AU6L •S-AU6M • S-AU6H

SCHEMATIC

vi(vCOn)

0-c

TEST MOUNT

RF INPUT

cm X
L2

RF OUTPUT

GROUND VC0N VCC

C 1( C 3 : 15000pF

C2 ,C4 : 1/iF

h x ,h2 : .^Q8 COPPER WIRE 8T, 5 ID

TOSHIBA CORPORATION •iiiiiiitlllllliiiiilillltHtlllllllltiiiiiiill*llttilH«iiMiiilHllllilllltiiliiMlHiiiiiiliillllliilll«llllliiiitiitlllllllHlllillHttillilllltllllllllliilitilllilllllllliititiiiltlllllliiiliiilli»iililtllllll»ll
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S-AU6L • S-AU6M • S-AU6H

P , 7j Tt VSWR in - f

24
vCC-vCON= 12.5V

Pi =Q2W, Tc=25 a

C

S-AU6L S—A0 6M S—AU6H

lJ°

>?t

-- ^ ^ ' *** ««•

VSWR in

—
400 420 440 460 480

FREQUENCY f (MHz)

2 «

24

20

16

12

8

4

Po . Vi - Pi

S—AU6L f= 420MHz
S—AU6M f=460MHz
S-AU6H f=5 0MHz

Po
S--AU 6L

9 vCC= vC0N= 12.5 V
• Tc = 2 5°C

M "

H .

o £

60 £
S

7 T M
-T.^

H iup
^ " "™

'

"~ -H o
40HH

OPn

O // 20S

<
/

*mf

O
H

80 120 160 200 240

INPUT POWER Pi (mW)

iitiiiiitiiiiiiiiiiiiiitiiiiiiitiiiiiiiaittiiiiiiiitiiiHiiiiiifiiiiiiiiiiiiHiHuiuiiiiiiiiititiaiitiiiiiiiiiiiiiiiiiiitiiiiiiiutiiiiiiiiMiHtiiiiiiiiiiiitiitiiiiiiiitiiiitiiaitiiuiiiifiiiiiHiiiiitiiiiiiitit nr~^^k^3a>4B^3t^^. CORPORATION
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S-AU6L-S-AU6M-S-AU6H

jj T _ VC on

s--AU6L f= 4 2 MHz

S-AB6M f=460MHz
. S—AU6H f = 500MHz

- VCC=12.5V
p^asw
Tc-2 5°C

S-AU6L

Po^^M
^- H

Tj T L— M
H

/

> /ff

—

40 &

VC ON (V)

Pq. VT - VCC , VC0N
24

20

s--AU6L f= 4 2 0MHz
S-AD6M

• S-AU6H

Pi =Q2W
Tc=2 5°C

f=460MHz
f= 5 0MHz

S—AU6L

Am
Po/ s H

V T
L
M
H

** ^ "A

j>

y

.

4 6 8 10

VCC- VCON (V)

12 14

40 W

TOSHIBA CORPORATION
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TOSHIBA RF POWER AMPLIFIER MODULE S-AU7

800MHz UHF POWER AMPLIFIER MC DULE (FM) Unit in mm

6S0
FEATURES

:

4

6an
2—R2.1±0.2

. Output Power : P ^15W 5 2.8
1 /

f

[

. Minimum Gain : Gp=18.7dB
. I

m o
. Efficiency : >?t^30% ^

. 50 Q Input/Output Impedance 4-0a5±ai5 1 B

. Guaranteed Stability d ® © (J

m
2 2.5

> M
a
o

+ 1

rf.

4S5
5 4.0

|

iMAXIMUM RATINGS (Tc=25°C)
=U-» - -L i

o
H

CHARACTERISTIC SYMBOL RATING UNIT C5

•H

1. RF INPUT ^
2- V-l VC0N

DC Supply Voltage vcc 15 V

DC Supply Voltage VcON 15 V 3- V2 VCC
4. RF OUTPUT
5. GROUND (FLANGE)RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30-100 °C JEDEC —

EIAJ —
Storage Temperature Range Tstg -40-110 u

c TOSHIBA 5—53

CHARACTERISTICS (Tc=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range frange - 806 - 825 MHz

Output Power Pi

Po=15W

VCC=12.5V, VCON=1.25V

zg=zi=5on

- 80 200 mW

Power Gain GP 18.7 22.7 - dB

Total Efficiency y<i 30 35 - %

Input VSWR VSWRin - 1.5 2.5 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VC0N=15V

Po=18W

VSWR load 20:1 all phase

No Degradation -

Stability -

VcC=12.5V, Pi=100to 200mW

VCON=0~15V

VSWR load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

MHiuiMiiiiiimmimmiimiiiMiiiiiiiiMiimmmiiiMMiiiHMMHmmMMMMimmHimimMmmmiiiiMiiMMtMmiMii^^ CORPORATION
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S-AU7

SCHEMATIC

fflYTTTrTT
777 777 777

*4)

TEST MOUNT

c l> c 3

RF OUTPUT

GROUND VC0N Vcc

1500pP

lfiP

00.8 Ag PLATED WIRE, 8T 5ID

TOSHIBA ^S^3V9^^3R^V~n^3l^ llllllltlllHllllllllHIIIIlllllllllllllllllllllllllllliilllilllllllllllllllilllllllilllllllllllllillllilliiillllllllllilllllllllllllllliillllllllliilllllllHIllllllllllllllillllllllllllllHIItlllllllllllllllllllllllHIl
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S-AU7

P0> 7 T , VSWR in P
, VI, VSWR in

32

20

Ph

£ 12

Vn Vr,r 1 2 RV

P i
=2 0mW

Tc = 2 5"C

P 3

>?T

.-

VSWRin

80

•70 S*-

50

30 O

790 800 810 820 830

FREQUENCY f (MHz)

32
f == 816 MHz

28 VCC= VC0N= 12.5V.

Tc=2 5°C

o 20
Ph P

K —t—

Ph

/
' y

ED
Ph

/

H
3 /

VSWRin

n 1 1 1

40 80 120 160 200
INPUT POWER Pi (W)

70 f&

50 H

P , VT, VSWRin - VcoN
32

f == 816MHz
80

28
VCC= 12.5 V

Pi=200mW
Tc = 2 5°C

-

^
70 ^.

Eh

24 60

^ o
z

50 a
o

o 20 Po

K
-1

>?T
a 16

V
* ™ ^.^

Ph

h 12
D
Ph

/

/

f_^
30

/o 8

/

20

2 *
KVSWR in

°(
1

>
)

v
cION (v

1

)

1

Pc , 9t. V£ WR in — vcc, vC0N
32

f =8l6MHz

Pi-2 0mW

Tc=2 5°C

28

24

pc z

16
_ , Vf

12

'

/

r

VSWRin

60

40 H

5 10

VCC VC0N (V)

iiiiiiiiiiiiiiiaiiiiiiiilitiiiiiiiiiiliilliliiiiiliiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiililiiiiitiiiiiiiiiifiiiiiiiaiiiiiiatiiiiiiitiiiiiiiiiiiiiiitiiiiiiiliiiiiiitiiiiiiiiiiiiitiiitiiiiiiliilii "~^^i^a»—^a^^. CORPORATION
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TOSHIBA RF POWER AMPLIFIER MODULE

VHF POWER AMPLIFIER MODULE (HAM FM) Unit in mm

660

2-

r
-R2.1±0.2

FEATURES

:

©[

6Q0
5 2.8

. Output Power : P ^15W
/ -in m

* Im o

-

. Minimum Gain : Gp^l8.7dB I

. Efficiency : 7x^48%
' %

. 50 Q Input/Output Impedance 4-0O.5±O.15R

. Guaranteed Stability
S ® ®

22.5

z'
M
s
o

C5c5

+ 1

4&5

54.0

=U+ 4 4l
MAXIMUM RATINGS (Tc=25°C)

[_C

E)

c5

-H
m

x"

o
rH

CHARACTERISTIC SYMBOL RATING UNIT
1. RF INPUT

2- Vi VC0N
3- v2 VCC
4. RF OUTPUT
5. GROUND (FLANG

DC Supply Voltage vcc 16 V

DC Supply Voltage VCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30-100 °C
JEDEC —

EIAJ -
Storage Temperature Range Tstg -40-110 °c TOSHIBA 5—53G

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range f ranee - 144 - 148 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VCON=12-5V

Zg=Zi=50Q

15 20 - W

Power Gain Gp 18.7 20 - dB

Total Efficiency >?T 48 53 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VC0N=12.5V

Po=18W

VSWR load 20:1 all phase

No Degradation -

Stability -

VCC=12.5V, Pi=200mW

VCON=0~ 12.5V

VSX7R load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

II minim" Illlllllllllll Illlllllllllll I Illllllll I I I ii i iiiiiiiiiiiiiiiiillini I Hiiiiiii iiiiiiiiiiiiiiniiiii II TOSHIBA CORPORATION
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S-AV5

SCHEMATIC

Pi o-

Rr=5 0Q
0"-CD CI

V
drrr
\ \

rrr I

CI

P.B.
rh rrr rfr rrr

<i-CZW

HZD-~1

Vi(VCON )

rrr rrr

v2 (vC c)

r

<4)

-oPo

_J

GROUND
(FLANGE)

TEST MOUNT

«/
^2K

RF OUTPUT

6 6

GROUND VC0N Vcc

C 1( C 3 : 15000pF

c 2 , c 4 : iaf

Llt L2 : 00.8 Ag PLATED WIRE, 8T , 5ID

TOSHIBA CORPORATION iiiiiiiiiiiiiii iiiiiiiiiii Minimum nummi iiiiiiiiiimimiimiimimiimmiiimmiiiiiiimiiiiiiiiiiiimii mmmmiiimiiiiii iiiimmin mi mi
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S-AV5

P , 9T. VSWRin - f

24

143

=Vrn »j=12.5V

P i
=2 0mW

Tc=2 5°C

7)T

VSWRin

145 147

FREQUENCY f (MHz)

60 o

40 H

149

P
, VT, VSWR irl

ai
INPUT POWER

P , 9t. VSWRi n - VC0 N p
, vr, vswR in - vcc , vC0N

32

24

f=146MHz

- Pi=2 0mW

Tc=2 5°C

Po

y Vi .

/
/

'

t

/

VSWRin

60 2

40

5 10
VCC VC0N (V)

mill liliiiiiliilllilllilillllilliliiiuilliiiiliiiiiiiiiiiiiiiiiiiiiiimi iiiiillllllllllllliiiiiiiilllllillliiiiiiiiiilillllllllllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiii TOSHIBA CORPORATION
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TOSHIBA RF POWER AMPLIFIER MODULE

VHF POWER AMPLIFIER MODULE (MARINE FM) Unit in mm

660

-R2.1±Q2
FEATURES

:

<2>

6qo
2-

-JZ
. Output Power : PQ 5S28W

5 2.8

. Minimum Gain : Gp=21.4dB
/
r tin w

m

r

. Efficiency : rjj^^y/ c S

. 50O Input/Output Impedance 4 -00.5 ±0.15]
L J

. Guaranteed Stability ® ®

22.5

i M
a

4&5 H

+ 1

5 4.0

\

—U> +l_ '

MAXIMUM RATINGS (Tc=25°C) r-^
d
-H

in

X

H
CHARACTERISTIC SYMBOL RATING UNIT

1. RF INPUT

2- V x VG0N
a v2 vcc
4. RF OUTPUT

5. GROUND (FLANGE)

DC Supply Voltage vcc 16 V

DC Supply Voltage VCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30^100 °C
JEDEC -

EIAJ -

Storage Temperature Range Tstg -40-110 °c TOSHIBA 5-53C

CHARACTERISTICS (Tc=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range f range
- 154 - 162 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VCON=12.5V

Zg=Zi=50Q

28 33 - W

Power Gain GP 21.4 22.2 - dB

Total Efficiency >?T
45 50 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VC0N=12.5V

Po=30W

VSWR load 20:1 all phase

No Degradation -

Stability -

Vcc=12 - 5V > Pi=200mW

VCON=0 -12.5V

VSWR load 3:1 all phase

All spurious
output than 60dB

below desired
signal

-

TOSHIBA CORPORATION 1 1 1 1 1 1 11 1 1 1 1Ml 111 1 ill 1 1 1 M 1 1 1 1 11 1 1Ml 1 1 1 1 1 1 1 11 1 1 1limn 1 1mill 1 m 1111 1 1 1 1u t ill 1 1 1111 111 1 1 111 11 111 innmi 1 111 1 1 1 in rti 11 1111 inm 1111 1 M 1 1 1 niiiiiiM Hill 1111 1 mil 111 11 1111 m 1 lint 1111 1 1 1111 1 1111
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SCHEMATIC

S-AV6

Rp:=5 0Q

Vl(VCON ) v2 (vcc )

TEST MOUNT

6

GROUND VC0N VCC

RF OUTPUT

c l» c 3

G2> c4

Ll» L2

15000pP

IMF

00.8 Ag PLATED WIRE, 8T, 5 ID

iiiiiililMliitiiiiiiiitiliiiitiiiiiitiiiiiMliiliiiitiiiiiiliillllJllliiiiiiiiiiitllltllllliiilitiiii]ii]iiiiiiitiiitiiiitiiiiiiiiiiiiiiitiiiiiiiit>iiiiiititiltiiiiilillillltltiiiliiiltiiiiiiiiiiltitttlilllliiiiiiniii( ~B~^^>^^—»^^.^^. CORPORATION
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S-AV6

P , VT, VSWR in P
. VI, VSWRin - Pin

156 160

FREQUENCY f (MHz)

164

f=158MHz

" vCC=vC0N =

Tc=2 5"C

- 12.5V Po

jj t

/ /
1/

VSWRj n

1

ai 0.2

INPUT POWER Pi (W)

0.3

P , VI, VSWRin - VC0 N

5 10

VCON (V)

TOSHIBA CORPORATION niMiiiiiMklMiiitiiiiiiiiiillitlltiiiiitMiiiiiiiiiiiiiiiillilllitiiii uiiiMtiiiiiiiiiiiiiiii iiiMiiiitiiitiiti tiniitiiti iiiiitiiitiiitm iimiMi iiiiiiiiiiiti trtrtfffiiMi
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TOSHIBA RF POWER AMPLIFIER MODULE S-AV7

VHF POWER AMPLIFIER MODULE (HAM FM]

Po^ 28W

Gp=21.4dB

>?T^45%

FEATURES

:

. Output Power

. Minimum Gain

. Efficiency

. 50Q Input/Output Impedance

. Guaranteed Stability

MAXIMUM RATINGS (Tc=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

DC Supply Voltage vCc 16 V

DC Supply Voltage VCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30-100 °C

Storage Temperature Range Tstg -40-110 °C

Unit in mm

660

-R2.1±a2

©

60.0
2-

l_ 5 2.8 ^ r
/

r m m

m o
is rf
H 0?

a

Z ¥

4—0O.5±O.15
1

<g) &
1

(X ®

2 2.5

zM
2
o
H

dd
+ 1

•<*

rf

4&5
5 4.0

i

i •+- * -J
i
—>—

i

CJ—i

—

1. RP INPUT

2- Vl VC0N
& v2 vcc
4. RP OUTPUT
5. GROUND (PLANQE)

C5

-H

m o

JEDEC —

EIAJ —

TOSHIBA 5—53C

CHARACTERISTICS (Tc=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range * range - 144 - 148 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VC0N=1.25V

Zg=Zi=50Q

28 33 - W

Power Gain Gp 21.4 22.2 - dB

Total Efficiency 7J T 45 52 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VCON=12.5V

Po=30W

VSWR load 20:1 all phase

No Degradation

Stability -

VCC=12.5V, Pi=200mW

VCON=0 ~12.5V

VSWR load 3:1 all phase

All spurious
output than 60dB
below desired
signal

MlttlllttlltlMlllllllllMMtllllltllltltlllllllllllllllllMIJMIIIMltllllltlKlltllllttltlllllllllllllllllllllllllillllltltllllMllllllllllllilt illlllflllllMlMilllirilllllllllfllJIIIIIIIIllKllfllllMflllllllll ~*B~^^>^^ —aH^^.^^. CORPORATION
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S-AV7

SCHEMATIC

Rg= 50fi

Vi(Vcon)

TEST MOUNT

RF INPUT

6 6

GROUND VC0N VCC

RF OUTPUT

C 1( C 3 : 15000pF

Cz , C 4 : 1//F

L1( Lg : ^8 Ag PLATED WIRE, 8T , 5 ID

TOSHIBA CORPORATION tiiiiiiiiiiiiiiiittiiiiiiiifiitiiiilltllliiiillliitiaiiiiiiiiittllllllllliiiiiilllliiiiiiiiliiiiiiiiiiiiiliiiiiiiiiiiiiiilllltll*lllltlttllttllllllililllilltt*llliiltlllllllllllltlltiltlllllllllllllilllilttllllllllllilll
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S-AV7

20

10

P , VT, VSWRin - f P , ij T , VSWR irl - P in

VC C= VC0N=12.5V

P i
=2 0mW

Tc=2 5°C

145 147

FREQUENCY f (MHz)

60

50 >J

Ol 0.2

INPUT POWER Pi (W)

-P ,VT, VSWR in - VC0N P , 7} T , VSWRin - V CC , VC0 N
40

H 20

10

f = 146MHz
VCC =12.5\

P i =200mW
Tc = 2 5°C

?o^

>?T

fj

fs

/

t
j

1 1

IJ
Rin

40

VnoN (V)

^
f = 146MHz ^

- Pi—2 00mW

Tc=2 5"C
p
°y

w
M

60 h
1*Vl

^ 50 J
<
E-i

O

40

3

/
/

/

/
f j

a

2 £
.

