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INTRODUCTION
We would like to express our heartfelt thanks for your use

of TOSHIBA semiconductor devices.

In recent years, the electronics industry has attained rapid

technological advancements. Especially, semiconductor

products now play a leading role in the electronic industry,

expediting the electronization of all kinds of equipments for

both industrial and consumer field. This has been a decisive

factor in energy saving and rationalization in an age of low

economic growth and has contributed greatly to the inno-

vation of industry and to raising living standards.

In particular, transistors with flexible and extensive appli-

cations are expected to make greater strides in the future,

being applied in a wider range of use as the pivot of active

elements.

TOSHIBA intends to devote itself to enriching and de-

veloping products in this field and to producing excellent

product groups with both high capacity and high reliability.

This volume comprises detailed technical data for small

signal trnsistors among our numerous transistor and diode

groups. Please use it in combination with the volume on

power transistors.

We look forward to ypur continued patronage.

March 1983.

TOSHIBA CORPORATION
SEMICONDUCTOR GROUP
Tsuyoshi Kawanishi

Group Executive



IMPORTANT NOTICE

Toshiba does not assume any responsibility for use of any circuity

described; no circuit patent licenses are implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry.
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Selection Guide

Transistors (Consumer Use)

General-Purpose High FrequencyJ^nsisjors ^^ssific^tionTable)

20

Small Signal

Oscillation

2SC1815,2SA1015, 2SC1815

2SC2458, 2SA1048 |

2SC2458

|

2SC380TM
2SC1815.2SC2458, 2SC2669

2SC380TM, 2SC2669 l

2SC941TM,2SC2670 I

2SC1959.2SC1815,
2SC2458

TV Sir-

Short Wave Radio

FMIF

AM, SSB
Transceiver

2SC380TM

I

2SC2669

2SC380TM, 2SC2669,| 2SC2995

2SC2995

2SC380TM, 2SC2669,

2SC2995

2SC2668, 2SC2669
2SC2995,2SC1923,
2SC380TM,3SK59,
3SK7 3,3SK101
2SK161
2SK241,2SK!92A

2SC299S
2SC38QTM
2SC2669

Large Signal

2SC2229,2SC2068,
2SC1569 T

2SC2482,

2SC2333, 2SC3334,

2SC3335,2SAJ32Q,
2SA1321,2SAT322,
S1298,S2057/A,S2058/A
BF422,BF423,BF457
BF458,BF459 !

BF469
BF470,BF471,BF472

2SC1678,2SC2098
2SC1036, 2SC2075

- 13



30

50

TV PIF (Europe)

TV PIF (USA)

' Transceiver

TV PIF (Japan)

FM

100

200 VHF
TV

300

500

1000

UHF
TV

5000

Small Signal

Amplification

2SC3125

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

2SC383TM (3rd),

2SC388ATM (3rd),

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

3SK101,3SK114

2SC2805, 2SC2806,
2SC3122, 2SC2347,
2SC2348, 2SC3123,
2SC3136, 2SC3172
3SK63

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

Oscillation Large Signal

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

2SC1923
2SC2668
2SC2995

2SC2806
2SC2349
2SC3124

2SC3120
2SC3121
2SC3137
2SC2805
2SC2347

2SC994

2SC1199
2SC1164,2SC2318,
(CATV)

2SC1164, 2SC1199,
2SC2318, 2SC2319
(CATV)
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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
V2SJ74
/2SK147

USJ72
2SK270
2SJ90
/TBC547~550
\TBC557~560

2SK30ATM
2SK246
2SK117
2SK118
2SK184
/2SA1015
\2SC1815
2SC732TM
/2SC2458
\2SA1048
/TBC546
\TBC556

/2SC2868
\2SA1158

/2SC2240
USA970

Low
Power
Amplifi-

cation

0.5~1W

/2SC1959
V2SA562TM
/2SC2710
USA1150
/TBC327/8
VTBC337/8

/2SC1815
\2SA1015
/2SC2458
USA1048

/2SC2240
USA970
/2SC2459
\2SA1049

Medium
Power
Output

0.51~1W

/2SC2120
USA950
2SC2703
/2SC2500
V2SAU60
/2SC2236
\2SA966
/2SC496
USA496
/BD135
VBD136

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

/2SC1627
V2SA817
/2SC1627A
USA817A

/BD139
\BD140

/2SC2235
\2SA965

/2SC2229*
\2SA949
2SC2230*
2SC2230A*
2SC2482*
/2SC2383*
USA1013*
/2SC2705
V2SA1145

1.1~10W
(Tc=25°C)

/2SA2877
V2SA1217
/2SC2270
V2SA1120
/2SC1173
V2SA473

/2SA1626
V2SA816
/SI 375

VS1376

/2SC2704
USA1144
2SC2068*
S1377*

*: TV use (: Complementary pair *Ask separately
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Classifi-

cation

Collector
Dissipation

PC

Silicon Transistor

Vceo (Vcer)

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

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

/2SC2562
\2SA1012

2SC2073*
2SA940

/2SC790
V2SA490
/2SD880
USB834

2SC2233*

11~30W /BD233
\BD234

/2SD526
\2SB596

/2SC2824
\2SA1184

2SC2456*
2SC2242*

(Tc=25°C) /BD237
\BD238

/2SC1625
\2SA815

2SC2238
(60V)
2SD1052

2SA968
2SC2238A

2SD1052A 2SA968A
/BD235
\BD236

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

High Power
Output

2SA1195*

2SD818*
2SD819*
2SD820*
2SD821*
2SD822*

31~60W
(Tc=25°C)