* is

1
5 10 1 5

VC c>
vcc)N (V)

iiliiiiiiiliiiiiiiiiiiiiiii ii minim i iiiiiiiiiiiiiiiiiiiiini iiiiiiiiiiiiiiiiiiiiiiliiiiiiiillliiiiiiiiiillllliiiHiillliiiHiilliiiiilllllliiiiiilillllllliiiiilllllliiiiiilllliliTOSHIBA CORPORATION
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S-AV8 TOSHIBA RF POWER AMPLIFIER MODULE

VHF POWER AMPLIFIER MODULE (HAM SSB/FM]

FEATURES

:

. Output Power : P ^17W

. Minimum Gain : Gp=19.2dB

. Efficiency : ?t ^40%

. 50Q Input/Output Impedance

. Guaranteed Stability

MAXIMUM RATINGS (Tc=25°c)

Unit in mm

CHARACTERISTICS (Tc=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

DC Supply Voltage VCC 16 V

DC Supply Voltage VCON 16 V

RF Input Power Pi 300 mW

Operating Case
Temperature Range

Tc(OP) -30-100 °C

Storage Temperature Range Tstg -40-110 °c

60.0

t
^Q5±QlJ]|

[ |

© ® m ®

+

1

i

2-R2.1 + 0.2

I. 2 2.fi

3ao

54.0

si

z£

RF OUTPUT

GROUND (FLANGE)

EIAJ

TOSHIBA

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range f range - 144 - 148 MHz

Output Power Po
.

Pi=200mW

VCC=12.5V, VCON=12.5V

Zg=Zl=50Q, VBB=9V

17 22 - W

Power Gain Gp 19.2 20.4 - dB

Total Efficiency >?T 40 50 - %

Input VSWR VSWRin - 1.5 2 -

Harmonics HRM - -30 -25 dB

Load Mismatch -

VCC=15V, VC0N=12.5V

Po=18W, VBB=9V

VSWR load 20:1 all phase

No Degradation -

Stability -

Vcc=12.5V, Pi=200mW

VCON=0~ 12.5V, VBB=9V

VSWR Load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

Intermodulation
Distortion Ratio

IMD

f 2=440. 000MHz, f 2=440. 002MHz

VCC=VC0N=12.5V, VBB=9V

P =13WPEp

- -32 - dB

TOSHIBA C5C3i^^3^3F^^ev~T"l^3fl^l iiiiitiiiiiiiiiiiiiillltllllllllltlllMlMllllllItllHMllllllllllltlllllllllllllllllllllllllltlllltlttilllllllllllllllllllitiliMllllllllllltlllllllllHIMHllllllllllllllllltlllllllllllllllllflllllllllllllltniUMIlll
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SCHEMATIC

S-AV8

vi(vCon) v2 (vbb )

TEST MOUNT

RF OUTPUT

C l» C 2> C 3 : ISOOpF, 10/iF PARALLEL

L1? Lg , L3 : 00.8 Ag PLATED WIRE, 8T, 5 ID

mi iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniii mi iiiii minimi mil mil iniini iiimiiiiiiiiiiiiiimiiiiniiTOSHIBA CORPORATION
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S-AV8

40

o 25

20

P0f 7j T , VSWR in

VCC=VC0N= 12-5V

VBB=9V
P

i
-2 0mW

Tc = 2 5°C

VSWRi

143 144 145 146 147 148

FREQUENCY f (MHz)

60

50

149

P0> VT, VSWR in

0.1 a2
INPUT POWER Pi (W)

VSWR in - VC0N

5 10

VC0N (V)

-LMlJ -- 1-o

f 1 = 1 45.0 0MHz
f2 = 145.002MHz
VCC= VC0N=12-5V
VBB=9V

CQ

-d

P

o
E-i

K
O
Eh
ra -30
P
2!
O
Eh

<

P 40
o

z

-50
4 8 12 16 20 24
OUTPUT POWER P (WpEp )

TOSHIBA CORPORATION itiitiim mitiitii liti I ! ittliii ti ifiiiii I lit iitiliiiiiiitii iiii I II Itllil II Itil 1 1 ill iittiiiiiiilttliiii II ill! *! I ti ittiiti • II I if iiiiii i lilt! till! tiiiiiiiamiititiaiiiiii ittiiitm mttttiiiiitiitiiii
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TOSHIBA RF POWER AMPLIFIER MODULE S-AV9L
AV9H

VHF POWER AMPLIFIER MODULE

ice

'

Unit in mm

66.0

^^i±a2

@[

60.0

2-1FEATURES

:

5 2.8

• Output Power : P <= 8W f 1 in m 1

in o• Minimum Gain : Gp=16dB

• Efficiency : >?t^40%

?
t

4-00. 5 ±0.15
fl |

J

4&J

J

• 50Q Input and Output Impedai
d t§) (4)

no.

2 2.5

5
z
M
s
o

• Guaranteed Stability r-4

& rH

dd
-1-

1

5 4.0

|L *• *L
i—i—r- -i

MAXIMUM RATINGS (Tc=25 C)
'f—

'

INPUT

vCON
Vcc
OUTPUT

)UND (FLANGE)

a
H
m
0?

o
rH

CHARACTERISTIC SYMBOL RATING UNIT
1. RF
2. Vi
a v2
4. RF

5. ORC

DC Supply Voltage vCc 16 V

DC Supply Voltage VcON 16 V

RF Input Power Pi 300 mW

Operating Case Temperature
Range

TC(OP) -30-100 °C
JEDEC -

EIAJ -

Storage Temperature Range Tstg -40-110 °C TOSHIBA 5-53C

CHARACTERISTICS (Tc=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range (1) f range - 135 - 175 MHz

Output Power Po

Pi=200mW

VC0=12.5V, VCON=12.5V

Zg=Zi=50O

8 - - W

Power Gain Gp 16 - - dB

Total Efficiency ff 40 - - %

Input VSWR VSWRin - - 2 -

Harmonics HRM - - -25 dB

Load Mismatch -

VCC=15V, VC0N=12.5V

Po=12W

VSWR load 20:1 all phase

No Degradation -

Stability -

Vcc=12.5V, Pi=200mW

VCON=0~ 12.5V

VSWR Load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

(1) Frequency range is covered in two bands S-AV9L 135-155MHz

S-AV9H 150-175MHz

lllllllllllllllll iiiiiiiiiiiiiiiiiiiiiiiiiiiiniii I iiiiiiiiiiiiiiilllllllll iiiiiiiiiiiiillllllllliilllllHlllilHinillliiiilllllllllliillllllllliilllllllilllllllllHlilllllHllllilillllllliiimiilTOBHIBA CORPORATION
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S-AV9L-S-AV9H

SCHEMATIC

Rr =50Q

HHZZ=3
TTiriW^

H=
TTn<

i~7

r
I

i ru
*r7 rrr rfr rrr

1

l

©
vi( vcon)

TEST MOUNT

RF INPUT

GROUND VC0N VCC

C1 ,C 3 15000pF

C2 ,C 4 1/tF

L1' L2 ^a8 COPPER WIRE 8T 5ID

3-^- ©
x x i

'rl=5 0Q

1
I

I

© ©
v2 (vcc ) OROUND

(FLANGE)

RF OUTPUT

TOSHIBA ^SC3^4^^^^F9>BK.T~IC3I^I iiiiiiiiii iiiiiiiniii til Itllliiili iiiiiiiiiiiliitlllllltllllllllllllltlllllllllllllllllllllllllillllllllMllllllll llllllllll Milllllilllllltlllllltll lllllllllllllll lllllllllllllllillllllllllllllllllllllllllllillllilliii
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S-AV9L-S-AV9H

24

12

130

P ,??T, VSWR in-f

vcc = V C0N=12.5V

P i= 2 OmW
f
T e = 2 5 "C

Po

Po

Vi
""^

77 rp

„ — -"" "** "" -^ ^
**

VSWRin VSWRin -^ —
1 1

—r -

140 150 160 170

FREQUENCY f (MHz)

60 H
J ft"

<!

p ,ni - p i

s--AVgL f=145MHz

S-AV9H f=165MHz

V C = V CON=12.5V

Tc=25*C I

I H

f
1

L

^A
*--*"

*«
77

H

//
/

40 80 120 160 200 240

INPUT POWER Pi (mW)

fiO O
a
H

,h(> H
O
M

4U fn

h
30

H
1-3

<!

280

illllllllllllllllllillllllllllliiiiliimiilllllllll iiiiiiiiiiiiiiniiiilllllll illllllii illllliinilll M II I iiiiiiiiillllllllllllliilllllllilill limill illllllllillTOSHIBA CORPORATION
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S-AV9L-S-AV9H

P
, 3?T - VcON

s -AV9L f=145MHz

S-AV9H f=l 65MHz

V CC =12.5V

Pi= 2 00mW

L

Po H

L

J&
*&? H

4 r^
}
]V ~

6 8 10

VCON (V)

p O ,?T - Vqc ,
V Con

s-AV9L f=145MHz

S-AV9H f= l65MHz

Pi='2 0mW

Tc= 25ic L

^
P y *H

L

H '

•j^
**". -r

;

-^
}
] r

60 M
O

50 fe
Pn

4,0
w

h3

30 <

6 8 10

Vcc.Vgon (V)

TOSHIBA ^3^3^WS^3^^
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TOSHIBA RF POWER AMPLIFIER MODULE S-AV1 OL
S-AV1 OHi

VHF POWER AMPLIFIER MODULE

FEATURES

:

. Output Power : P ^ 14W

. Minimum Gain : G
p=18.5dB

. Efficiency : >?t^40%

. 50Q Input and Output Impedance

. Guaranteed Stability

MAXIMUM RATINGS (Tc=25°C)

CHARACTERISTIC

DC Supply Voltage

DC Supply Voltage

RF Input Power

Operating Case Temperature
Range

Storage Temperature Range

SYMBOL

VCC

vCON

TC(OP)

L stg

RATING

16

16

300

-30-100

-40-110

UNIT

mW

Unit in mm

660

=i2.i±a2

6O0
2-]5 2.8

,r
•in m
d d
+1 -H
m o

l5 &

>5>L i

r
. , . i

-

4—00.5x0.15]

@ ®

4 9.5

1

(D

. 2 2.5

5
z
M
a
o
H

dd
+ 1

•>*

5 4.0

.

i. * 41 1—

L

1
1

1. RF INPUT
2- V x VC0N
a V2 VCC
4. RF OUTPUT
5. GROUND (FLANGE)

d
•H

m
<
a
o
H

JEDEC -

EIAJ -

TOSHIBA 5—53C

CHARACTERISTICS (Tc=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Frequency Range (1) frange - 135 - 175 MHz

Output Power Po

Pi=200mW

VCC=12.5V, VCON=12.5V

Zg=Zi=50Q

14 - - W

Power Gain GP 18.5 - - dB

Total Efficiency 'T 40 - - %

Input VSWR VSWRin - - 2 -

Harmonics HRM - - -25 dB

Load Mismatch -

VCC=15V, VCON=12.5V

Po=15W

VSWR load 20:1 all phase

No Degradation -

Stability -
VCc=12.5V, Pi=200mW
VCON=0~ 12.5V
VSWR Load 3:1 all phase

All spurious
output than 60dB
below desired
signal

-

(1) Frequency range is covered in two bands S-AV10L 135-155MHz
S-AV10H 150-175MHz

iitriiiiiiitiiiiiiMiiiiiiitiiitiiJiiiiiiiiitiiiiiitiiiiJ»iiriiitfMiiiiiiiiiitiifiiiiitiriiiitiiiiiiiiiiiiiiifii(iiiiiiiit>iiiiiiifiiiiiiiiiiiMtiifiiriifiiiiiiitiiiiiifiiiMiiitiiiiiriiiiitiiiiiiiitiiiiitiiiiiii>iiiiii T~^^>^^a— ^^.^^^ CORPORATION
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S-AV10L-S-AV10H

SCHEMATIC

Ht-C

1 I I 1

I 1 ±-^— i

i r
Tn<n

©
Vi (Vcon)

-J
.

u^-v

T
I

1
I

©
v2 (vcc )

I

<D

©
GROUND
(FLANGE)

TEST MOUNT

6 6

GROUND VC0N Vcc

RF OUTPUT

C 1 ,C 3 15000pF

C2 ,C4 1AF

L1 ,L2 00.8 COPPER WIRE 8T 5ID

TOSHIBA CORPORATION II Illlllllllll Illllllllllllllll Ml It Illllll llllllllll Illllllllllllllllllllllllllllllllllllll Illlllll II Illlllllllllllllll Illlllllllllllllllllllllllllllllllllll
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S-AV10L*S-AV10H

P ,??T,VSWR in -f

Vcc= V C 0N= 125V

S-AVlOL P i =r200mW,Tc= 25"C

P S-AVlOH

Po

V
*' - — "

'

Vt
~~ «. _

„--"
Vt: '' ««

^^

VSWRin VSWRin

150 160

FREQUENCY f (MHz)

Po.^T " P:

s--AVlOL f-:H5MHz

S-AVlOH f= l 65MHz

"VcC= V C on= 12.5V

L

H

TC= 2 5"C Po

L

^.^
VT

^4r^. = =

<*
**'

L 7*

1

60

50

40

30

80 120 160 200 240

INPUT POWER Pi (mW)

tlllllllltlllllllIIMIIIJIIIllll»lllllltllllllJtllllllll|}|l1lllljllllllltll(llllItlllllMlllllltlllllltl(IMII1tlllllllltlMlllllMIIMIlllllltlllllllllllMilllllllMllllllllflllllllllllttltlJMII>llllllllllllllllllll1l ~B~^Z^T^^— ^^^^^^ CORPORATION
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S-AV10L*S-AV10H

Po.fT VCON

s--AVi nL f-= 1 4.5MH z

S-AVIOH f= l65MHz

V CC =12.5V

Pi= 20 0mW

pv- --*^L

H

L

(fi c~
-
-'

- V T - H
rr -

<*,

//i

V7

60

50

40

30

2 4 6 10 12 14

VCON (V)

P .^T - VCC ,
V C0N

s--AV10L f==145MH z

S -AVI OH f= l 6 5MHz

Pi=200mW

T c= 2 5 "C

L

H

Po

1

„-•
- —J

-- --
— I

=-**
'"" '/• '

40

._._

VCC , VCON (V)
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER MODULE)

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. With Built-in Free Wheeling Diode.

. High DC Current Gain : hFE=100(Min. ) (Ic=15A)

. Low Saturation Voltage : VCE(sat)=2V(Max. ) (Ic=15A)

. High Speed : tf=2^s(Max.) (Ic=15A)

EQUIVALENT CIRCUIT

Unit in mm

BASE a

O COLLECTOR

MAXIMUM RATINGS (Ta=25°C)

03.5

V"
I* 4 <.

t

\ £- ~LTr> ™ o~Q
V

^
h-,lrf °°

'

18

22

3(12

36

38

6.35
lO

F
i H

11

o> to
!

1 1 1 1
I

<

1 i i p

1. BASE
2. EMITTER
3. COLLECTOR

JEDEC -

EIAJ

TOSHIBA 2-22B1A |

Weight : 28g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage vCEO 600 V

Collector-Emitter Sustaining Voltage vCEO(SUS) 450 V

Emitter-Base Voltage Vebo 6 V

Collector Current

DC ic 15 A

1ms ic 30 A

DC -ic 15 A

Base Current IB 1 A

Collector Power Dissipation (Tc=25°C) PC 120 W

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg -40-125 °C

Isolation Voltage vIsol 2000 (AC 1 Minute) V

Screw Torque 10 kg -cm

lllllllllllltiiiiitlltllftllliiiiiiiiiiiiiiiiiiiiiifiiiiiifiiiuiifiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiitiiiiiiiiiititllflltltllllllltllllllllllllllllllllillltllllltlltlllllllllllllllllllllllllltllllltlltllllllfllllltlltl ~V~^^»^^B—^^,^^L CORPORATION
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MG15G1AL3

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, l£=0 - - 1.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 100 mA

Collector-Emitter
Sastaining Voltage VCEO(SUS) IC=0.5A, L=40mH 450 - - V

DC Current Gain hFE VCE=5V, IC=15A 100 - -

Collector-Emitter
Saturation Voltage VcE(sat)

IC-15A, IB=0.4A

- - 2.0 V

Base-Emitter
Saturation Voltage VBE(sat)

- - 2.5 V

Emitter-Collector Voltage VECO IE=15A, Ib=0 - - 1.5 V

Reverse Recovery Time trr
-IC=15A, VEB=3V

VcE=300V

- - 2.0 flS

Collector Output Capacitance Cob VcB=50V, IE=0, f=lMHz - 190 - PF

Switching Time

Turn-on Time ton OUTPUT
INHJT ill ^>_ ^_o

lBSH *B2l foU blB2 I Jw

VCC -300V

I Bl=-lB2 = 0-4 A

DUTY CYCLE=0.5%

- - 1.0

yUSStorage Time t stg
- - 12

Fall Time tf
- - 2.0

Thermal Resistance
Rth(j-c)

Transistor - - 1.0
°C/W

(Junction to Case) Diode - - 3.5

TOSHIBA CORPORATION 1 1 if Mill 1 1 1 fit ill 1 1 it i n 1 1 1 litn 1 1 i in 1 1 1 1 1mi 1 1mil n 1 1 1 1 1mi 1 1mi nM I Hill 1 1 1 1 1 1 1n ill 1 1 1 > tn t in i m n 1 1 1 1 1 1 1 1 Ml 1 1 1 1
1
n 1 1mil inn mill i him tint mil I Jt Miittiin 1

1
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MG15G1AL3

50C

V CE "- JL c

COMMON EMITTER

Tc = 25°C
3nn

1

/

i

inn

/

/

/

/

/

i

f

-f—
f

50 \*6
# .