/2SB553
\2SD553
/2SD754
\2SD844

/2SB753
\2SD843
S1236
S1237

/2SD525
V2SB595
/2SD716
\2SB686
*V2SC3180
USA1263

2SD1069*
2SD1090*
2SC1617*
BU407D*
BU326A*

2SD811*
2SD868*
2SD869*
2SD870*
2SD871*
2SD1279*
BU205*
BU208*
BU208A*
BUY71*
S2818*
S2818A*

/2SD424
V2SB554*hsC3181

V2SA1264
2SD1425*

/2SD845
\2SB755
/2SC2564
\2SA1094
/2SC2565
USA1095
/2SC2706
\2SA1146
2SC1195*

/2SC3182
V2SA1265

2SD1426*

61~200W
(Tc=25°C)

2SD717
2SD1092*
2SD777*
2SD1294*
2SD1208*

2SD1187

/2SD718
V2SB688
/2SC2563
\2SA1093
/2SD1148
\2SB863
*pSC3182
I.2SA1265

2SD1427*
2SD1428*
2SD1429*
2SD1430*
2SD1431*
2SD1432*
2SD1433*
2SD1434*

/2SC3280
\2SA1301

*/2SC3281
V2SA1302

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

— 16 -



Transistors For Audio Equipment

AM/FM Tuner

^~\Package
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

TO-92 Mini Super Mini

General purpose 2SC1815
2SC2868

2SA1015
2SA1158

2SC2458
2SC2459

2SA1048

2SA1049
2SC2712
2SC2713

2SA1162

2SA1163

General purpose
(Low Noise)

2SC1815© 2SA1015(D 2SC2458© 2SA104«D 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 NoiseAudioAmplifier 2SK117 2SK184 2SK209
Muting 2SC2878 2SC3327 2SC3326
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^\^ Structure

ApplicationN^
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

Po ^\ 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
2SD845X2
2SC3281X 2

2SB755X2
2SA1302X2

SHF Series

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

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

80W 2SK270 2SC2705 2SA1145 2SC2238 2SA968 2SC2564 2SA1094

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

150W 2SK270 2SC2704 2SA1144 2SC2238A 2SA968A 2SC2564X2 2SA1094X 2

200W 2SK270 2SC2704 2SA1144 2SC2238B 2SA968B 2SC2565 X 3 2SA1095 X 3

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

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

**
: Power MOS FET.
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Transistor For TV

Tuner

^\Package

Uses ^^^ TO-92 //x
Equivalent

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

UHF

RF

3SK102(MOS)

3SK121(GaAs)

3SK115CM06)

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)

3SK114M06)

2SC3122

MIX
2SC3136 2SC3172

3SK101(MOS)

3SK114(MOS)

2SC3123

OSC 2SC2349 2SC2806 2SC3124

Tuning
1SV123*

1SV138*

1SV75*

1SV153*

AFC 1SV123* 1S2094' 1SV153*

BandSW 1S2186* 1SS155*

* : Diode

Video, Chroma-System

TypeStage Color TV B/W TV

L M S L M S

Driver

2SA562TM

2SA1015

2SC1815

Output

2SC2068/S1298
TBF869/TBF870
XBF871 /TBF872

2SC2482

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

- 19



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

- 20



Sound Output

TypeStage Color 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
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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

- 22 -



Power Supply

Type RemarksUses Color TV B/W TV

L M S L M S

o
<->

CO

3
©
DC

(A

.2
'C

05

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 hpE

2SD1092 high Iife

2SC1195

2SD1090, 2SD1294 high hFE

2SD880 or 2SB834

2SD1052, 2SD1052A high Iife

w
O
«-»

CO

3
o>
CD
QC

O)
c

i
en

Driver

2SC2655

2SC2703

2SC2236

2SC2120

Output

—

2SD822, 2SD1279
2SD1434

2SDS11, 2SD841. BU326A

2SC2790, 2SC2790A High Speed

- 23 -



Package Type Application
Maximum Rating

VcEO(V) Ic(mA) Pc(mW)

TO-92

2SC2498 VHF-UHF
Low noise
amplifier

20 50 300

2SC2499 20 30 300

2SC2753 12 70 300

2SC2644
VHF-UHF
Wideband
amplifier 12 120 500

M'X 2SC2876
VHF—C bandLow noise
amplifier 7.5 80 200

Epuivalent

to TO-236

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 bandLow noise
amplifier

7.5 80 800

Package Type Application
Electrical CharacteristicfTYP)

fT(CHz) S21e 2 NFdB) f(GHz)

TO-92

2SC2498 UHF-UHF
Low noise
amplifier

3.5 14.5 2.5
0.52SC2499 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
0.52SC3099 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 bandLow 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) Tj(TC)

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 ~C band
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 fT=3.5GHz

*2SC3099
VHF~UHF
band low noise
amplifier

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

*2SA1245 High speed
switching

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

2SC3119 UHF-TV RF
amplifier

20 20 150 125 HA - - fx=900MHz

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

MIN.

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 fT=350MHz

*Microwave transistor
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FET

Type Application

Electrical characteristic (Ta = 25°C)

Marking
Similiar

Type
RemarksVdsx**

Vgdo
Vgrd*

(V)

Ig,Id*

(mA)
PD(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 7 TYP. Y 2SK192A

2SK211
FMRF
amplifier

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

2SK302 VHF band
amplifier

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

FET

Diode

Type Application

Electrical Characteristic (Ta = 25°C)
Marking

Similar

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

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
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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)

Remarks
Vceo
(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

2SA1203 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
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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)

o
eo
'«)

c
CD

§
o
a.

"Jo

E
CO

Ic

(Max.)
Pc

(Max.)

Basic Product
High

Frequency
High
Speed

High
Voltage

Low
Noise

For Governmental Offices

Typical Product
Description Classification NHK Standards Remarks

~ 150mA ~400mW 2SC372©TM
2SC2551

2SC372©TM
2SC3730TM
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
to

CO
c
CO

cB

5
o
Q.

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
co

CO
c
CO

a3

o
a.

.c
o>

X

1.5-5A ~50W
(Tc=25t)

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

15-40A -300W
(Tc=25t

)

2SD552
2SD873
2SD878

2SD552
2SD797
2SD1313
2SD1314
2SD842

2SD641
2SD642
2SD1313
2SD1314

2SD55®

Field Effect

Transistor

Junction

(Dual)

2SK15
2SK112
2SK113
3SK28

2SK11
2SK12
2SK15
2SK48
2SK112
2SK113

3SK28
2SK113
3SK28

2SK112
2SK113

2SK15
2SK48
2SK112
3SK28

2SK12®

2SK18
2SK72

2SK18
2SK72
2SK18A

2SK18
2SK18A
2SK72

2SK72®

MOS 3SK38A 3SK38A
(H:T)

;t-mos

(Power
MOS)

2SK324
2SK355
2SK357
2SK386
2SK387
2SK417
2SK419
2SK421

2SK324
2SK325
2SK355
2SK356
2SK357
2SK358

J

2SK324 2SK325
2SK355 2SK356
2SK357 2SK358
2SK385 2SK386
2SK387 2SK388
2SK417
2SK418 2SK419
2SK420 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

» ._

S o

in= C
(0 (0

<o^

~ 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

w
2
o
°- s
E t»

100

~ 300mA
~750W 2SA594 2SA594

600
~ 800mA ~800mW 2SA503

2SA509©TM

2SA503
2SA504
2SA509©TM

~1.5A ~800mW 2SA510
2SA1020

2SA510
2SA512
2SA1020

o
4-»
crt

<n
C
(0

w
0)

§
o
a.

.c
o>

if

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,2SC40O-2SA5O0,2SC503F-2SA503F,
2SC5 10F-2SA5 10F,2SC595(S)-2SA522(S),2SC560(8)-2SA560(S))2SC5 16®-2SA5 16®,
2SC5 1 6A(S>-2SA5 16A®,2SB502F-2SD 102F,2SC5 1 9AF-2SC5 1 9AF-2SA656AF,2SD552-2SB522
2SC255-2SA1090.2SC2551-2SA1091 F:Family
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Selection Table

Application
Frequency
Range

Power
Range

Silicon Transistor

RemarksP N P N 1
3 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®:
NHK standards®2SC372©TM

~100mW 2SA500
2SA522

2S495©TM
2SA499
2SA522A(g)

2SC400®
2SC595

2SC373©TM
2SC979
2SC979A
2SC980©TM

transistor

Notes: 3. *:

for UHF.

AF
(audio

frequency)

2SC980A©TM

lOOmW
~300mW

2SA467©TM
2SA500
2SA522®

2SA495©TM
2SA499
2SA522A®

2SC367©TM
2SC400

2SC366©TM
2SC505
2SC507
2SK112

2SC503

2SA504 2SC510

300mW
~3W 2SA509©TM 2SA503

2SA510
2SC509©TM

2SC507
2SC594

Low 2SA594 2SC594
Frequency 2SA1020

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

32 -



Application
Frequency
Range

VHF
Amplifier

Oscillation

Power
Range

400mW

Silicon Transistor

P N P

Vceo<40V Vceo>40V

2SA500
2SA522

2SA495©TM
2SA499
2SA522A®

High

Frequency
Amplifier

Oscillation

HF
(high

frequency)

VHF
Amplifier

Oscillation

UHF
Amplifier

Oscillation

VHF

UHF

lOOmW
~300mW

300mW
~3W

3W>-

-lOOmW

lOOmW
~300mW

300mW
~3W

2SA467©TM
2SA500
2SA522®

2SA594

2SA495©TM
2SA499
2SA522A®
2SA594

N P N

Vceo<40V Vceo>40V

2SC400
2SC595®
3SK28

2SA504
2SA503
2SA510
2SA594
2SA1020

2SA656A
2SA1012

2SC367©TM
2SC595®

2SC1763
2SC1764
2SC2395
2SC2099
2SC2290
2SC2510

3SK28

2SC372©TM
2SC373©TM
2SC979
2SC979A
2SC980©TM
2SC980A©TM

Remarks

2SC366©TM
2SC507
2SC594

.