<o

/
/

^n
A ^

f

'•v

or /

k C
<fc

a
//

/

i /

/

/

10

\
<

1
>

—f-

/

/

'

K -t—
/

- V* f-

^
/
/

i

3
' 4j/

• ">j

i

as

V CE - Ic

5 10 15 20

COLLECTOR CURRENT
25 30

IC < A )

5 10 15 20

COLLECTOR CURRENT
25 30

I C (A)

H >
<
K
D
H 4->

< Kl

ra CO

« H
w WH >
HM
s w
w r*i

1 <!
w H
m H-l

< O
w >

5 10 15 20 25 30

COLLECTOR CURRENT I r (A)

LOOO

hFE —
*c

1 m1_

sin
•^00^-,

300 *$>«s>

100

y -*=

411— \*F

50
\

T COMMON EMITTER

20

T - V CE
J 1

0.1 a3 1 3 10

COLLECTOR CURRENT I c (A)

30

VBE(sat) - Iq

COMMON EMITTER

IB = 0.4A

1 1 1

Tc = -40"C j_»

v 25
^100

COLLECTOR CURRENT I c (A)

1111111111111111111111111111111111111111111111111111111111111111111111TOSHIBA CORPORATION
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MG15G1AL3

-I C
-~ vEC0

30

COMMON COLLECTOR

10

I
i

1

b

3 Lr~ 25
"ilu r^ -40

1

o 1 I J
e-f f I 1

0.5

u.:s

I

0.1 1_

SWITCHING TIME - I c

EMITTER-COLLECTOR VOLTAGE (V)

COMMON EMITTER

VCC -300V
IB =±0.4A
Tc= 25°C

t 9tg

tf

^on

1
2 4 6 8 10 12 14

COLLECTOR CURRENT I c (A)

SAFE OPERATING AREA REVERSE BIAS AS0

Q5

0.3

i—

1

i

-
! l 1 1 1

1

11

—

1

V
1

I c MAXW\ V
- (CON- \<&
. TINU0US) %??>""

A.V,
*

X4- VA\<s>
1
X^X

\<D

#

" S SINGLE NONREPETITIVE
PULSE To = 25°C

CURVES MUST BE DERATEI3 \
]

]

jI

[N

I i

N EAF

rEi

l_l_L

tLY WI1
fPERATU

H ]

RE
.NC R EA.SIZ \

100

COLLECTOR-EMITTER VOLTAGE VCE (V)

T j < 125°C

-IB=0. 8A

'BE : :-6V

'0 100 200 300 400 500 600 700

COLLECTOR-EMITTER VOLTAGE VCE (V)

TOSHIBA CORPORATION nil
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER MODULE)

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. 6 Darlington Transistor are Built-in to

1 Package.

. With Built-in Free Wheeling Diode.

. High DC Current Gain

: hFE=100(Min.) (I C=15A)

. Low Saturation Voltage

: VCE (sat)=2V(Max.) (I C=15A)

. High Speed : tf=2^s(Max.) (Ic=15A)

Unit in mm

_§4_

<Pt3- fl-BU EU

I

<g— -fu
Mr

t h 5.5

55 8 8

(HI-
IVBWEW

BZE-,BY §

2-05.4

£
fl i i il n rir

5^ s
ff^™,

TOSHIBA 2-64A1A
Weight : 1?

EQUIVALENT CIRCUIT

(+) o

(-) o
O E(-)

it""" iiuiiuutmiiu mi i i i umiHiHiimiiHiNinmiHiuimuuni iiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiuiiiiiiiiTOSHIBA CORPORATION
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MG15G6EL1

MAXIMUM RATINGS (Tc=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage VCEO 600 V

Collector-Emitter Sustaining Voltage VcEO(SUS) 450 V

Emitter-Base Voltage VEBO 6 V

Collector Current

DC ic 15.
(

A

1ms ic 30 A

DC -ic 15 A

Base Current IB 1 A

Collector Power Dissipation (Tc=25°C) PC 100 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °C

Isolation Voltage Vlsol 2000 (AC 1 Minute) V

Screw Torgue 30 kg -cm

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, Ie=0 - - 1.0 mA

Emitter Cut-off Current lEBO VEB=6V, lc=0 - - 100 mA

Collector-Emitter
Sustaining Voltage

VcEO(SUS) IC=0.5A, L=40mH 450 - - V

DC Current Gain hFE VCE=5V, Ic=15A 100 - -

Collector-Emitter
Saturation Voltage VcE(sat)

IC-15A, Ib=0.4A

- - 2.0 V

Base-Emitter
Saturation Voltage

VBE(sat) - - 2.5 V

Emitter-Collector Voltage VeCO I E=15A, IB=0 - - 1.6 V

Reverse Recovery Time -IC=15A,

V

EB=2V ,

V

CE=300V - - 2.0 -us

Collector Output Capacitance Cob VcB=50V, IE=0, f=lMHz - 400 - P F

Switching Time

Turn-on Time ton

IB1=-IB2=Q4A VCC = 300V

DUTY CYCLE=Q5%

- - 1.0

flSStorage Time tstg - - 12

Fall Time tf
- - 2.0

Thermal Resistance
(Junction to Case)

Rth(j-c)
- - 1.25 °C/W

TOSHIBA CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER MODULE) IHB30

HGIH POWER SWITCHING APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Ground.
. High DC Current Gain : hpE=100(Min. ) (Ic=30A)
. Low Saturation Voltage : VcE(sat)=2V(Max. ) (Ic=30A)
. High Speed : tf=2As(Max. ) (Ic=30A)

MAXIMUM RATINGS (Tc=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage VCEO(SUS) 450 V

Emitter-Base Voltage Vebo 6 V

Collector Current
DC ic 30 A

Pulse I flP 60 A

Base Current IB 2 A

Collector Power Dissipation
(Tc=25°C) PC 250 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °c

Isolation Voltage Visol
2000

(AC IMinute)
V

Screw Torque 20 kg -cm

A
1. BASE
2. COLLECTOR
3. EMITTER

2-33B1A

Weight : 98g
EQUIVALENT CIRCUIT , COLLE0Tor

BASEO- <
1 W If M*-

-rt-

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=600V, IE=0 - - 1.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 200 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=0.5A, L=40mK 450 - - V

DC Current Gain hFE VCE=5V, IC=30A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat)
I C=30A, IB=0.6A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Collector Output Capacitance Cob Vcb=50V, Ie=0, f=lMHz - 250 - PF

Switching Time

Turn-on Time ton Ttv1 OUTPUT - - 1.0

/IS

50AS iw±^l __ ^p.

1

Storage Time tstg - - 12

Fall Time tf
I Bl=-lB2=a6A VCC = 300V

DUTY CYCLE=Q5%
- - 2.0

Thermal Resistance Rth(j-c) Junction to Case - - 0.5 °C/W

iiiiiiiiiHiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim CORPORATION
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SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER MODULE)

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. 2 Power Transistor and 2 Free Wheeling Diods

are Built-in to 1 Package.

. High DC Current Gain : hFE=100(Min. ) (Ic=30A)

. Low Saturation Voltage : VcE(sat)=2V(Max. ) (Ic=30A)

. High Speed : tf=2//s(Max. ) (Ic=30A)

EQUIVALENT CIRCUIT

Unit in mm

o E2

13 ,13 ,13 13

3 103103103

tirhL

EIAJ

TOSHIBA 2-68A1A

Weight : 210g

Bl E1/C2 B2

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector- Emitter Voltage VCEO 600 V

Collector-Emitter Sustaining Voltage VCEO(SUS) 450 V

Emitter-Base Voltage Vebo 6 V

Collector Current

DC ic 30 A

1ms ic 60 A

DC -ic 30 A

Base Current IB 2.0 A

Collector Power Dissipation (Tc=25°C) PC 250 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °c

Isolation Voltage Vlsol 2000 (AC 1 Minute) V

Screw Torque (Terminal/Mounting) 20/30 kg -cm

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiniiiiiiii iiiiiiiimiiiiiiiHiiiiiiiiiiiniiiNiiiiiiim iiinimmiii i i iiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiNiiiiiuii mi iiimiiiiniiiiiiiiiiiii
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MG30G2CL3

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 1.0 mA

Emitter Cut-off Current lEBO VEB=6V, I C=0 - - 200 mA

Collector-Emitter
Sustaining Voltage

vCEO(SUS) IC=0.5A, L=40mH 450 - - V

DC Current Gain hFE VCE=5V, I C=30A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC-30A, IB-0.6A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Emitter-Collector Voltage VECO lE=30A, IB=0 - - 1.5 V

Reverse Recovery Time trr
-I C=30A, VEB=3V

VCE=300V
- - 2.0 AS

Collector Output Capacitance Cob VcB=50V, I E=0, f=lMHz - 350 - pF

Switching Time

Turn-on Tome ton INPUT iBi -"^T - - 1.0

MS

VCC =300V
IB1 = -I B2 = 0.eA

DUTY CYCLE=G5%

Storage Time tstg - - 12

Fall Time tf - - 2.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.5
°c/w(Junction to Ca se;

Diode - - 1.8

iiiiiitfifiiiiiiiif«iatiiiii(fiifiiiiiiiiitiiiiiJiiiiiittttiiiiiiiiiiiiiiiiiiiiifiiiiititiltlllilitiifiiiiitilifilililtllllftitiiiiftlllltlllllltiiiiiiiiiiiiitttiiiiifitiifiitlltlllll(tiliiiiiiiiifiiiiitliiililiilllltlli 1~^^>^^H—^SB^B^. CORPORATION
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mmm SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER MODULE)

HIGH POWER SWITCHING APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Ground.

. High DC Current Gain : hFE=100(Min. ) (Ic=50A)

. Low Saturation Voltage : VcE(sat)=2V(Max. ) (Ic=50A)

. High Speed : tf=2/*s(Max.) (Ic=50A)

MAXIMUM RATINGS (Tc=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 600 V

Collector-Emitter Voltage VCEO(SUS) 450 V

Emitter-Base Voltage Vebo 6 V

DC ic 50 A

Pulse ICP 100 A

Base Current IB 3 A

Collector Power Dissipation
(Tc=25°C)

PC 300 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -40-125 °c

Isolation Voltage Visol
2000

(AC 1 Minute)
V

Screw Torque 20 kg- cm

cjx

t ^P I *f*3

1. BASE
2. COLLECTOR
3. EMITTER

EI A.T

TOSHI BA 2-33B1

A

Weight : 98g

EQUIVALENT CIRCUIT oCollector

BASEO- <
) EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Sustaining Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

Collector Output Capacitance

Switching Time

Turn-on Time

Storage Time

Fall Time

Thermal Resistance

SYMBOL

ICBO

lEBO

VcEO(SUS)

hFE

VCE(sat)

VBE(sat)

Cob

:stg

tf

TEST CONDITION

VCB=600V, IE=0

VEB=6V, IC=0

IC=0.5A, L=40mll

VCE=5V, IC=50A

IC=50A, IB=1A

VCB=50V, IE=0, f=lMHz

INPUT ^.
50Ag o +n—

^ll
1

IB2
0° WlB2

lBl=- IB2= 1A

DUTY CYCLE = a 5%

OUTPUT

vp
to

i)

VCC = 300V

th(i-c) Junction to Case

MIN.

450

100

TYP,

450

MAX.

1.0

200

2.0

2.5

1.0

12

2.0

UNIT

mA

mA

PF

0.41 C/VJ

TOSHIBA CORPORATION II Illlllllllllllllllllllllllllll I M 1 1 1 1 H 1 1 1 1 1
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. 2 Power Transistors and 2 Free Wheeling Diods

are Built-in to 1 Package.

. High DC Current Gain : hpE=100(Min. ) (Ic=50A)

. Low Saturation Voltage: VcE(sat)=2V(Max. ) (Ic=50A)

. High Speed : tf=2/*s(Max. ) (Ic=50A)

EQUIVALENT CIRCUIT

ci o O E2

Unit in ran

92

:

80

-i

01

.Bl .B2.pr

s LLJ-ej

J .
in
to

A —054= El C2

68

\ 5-M4

35

/

13 13 13 13

k

\

26

r-A

5 3 3 3 1' 15
1

10

TA

10 ,10,

mm
CO

k+y
\ v

\

<*

[ JL^lt-i- -\

90 33

JEDEC -

EIAJ -

TOSHIBA 2--68A1A

Weight : 210g

Bl E1/C2

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCB0 600 V

Collector-Emitter Voltage VCE0 600 V

Collector-Emitter Sustaining Voltage VCEO(SUS) 450 V

Emitter-Base Voltage Vebo 6 V

Collector Current

DC ic 50 A

1ms ic 100 A

DC -ic 50 A

Base Current IB 3 A

Collector Power Dissipation (Tc=25°C) PC 300 W

Junction Temperature T.1 150 °C

Storage Temperature Range Tsts -40-125 °C

Isolation Voltage Visol 2000 (AC 1 Minute) V

Screw Torque (Terminal/Mounting) 20/30 kg -cm

Itltllltlllllttllltltllllllttlllllltllllltllllllltllllltiatllllltllltlltllllllllllllliitiiiliiiiiitiitiiiiitiiiiiiiiitiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilllltlfillllitlfiiiiiiiiiiiililtllllilliililltlilllflil ^B
-
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MG50G2CL3

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 1.0 mA

Emitter Cut-off Current lEBO VEB=6V, Ic=0 - - 200 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=0.5A, L=40mH 450 - - V

DC Current Gain h-FE VCE=5V, IC=50A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=50A, Ib=1A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Emitter-Collector Voltage Veco lE=50A, Ib=0 - - 1.5 V

Reverse Recovery Time trr
-IC=50A, VEB=3V

VCE=300V
- - 2.0 j«s

Collector Output Capacitance Cob VCB=50V, lE=0, f=lMHz - 520 - pF

Switching Time

Turn-on Time ton
Tt,-, output

INPUT 1B1 — _ . n

- - 1.0

MS

bUjtte " —;-»• (y\ T

^if { i B2 H^ #GU blB2 1 ]»

Vcc= 300v

I B1 =-IB2=1A

DUTY CYCLE=a5%

Storage Time tstg - - 12

Fall Time tf - - 2.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.41
°C/W

(Junction to Ca se) Diode - - 1.3

TOSHIBA CORPORATION
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MG50G2CL3
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MG50G2CL3
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER MODULE) HH

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. 2 Power Transistors and 2 Free Wheeling Diodes

are Built-in to 1 Package.

. High DC Current Gain

. Low Saturation Voltage

. High Speed

Unit in mm

hFE=80(Min.)(Ic=75A)

vCE(sat)=2V(Max.)(Ic=75A)

tf=4^s(Max.)(Ic=75A)

EQUIVALENT CIRCUIT
El C2

CI O O E2

tea jzd, zzwrallra lid
.-

1

lO
CO

A

15 13 13,13 13

TOSHIBA

Weight

/m s

fr 1

rM—

2-81A1A

MAXIMUM RATINGS (Ta = 25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage vCEO(SUS) 500 V

Emitter-Base Voltage vEBO 6 V

Collector Current

DC ic 75

A1ms !CP 150

DC -ic 75

Base Current IB 4 A

Colletor Power Dissipation (Tc=25°C) pc 350 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °c

Isolation Voltage Vlsol 2000(AC 1 Minute) V

Screw Torque (Terminal/Mounting) 20/30 kg* cm

Itllillllllllltltllllllllitllltlllf ••lltlllilltllllllllllllllllllttlltttiiilliillliilliiitllilliiiltllliltllllltf llllitiitiiliiiiiiiiiJiiriititiiiiiiiiittiiiiiliililiiiiiitiiliiillltlltllllltllllllltlllllllllllltll
~^

—
^r******^;^*—4B^^ft.^'^. CORPORATION
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MG75H2DL1

ELECTRICAL CHARACTERISTICS (Ta-=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 1.0 mA

Emitter Cut-off Current IEBO VEB=6V, IC=0 - - 200 mA

Collector-Emitter
Sustaining Voltage

VCEO(SUS) IC=0.5A, L=40mH 500 - - V

DC Current Gain "FE VCE=5V, IC=75A 80 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=75A, IB=2A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat) - - 2.5 V

Emitter-Collector Voltage vECO IE=75A, IB=0 - - 1.5 V

Reverse Recovery Time trr
-IC=75A, VEB=3V

VCE=300V
- - 2.0 MS

Collector Output Capacitance Cob
VCB=50V, IE=0
f=lMHz

- 670 - pF

Switching Time

Turn-on Time ^on INPUT ifil ^ a

n
JTFUT
—

o

:G
"*

)

- - 2.0

asStorage Time tstg

IBlTf—^ JB2
°" l^lB2

n p
(

- - 12

Fall Time tf I B1- _IB2- 2A

DUTY CYCLE=0.5%

- - 4.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.36
°C/W

(Junction to Case) Diode - - 1.3

TOSHIBA CORPORATION
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MG75H2DL1
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SILICON NPN TRIPLE DIFFUSED TYPE

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. With Built-in Free Wheeling Diode

. High DC Current Gain : hFE=100(Min. ) (Ic=100A)

. Low Saturation Voltage : VcE( sat )=2V(Max. ) (Ic=100A

. High Speed : tf=2As(Max. ) (Ic=100A)

EQUIVALENT CIRCUIT

Unit in mm

BIO

B2 O

MAXIMUM RATINGS (Ta=25°C)

2-5.40

68

i

^ i.^i
35

3 3 3

\l-

26

15

n10.5 ioi] 10^ 105
to

/ T|
^

CO

1 L°L_J—L_

90 33

1

TOSHIBA 2-68C1A

Weight : 210g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCB10 600 V

Collector-Emitter Voltage VCEO 600 V

Collector-Emitter Sustaining Voltage VcEO(SUS) 450 V

Emitter-Base Voltage VEB10 6 V

Collector Current

DC ic 100 A

1ms ic 200 A

DC -ic 100 A

Base Current IB1 5 A

Collector Power Dissipation (Tc=25°C) PC 600 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °c