2SC594®
2SC383TM
2SC2216
2SK113

2SC503
2SC510
2SC507
2SC594
2SC504
2SC2655

2SC522
2SC519A
2SC2913
2SC914
2SC2790
2SC2552
2SC2553
2SC2555
2SC2650
2SC2652

2SC387A©TM

2SC998
2SC1001*
2SC1165*
2SC1169
2SC1199*
2SC1765*
2SC1955
2SC2117
2SC2118
2SC2318*
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Appl ication
Frequency
Range

Power
Range

Silicon Transistor

RemarksP 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*
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Selection Table

Application
Frequency
Range

Power
Range

Silicon Transistor

P N P

Vceo<40V Vceo>40V

N P N
Remarks

Vceo<40V Vceo>40V

DC
Amplifier

Low Level

Amp.
Chopper

DC 400mW

2SK12
2SK12®
2SK15
2SD38A
2SK48
2SK72

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

400mW 2SA500
2SA522®

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

2SC400 .

2SC752©TM

400kHz

2SC372©TM
2SC78OA0TM
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

400mW 2SA500
2SA522(

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(S)

2SC366©TM
2SC505
2SC2550

300mW
~3W 2SA504

2SA503
2SA510
2SA1020

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

400mW 2SA500
2SA5221

2SA499
2SA522A®

1MHz
~5MHz

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

2SC979
2SC979A
2SC980©TM
2SC980A©TM
2SK112
2SKU3

lOOmW
~300mW

2SA467©TM
2SA500
2SA522®

2SA499
2SA522A®

2SC395A
2SC400

2SC594
2SC594(

5MHz
~15MHz ~100mW 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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Application
Frequency
Range

Power
Range

Silicon Transistor

RemarksP N P N P N
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 2SB552 2SD524
Regulator 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 2SA467©TM 2SA495©TM 2SC367©TM 2SC373©TM
Detecter 2SA500

2SA522®
2SA499
2SA522A® 2SC400 2SC366©TM

2SC505 "

2SC594

~100mW 2SA429©TM 2SC780A©TM

High

2SA1091 2SC2551

lOOmW 2SA499 2SC366©TM
Voltage

High

Power

~300mW 2SA522A 2SC505

300mW 2SA503 2SC503

Switch ~3W 2SA510 2SC507
2SC510

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=25X

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

o
CO

o>
CDK
O)
C
IE

a
5
CO

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) TjTC)

o
to

&
o>c

a
CO

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
to

3
O)
<J>

DC

1
CD

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=25t
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Darlington Type Transistor

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

0.3A 2SC982TMI

1.5A 2SD549*
2SD1140*

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

3A

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*

I00A 2SD697A 2SD647A* 2SD1165A*

120A 2SD548*

200A 2SD700*

2SD700©*
2SD1166*

300 A 2SD1034A*

400A 2SD648A*

600A 2SD698A*

* :Can package
S8 : 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 noise(high gm)

N-channel junction type

2SK 1 1 3-R Constant-current, switching

2SKI 13-0 Switching, chopper

2SKI 13-Y Analog switch, chopper

3SK28 Video pre-amplifier

3SK38A Chopper circuit
N-channel MOS type

(enhancement type)

l.(A) Vcko(SIs.(V) Polarity Structure Type

±15 450 NPN Darlington MG15GIAL2

30 450 NPN Darlington MG30GIBL2

±30X2 450 NPN Darlington MG30G2CL2

50 450 NPN Darlington MG50GIBL2

±50X2 450 NPN Darlington MG50G2CL2

±75X2 500 NPN Darlington MG75H2DLI

±100 450 NPN Darlington MGI00GIAL2

±100X2 550 NPN Darlington MG100H2DL1

±200 550 NPN Darlington MG200HIAL1

Power MOS FET (n -MOS)

Type
Maximum Rating

Package
Vdsx(V) Vgss(V) MA) Pi.(W)

2SK324 400 ±20 10 120 TO-3

2SK325 450 ±20 10 120 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

2SK421 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

N. Package

Po(W)X. TO-220AB
QZ/^^r

"^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* *

m : E-CasE
* : Vcc=28V

* * : Vcc=50V

Package

Po(W) TO-39
TO-39
Flange 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

80 2SC2782

Package

Po(W) TO-39 09.5 6.5 012.7

UHF
470MHz

2SC1165 2SC1001

2.8

40

2SC1765

2SC2104

2SC2105

2SC2106

2SC2173

2SC2391

2SC2379

2SC2380

2SC2381

2SC2641

2SC2642

2SC2643

2SC2783
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RF Power Module

Type Application
Output Power

Po
(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, Vcon:12.5V, Pi:0.2W

Diodes

Detector & Switching

VR(v x
'FM(mA) 50-100 300 300-500 750

30 1SS176 1S1555
1S1588

1SS104

50 1SS177
1S1554

IS 2460

1S1586

1S1587

60 1S1553

70 1S2095A

80 1SS178 1S1585

100 1S2091 1S2461 IN4148

200 1S2092 1S2462

Type Use

1S1553

1S1554

1S1555

General Purpose

1N4148
1S1585
1S1586
1S1587
1S1588
1SS176-178

High Speed SW

1S2091

1S2092
High Voltage SW

IS 2095

A

Hjgh Current SW

IS 2460

1S2461

15 2462

15 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
1 0W Type

Epoxy Metal

- bw lype

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 IS 221 1S263

5.8-7.0
(Temperate compensation type)

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

1Z6.2
1Z6.8 IS 222 1S264

7.0-8.4 05Z7.5
05Z8.2

1Z7.5
1Z8.2 1S223 1S265

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

1S225
1S266
IS 267

10-12 05Z11
05Z12

1Z10
1Z11

1S226
IS 227

1S268
1S269

12-14 05Z13 1Z12
1Z13

IS 228
1S229

1S270
1S271

14-17 05Z15
05Z16

1Z15
1Z16 1S230-232 1S272-274

17-20 05Z18
05Z20

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

20-24 05Z22
05Z24

1Z22
1Z24

1S236
1S237

1S278
1S279

24-29 05Z27 1Z27 IS 238
1S239 5Z27 1S280

1S281

29-35 05Z30
05Z33

1Z30
, 1ZM30
*1Z33

1S240
1S241

1S282
1S283

35-42 05Z36
05Z39 HI 1Z36

1S242
IS 243

1S284
1S285

42-50 05Z43
05Z47

1ZM50
*» 1Z47

1S244-247 1S286-289

50-60 05Z51
05Z56 *1Z51 1S248

1S249
1S290
1S291

60-72 05Z62
05Z68 .*1Z68

1S250
1S251

1S292
1S293

72-86 05Z75
05Z82

*1Z75
S1Z82

1S252
1S253

1S294
1S295

86-100 05Z91
05Z100 S izioo

1S254
1S255

1S296
1S297

100-120 S1Z110 1S256-258 1S298-300

120-140 1S259
1S260

1S301
1S302

140-170 S 1Z150 1S261 1S303

170-200 » 1Z180

200-400 i 1Z330

i 1Z390

:New product
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05Z Series (500mW)

Zener Voltage

Type X Y Z

— M68Sureni6r*

Ctrrent

- 1z(mA;
MIX. MAX MIX. MAX MIX MAX

05Z2.C 1.88 2.12 2.0!> 2.24 10
05Z2.2 2.08 2.33 2.2C 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 15.0 49.0 48.0 51.0 5
05Z51 47.0 50.5 19.5 53.5 52.5 56.0 5

5
05Z56 51.0 62.0
05Z62 56.0 68.0 5
05Z68 52.0 75.0 5
05Z75 58.0 32.0 5
05Z82 75.0 31.0 5
05Z91 I52.0 LOO 5
05Z100 <>1.0 110 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 nzMioo

24-35 I1ZM27 140-200 HZM180

35-72 HZM47 200-400
,:iZM330

:iZM390

1ZM30 and 1ZM50 are also available.

! :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

1SV102 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

1SV153 1-2J1A 30 14.16-16.25 2 2.11-2.43 25 VHF, UHF TV tuner

1SV138 1-5G1A 30 26-34 2 2.4-3.2 25 CATV tuner

AFC

Type Package
Vr

(V)

Cr

(pF)
Application

Vk(V)

1S2094 DO 35 18 7-11 4 VHF, UHF TV AFC

1S2236 DO-35 15 7-14 4 FM tuner AFC
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PIN Diode

Type Package
Vr

(V)

If

(mA)

r s
Application

(Q) li--(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

IS 2093

Application

Meter protection

Trigger diode triode AC switch turn on

Magnetic Electric Transducer (Hall Effect Device)

Type Structure Application

THS102A Ga-As ion impla planar Magnetic-electric transducer

THS103A Ga-As ion impla planar Magnetic-electric transducer
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Ratings of Transistors

1. Maximum ratings of transistors
The maximum allowable limits of currents,

suppliable voltage, and power dissipation are

defined as the maximum ratings for each kind

of transistor.

The maximum ratings of transistors are one

of the most important factors in determining

the effective transistor drive and in expecting

sufficiently high reliability of transistor cir-

cuits over intended periods of operation.

The most typical characteristic inherent to

transistors, diodes, and other semiconductors

is the temperature dependency of their electri-

cal properties. Maximum ratings for semi-

conductors are mostly determined based on a

thermal variation of electrical properties. For
example, should the ambient temperature be
increased while supplying constant voltage to

a transistor, such an increase of ambient tem-

perature in turn will increase conductivity of

the transistor or current flow in the device.

Thus, increased power dissipation of the

transistor further raises the device tempera-
ture and increases the current. This endless

circulation of temperature rise and current in-

crease will finally result in thermal runaway
and eventual damage to the device.

Transistor maximum ratings constitute

those strict limits which must not be exceeded,

in any phase, to assure long service life and

high reliability of the transistors. Ratings,

which are dependent on materials, structure,

design, and fabricating conditions of transis-

tors, differ according to the kinds. In 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-

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 (Vce), or emitter-to-base voltage

(Veb).

Breakdown voltages which determine vol-

tage ratings are classified into those inherent

to individual transistors CVcBBSCBO, V<bk)Ceo,

and so on) and those dependent on input circuit

conditions (V<br)Oer» 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

EM
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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—

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 =
1- VCB V/ VCB \

\ Vb )

(1)

The total current amplification factor a is

represented by—
a = wM (2)

Where,
Vb= true avalanche breakdown voltage
Vcb= voltage applied between collector and

base

«o= 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-

le = fflE+ MIcBO (3)

(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 /3 becomes infinite. The factor /3

can be represented as a function of a and ex-

pressed as—

fl
= aoM

1-flroM
(4)

The factor ft 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 (yP =a ) injected from
the emitter, due to emitter efficiency y reach-
ing the depletion layer with the conductivity
rate /3 . Base current to support the collector

current then becomes unnecessary, or )8=oo,

and avalanche multiplication occurs.