Isolation Voltage Vlsol 2000(AC 1 Minute) V

Screw Torque
Teminal (M3/M5) 10/30

kg -cm

Mounting 30

•••ililiiiiiiiiiiiiiiiiiiitiiiiltliiliilflililtllllllllttiiiiiiliiiiiiiiiiiitiiiiiiiiiaiiiiitilillllllllltlilliiliillllilltliititiiiiiiiifiiiiiiiiiiilliiliiiiiuillitiitiiiiiiitiitilllllllliililltilliliiilii ~^^^^9^^B—^^K^B^^ CORPORATION
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MG100G1FL1

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB10 VcBl=600V, lE=0 - - 2.0 mA

Emitter Cut-off Current IEB10 VEB1=6V, IC=0
- - 400 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) I C=0.5A, L=40mH 450 - - V

DC Current Gain hFE VCE=5V, IC=100A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

I C=100A, IB1=2A

- - 2.0 V

Base-Emitter
Saturation Voltage VBlE(sat) - - 2.5 V

Emitter-Collector Voltage VECO lE=100A, Ib=0 - - 1.5 V

Reverse Recovery Time trr
-IC=100A, VEB1=3V

VCE=300V

- - 2.0 MS

Collector Output Capacitance Cob VCB1=50V, IE=0, f=lMHz - 1000 - pF

Switching Time

Turn-on Time ton TNPrnlBUJ output
- - 1.0

MS

bu>" s
o "wT fp^ T

lB(l)]M IbS^
*
g

VCC =300V

I Bd)
;= - IB(2)=2A

DUTY CYCLE=0.5%

Storage Time tstg - - 12

Fall Time tf - - 2.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.208
°C/W

(Junction to Case)
Diode - - 0.65

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiriiiiiiiifiiiiirii f iiiri iff iff fftf ffiriiiffitifif i<firtif(tfiri ii<ti iiifitfiiff ftitifitfiiitriitfiffiitififftifiif tiiif iittiiiitf fiifiMiiiiuitiiiifMiiiifuiiuiiiJiiJMiiiiiiiiJiiiiiiiiiJiiiiiiiiitiiii
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300

-I c
-- v EC

COMMON COLLECTOR

TOO
/
//

1
r

Ht
'II
II

^n \
7

30 // \

7J

/'J-
P L
c
c

1!

o

I

5

3 / /rf—~- 2o

r-—40

l

-f-
J f

/ 1
n r 1

/
1 1 / 1 |

a 4 a 8 i.2 1 6 2 2 4 ?,

SWITCHING CHARACTERISTIC
11 It

COMMON EMITTER

Vcc = 300V

IB(1)=- I B(2)=SA
Te== 25°C

50

30

10

t etg

5

3

1

D<S

tf

0.3
t on

„,

EMITTER COLLECTOR VOLTAGE (V)
20 40 60 80 100 120 140

COLLECTOR CURRENT I c (A)

SAFE OPERATING- AREA REVERSE BIAS AS0

T j <125°C

Ibi = 4 a

VBE=-6V
240

<

« 200

H

3 160
2
D
o

g 120
E-i

O

§ 80
o

\
\

^v

\
\

COLLECTOR-EMITTER VOLTAGE (V)

100 200 300 400 500 600

COLLECTOR-EMITTER VOLTAGE VCE (V)

TOSHIBA CORPORATION

1180-



SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER MODULE)

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. With Built-in Free Wheeling Diode

. High DC Current Gain : hpE=100(Min. ) (I C=100A)

. Low Saturation Voltage: VCE ( sat )=2V(Max. ) (Ic=100A)

Unit in mm

. High Speed

EQUIVALENT CIRCUIT

tf = 2jBs(Max.)(Ic=100A)

6E

MAXIMUM RATINGS (Ta=25 C)

2-05.5

i

23 23

rt^

TOSHI BA 2-69B1A

Weight : 227g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 600 V

Collector-Emitter Voltage VCEO(SUS) 450 V

Emitter-Base Voltage vEBO 6 V

Collector Current

DC ic 100 A

1ms icp 200 A

DC -ic 100 A

Base Current IB 5 A

Collector Power Dissipation (Tc=25 C) PC 600 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °C

Isolation Voltage Visol 2000 (AC 1 Minute) V

Screw Torque 30 kg - cm

iiiiiiiiimiiiiiimiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiM CORPORATION

-1181-



MG100H1AL2

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0
- - 2.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0
- - 400 mA

Collector-Emitter
Sustaining Voltage

VCEO(SUS) IC=0.5A, L=40mH 450 - - V

DC Current Gain hFE VCE=5V, I C=100A 100 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

I C=100A, Ib=2A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat)
- - 2.5 V

Emitter-Collector Voltage vECO ie=iooa, ib=o - - 1.5 V

Reverse Recovery Time trr
-IC=100A, VEB=3V

Vce=300V
- - 2.0 us

Collector Output Capacitance Cob
VCB=50V, IE=0

f=lMHz
- 1000 - PF

Switching Time

Turn-on Time ton
INHJT ^i (PYT°

- - 1.0

MS

50 /is W J „

I B1=-I B2 = 2A

DUTY CYCLE=0.5%

Storage Time tstg - - 12

Fall Time tf - - 2.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.208
°C/W

(Junction to Ca se) Diode - - 0.65

TOSHIBA ^S^3R^>^3>^^BW1~I^3INI iiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiitllllllllllllllllllllllllllllllllllllllllllllllllltllllllllllllllltlllllllllllllllllllllltlllllllllllllltlllllllllHIIlllllllllllllllltlllllllllllllllllllllllllllllllllllllllllllllllllll
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MG100H1AL2
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SILICON NPN TRIPLE DIFFUSED TYPE
(DARLINGTON POWER MODULE) MG100H2DL1

HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. With Built-in Free Wheeling Diode

. High DC Current Gain

. Low Saturation Voltage

. High Speed

hFE=80(Min. ) (IC=100A)

VcE(sat)=2V(Max.)(Ic=100A)

tf=4/is(Max.)(Ic=100A)

EQUIVALENT CIRCUIT
El C2

O E2

Unit in mm

4-054

a 5 158 158 158,

II158J
L58[ I

4444"*

TOSHIBA

Weight :

20.,n

2-98A1A

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage VCEO(SUS) 550 V

Emitter-Base Voltage VEBO 6 V

Collector Current

DC ic 100

A1ms ICP 200

DC -ic 100

Base Current IB 5 A

Collector Power Dissipation (Tc=25°C) PC 400 W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -40-125 °C

Isolation Voltage vIsol 2000(AC 1 Minute) V

Screw Torque 30 kg' cm

iiiiiiiiiiiiiiiiitiiftiiiiiitiiiiiitiiitit»iiiMiiiitiiiiiiiiiiiii»«tiitiiiiiiiititiiiii«iiiaiiiiii*iiiiiittiiiiiititiiiiitiiiiiiiiiiiiaiiiiiiititt«iiiiiijiitiiii«titttiiitiiiiiiitiiiiitiitiaiiiiiiitiiiiitiiiiittiiiitiii I
-
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MG1 00H2DL1

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0 - - 2.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0
- - 200 mA

Collector-Emitter

Sustaining Voltage
VCEO(SUS) IC=0.5A, L=40mH 550 - - V

DC Current Gain hFE VCE=5V, IC=100A 80 - -

Collector-Emitter
Saturation Voltage

vCE(sat)

IC=100A, Ib=3A

- - 2.0 V

Base-Emitter
Saturation Voltage

vBE(sat)
- - 2.7 V

Emitter-Collector Voltage Veco IE=100A, IB=0
- - 1.5 V

Reverse Recovery Time trr
-IC=100A, VEB=3V

VCE=300V
- - 2.0 MS

Collector Output Capacitance Cob
VCB=50V, IE=0

f=lMHz
- 800 - pF

Switching Time

Turn-on Time ton INPUT IbI ^
OUTPUT - - 2.0

fiS

)
eCJ
'CO

>

Storage Time tstg
^jf—'\ XB2

77T
- - 12

Fall Time tf
DUTY CYCLE=0.5%

- - 4.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.31
°C/W

(Junction to Case) Diode - - 1.3

TOSHIBA CORPORATION 1 1 1 1 1 ( 1 1 1 1 1 1 1 1 1 1 ) 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1

1
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MG100H2DL1
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SILICON NPN TRIPLE DIFFUSED TYPE

(DARLINGTON POWER MODULE) HH
HIGH POWER SWITCHING APPLICATIONS.

MOTOR CONTROL APPLICATIONS.

FEATURES

:

. The Collector is Isolated from Case.

. With Built-in Free Wheeling Diode

. High DC Current Gain : hFE=80(Min.) (IC=200A)

. Low Saturation Voltage: VCE ( sat )=2V(Max. ) (Ic=200A)

. High Speed : tf =4/<s(Max. ) (Ic=200A)

EQUIVALENT CIRCUIT

B O

Unit in mm

2-05.5

/
3-M5

%
4
!=L . _B_ . h=L

(
e

^

.

69 35

/

23 23

\

)A 00
co

J i

80

a
j
—.. f— . ,

92

JEDEC -

EIAJ -

TOSHIBA 2-69B1A

Weight : 227g

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 600 V

Collector-Emitter Voltage vCE0(SUS) 550 V

Emitter-Base Voltage vEB0 6 V

Collector Current

DC ic 200 A

Pulse !CP 400 A

DC -ic 200 A

Base Current IB 8 A

Collector Power Dissipation (Tc=25 C) PC 800 W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -40-125 °C

Isolation Voltage vIsol 2000(AC 1 Minute) V

Screw Torque - 30 kg -cm
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MG200H1 AL1

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=600V, IE=0
- - 2.0 mA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 400 mA

Collector-Emitter
Sustaining Voltage VCEO(SUS) IC=0.5A, L=40mH 550 - - V

DC Current Gain hFE VCE=5V, IC=200A 80 - -

Collector-Emitter

Saturation Voltage
vCE(sat)

IC=200A, IB=6A

- - 2.0 V

Base-Emitter
Saturation Voltage VBE(sat) - - 2.7 V

Emitter-Collector Voltage vECO IE=200A, IB=0 - - 1.5 V

Reverse Recovery Time trr
-IC=200A, VEb=3V

VcE=300V

- - 2.0 MS

Collector Output Capacitance Cob
VCB=50V, IE=0

f=lMHz
- 1650 - pF

Switching Time

Turn-on Time ton

VCC = 300V

I B1=_I B2=6A

DUTY 0Y0 LS= Q5%

- - 2.0

/*sStorage Time fc stg
- - 12

Fall Time tf - - 4.0

Thermal Resistance
Rth(j-c)

Transistor - - 0.156
°C/W

(Junction to Ca se)
Diode - - 0.65

TOSHIBA CORPORATION iiiMiitiillllllllllllllllllllllltlllliilllllllllllltlllililllltllllllllllllllllltlllliillllllllllllltlillllllllllilllllltltllllllllllllllttlllllllllllllllllltlllllllllltlltlllllllllllllllllillllltlllllllttllllllllllltll
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MG200H1AL1
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Accessories

Some semiconductors require accessories.

Such accessories are listed below the external
drawings of each semiconductor standard.
Usage of such accessories is shown in the fol-

lowing figures.

AC42C (to be applied to 2-21 BlA and TO- 3)

Machine .urnv M 3x0.5x2

PCSAO604 -,

Mica insulator AC219

Insulating hushing x2PCS
AC31S

Flat washer (13 *2i JCS
AC4G2

Sultter lermiiial AC-501

Spring lock washer

H&2E>CS AIM 01

Nut M3x0.5x2PCS
AC701A

Transistflr N
Mica insulator -».

Heal, sink

Insulating hushing

AC73 (to be applied to 2-21D1A, 21E1 A, and
TO-3)

Haehine screw ,,

M3x0.5x2PC3
AC-KIM

Mica insulator -^;

AC201

Insulating bushing

ac„|aC310x2PCS
Soldftr terminal _
ACSM
Spring [ock washer

M8x2PCS &C401

Km' JrfMj.iixUI'CS

AC701A

Translator

Mica Lnsutator

HeaL sink

Insulating bushing -

'^

#3,9

AC74 (to be applied to 2-13A1 A and TO-66)

AC46C (to be applied to 2-8F1A)

Machine screw

M&SACSW

Plat washer

UB&AGU4]

Mica insulator

kQ222

Spring lock w&sher
M2.fi ACHiS

-Nut M2.6 AC71]

- AC4KC

AC74

Machine screw

MfeO.SxEPCS AD5&4

Mica Disobttar

AC203 "\
Insulating bushing '"^

AC8ilx2FCS _.

Sotder terminal

AC501 ^-- >

Spring lock washer

MBjeSPGS ADtBi!~

Nut M^ettJ)(2t*Ga _—
ACTO1A.

Transistor

Mica insulator

Heal <ln'.<.

Insu!iitinff Vj-r.ir.j;

#4.9

j!iftiiiiiiiiiiiiiiiNiiiiiiwj!iiiHiiiiiiiiiii!:ii!^Hiiiiiiiiiiiiiiiiiiii::i!:.!r:iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii:..ii:n CORPORATION
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AC75 (to be applied to 2-10A1A and
TO-220AB)

AC75

Machine screw

M3x0.5 AC604
(

Holder RH-14

Mica insulator

-AC229

Insulating bushing^

AC311
Flat washer ^^F^

i

Transistor

as

Transistor

Mica insulator

Heat sink

Insulating bushing

AC402AX
Spring lock washer s

M3AC401K
~

Nut M3x0.5^. <*"

AC701A ^->>

103.7
"~| f>03.6

Heat sink

AC87 (to be applied to 2-9A1A)

Machine screw

M3x0.5x2PCS
AC604

cE3b «

i 4 .9— I— Insulating bushing
'

1— It- I ^--^ v9Pr-a Aran& x2PCS AC311

rWfiD Flat washer,^^ AC402A

+-,m— terminal
1 AC 501

' ®f —I
' t— 03.2 Solder

COD Q^M
-17.5

Spring lock washer

M3x2PCS AC401

Nut M3x0.5

x2PCS AC701A

AC87

AC84 (to be applied to 2-10A1A and

TO-220AB)

(to be applied to 2-10A1A and TO-220AB)

AC84

Machine screw . i

M3x0.5 AC604 ^sjj.

Holder RH-14 v

Insulating bushing

AC316A

Mica insulator

-

AC229

Flat washer

AC402A
Spring lock washer ^_

M3 AC401 y
Nut M3x0.5 ——(ED

AC701A I

^3.0

Insulating bushing

Trunin st.nrV K

03.6

03.57

Machine screw M3x0.5

ACKMN^o
Washer ,AC422 y

ator V •

c=3 r-
Mica insulator

AC229

Insulating bushing AC311

Flat washer AC402A
j

Spring lock washer ^r1

M3AC401'^3t>
NutM3x0.5 T

AC701A °P

V
Heat sink

(to be applied to 2-16B1A and 2-16C1A)

Mica insulator

AC238

Machine screw

Flat washer AC402A

..^—- Transistor

I I

Tl '

V/////////1
Spring lock washer

.AC401

NutM3x0.5-
AC701A

V////////?//////A

tID Heat sink

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiHiiiiuiiiiiii
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(to be applied to 2-34A1A) (to be applied to 2-31A1A)

Transistor

Mica insulator

AC243

\
V///////A

L
j|f|— Machine screwx2

i

—
~F—i m Flat washer

' AC402Ax2

CED n~n rm

7—

s

)MM//J/?//7ft W77?//a

Heat sink

ED

r*T*y) n» Sprinpr lock washer
S M3 AC401x2

HD—- Nut M3x0:5
AC70lAx2

(to be applied to 2-21F1A)

Machine screw
M5x0.8xl8x2PCS

Heat sink

O —
II

Mica insulator

,AC262

V///M

Machine screw

- Flat washer AC402A

\AC262

\ /T3 tr-\

W///////)7777X
Spring lock washer

M3 AC401 "

Nut M3x0.5 •

AC701A
CEB

f

Heat sink

AC63 (to be applied to 2-33B1A)

Machine screw
AC607x2PCS

Heat sink

Flat washer

AC405x2PCS

Spring lock washer-

AC419x2PCS

NutA(C71ox2PCS

(to be applied to 2-69A1A)

U

Screw with flat washer
and spring lock washer
AC651x5PCS

S
X

£i Heat sink

////}//////?///////>/////

iitiiiiiiiiiiiiiiiiiiiiitiiiiiittii«iiiiiiiiiiiiiiiiitiiiiiiitiiiiiiiiifit(i«iiitiitii«iii«tiiiiiiiitiiiiiitiii*iiitiiiitiiiiiiii*iitiiiiiiiiiiiiii«iiiiiiiitttfiiiiiiitiiiiiiiiiiiiiiiiititiiiiit«antiiiiiiiiitiiiiii«tia« ~V~i^^»^^a—^^^e^ CORPORATION
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(to be applied to 2-67A1A) (to be applied to 2-67A1A)

Heat sink

Single-side clamp for G-Tr

1. Identification method

ASC650A
T. — Represents classification of kits

Represent contact pressure (50 for 500kg and Ik for 1000kg)

Represents maximum external shapes of flat elements to which to

Toshiba flat-element, single-sided clamp can be applied (4 for 045, 6

for 060, 7 for 067)

Abbreviation for Accessory of Singleside Clamp

2. Applicable external shapes and accessory name

Applicable external

shapes 2-42A1A 2-60B1A 2-67A1A

Model ASC450A ASC650A1 ASC71KA

Case AC803 AC804 AC807

Retainer AC425 AC426 AC435

Countersunk spring
retainer

AC427 AC 428 AC436

Countersunk spring AC430X2 AC431 A C437

Electrode AC 506 AC507 AC507

Hexagon bolt AC614X4 AC614X4 AC615X4

TOSHIBA CORPORATION Itllllllllltllllllllltllllllllllllllltllltllllltlllllllllllllllllltllllllttlllltilllllltltllllllllllllllltllllllllllllltlllllilllllllllllllitlilllllllliltltlllllltllllllllllttlllllllllllllltltllllllllttllllllllllllllllll
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3. Mounting details

Mica Insulators

Hexagon bolt

Retainer

Countersunk spring retainer

Countersunk spring

Case
Electrode

Flat element

Heat sink

No. Materials
Dimensions (mm) Applicable

transistors

No.

>J
0b e 0d g s u, u2 t fi-a

AC201 Mica 2.0 10.9 4.3 30.15 16.87 42.15 28.0 0.05-0.10 2-21D1A l

AC 203 // 2.0 5.08 3.2 24.38 14.7 36.0 21.8 n 2-13A1A l

AC 207 w 0.75 5.08 3.3 17.5 - 27.4 14.7 n 2-9A1A 2

AC219 // 2.0 10.9 4.1 30.15 16.87 50.0 36.0 0.10-0.16 2-21B1A 1

AC222 ii 3.3 - - - - 12.5 - 0.05-0.10 2-8F1A 3

AC 226 a 2.0 10.9 4.3 30.15 16.87 46.0 32.0 a 2-21D1A 1

AC227 a 5.0 19.0 5,2 43.3 25.0 58.0 40.0 n 2-31B1A 1

AC 229 a 1.8 5.08 3.6 - 14.7 22.0 13.0 a 2-10A1A 4

AC238 ii
- - 3.3 - 16.0 22.0 18.5 a 2-16B1A 5

AC 240 a - - 5.2 43.3 - 58.0 40.0 a 2-31A1A 6

AC243 a - - 3.3 24.4 - 38.0 20.0 n 2-34A1A 7

AC 246 a - - 4.0 - 16.9 26.9 18.5 a 216B1A 8

AC252 Silicone rubber 2,0 10.9 4.3 30.2 16.9 42.0 28.0 0.20-0.30 2-21D1A 1

AC253 ii 2.0 5.08 3.2 24.38 14.7 34.0 20.0 n 2-13A1A 1

AC254 n - - 3.6 - 13.8 17.8 12.9 a 2-10A1A 5

AC255 a - - 3.3 24.4 - 38.0 20.0 a 2-34A1A 7

AC256 ii
- - 3.3 - 16.0 22.0 18.5 n 2-16B1A 5

AC261 Mica - - 3.3 - 24.0 34.0 28.0 0.15-0.25 2-21FIA 5

AC262 Mica - - 3.3 - 21.0 28.0 22.0 0.05-0.10 2-21FIA 5

4.95R

Fig. 2 Fig. 3

2-<&b.

0d

V"-*

-LUJ_Lt
Fig. 6 Fig. 7

I III 1)1 It
Fig. 8
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Insulating Bushing

No. Materials
Dimensions (mm)

2 bo

Q.S4>V>i ^D2 0D3 0D4 H h, h 2

AC310 66 nylon 3.1 3.9 8.0 - 3.0 1.0 -
1

AC311 a 3.2 4.9 8.0 - 1.8 1.0 -
1

AC316A n 3.0 3.57 5.3 - 1.5 0.5 - 1

AC318 a 3.0 3.9 8.0 12 6.0 2.0 3.5 2

AC322 a 4.2 5.0 9.0 - 5.5 2.0 -
1

AC331 Duranex 3.1 3.8 8.0 - 3.3 2.0 -
1

AC332 n 4.2 5.0 9.0 - 7.5 2.0 - 1

Solder Terminal

No. Materials
Dimensions (mm)

JIS naming
is

2 bo

Q.S0b 0d 0D E F G K h t

AC501 Nickel -plated
brass 2.3 3.5 7.0 4.0 - 3.5 8.5 - 0.3

Similar to JIS
C2803 Type ET 1

AC 505 ii
- 4.3 8.0 5.0 5.0 4.0 10.0 5.0 0.5 - 2

0D 0d 0b

cV ( ft r
si r 7\

?J E

G V
hi rJ-U-J-l

Fig. 1 Fig. 2
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Flat Washer

No. Materials

Dimensions (ram)
JIS description

Q.S0d </>D a b c t

AC 402
Nickel-plated
brass 3.3 8 - - - 0.5 JIS B1256 Small-sized, round, Class 1 M3BsP

AC402A ii 3.3 6 - - - 0.5 JIS B1256 Square with a hole, Class 1 M3BsP

AC 405 ii 5.5 12 - - - 0.8 JIS B1256 M5BsP

AC414 ii 2.9 5 - - - 0.5 JIS B1256 Square with a hole, Class 1 M2-6BsP

AC416 n 4.3 9 - - - 0.8 JIS B1256 M4BsP

AC 422
Nickel-plated soft

copper 3.6 — 5.7 10.0 5.0 1.6 JIS G3101 2

AC 424
Nickel-plated
brass 5.3 7.3 - - - 0.8 JIS G3101 - 1

Fig. 1 Fig. 2

Spring Lock Washer

No. Materials
Dimensions (mm) JIS naming

0d b X t 0D Max

AC401
Nickel-plated
phosphor
bronze

3.1 1.1X0.7 5.9
JIS B1257 Spring lock

washer No. 2 M3PB

AC415 Nickel-plated
PHB 2.7 1.0X0.6 5.3

JIS B1251 Spring lock

washer No. 2 M2.6PB

AC417
Nickel-plated
brass 4.1 1.4X1.0 7.6 M4PB

AC419
Nickel-plated
phosphor
bronze

5.1 1.7X1.3 8.5 M5PB

Machine Screw

No. Materials

Dimensions (mm)
JIS description

bo
c

Q
Nominal size
x pitch

/ S

AC604 Nickel-plated
brass

M3X0.5 12 11
JIS Bllll+Cross-recessed

head screw M3 x 0.5 x 12Bs

1

AC605 ii M2.6X0.45 10 10 M2.6 x 0.45 x lOBs

AC606 ii M4 x 0.7 16 15 M4x0.7xl5Bs

AC607 ii M5 x 0.8 18 17 M5 x 0.8 x l8Bs

AC651
Iron and iron

plating
- "

2

4

Fig. 1

tiitiiiiiiitiiiiiiiiiiiiiiiiiiiitiiiiiiitiuiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiittiiiiiiiiiiiiiiiiiitiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiititiiiiiiiiiiiittiiiiiiiiiittitiiiiiiiiiiiiiiiiiiiii ~a~^^B^^a—a^^.^^. corporation

-1201-



ISO
M4X0.7

=M
1}
-Ml

2.6+0.15
MAX.
3.0W. K

10 J,

Fig. 2

Nut

No. Materials
Dimensions (mm)

JIS naming
Nominal size

x pitch H

AC701A Nickel-plated
brass M5X0.5 2.4

JISB1181 Hexagon nut
Class 1A2M3X 0.5 xl2Bs

AC711 n M2.6X0.45 2.0 M2.6 x 0.45Bs

AC714 ii M4 x 0.7 3.2 M4 x 0.7Bs

AC716 ii M5X0.8 3.2 M5 x 0.8Bs

Case

H

No. Materials
Dimensions (mm)

S bo

Q.Su. U* H, W, W 2 , D, D.,b d , ei e2, h, h2 , h3

AC 803 Premix
56

56

27.8// 27

27 /
/40.5

46 X'
/^ 5

6.5^^

,/ 43

43

16

18 /
/ 4.8

1

AC 804 w
66

60

26.8// 32

32 /
/56.5

60.3/
/^ 6

6.5 Z'

// 54

48

14

18.l/
/3.6

1"

AC 807 //

78

85

36.6/ 32 ./

/67.5 /^ 10

10. 5/"

/^ 58

65 26 y
/4.6 2

X-X' section

w.

"IOC

Fig. 1

w-

TOSHIBA CORPORATION
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Rb

x

¥77ZS^Q

X:

x-x

Q~ ^—y ^%td

'//////////////////A
ac222 '///,

J

Fig. 2

W 2

Retainer

No. Materials

Dimensions (mm)

Q.Su. U 2 t b d ei e2

AC 425 Iron-zinc chromate 56 56 4.5 5 6.5 43 43

1AC426 // 66 60 4.5 6 6.5 54 48

AC435 » 78 85 5.5 10 10.5 58 65

Rb

w

il
U2

^C

Fig. 1

Countersunk spring

Retainer

No. Materials
Dimensions

Q.SD t

AC 427 Iron-zinc chromate 40.4 2.5 2

AC 428 n 56.4 2.5 2

AC436 n 67.5 2.5 2

No. Materials
Dimensions (mm)

D, D 2 H t

AC 430 Iron-zinc chromate 14 40 4.3 2.6

AC431 // 20 56 4.1 1.8

AC 437 // 24 67 5.4 2.8 ,zgfe=E2*ir~m

Fig. 2

iilllliiiililllliiiiiiiliilliiiiiiiiiiiiii iiiiiiilliiiiiiiiiiiiliiiiiiiiiiiii II if till iliiiiii iiiiiiiiiiiiiiiiiiiiiiiiillllillillilllllllllllllilllllllilllllliiiil mil NiniTOSHIBA CORPORATION
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Electrode plate

No. Materials
Dimensions (mm)

U, U 2 t b

AC506
Nickel-plated
copper 150 25 3 5

AC507 it 150 30 3 5

ft

,Rb

Hexagon bolt

No. Materials
Dimensions (mm)

JIS description
Nominal size
x pitch / S

AC614 Iron-zinc
chromate M6X1.0 50 48 JIS B 1180 Hexagon

AC615 // MX1.5 50 48 »

Radiator Holder

RH-2 RH-10

9.5

(*3.5

1.2-1.8

to be applied to

JEDEC TO-39
EIAJ TC-5
TOSHIBA TB-5B

j

fl'I Hxsz i

AT o
+1

to be applied to **:

JEDEC TO -39
EIAJ TC-5
TOSHIBA TB-5B

TOSHIBA CORPORATION llflltltiiliuillllilllllltlfllJllilJillllllllllllitlllllttiilllllliiiiiilitllllliiiilllttillllitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitllllllllllllllllllltlllllllllllllllllllllltllllllllilliill
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RH-14 RH-15

03.6±O.l

tl

%- if
J_

—i— m

T 6

14

PQ

2- Center
Punch .• 12° 4S

to be applied to

JEDEC TO-220AB

EIAJ SC-46

TOSHIBA 2-10A1A

+ 0.02
-0.08

to be applied to

JEDEC TO- 39

EIAJ TC-5
TOSHIBA TB-5B

lllllllllllllllltllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllltllllllllllllllllllllllllllllllllllllllll Illlllllllllllllllllllllllllllllllllllll Illlllllll Illltlllllllllllll HIIITOSHIBA CORPORATION
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Radio

1

.

9-transistor FM/AM radio circuit 1 21

3

2. 1 0-transistor FM/AM radio circuit 1214

3. 6-transistor car radio circuit
1 21

5

4. 5-transistor line operate radio circuit 1216

FM Stereo unit

1

.

FM tuner circuit (1 ) 1 21

7

2. FM tuner circuit (2) 1 21

8

3. FM electonic tuner
1 21

8

4. Hi-Fi FM tuner 1 21

9

5. Electronic tuning AM tuner (for Hi-Fi) 1219

6. Electronic tuning AM tuner (for automotive use) 1220

7. FM I F amplifier circuit 1 220

8. FM multiplex circuit 1 221

Audio amplifier circuit

1. Preamplifier circuit

(1) MC head amplifier using 2SK 147 1222

2. Preamplifier circuit

(2) First-stage equalizer amplifier using 2SK1 17 1222

3. Preamplifier circuit

(3) First-stage equalizer amplifier using 25SK147 or 2SK146 1222

4. Preamplifier circuit

(4) Ceramic crystal cartridge application
1 223

5. Preamplifer circuit

(5) CR-type tone control circuit 1223

6. Power amplifier circuit for 1 .5W power
1 224

7. Power amplifier circuit for 5W power 1224

8. Power amplifier circuit for 35 ~ 80W
1 225

9. Power amplifier circuit for 120W power
1 226

10. Power amplifier circuit for 120W power (using power MOS FET) 1226

Switching circuit

1. Inverter circuit (1) 1227

2. Inverter circuit (2) 1 228

3. Monostable multivibrator circuit 1229

iiiiitiiiittiitiiiii*tiiiiiiiiiitiitiitiiiiiiiiitiittiiiiittiai«titiiiiiijiiitiiitif iiiiitiitatatiiittiitiiitiiiiiiiitiiiiitiitiiit titiittitiitittiiiiaittiiiiiiiiitiiiiiitiiiitiiitiiiiiiiiitaiiitiittitiiiiitttiittiiiiii ~v~^^»^^a^4H^^K,^9^. CORPORATION
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4. Astable multivibrator circuit 1229

5. Fixed bias-type flip-flop circuit . 1230

6. Self-bias-type flip-flop circuit 1 230

7. Schmidt circuit 1 231

8. Positive pulse amplifier circuit 1 231

9. Negative pulse amplifier circuit 1231

10. Indication tube driving circuit 1232

11. UJT application circuit 1233

Dropper Regulator Circuit

1. High-stability reference regulator circuit 1234

2. Constant-voltage regulator circusit

(1) 12V, 50mA 1234

3. Constant-voltage regulator circuit

(2) 12V, 1A 1234

4. Constant-voltage regulator circuit

(3) 24V, 1.5A 1234

5. Constant-voltage regulator circuit

(4) 24V, 2A 1235

6. Constant-voltage regulator circuit

(5) 0-30V, 1.5A 1235

7. Constant-voltage regulator circuit "
1 236

8. Multivibrator-type DC-DC converter circuit

(1) 50V,3W(Vi = 12V) 1236

9. Multivibrator-type DC-DC converter circuit

(2) 300V, 40W (Vi = 12V) 1236

10. Multivibrator-type DC-DC converter circuit

(3) 300V, 40W (Vi = 24V) 1 237

1 1

.

Multivibrator-type DC-DC converter circuit

(4) 300V, 80W (Vi = 24V)
1 237

12. Multivibrator-type DC-DC convertercircuit

(5) 5V, 150W (Vi = 100V) 1238

13. Multivibrator-type DC-DC inverter circuit, 100V, 80W (Vi = 24V) 1238

14. Example circuit incorporating aringing choke circuit 1239

15. 20V, 2A Output dropper regulator, dropper regulator circuit 1239

1 6. 1 2V, 1 A Output dropper regulator
1 240

17. ±15V, 2A Output dropper regulator shown below is applied

incroporating transistor 2N3771 and 2N4398 1240
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Circuit incroporating FET's

1

.

Amplifier circuit with direct-coupled FET, voltage gain 62dB,
mim. sensing signal ~ 1mV ^41

2. FET differential amplifier circuit

(1

)

Voltage gain 26dB
1 241

3. FET differential amplifier circuit

(3) Voltage gain 26dB
1241

4. FET differential amplifier circuit

(2) Voltage gain 16dB
1241

5. FET2-stage differential amplifier circuit, voltage gain 34dB
(openloop gain: 53dB) 1242

6. FET3-stage differential amplifier circuit, open loop gain 98 dB 1242

7. Digital switch
^ 243

8. Analog switch
1 24g

9. Sample hold circuit
1 243

10. FET chopper amplifier circuit 1244

1 1

.

FET flip-flop circuit
1 244

1 2. FET timer circuit (1 ) ^ 244
13. FET timer circuit (2), operating time: 10min ^44

Low-frequency amplifier circuit

1

.

RC coupled amplifier circuit
1 245

2. Class A single amplifier circuit (1 ), Po = 55mA -,

245
3. Class A single amplifier circuit (2), Po = 75mA 1245
4. Class B push-pull amplifier circuit (1), Po = 200mW 1246
5. Class B push-pull amplifier circuit (2), Po = 400mW

1 246
6. Transformer-coupled Class A power amplifier circuit, Po = 5W (Vi = 0.4V) 1246
7. Transformer-coupled Class B power amplifier circuit, P = 7W (Vi = 0.6V) -I247

8. SEPP power amplifier circuit with imput tranformer, Po = 200W (Vi = 1.5V) 1247

High-frequency power amplifier circuit

1

.

Couble-multiplier power amplifier circuit (1 1 2.5 MHz ~ 450 MHz)
-j 248

2. Triple-multiplier 2-stage amplifier circuit (1 56.6 MHz ~ 470 MHz)
-, 248

3. Power amplifier circuit (1 75 MHz, FM 70W)
1 249

4. Power amplifier circuit (470 MHz, FM 40W)
124q

5. Power amplifier circuit (430 ~ 450 MHz)
1249

TOSHIBA CORPORATION
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Applied circuit of large-power transistor and transistor modules (motor drive circuit)

1 . DC motor control (1 )
1 250

2. DC motor control (2) 1 250

3. AC motor control
1 250

Application of low-saturation voltage transistors

1. Various inductance and lamp drives ^251

2. Wiper control
1 251

3. Flasher 1251

4. Ignitor
-| 251

(1

)

Battery drive
^ 251

(2) Magnet drive
1 251

5. Electronic fuel injection control 1251

GaAs Hall sensor

1 . Example circuit using GaAs Hall sensor (Hall motor) 1252

TOSHIBA CORPORATION
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Radio
1. 9-transistor FM/AM radio circuit

a. a.

CQ CQ CO CQ
E-O T3 T5 -c

CQ t— o
1

" t- CO o

3
u

E « -J
3 1

° f o 3
o

C! g
t2 M 3

ft

c
o

01

a,

O E
Ih 3

it «•»

•- « -

1

I.

55
s

E
'53

Since/) C/3 s

X

«

3.

CQ CQ CQ ^
-o E

•- .2 •-

§ 5 £ S
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2. 10-transistor FM/AM radio circuit

o—=*-6 6 (;

£

s
<

3.

CQ CQ ? «
-a T3 E -a
in co o in
CO CO O CM

in
CM

^
3.

CQ
a.

CQ CQ CQ
Efe T5 -o -a -o

CM r~ c© O
I

to in ©
in
CM

"a)

"3 -4J

> 3
•o u

PQ G
~ -u

C 73 ca f^'S
eS O
-U CO o <-i §£

II to ° J*

^
s

3&
G

SiO.