At this point, from M=l/a and from equa-
ti0nQ) -

, /VcbV
ff0 = 1"lvT (5)

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 /3

is positive. On the other hand, for voltages
larger than Va, base current flows in reverse;
the polarity turns to negative.

The relationship between /3 and the total

current amplification factor a is shown in Fig.
2 as a function of the collector voltage.

IVb

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+(/m)M Icbo (7)

Temperature dependency of V(br>ceo is de-
termined by that of Vb, «

, and Icbo (Iceo) ;

the polarity cannot be defined uniformly.
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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 n

A/l
IcBo(RB + rb)

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 /3. All of

the leakage current MIcbo flows through the

base and forms a collector current equal to

(/3+1) MIcbo- Breakdown voltage occurs at a
collector-to-emitter voltage where j8—oo.

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 j3 to

change to negative. Figure 2 shows that the

negative values of )8 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 /3 and Ic.

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

tance. Vc approximates Va where j3—*oo.

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.

MIcbo locus

I VCES

— Vc
Va <

V.bkices Vb

VlBKI CER

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

s VlBRI CER

VlBRI CES

V(BR) CEO

—- 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—

£ ICEO

60
=> T— ICES

s VlBRI CER

O
^^\JCER

Va' = VbVI- 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 UnS
V(BR)CEX = VB n

\/ 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 =
lEmax m 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, Iife— 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 IBmax generally takes the
value-IBmax =l/2~l/6 X lCmax .

T-x jmax>

4. Temperature ratings
Maximum junction temperature

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 =N= A+ =-

1 j

(11)

Therefore, the upper limit for allowable
junction temperature based on defect ratios-

and reliability of components is specified for

transistors whose long service life must be
guaranteed ... 70 ~~ 90°C for Ge transistors,

10Q ~ 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.

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 Tj-To
Tj max — To

Fig. 4 Relationship between failure rate and
junction temperature of transistors
(based on MIL-HDBK-217A)

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 ~ ^cVce> since the emitter junction is

forward-biased— thereby VCB > VBE and Ic

Major parameters limiting maximum power
dissipation Pqmax 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)

—

rCmax — 1 j max To

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

Panax t° 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 resistance'between 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-

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

- 56



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

rDC S/B curve

v Constant Ib- curves

W

Common emitter avalanche

, -'breakdown

,' I

* x I

\ /

ICBO loCUS

Fig. 5 Collector output characteristics and S/B
curve
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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 and Is/b
irrespective of the pulse width.

This relationship is shown in Fig. 8 below.
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Electrode

Collector

V////////////////////S////////S

Fig. 7 (a) Planar type transistor

+ v

n

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.

m

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

Constant dependent upon base width,

drift field, and bias conditions

m

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

to
bo
•c

PQ

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.

8. Measurement ofSOA
Various methods have been proposed for

measuring the SOA. Parameters in selecting

an appropriate method include circuit configu-

ration, transistor operating conditions, and

other factors.

When attempting to directly measure the

SOA, in some cases transistors may be deteri-

orated or destroyed. Thus, for confirming the

SOA, it is recommended that the operating

conditions of a transistor be measured immedi-

ately before the current rushes into the secon-

dary breakdown.
There are three typical methods available

for measuring the SOA—
(1) S/B method
(2) Latching method
(3) Transient thermal resistance method
Actual examples of these measuring meth-

ods are described subsequently herein.

(1) S/B method

This is a methods for actually measuring

S/B inrush values by supplying voltage and
current between the collector and the base or

between the collector and the emitter of a

transistor. (See Figs. 10 and 11.)

When applying this methods, a transistor

may become deteriorated unless it is mounted
in a high-performance protective circuit.

There is another way termed the 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.

Ic

R,

VCK i. 1— <?
eS
C

©

D: S/B detecting and protective circuit

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

Fig. 10 DC-supplied S/B method.

s,tf-- ^:Vcc

nn • • •
^Lj

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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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

^Vbb. V

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

Vbe Measuring terminal c 2

-U-

Vcc RsS 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

60



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:

X Single nonrepetit-

ive pulse

dT =
100

1 j max Zb
(Ti Tc)%

By substituting Tj max=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 dx=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
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arly with increa-

se in temperature

1 -3 -5 -10 -30 -50 -100

Collector-to-emitter voltage

Fig. 15 SOA for 2SA473

5 10 30

Collector-to-emitter voltage

Fig. 16 SOA for 2SD526 and an example of

derated SOA at Tc = 60°C

in the forward-biased direction because high

collector voltage is supplied frequently to a

transistor in an inductance-loaded switching

circuit, a horizontal deflection output circuit

of TV receivers, or a DC-DC converter, while

the base-to-emitter voltage is biased in the

reverse direction.

In such operations, the worst load conditions

are given by an inductive load. The SOA of

reverse-biased transistors is ordinarily ob-



(a) Triple diffused type

^

(b) Epitaxial type

100r

50 100 150

Tc CC)

200

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.