2^+1

s
>> > O 5? S.-ttu

a!
Sh
c3

O

3
g -u '.£ -u

re Si
"53

c 3 c

CO

TO

^ 3 >
* £ "-3

b/o-8 «

TOSHIBA ^5^3F*^>^3n^e^.-n^3^^| iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiililllllllllllllllillllilllllltlllllllllllllilllllllllllllllllllltllllliillllltllllllllllllliilillllllllllllillilllllllllllllllllinilllllll

— 1214—



3. 6-transistor car radio circuit >m^
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4. 5-transistor line operate radio circuit

> m m oq N
a:
£

-o T) -o oo «o CO ^t

<<t
CO t>- ^> <o CM

N
a £
§ 6

ii

o
s

«w o ^
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FM stereo unit
1. FM tuner circuit (1)

X
2
00o >

CQ CQ E >
-o -o o CM

oo in CM o a>
00 t~- in ~* co

c ca o
© ±2 P.
•r! o o

>

.s s
> —

.5 *
C4 "5? ©

ns

bo C

g -s -e S
8 §.

V d it

ofi 3 ~
S JSO O
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2. FM tuner circuit (2)

ANT L , |_2

VC;
acxuCBrV >? fe

C2

HI—
lOOp

2SK161-Y,

25p

©K3—*v>

47 U

TRi

Hi t ~ T0.02/^

Receiving frequency

(domestic band)

f = 76~90MHz

Power gain '• 30dB

Image rejection : 68dB

S/N ratio : 77dB

l3 ;

3p
ITR2

II
»T -7'O IE

rrr m

2SC2668-R

3 1*

C10

lOOp

c.

0.02n

R12

AFC°-
lOOkil

100(1

-II-

i'-'°

2SC2955-0

6p

./ .r is
(JT TK3 Ota .

— 11 '

•:~ 1-1

IFT IF

l^300n

-° + 12V

3. FM electronic tuner Circuit

MIX

2SC1923-R

ANT

750

IF

300fl

Vi'i'

+12V

Receiving frequency f = 76~90MHz

Tuning voltage Vt = 3~25V

Power gain 32dB

Image rejection 62dB

S/N ratio 74dB
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4. Hi-FiFM tuner Circuit

RF ' RF2 MIX.
2SK241-Y 2SK241-Y 2SK241-GR

777

LOCAL BAFFER

2SK241-GR

Receiving frequency

Power gain

Image rejection

S/N ratio

£ = 76-

33dB

85dB

80dB

-90MHz

5. Electronic tuningAM tuner Circuit (for Hi-Fi)

1SV 2SC2669

102 ANT. 1.8K~20P^ t,

1 ~Is4'i

2SC2669 2SC2669 2SC2669

0.1//

O DET. OLT

Receiving frequency

Hining voltage

Maximum sensitivity

S/N ratio

f = 535- 1605kHz

Vt= 2-25V
33dB^

48dB

iiiiitiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMMiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiitiiiiiitiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiifiiiiiiifiiiiiiiittliiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiii ~T*C3^3V—Hi^^X. CORPORATION
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6. Electronic tuning AM tuner Circuit (for automotive use)

2SK184-0, 2SK184-BL 2SK161— 2SC2669-0 2SC2669-0 2SC2669-0

(1.5-8V)

56K
-/\AAr-

a:

,DET. OUT

§ (+9V)

Receiving frequency : f = 535~ 1605kHz

Tuning voltage :Vt= 1.5~8.0V

Maximum sensitivity : 23dB/i

S/N ratio
: 40dB

7. FM IF amplifier circuit

2SC380TM 2SC380TM

68k 12
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8. FM multiplex circuit

2SC1815 2SC1815 2SC1815 + 9V

T x SCA TRAP
Input Li

IQ/t

Input voltage

30mV
lOOmV
200mV

100Hz
1kHz
10kHz

Input signal separating characteristics

(standard value)

(at 1 kHz at 45%at pilot 10%)
Separation
32dB
38dB
33dB

Frequency separating characteristics

(standard value)

(at 100 mV input at 45% at pilot 10%)
38dB
38dB
24dB

iiiiiiijrrjitrifiiJiiiitiJiiijtrifiJMiiiijriMiifiiJitifiiiitiiiiiiirjiiiiiiriitiiiiiiiiiitiiJiiitiiMiiiitiiiMiiiitiiitiiitnitiiitMi MtiiiiiiiiiiiiiiiiiiiiiitiiiiiiMiifiiiiJiiiiiiiiiriJiiiiiMifiiiiMirifiiJi ~V~C^^^a—BB^^^^ CORPORATION
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Audio amplifier

circuits 1. Preamplifier circuit

(1) MC head amplifier using 2SK147

2SK147-BLX2

;35V
a

'

Example of

equalizer

amplifier

_J

OUT

Characteristics

Voltage gain : f=lkHz (head) 27dB

Equivalent input : Input open

noise voltage

S/N : Vi=0.2mV 84.5dB

-158.5dBV

2. Preamplifier circuit

(2) First-stage equalizer amplifier using 2SK117
2SK117-6RX2 2SA970-BLX2

20Q
-vw>-AJ?I

+ 20V

i.5kO

-20V

Characteristics

Input impedance :f=lkHz 47k fl

Voltage gain : f=lkHz 35.0dB

Equivalent input : Input short-circuited,

noise voltage IHF A curve — 140.2dBV

S/N Vi=2mV 86.2dB

2SC2240-BL 2SC2240-6R

3. Preamplifier circuit

(3) First-stage equalizer amplifier using 2SK147 or 2SK146

2SK147X2 or 2SK146

2SC2240X2 2SA970-BLX2 2SC2240-GR
• + 40V

Characteristics

Input impedance : f=lkHz 50k ft

Voltage gain f=lkHz 35dB

Equivalent input IHFA curve

noise voltage input IHFAcurve-143.8dBV

short-circuited curve

S/N :Vi=2mV, 89.9dB

40V
2SC2240-BL 2SA970-GR

TOSHIBA CORPORATION llllllllllllllllllllllllllllllllHiiiiniiiiiiiiiillillllilllllllllllll Illlllllllllllllllllllll I
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4. Preamplifier circuit

(4) Ceramic crystal cartridge application

2SK30ATM-Y 2SK30ATM-GR

Input 0.01/4

Output

Item
Level adjustment

Conditions

Min. Max.

Gain 14dB 28dB Frequency response:

flat, volume max.

S/N 70dB or more 80dB or more

Frequency response:

flat, volume max.

1kHz, 100mV,

Input opened

TOTAL
HARMONIC
DISTORTION

0.5% or less 3% or less 1kHz, IV output,

volume medium

Tone control characteristics

Bass :±12dB C« 100 Hz

Treble : + 12dB C« 10kHz

5. Preamplifier circuit

(5) CR-type tone control circuit

2SK30ATM-O.Y 2SK30ATM - GR

Input

O.OIaiF

°—lh-

r

«
I 30V

15kQ5
5|iF

100k2 0.002„F 0.05*F/pk +
M- °

output

Input impedance : 10k_<2 ( MIN )

Gain reduction : -8.9dB (f = lkHz)

Maximum output voltage , "• 5V (f = 1kHz

)

lllliHiiiiimiiiiiHilliiiiiiNiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiH CORPORATION
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6. Power amplifier circuit for 1.5W output.power

Input

Supply voltage 13V

Load impedance 8"
Input impedance 17k«

Voltage gain 38dB

Negative feedback 28dB

Output power 1.5W «<KF= 5 %, f =lkHz

Idle current 10mA

Frequency response 20Hz- 50kHz «i-3dB

T.H.D. 0.6% >«P„ = 0.1W f=lkHz

1.5% «f'P„=lW f=lkHz

GND

7. Power amplifier circuit for 5W output power

*#

Input

GND

-&
10^F

3.9k n

2SA1015 2.2kO

G a'

i2on
N«V

r

2SC2120

€)

S:i

2SC3297

1000//F

200pF M8513AX2 2S1305

Supply voltage

Load impedance

Input impedance

Voltage gain

Negative feedback

Output power

Idle current

Freguency Response

T.H.D.

20V
8"
15k« ^<f=lkHz

40dB («f=lkHz

27.5dB t«f=lkHz

5W ^<KF= 5%, f =lkHz

7 mA
20Hz~ 50kHz («-3dB
0.3% c«0.1W, f=lkHz
0.2% <f 1 W, f-lkHz
0.5% (« 4W, f =lkHz

1
Ri. = 8n
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8. Power amplifier circuit for 35~80W output power

1S158SX2 2SA1145 110
O + Vex

Fig. 1

Output
power
Po(W)

Supply
voltage

±Vcc(V)

Transistors

Qi Q2 Q3 Q4

35 ±31 2SC1627A 2SA817 2SC3180 2SA1263

50 ±36 2SC2235 2SA965 2SC3181 2SA1264

70 ±41 2SC2824 2SA1184 2SC3182 2SA1265

80 ±45 2SC3298 2SA1306 2SC3280 2SA1301

Load impedance

Input impedance

Voltage gain

Output power

Idle current

51k £2 («f = lkHz

29.7dB («f = lkHz

Po (See Fig. l)<«f = 20-

30mA

Frequency response : 20~ 100kHz C° — 1 dB

T. H.D. : 0.002% («Po = 30W f = lkHz

20kHz THD= 0.025

lililliiiiliiiiiiiiifiiiiMilllllMMllllllltlJllfllllllllilllilfliliiiiiiilllttllllllllllllitllitiiiiiiiilltlllltlllltifliiiiMiiiiillllllltllfiiiiiiiiiiiiiififliiiiiitlllllllltllltlllillllJllllltlllliliiiiiiiiliilllllt "V^^^^B—Bai^S^a^. CORPORATION

1225



9. Power amplifier circuit for 120W output power

Supply voltage '• ±Bi=± 70V, ±B,.= +62V(No Signal' Frequency Response : 20~100kHz <»-ldB

Load impedance : 8 Q

Input impedance :32kQ <*f = lkHz T.H.D. :
0.0054*, «P«=1W f = lkH,

Voltagegain : 3ldB <«f = lkHz 0.0022% «P„=iow f = lkHz

OutDUtnower •' 120W c*f = 20~20kHz THD=0.01% 0.0016% <«P„=30W f = lkHz

Idle current :50mA 0.0015% *.P„= 60W f = lkHz
ime current

qM1S*« ^ p()= my/ f =^

10. Power amplifier circuit for 120W output power (using POWER MOS FET)

2SA 1360 X 2 2SC3423.

2SC2240 Mri *

05Z7.5X4

-,1S1888
*

IK

30pi

©
$390

i4=30p

NiM»

V,, (+65V)

0.22
i 5W i

0.22
5\V s

0.22
i5W)

0.22 £
5VV

10 2W

10 2 W

]£) 2SJ115X2

"3,

ZZ 220., K

1S1555 2SC 3423 X 2
- V,. (-65V)

Supply voltage : ±V t c, = ±70V, ±Vcc.= + 65V (No Signal) Frequency response : 20~l00kHz f«-idB

Loadimpedance : 8Q T.H.D. 0.0015 *P„=120W f = lkH«

Input impedance : 56kQ faf = lkHz

Voltagegain "• 30dB f«f = lkHz

Output power : 120W &20~100kHz THD=0.01%

Idle current : 500mA
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Switching circuits

1. Inverter circuit (1)

Input

For NPN transistors

Output

For PNP transistors

Input

Output

Transistor Qx

Circuit constant Switching time (standard value)

V
Vbb

V
V, R. Rb Rk

(YH)
R« Ck

(pF<

td

ins)

t,

(ns) (ns)

t,

(ns)

2SA4S5 t TM -
- Y

-12 3 - 6 1 k 8.2

15

5.6

10

50 100 4 4 20 35

2SA499 ~
J

1
.

2SA500 "

-12 3 - 6 1 k 3.9

6.8

12

2.7

5.1

8.2

50 100 4 4 20 35

2SC395A -
- Y

12 3 6 390 2.2

3.9

1.5

2.7

50 30 3 3 4 10

2SC400 ~ V

- OR

12 - 3 6 1 k 6.8

12

18

5.1

8.2

12

50 100 4 4 20 35

R
2SC752 0; TM -

Y

12 3 6 1 k 3.9

6.8

12

2.7

5.1

8.2

50 15 3 3 4 30

R
2SC752UTM

Y

12 3 6 390 1.5

2.7

4.7

1.0

1.8

3.3

50 20 3 3 3 10

2SC503 y
2SC504

f

T

K

15 3 6 100 2.2

3.9

7.5

0.39

0.68

1.5

50 470

560

680

20 10 25 30

2SC372UTM
250372^ TM Y
2SC373tiTM

12 3 6 Ik 8.2

15

22

5.6

10

15

50 100 4 4 20 35

2SC98Ce,TM,
At^TM

2SC980 €„ TM Y

24 3 6 2.2k 6.8

12

22

3.9

6.8

12

50 100 5 10 40 70

iiiiliiiilliHlliiiiiiliiiiiltiiitlllillilllllltlllllllllliiiiiiitiiiiiiiiiiiiiiiuiitiiiiiiiillllliiliiiliiilHltllllltlllilltlllllllllllliiiliiiiiiiiiiililiiiiiililiiiiiiiiiiiiiilliiilllllllllllllllllillllillllililllil ^~^3i^3a-9l^3^^. CORPORATION
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2. Inverter circuit (2)

For NPN transistors

Ck

Input

<«i

AW

—

Rk

:Ri

>VB8

Rl Dt

ITT

Vob For PNP transistors

Output

Diode Di
1S15M

Input

Output

Transistor

Qi

Circuit constant Switching time

Vcc

(V)

v..

(V)

Vod
(V)

Rl
(a)

R>
(k£) (k£)

R« Ck
(pF)

V,

(V) (ns)

tr

Us)
t/

(ns)

2SA495©TM -0
- Y

-12 3 -6 1 V 8.2

15

5.6

10

50 100 -6 4 4 15 10

2SA499 ~*
2SA500 _ y

-12 3 -6 1 k 3.9

6.8

12

2.7

5.1

8.2

50 100 -6 4 4 15 10

2SC395A -
-Y

12 -3 S 390 2.2

3.9

1.5

2.7

50 30 6 3 3 4 4

-R
2SC752©TM -0

-Y

12 -3 6 390 1.5

2.7

4.7

1.0

1.8

3.3

SO 20 6 3 4 3 4

2SC372©TM -0
2SC372CTM -Y
2SC373QTM

12 -3 6 1 k 8.2

15

22

5.6

10

15

50 100 6 4 4 15 10

2SC400 Zy
-GR

12 -3 6 1 k 6.8

12

18

5.1

8.2

12

50 100 6 4 4 15 10
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3. Monostable multivibrator circuit

For NPN transistors For PNP transistors

Input

T
:Ru

°'&
Cki

-tt-

RL2
Vcc

:Ru

Rkz^—s. Output Input o? /""""N.

Vbf C„-Cfc|.T(^F)\0'

Cki

Qi
,

T#operating time

4r° Diode D x , D2 : 1 SI 511 4ir

Output

Transistor

Q.. Q:-

Circuit constant

Vcc

(V)

Vkk

(V)

V„«

(V)

V,

(V)

R... Rk,

(<J)

Rk.. Rb

<k£>
Rt Ck, Ck, Ct

(pF 1 (pF)

2SA495©TM -0
-Y

-12 -12 12 6 1 k 1 k 22

33

22

33

68

120

10 66

44

50 j 200

2SA499 ~ {*

2SA500
y

-12 -12 12 6 1 k 1 k 8.2

15

27

8.2

15

27

27

56

100

10 177 50 j 200

97 - | •

54
j

-
j

•

2SC372©TM -0
2SC372©TM -Y
2SC373© TM

12 12 -12 - 6 1 k 1 k 22

33

56

22

33

56

68

120

180

10 66 j 50 i 200

44 1 » !
•

26
i

" i •

1 1

2SC395A -
-Y

12 12 -12 -6 390 390 6.8

12

6.8

12

68

120

3.9 214

121

20 50

-R
2SC400 Z y

-GR

12 12 -12 - 6 1 k 1 k 8.2

15

27

42

8.2

15

27

42

27

56

100

156

10 177

97

54

35

50 200

-R
2SC752©TM -0

-Y

12 12 -12 -6 390 390 5.1

8.2

15

5.1

8.2

15

51

82

150

3.9 284

179

97

20 50

2SC980©TM,
A©TM-0

2SC980©TM-Y

24 24 12 -6 2.2k 2.2k 33

56

100

27

39

75

68

100

180

22 43

26

15

30 300

4. Astable multivibrator circuit

For NPN transistors

Transistors

Q., Q,

Circuit constant

Va
'V)

Vbb R,

a
Rb

k a
C, c:.

2SA495©TM -O
- Y

-12 -12 ik 27

47

54

31

54

31

2SA499 " ?.

2SA500 y

-12 -12 1 k 12

22

39

121

66

37

121

66

37

2SC395A - O
- Y

12 12 390
"

6.8

.2

214

'121

214

121

-R
2SC752©TM -O

- Y

12 12 390 5.1

8.2

15

284

177

97

284

177

97

2SC372GTM -O
2SC372©TM -Y
2SC373©TM

12 12 1 k 27

47

68

54

31

21

54

1

21

2SC400 ~ °

- GR

12 12 1 k 22

39

56

66

37

26

66

37

26

2SC980©TM,
A©TM-0

2SC980©TMY

24 24 2.2k 33

56

100

44

26

15

44

26

15d = C'. -TiXlO 6 (F) Tj^operatingtimeofQx

C2= C2 • T2 X 10" 6 (F) T 2 =Operating time of Q2

o Diodes D1? D2 : 1S1588

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiMimiiiiiiiiiiiiiiiiiiiiiiiiiiimiiimiiiiim CORPORATION
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5. Fixed-bias type flip-flop circuit

For NPN transistors

Transistors

Q., Q.-

Circuit constant

Vn Vbb
IV)

V-i

'V)

Ri.