10-
Vbb2 = -4V

N. Rbb2=50Q

\ ^^/

\
• > 1 1 1 1 1

100 200 300 400 500 600 700

) Inductance (L) (juii)

(b)

20 40 60 80 100 120

RB B2 (Q.)

-7 -6 -5 -4 -3 -2 -1

VBB(2) (V)

Fig. 18 Examples of SOA for reverse-biased

transistors

VBB2=0 RbB2=220Q
L=0.5H

700 VcERISLSI
O 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

fundamentallyPNP transistor,

high-frequency use

PNP transistor,

low-frequency use

NPN transistor,

high-frequency use

NPN transistor,

low-frequency use

Uni-junction transistor

P -channel field effect transistor

N-channel field effect transistor

fundamentally

fundamentally

fundamentally

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: _S_ — _A_ U 5. L

'-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

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
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4. Giant transistor modules
Example: MG50G2CL 1 Table 1

Table 2

Serial No.

*- Symbols representing

polarity and
Stl*UCtllT*P

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

Symbols representing

circuit structure

(Table 1)

1— Numeral showing the

number of G-TR

Symbols representing

breakdown voltage

(Table 2)

1— Collector current (A)

— Symbol representing

G-TR module

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

C

Circuit structure

(1) (2)

(2)

(1)

(1)

D

Others
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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.

c Sic
S = a^ (1)

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 (Iceo) and base-emitter voltage

Vbe. These are expressed as function of tem-
perature as follows.

IcBO(Tx) = IcBO(To)eK(T" To) '

Ie = Icbo eqVBE/KT
(2)

(3)

where
To: Reference temperature
Tx: Temperature to be found

K: Temperature coefficient:

generally 0.07~0.08/°C when material is

silicon

q: Electric charge

k: Boltzmann's constant
T: Absolute temperature

Suppose that the dissipation applied to the

junction is Pc and that a variation of APc was
produced in this dissipation by some cause.
There appears a temperature change of

APcflja in the junction. (0ja : 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 and AVbe
cause changes of S • Icbo and gm • AVbe to col-

lector current.

(The gm of the transistor is defined by
gm = dlc/dVBE)
If the variation of the dissipation caused by

this change is larger than APc, the tempera-
ture will continuously rise. Therefore, this

needs to be made small. That is,

JPC ^ Vc(SJIcBO+gmJVBE) (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
JICBO

APc
+ Vc-gn

//Vbe

JPc
^1 (5)

As AT = APc*0ja can be considered, ex-

pression (2) is differentiated by Pc.

AIcbo JIcbo AT
JPc AT JPc

K- 0ja-IcBo<To)-e
K(Tx-To+Pc - (?ia)

(6)

Then, obtain the temperature characteristic

of Vbe by making emitter current Ie constant
in expression (3)

.

JVbe . KkT
AT q

= -2.0X10-3V/°C-- (7)

Note:

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

according to the bias condition of the transistor, but
the above —2 mV/°C is usually used as a typical

practical value. In Darlington transistor, temperature
coefficient becomes twofold, and —4.0— —4.5 rnVTC is

used as a typical value, depending on operating

conditions.
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Consequently,

JVbe_JVbe.JT^_
2 _0X10

_
3>< ^

JPc JT JPc

(8)

Expressions (6) and (8) are substituted for

expression (5).

Vc-S-K-0jaTcBo<To)-eK(Tx-To+Pc-*' a)

-2.OXl(T3 -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 -' ,a) ^ 1

(1(0

where, Tx-To+Pc -0\* ^ Tj max-To
Here, critical voltage V crit is defined as fol-

lows.

(a) (b)

oVcc

Ri i;

-©

R2

S =

x =

1+X
l+(l-a)X

R>

R2

(c)

oVcc

•1

»— R2:;

^ R2 Rij;
R2

Vcrit —
1

(ID

K' 0ja*STcBO(To)

Expression (11) is substituted for expres-

sion (10)

;

Vc
Vcrit

e
K(Tx-To+Pc-0ja) ^ 2

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

perature ) To=25°C,

Vc
Pc- ^ja +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)

R4 ;
;

-©

,Vcc 9 Vcc

S- 1+X

R.i:

l+(l-a)X

R,R.

R2 lj

1 /«!«,
R3 lR!+R.

Rii-

RB * S

R4 ;:

R-a(R
2
+KR3)

R!+R2

R = R2+K(R3+R4)

a: common base DC
current gain

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

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 trartsis-

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
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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.

-r-» 1 j max 1 a ,„,...

PCmax = (W) (14)

Ti Te

L C max — Tj Tc
0i

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)

J «MA—W—

i

S 0,

at
j (p p i*b e

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.

_ a,(ft+ft+ft)
*' _ft+

A+A+ft+ft
(15)

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

0ja = 8\ + 8b (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.

1 j max Zb
PCmax(Ta= 25°C)

(17)

The thermal resistance 0b from the case to

the open air depends on the material and con-

Pc(t)

lj(t> Rm m-1 Rm-1
» t wv—r»

d)

Rn 3 R3 2 R2 1 Ri
* T »W f T «W t'f—W-

ciCT""""Tij"""Tncro
Cm-l C„ C3 C2 Ci

Pj(t)

Ta

Fig. 3

1 Tj(MAX)

jS Tj(AVG-)N^
/ Tj(MIN) \s^

l ™1

Ta .