' U

)

k U •

Rb R;

'pF/

C,

pF

2SA495<£^TM -0
- Y

-12 12 6 1 k 22

39

100

180

10 50 200

2SA499 "
J?

2SA500 "

-12 12 6 1 k 8.2

18

33

39

82

150

10 50 200

2SC395A
- Y

12 -12 6 390 6.8

12

68

120

10 15 50

- R
2SC752&TM -0

Y

12 12 - 6 390 5.1

8.2

15

56

82

150

10 15 50

2SC372^TM -0
2SC372^TM -Y
2SC373t; TM

12 -12 - 6 1 k 22

39

68

100

180

270

10 50 200

2SC400 "y

-GR

12 -12 - 6 1 k 18

33

56

82

150

220

10 50 200

2SC980gTM,
AgTM-0

2SC980^ TM-Y

24 -12 ~„ G 2.2k 27

39

75

68

100

180

22 30 250

o Diodes D 1; D2 , D3 , and D4 : l SI 588

6. Self-bias type flip-flop circuit

For NPN transistors

ffim®
t

HHHh
Cri Ct

Vt

Transistors

Q>, Q..

Circuit constant

IV!

R,

; o )

Rk

k <j

Ri«

V'.j

R f Rt

k <i PF
Ct

pF

2SA495£TTM -O
- Y

-n 6 1 k 15

27

8.2

18

120

150

10 50 200

2SA499
2SA500

- R
-O
- Y

-12 6 1 k 6.8

12

18

2.7

5.6

10

56

120

150

10 50 200

2SC395A -O
- Y

12 6 330 4.7

8.2

2.7

5.6

47

56

10 20 50

2SC752 Q TM
-R
-O
- Y

12 6 330 3.3

6.8

10

1.8

5.6

6.8

33

51

56

10 20 50

2SC372 il TM
2SC372>£TM
2SC373^TM

-O
- Y

12 6 1 k 15

27

47

8.2

18

27

120

150

180

10 50 200

2SC400
-0
- Y
- GR

12 6 1 k 12

18

33

5.6

10

18

120

150

180

10 50 200

2SC980 C TM.

A G TM
2SC980#TM • Y

24 - 6 2.2k 27

39

68

18

33

56

220 22 30 300

Diodes Dj, D2 , D3) and D4 : 1 SI 588

TOSHIBA CORPORATION
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7. Schmidt circuit

For NPN transistors

Output

J"

For PNP transistors

Ck
* lh

Input Input «
Q>

"m "T7T 7"

Transistors

Q,. Q?

Circuit constant
Switching time
(standard value)

-

(V!

V, Ri. R.j

in)
Rk Rk R».

(kfi)

R.2

IkU)
Ck

(pFI

to.

Ins)

t./.»

(ns)

Vh *

2SA495©TM
Y

12 3 1 k 1 k 15

27

180 10

18

10

18

50 60 120 -1.0

2SA499
f.

2SA500 y

12 3 1 k 1 k 6.8

15

22

180 5.6

12

15

5.6

12

15

50 60 120 - 1.0

2SC372.GTM
2SC372©TM Y
2SC373© TM

12 3 1 k lkk 15

27

47

180 10

18

33

10

18

33

50 60 120 1.0

2SC395A - O
Y

12 3 330 330 4.7

6.8

68 3.9

5.6

3.9

5.6

20 20 20 -0.5

2SC400 "_
" 12 3 Ik 1 k 15

22

39

180 12

15

22

12

15

22

50 60 120 1.0

K
2SC752(G'TM O

- Y

12 3 330 330 3.3

5.1

8.2

68 3.3

3.9

5.6

3.3

3.9

5 6

20 20 25 0.5

* Hysterisis voltage

8. Positive pulse amplifier circuit

2SC400

Input

6v* ^7

2SA499

or2SA495(g;TM

3.3k it

ITT in

Output

V
EE
=12V

9. Negative pulse amplifier circuit

2SA499

or 2SA495©TM
2SC400

Vfce

:»u

% Output

Input/Output switching time, (standard value) unitms

Input

iti^J *d t r t... tf

Positive pulse 1 1 5 6 4 5

Negative pulse 1 2 5 7 6 4 5

V
EE
=-12V

tiMtiliitiiiiiiiiiiiiiiiiliilillilliilllitlllltMlllliliiilliiiiiiiiliiiiiiltlilliilfillilllllllllllllllllifliliiilliiliiiiiiiiiiiliiiiiiiiiiiiiiiiiillltiiiiiilllltllllllllllllllllliililiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiii ~a~^3^3B—^S.^X. CORPORATION
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10. Indication tube driving circuit

(a) Nixie tube driving circuit

Matrix diode

h°-

V, I;

= 6V,

1S1588

r
Vrb= 1

12V J

Ese=
200V ± 20V

O 0---0 O O O 5

n 2SC2551

-=-VEE=+3V

7TT

Operating temperature
range -10°C~ + 55°C

Minimum input voltage for
lighting on 4 V
Maximum input voltage for

lighting off 2.5V

Discharge sustain-

ing voltage -140V

Allowable
average
cathode DC
current

Figure pole 1.5-3. 0mA

Decimal
point pole 0.6-1. 5mA

(b ) Indication tube driving circuit (Digitron or others)

Q -55V

-24V

1S1588

r
°~W-

Input

9-55V

Input

3V ° Anode (segment) drive circuit

<^-H

Grid drive circuit

Operating temperature range -10°C-60°C

Minimum input voltage for lighting on -4 V
Maximum input voltage for lighting off -2.5V
o

, g |
Max./min. fluorescent segment voltage ±20~±30Vdc

M 2 « 1 Average current for 1 Pole 1 ~3mA
m"S"| fluorescent, segment 1 Figure 0.1-0. 2mA

( c ) Neon tube driving circuit
(d ) Pilot lamp driving circuit

Vccl00 + 10V
Vet 6V

=S) NL -6
2SC780A©TM

or

R|
2SC2551

VBB -3V

Transistors used : 2SC780A©TM
Supply voltage : Vcc = 100+ 10V
Input drive voltage : V, = 6 V

Base bias current : Vhb= - 3 V
Neon lamp lighting characteristics

Rated voltage : V.. = 100V
Rated current : 1 1> = . 3A

Discharge starting voltage : V\ = 85V

Discharge stopping voltage : Vi = 55 V

External series resistance : R-, = 220kQ

Transistors used : 2SC367©TM
Supply voltage : Vcc= 6 V
Input drive voltage : y, = 6 V

Lamp characteristics

Rated voltage : VP = 6 . 3V
Rated current : I P= 150mA

TOSHIBA ^S^3RV*^3*9>B^TVaiSa iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiillliiiiiiiillllllllllllllllitllliiiiilHlllitllllllllllllllillllliiiiiiiiiiiiiiilllliltiiiiiiiiiltlllllliiliiiiiiiiiiiillilllllliiiliiiillllllllllliiiilHlllltlllllii
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11. UJT application circuits

(1 ) Synchronous circuit with AC power source

AC100V

A^

1S1886

r-^r-v-\

/ 2SH20 or 2SH21

Output

<2) Square-wave oscillating circuit

2SH20 or 2SH21

+20V

Output

( 3 ) SCR igniting phase controlling circuit

1S1886X3 2SH20 or 2SH21

o20V

iii<iiiiitiitiiiiiiiiiiiiiifitiiiiittii*itiiitiiiiiitiiti«tiiiiiiiitiittiititiiiiiiiiiitiitiii*i*iiiiiiitiiiiitiiiiitiitiiiiiiitiiiiitit*iiiiiiiiiiiiiiitiiiiiiitiitiiJttiiiiiiiiiiiiiitiiiiiiJiiiiiiiiiiiiiitiatiiiinitiii ~a~^Z9^^B—^^K.^B^ CORPORATION
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Dropper Regulator

Circuit

1. High-stability reference regulator
circuit

2. Constant-voltage regulator circuit

(1) 12V, 50 mA

Vin=15V~40V

Rd( limiting Pd of FET)

2SKII3-F

Rs|lz2 .6mA^4^T^ zero
J Ta

-o Vout

r
A f 05Z5.I-X— 7£=0.03%/°C(Typ.)

eIz=5mA

itr

2SC504 2SC372©TM

Vi =
16±2V

nw
V =12V
(G~50mA)

Ambient temperature~70°C

3. Constant-voltage regulator circuit

(2)12V,1A

2SC521A&

Ambient temperatureTa 20~70°C
* Use a heat sink with thermal resistance of

2°C/W (for example, aluminum plate of 200

x200 x2mm)

2SD867 2SC372©TM 2SC372©TMX2

r V =24V
(0-1.5A)

4. Constant-voltage regulator circuit

(3) 24V,1-5A

2SC372©TM

Use a heat sink with thermal resistance of 2°C/W (for

example, aluminum plate of 200 x 200 x 2 mm)
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5. Constant-voltage regulator circuit

(4)24V,2A
2SC521A& 2SC372©TMX2

V =24V
(0~2A)

* Use a heat sink with thermal resistance of

2°C/W (for example, aluminum plate of 200 >

200 x 2 mm)
Ambient temperature la 20 ~ 70°C

6. Constant-voltage regulator circuit (5) ~ 30V, 1.5A

AC100V

Use a heat sink with thermal resistance of 2°C/W (for example, aluminum plate of 200

x200x2mm)
Use a heat sink with thermal resistance of 6°C/W (for example, aluminum plate of 100

x 100 x 2 mm)
In.ternal resistance n > 5mH

Ripple voltage : V()r < 1.5mV (p-p)

Output voltage fluctuation (±10%) caused by supply

voltage fluctuation A Vq < 2.5mV

Ambient temperature Ta = —20 ~ 70°C

lllllllllllltllllltfiltiifiiiiiiiiltliifii«iiiiiiiiitiiiiiftiiiiiiiiiitliiliiiiiiiilllltlltlltliiliiiittiiiitlll*li»lltlltllllllttlttllllllltllltllllllllllllltlllllfllttltl«fltiiltliilllilfilillllltllllfllllilltlltlfllll ~V~^^>^3B—^^K^^k. CORPORATION
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7. Constant-voltage regulator circuit

* 200 mm x 200 mm x 2 mm (Aluminum heat sink) (thermal resistance 2°C/W)

Note: For output voltage of ~ 17V, use 30V tap for S.W. and for 17 ~ 30V use 50V tap.

8. Multivibrator-type DC-DC converter
circuit (1) ,50V;aW (Vi = 12V)

9. Multivibrator-type DC-DC converter
circuit (2) ,300V,40W (Vi = 12V)

1 SI 886

6
Vi= 12V 6 +

T : Toshiba RNE (Rectalloy) Core R-60
T : TDK ferrite core H5AP30/19 N, ,N, : 20T<* 1.0mm TDK ferrite core :H5aP30/19
N,, Ni : 10T«& 0.32mm Oscillating frequency:f = 1kHz N 2 : 550T* 4> 32mm Oscillating frequency.f = 10kHz
N 2 , Ni : 43T(* 0.28mm Efficiency: 7) = 70% n 3 , Nj : 6T <t> 0.32mm Efficiency .T) = 80%
N 3 ,N 3 :2T?s 0.25mm Ambient temperature:Ta = —20 ~ 70°C * : lOOmmXlOOmmX 2mm Ambient temperature:Ta - —20 ~ 70°C

(Aluminum heat sink) T: Toshiba RNE (Rectalloy) Core R-60

TOSHIBA ^S«^mF9m^>a^3mC9^ekKT~H^:3a^l MiiiillllillllllltllllllttllllltlllllllllllltllllltlllllllllllllllllllllllllllllllllllllllltllllllilllltlllllllltllllllllllllllllllllllltlllllllllllllllllllllllllllllllllllliUlllllttllllllllllllllltllllllllltllllllllll
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10. Multivibrator-type DC-DC converter circuit (3),300V,40W (Vi =24V)

2SC520A* 5n
*W\r-

1S1886 Vi = 24V—H —.1.1——-,

<wv- 1 J

lkfl

<3
2SA520A8

50

T : Toshiba RNE (Rectalloy) core R-45 Oscillating frequency:f = 1kHz

N, , Ni : 52T4 0.8™ Efficiency: t) = 80%

Nj : 715T <t> 0.32»« Ambient temperature:Ta = —20 ~ 70
CC

Nj.Ni : 5T0 0.32m

* : 100m x lOOu x 2u (Alminum heat sink)

11. Multivibrator-type DC-DC converter circuit (4) , 300V, 80W (Vi = 24V)

2SC520A* 5n
—>w*-

1S1886

—M-

r~i

lkfl

Vi=24V

®
Nig

2SC520A* 50
N'3

1G4B42

o
J

Vo

o /X t . a.
/ 1 \ a !o

o k ^
o

£ N » \/
oo
P

T : Toshiba RNE (Rectalloy) core R-60 Oscillating frequency.f = 1kHz
N ,

, N ', : 39T <f> 1.0™ Efficiency:*) = 80%
N 2 : 55OT0 0.5m Ambient temperature:Ta = —20 ~~ 70°C
N 3 ,N 3 : 5T0 0.32m

* :l00mDXi00mX 2 > (Alminum heat sink)

liiiitiitiiillttiiiillMtlliMllMllltllilillllltiiiiiiiiiMiiiiiiitiitiiiiiiiiiiiitiliilliiiiiiiiiiiiiitiiiilitiitiltiiiiiiiiiMlltiiiiitiitiitiiiiiiiiiMttitrjiiiMiiiiiiiiiMitlltliiiiiiiiiiifJiiiiiiiiiiiiiiriiiitiiif ~V~^^X^^— ^^^^^. CORPORATION
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12.-Multivibrator-type DC-DC converter circuit (5) , 5V, 150W (Vi=100V)

tVi=100V
Rf3.5W
-WV

Cbi

0.05/^F

Npi

^ rB2 e
lA J *

*
I D_ 1/W C1AI

D2,

2SC2914 1S1835'

Np2

Rs 10K 5W
rvW-

Tp
'

"
ffiY

alCb2..0.05
:

RB2 6
[

/>

DelS1834 Rl 50k 3W
M t

—

Jt t </w—

r

500W

Q2 Oi

2SC29H 1S1835

/ S

2SC2914 : (with heat sink, 0f<2.8°C/W)

Tp; TDK H6AT10-20-5 Ferrite core

Ts; TDK EI60 H3C
Np

2 ; 75T0 0.2mm
Np2 ; 8T0 0.5mm

Nsi

K
Nsi

D3~D6

15BG15

2[D3

NS2

. Ds ] I 0e

-TlOO '
Lo^d

TS

Nsj; 21T0 1.2mm
Ns2;4T0 2.5mm
Oscillating frequency; f=20kHz
Efficiency:?) = 80%
Ambient temperature.Ta = —20~60°C

13. Multivibrator-type DC-AC inverter circuit(6) 100V, 80W, (Vi=24V)

Q x> Q2 : 2SC2913
or 2SC2555

Output

Tp; TDK H7A EE12
Npj;29T 00.35mm
Np2 ; 12T0 0.52mm
Ns^T 01.8mm
Ns2 ; 25T 00.17mm

Oscillating frequency; f= 25kHz
Efficiency:?) = 80%
Ambient temperature:Ta = — 20°C—60°C
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14. Example: Circuit incorporating a ringing choke-converter circuit

T Vl" -

2ic>

r
X

® ©
R.

mTr

®

IM -}

s®

Vout

Specifications:

Supply voltage: Vo=AC100V
Output voltage: Vout=2.0V
Output current: Iout=1.0A

Oscillating frequency: f=22kHz

Oscillating cycle: T=45/xsec

On-time: ton=10/isec

Off-time: Wf=35/i.sec

Tr: 2SC2552 Cf. 4.7ju.F 250V
SR: 1D4B41 C2 : 0.001/aT

A,: 1S1834 C3 : 0.022/^F

D2 : 1S1834 C4 : 220*iF35V

R,: 220ft 1W
Tj: EE-12.8, TDK H3s

R2 : 68n>/4W
R3 : 1.5kQKW

Note 1: C4 is not required if used

for battery charger circuit Application

15. 20V, 2A Output dropper regulator, ( Dropper regulator circuit application)

OVout

i OGND

Specifications

Output voltage : 20V
Output current : 2A
Input voltage fluctuation : 25~30V
(Operating temperature) : (—20—60°C)

Qi : 2N3055

Q2 : 2SD234©
Q3 , Q4 : 2SC372©TM
ZDX : 05Z6.2

R5 : 330ft, VR
R6 : 560 ft, 'AW
Cj : 470aiF, 25V

Ri : 1.2k ft, WW
R2 : 0.3ft, 2W
R3 :2.8k ft, WW
R4 : 1.2k ft, WW

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuit*iiiiiiiiiiiiffi*iiiiii(iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii<iii^iiitiiiM ^nc*^a»—^a^E^. CORPORATION
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16. 12V, 1A Output dropper regulator

VinO t
)| OVout

Specifications: Qx : 2SD234©(or 2SD880)

Output voltage: 12V Q2 , Q3 : 2SC372©TM
Output current: 1A ZD X : 05Z5.1

Input voltage fluctuation: 15~18V Dx : TLR103.
F

D 2 : 1S1885

d : 10/u.F, 25V

-OGND

R x : 470Q , WW
R2

:20ft,2W
R3

:1.5kn,V4W

R4
:330a,V4W

R5 : 680ft, WW
R6 : 100ft, VR
R,:470n,HW

17. ,± 15V, 2A Output dropper regulator

Shown below is applied circuit incorporating transistors 2N3771 and 2N4398.

GNDo
GND

Specifications

Output voltage : ±15V q (

•

2N3771
Output current :2A

q 2 : 2SC2562
Input voltage fluctuation **

9cr99 ,
ft

: 18~24V Q3 • 2SC2240

Q< 2SC2240

Q5 2N4398

Qs 2SA1012

Qt, Q 8 : 2SA970

Vout ZD : 05Z5.6 Rt 330Q, KW
H R, 330Q, KW R8 lkQ, KW

R:> 2kQ, KW R9 : 560Q , MW
R3 220Q, KW Rio , R 12 : lkQ, KW
R4 680Q, KW Rn : lkQ , VR

R5 500Q, VR C. C3 : 10^F, 25V

Rs . 560Q , KW C 2 C 4 : 470// F, 25V
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Circuits incorporating

FET's

1. Amplifier circuit with direct-coupled
FET, voltage gain 62 dB, min. sensing
signal ~- lmV

2SA500 2SC400-0 or

2SK12-R.0 or 2SA495©TM 2SC372©TM
Vcc
12V

Output

Input

Select as the bias drain current of 2SK12 a value more than

that at which the temperature coefficient of drain current

may be zero, the drain current thus possessing a negative

temperature coefficient. Then compensate the temperature

to offset this temperature coefficient with that of VBE of

the subsequent stage to reduce the temperature drift of

output.

2. FET differential amplifier circuit (1)

,

voltage gain 26 dB

2SK12-R® or.
2SK18

2SK18A

15V

30k<2$ *30kU

Output

Input
', °(n Cj)° ,

Inrt2

30on

in

>100k<2 JlOOks

: 30kii

in
Vss
.-15V

3. FET differential amplifier circuit (2)

,

voltage gain 16 dB

2SK12® or 2SK18- 2SK18A

I

J
o VD0= + 12V

56k il 56k -Q

D Output

I^"tl
, o© © Input 2

•IMP. |lMJ

56kQ

Vss=-12V

4. FET differential amplifier circuit (3)

,

voltage gain 26 dB

2SK12-R® or 2SK18 - 2SK18A

T
mil

f Output
:30kH

Input

:27kP.

in A
. ss--—

yfr

Equivalent input temperature TT , , .„

drift voltage
Volta^e dnft

(V D/AT):40„VVC (V D/Vss) 0.9%

Voltage drift Vd ' Equivalent input temperature

( Vd/Vdd) -0.04% drift voltage (V)

1t4 &s 300 a s>

I —^vVv '

looka 2SC372©TM

Voo 15V

Input 2

:i00k«

in
: 6.8k«

in

Vss
-15V

Common mode rejection ratio CMrt-76dB (A loss/ loss = 10%)

lllliiiiiiliillllllllliliiliiiiiiilllllllliliiiiliiiiiiiiiiliiillllllllliiiiiililllilliiiilllilllllllllN CORPORATION
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5.-FET 2-stage differential-amplifier circuit, voltage gain 34 dB (open loop gain:

53 dB)

2SK12-R® or 2SK18, 2SK18A

Input

2SC373 © TM
or

2SC400-GR x 4

° Output

6. FET 3-stage differential amplifier circuit (open loop gain 98 dB)

2SK12-R® or 2SK18, 2SK18A

2SC373 © TM
or

2SC400-GRX8

Input 1 ( H
f nV '

l

Input 2

^^
20kU f20ka

1S1586

|lki2

05Z15-X -3^ S^05Z15-X

La f
4k"

•4kS

Output

lOOkS

2SA500- GR

or

2SA495©TM-GR

-15V
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7. Digital switch

Specifications

Supply voltage

Input drive voltage

Input impedance

Vdd=20V

: Vgsioni =0V
Vgs(off) = — 15V
10MQ,

Example

INPUT

o Vdd

oOUTPUT

oCOH

8. Analog switch

FETused 2SK113-Y

Operating temperature Ta= - 20°C ~ + 100°C

Specifications

Supply voltage

Input voltage

Von=15V

Voff= - 15V

V. N=0~10V

VlN
(0~10V)o-

1M

FET 2SK113-Y

Q
Control voltage . vCTl=ON : 3V, OFF : OV

Tr
' R3

2SC400-
Control input voltage r., /£7\ 5 6kQ

v o **—fH 1 I
R

VcTL 24kQ
(6V) '

4k

Di 4 „lfe.
1S1588 3L O g ^

VoUT—

o

oVon(15V)

9. Sample hold circuit
Circuit diagram

Example of Circuit

Specifications

Supply voltage

Input voltage

Control voltage

Reset voltage

Sampling time

Retention time

Operating temperature

Vcc=7V, Vee=-9V
V.n=0~5V

Vctl=2V

VrST=2V
10ms

10s

-20°C~50°C

* R; = R8 = 2~3kQ

R7 : OP Amp For input protection

R8 : For offsetting output and reducing 2 V

drift
Q

Transistors used : FET : 2SK113- Y

Tr> : 2SC400-O

Tr 2 : 2SA500-O

iiimmmmnimimMimiimimimnmiimimimmmuuminniinm^ CORPORATION
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10. FET chopper amplifier circuit 11. FET flip-flop circuit

2SK113 2SK12 2SK12
+ 6V

* Output

50kQ

Equivalent input temperature

drift voltage 0.3 fiWC
(Operating temperature

range 0°C ~ 60°©

Ha
Vt (max) = 20V

VT (min)=4.5V VT : Trigger voltage

Trigger frequency f = 0,5 ~ 100kHz)

12. FET timer circuit (1)
13. FET timer circuit (2) (operating

time: 10 min.)

2SC400 or

2SC372©TM

2SC400 or

2SK112 2SC372©TM

12V

1 5k il Output waveform

Output..,. M~l

0.8V-

t=K-C-R

K= 0.8

2SC372©TM 2SA495©TM

2SK113-R or 2SC400- R or 2SA500

:i50kS2

100MQ

~-@
^200

J 6
N.0.

IffSWi

2lttM

150kQ| |300ii

\2kil

—vw-4—r )

@ 7.5kS2 V_V

•300&

:22il

1S1588

12V •=-

C £560Q

TOSHIBA CORPORATION
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Low-frequency

amplifier circuit

1. RC coupled amplifier circuit

2SC372©TM 2SC372©TM

;8kQ

: 5 6k 2

Vi o^
3*

Vccl2V

:4k2

47k2

@
12kPS'2 | 21200 £l2kQ

>
k2

> "T ?

5025

3/«
®"

T- IPS/*

Voltage gain : 48dB (f = 8Hz — 2MHz Rg = Ik ft)

R
Negative feedback : 15dB

\mif2kQ

2I§ 1820

-oO

2. Class A single amplifier circuit (1)

,

Po = 55mW

2SC372©TM

3k2

"I

Frequency: f= 1kHz
* £ Operating currentl5mA

Max. power gain:44dB

T.H.D.:4.9% (at maximum output)

-°VCC=12V

3. Class A single amplifier circuit (2)

,

Po = 75mW

Vi o-

2SC366©TM or 2SC367©TM

7«r<3
no. 52502

vr m

21°5- 3 252

1502

Frequency: f= lkH
Operating current:22mA

Max. power gain:31dB

T.H.D. 5.1% :(at maximum output power)

VCC=6V

llllllllllliiilllllllllllliiilllllllllllliliiliHllllllilllllllllilliilillllllillNliiiiiiiiiiiiilllllN CORPORATION
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4. Class B push-pull amplifier circuit

(D,Po = 200mW

2SC372©TM X 2

lk52

Frequency 'if= 1kHz

Operating current-20mA
(average value of the two)

Max. power gain:30.1dB

T.H.D. 2.8% (at maximum output power)

Vcc-12V

5. Class B push-pull amplifier circuit

(2),Po = 400mW

Vi 6> §fe

2SC367©TM or 2SC366©TM X 2

50i2 552
-V\A/ j V\Ai

4r

lk52

©
8052

*VCC=6V

Frequency :f=lkHz
Operating current:140mA
(average value of the two)

Max. power gain 21dB
T.H.D.:4.7% at maximum output power

6. Transformer-coupled Class A power
amplifier circuit, Po = 5W (Vi = 0.4V)

2SC372©TM

3.3kiJ

Vi o- *+®
2k5i<

SZZ 52505}

505)

1.5ki>

2SC520A

J 500 52

I V.R.

750 §o

_!
150

JlSOp

40 §10

3352 1 21500/*

3.352

_^vv

—

lkQ

Vcc—

o

28V

Rl

:i052

-°o

Ambient temperature Ta = —20 ~ 60°C

TOSHIBA CS^^V=*^^^^F4.^X.1
-
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7. Transformer-coupled Class B power amplifier circuit, Po = 7W (Vi - 0.6V)

2SC372©TM 2SC524 X 2

Vi *—ft

Ambient temperature.Ta = — 20 ~ 60°C

8. SEPP power amplifier circuit with input transformer, Po = 200W (Vi = 1.5V)

2SC524 2SC520AX2

Vi o

0.005/*

Ambient temperature :Ta = — 20 ~ 60°C
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High-frequency

power amplifier

circuit

1. Double-multiplier power amplifier circuit (112.5 MHz~450 MHz)

2SC998 2SC1001

fi=112.5MHi

P,=30mW

L, L...

Input (&jpr$$^-ns$\
30p

lOOp lOOp RFC 4

0.8mm Silver-

1 0.8mm Silver-

' 0.8mm Silver-

0.8mm Silver-
1 0.8mm Silver-

' 0.8mm Silver-

0.8mm Silver-

i 0.8mm Silver-

plated

plated

plated

plated

plated

plated

plated

plated

copper wire,

copper wire,

copper wire,

copper wire,

copper wire,

copper wire,

copper wire,

copper wire,

2T, 7ID, 3P
2T, 7ID, 2P

2T, 7ID, 2P
2T, 7ID, 2P
2T, 7ID, 2P

IT, 7ID

IT, 7ID

3T, 7ID, 2P

**-^*^
L9 :

L10 :

RFC,
RFC2

RFC,
RFC4

B.P.F

4> 0.8mm Enamel-coated copper wire, 2T, 7ID, 2P
4 0.8mm Enamel-coated copper wire, 2T, 7ID, 2P
<t> 0.6mm Enamel-coated copper wire, 2T, 7ID, 2P
</> 0.6mm Enamel-coated copper wire, 2T, 7ID, 2P
</> 0.6mm Enamel-coated copper wire, 2T, 7ID, 2P
<t> 1.0mm Enamel-coated copper wire, 10T, 5ID,

BAND PASS FILTER

.@ Output
f„=450MHt
P.= 1.2W

V,c = 12.6V

2. Triple-multiplier 2-stage power amplifier circuit (156.6 MHz~470 MHz)

fi = 156.6MHz

Pi=0.2W ~30p Li

z,=5on <
s> Af ^

rw^-
Input

2SC1165 (3xf,)
2SC1001

B.P.F f„=470MH*
P„ = 1.3W
Z L = 50O

-€) Output

Vcc=K.6V

Li

:

<t> 0.8mm Silver-plated copper wire, 2T, 10ID, 2P L,

:

W- <t> 1.2mm Silver-plated copper wire, IT, 10ID RFC^RFCa
L3,L4 : 0.8mm Silver-plated copper wire, IT, 8ID RFC3

L6 :
<t> 1.2mm Silver-plated copper wire, 2T, 10ID, 2P RFC4

L„: 4, 1.2mm Silver-plated copper wire, IT, 8ID B.P.F

1.2mm Silver plated copper wire, 2T, 8ID, 2P

i> 0.6mm Enamel-coated copper wire, 15T, 3.5ID

1.0mm Enamel-coated copper wire, 20T, 8ID

<t> 1.0m Enamel-coated copper wire, 17T, 8ID

BAND PASS FILTER

TOSHIBA CORPORATION iiiiiitiittiiiiiiitiiitiiiiiitiiiiilliaiiitiltlltiiiiiiiiiiiiiiiiiiiiiiiiitltiiiiiiiiiiiiiiiiiiiiiiiitiititiiiiiitiiiiiiliitiiiiiiiiiiiiiiiiitiiiiiiiliiiiiiiiiiill*lliiiiiiiiiittiill«liliiiiiiiiiiiitfi*tiiiiiiiiiitiinii
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2SC2782

D.Ol/iF
1

I

3. Power amplifier circuit (175 MHz,FM 70W)

2SC998 2SC2639

V
input © JUT * rn^-rti ) HR^*cT/nx-
R.;=50Q T L " V^j/ I ~20pF
P^O.rtW i Au

7 RFC.f nnl „ F l-l
J ~20pF 0.01/iF

L^"nTRFC,

~20pF

% ]^lv r-

Lnnn
-|R

^r v?/ OUTPUT

-20pF

Ri.= 50Q
P<»=80W

LrWv-]RFa

^lmm Silver-plated copper wire IT, 8ID

01mm Silver-plated copper wire 2T, 8ID

01mm Silver-plated copper wire 2T, 8ID

01mm Silver-plated copper wire 2T, 8ID

01mm Silver-plated copper wire 2T, 8ID

01mm Silver-plated copper wire IT, 8ID

01mm Silver-plated copper wire IT, 10ID

L: 01.5mm Silver-plated copper wire 2T, 10ID

L9 : 01.5mm Silver-plated copper wire IT, 10ID

RFC,, RFC2 : 00.5mm enamel wire closely wound around 220ft solid resistance

RFCS : 01mm enamel-coated wire 10T, 6ID

RFC4 , RFC5 : 01mm enamel-coated wire 10T, 6ID

RFC6 : 01.5mm enamel-coated wire 10T, 6ID

4. Power amplifier circuit (470 MHz,FM 40W)
2SC2641 2SC2642 2SC2783

12.5V 12.5V

C„ C„ C3 , C4 , C6 , C6 : ~8pF Ceramic trimmer capacitor

C, C„: ~20pF Air trimmer capacitor

C„ C12 , C16 : lOOOpF Feedthrough capacitor

Cio, Cia, C16 : 0.05/iF Ceramic capacitor

C,„ C14, C„: IOmF Electrolytic capacitor

5. Power amplifier circuit (430~450 MHz)

RK
INPUT <

t R.. 5012

'

V, lOOmW

S-AU3

cn

pn-n-rrr

12.5V

F.B.: Ferrite bead

L,: 0.3 mm-thick copper plate, 4mm wide 08ID, 1/2T

L2 , L3 , L4 : 01mm silver-plated copper wire 03ID, 2T

RFC: 00.8mm Enamel-coated copper wire 03ID, 10T

Z„Z3,Z3 : 4x10mm Board pattern

Board: paper epoxy board

cTTt
Z3 I Ir—© OUTPUT

(Rl = 50S^

Po= 40W

c
" c,o4= 4=c

ffr jff ffF itr 7fy

C„ C4 , C16 : 10/aF

C2 , C3 , C18 , C„: 0.05/iF

C6 , C7 , C10, Cn : 5pF Ceramic chip capacitor

C«: 240pF Ceramic chip capacitor

C8 , C9 : 50pF (10pFx5) Ceramic chip capacitor

C12 : 660pF Ceramic chip capacitor

LI, L2, L4: 00.5mm copper wire 02ID, 5T

h3 : 00.5mm copper wire 02ID, 3T

FB: Ferrite bead

Z,: 5x11mm Microstrip line

Z2 : 5x29mm Microstrip line

Z3 : 5x32mm Microstrip line

Board: er-2.7 t-1.6mm Teflon-glass board
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Applied circuit of large-power transistors and

transistor modules (motor drive circuit)

1. DC motor control (1)

To be employed when using a DC motor con-

trol for quick starting/stopping, reverse rotat-

ing, and controlling speeds of motors:

Application: Computer-controlled NC ma-

chines, machine tools, and spin-

ning and weaving machines

Recommended transistors (Darlington

ti*£Li\sistors)
*

q 1 and Q2 : MG30G2CL 3, MG50G2CL 3,

Fig. 1

nn
Fig. 2

2. DC motor control (2)

To be employed when controlling DC motor

speeds with relative ease

Application: Electric cars, battery-operated

vehicles (such as golf carts and

fork lifts)

Recommended transistors (Darlington

transistors)

:

Q = 2SD648, 2SD698

i
1

4r -;

4k 7:

-X

~K

<
i ,~-,.

•X*

i

Q.

1
* * ' * '

IL___ J L _ I _ J

Fig. 3

3. AC motor control

Induction motors which require less

maintenance are employed when motor speeds

are continuously controlled, thereby not so

much time need be allocated to maintenance.

Application: 3-phase induction motor control

for brush-less electronic motors,

machine tools, marine motors,

spinning and weaving machines

Recommended transistors (Darlingron

transistors)

:

Q :
and Q2

= MG30G2CL2, MG50G2CL2
MG75H2CL1, MG100H2CL1

TOSHIBA CORPORATION iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiliiiiiiiiiiiiiiiiiiiiHiiiHiliiiiiMN
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Application of low-saturation voltage transistors

1. Various inductance and lamp drives 2, Wiper control

£ ^ Relay

solenoid

valve

Lamp

* ih

2SC1S15 2SC1915 2SA1Q2Q

3. Flasher 4. Ignitor
Recommanded Darlington transistors (Q 2)

Method (1): 2SD685, 2SP799
Method (2): 2SD798, 2SD1088

(1) Battery drive

23C18J5 2SCI8I5 2SC162J

5. Electronic fuel injection control

Recommended Darlington transistors (Qj) : 2SD1087
2SD1500'
2SD633'

JJ
-c

Rs

f !

XJ
spark plug

tti: 2SA503

^Air flow rate)

Control

CPU

Vm V I Fuel valve

.A,Vw-

\3

A

!£ Magnet drive

.spark plug

Qi: 2 SO 503

llHlllllllllll Ill lllllMlllllllll llilHlllllllil :m::ir,iiriir.: iiiiiiiiniillli liMllllllllllllllliiill mil mi. Ill TOSHIBA CORPORATION
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GaAs Hall sensor

1. Example circuit using GaAs Hall
sensor (Hall motor control)

Vc= 12V

Mm F

Hall sensor :THS103A

L, t L2, L3 : Field coil

3 . 3fi F x 3 Forward/reverse

7 5K changeover
yvw !©-»-o——o5V
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