Ti

Timet



figuration of the case, but it is a considerably

large value as compared with #i, C , #s and Of.

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

tice.

0ja = 6i + dC + ds + 6i (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)S {(PoRn)-Tn(min)}x

U-eXp(-t/CnRn) } +Tn(min) (19)

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

m

Tj(t)S Tn(ma X)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 T 1? peak value P ) is ap-

plied, the transient thermal resistance rth (T t
)

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.

ik — x o Y 0ia+(l-y)-rth( t + t!

— 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.

o
uou

300

100

30

10

3

1

io- 10" 102 10310" 1
1 10

PULSE WIDTH tw (sec)

Fig. 5 TRANSIENT THERMAL RESISTANCE CHARACTERISTIC (2SC372)
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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.

Pe(t)

Pj(t)

Tl T2
Timet

Actual Dissipation Waveform

—T—

PE

1 f
Tir>= p-

p Jo
Pc(tidt

Approximate Waveform

Fig. 6

Timet

In such case, by approximating a dissipation

waveform to a rectangular waveform, Tjpeak

can be calculated by expression (22).

3. Thermal Resistance
The thermal resistance in the radiation

equivalent circuit shown in Fig. 2 is explained
as follows.

(1) Junction-case thermal resistance (internal

thermal resistance) 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:

r C max — 1 j max 1 C

1 j max Zt)1 j max

(W)

(W)-

Though there appears Tc=25°C or maxi-
mum allowable collector power dissipation in

using an infinite heat sink in catalogs for

large-output transistors, it is determined by
the internal resistance of the transistor, as

clarified in expression (14)

.

4. Radiation Design Considering
Reliability

The fundamental conception and calculation

for thermal stability and radiation in transis-

tor circuit design have already described.

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

Generally, the degradation of a transistor

has the relation of exponential function with
junction temperature. An one-figure (tenfold)

improvement of reliability is expected by
derating of 40— 50°C with difference among
individual kinds of transistor. In case high
reliability is needed, it is necessary to keep
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.

In order to avoid this, sufficient derating is

required for junction temperature and its

change.
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Precautions on Utilizing Transistors

It is necessary to carefully handle semi-

conductor products when operating them,

especially when carrying or mounting them.

The following refers to notes on handling

transistors,

1, Mounting on a heat sink

Power transistors sometimes require heat

sinks depending on the source voltage, current

load conditions, and ambient temperature. In

such a case, the following attentions must be

paid so that the heat sink effect is maximized
and the transistors are subjected to minimum
stress.

(1) Coating with silicon grease

Coat the silicon grease between the transis-

tor and the heat sink to optimize thermal

resistance between them. Coat the silicon

grease thinly and uniformly.

It is recommended for using a nonvolatile

silicon compound. (Should a volatile compound

be used, the grease may be cracked in the long

run, thus degrading the heat sink effect.)

In some cases where silicon grease is applied

to plastic package-type transistors, the base

oil contained in the silicon grease may be

separated and permeate in the transistor inte-

rior, extremely shortening transistor life

time. Be careful when selecting the type of

silicon grease.

Silicon grease

(Goat the silicon grease thinly and uniformly)

Transistor

Insulating raka

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-220 AB, 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

AC3I0X2PCS

Solder terminal AC501"^=
Spring lock washer
M3X2PCS
AC401
Nut
M3XQ.5X2PCS ~~ Op
AC701A

AC73

<R2

Transistor

Mica insulator

Heat sink

Insulating bushing

A4.0

*3.1

<£3,9

Fig. 2 Mounting transistor TO-3

(2-21D1A) on a heat sink

W Heat sink

Fig. 1 Coating the silicon grease

Silicon Grease YG6260, produced by

Toshiba Silicon Co., is recommended for this

purpose. Its base oil is seldom separated, so

that it does not affect the transistor life time.
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AC74

\ Machine screw M3 X 0.5 X 2PCS
AC604 rj

Mica insulator AC203

Insulating bushing

AC311X2PCS
Solder terminal __

AC501
Spring lock washer M3 X 2PCS
AC401 !

Nut' __——cnc
M3X0.5X2PCS
AC701A

03.7

Transistor

Mica insulator

Heat sink

Insulating bushing

^4.9

03.6

03.2

Holder

Mounting plate

Fig. 3 Mounting transistor

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

AC75

Machine screw M3 X 0.5

AC604 I

Holder RH-14

Mica insulator

AC229

Insulating bushing

AC311
Flat washer
AC402
Spring lock washer
M3AC401
Nut ^O
M3X0.5X2PCS
AC701A 03.7

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.

roi

lkg or less ikg or less

lkg or less

lkg or less

—- lkg or less

1 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

3mm or
i more

ft -

Good

3mm or
more

A
i more

^ MI
a

(Bad

*30° or less 30° 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

(5596/4596)

0.6 4.5 12 12 4.8 0.3

Polyester/rayon

(6596/36%)

4.2 8.4 19 17 4.8 1.2

Polyester/cotton

(6596/35%)

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.
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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

~S Printed circuit \

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.

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, checking 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 cheek wheth-
er reliability confirmed in the development
and trial run stage are constantly maintained

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-*

lv. 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 manship and morale,

conducted to improve employees' work-

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

Development steps

Research and
designing

Trial run for

development

Trial run for

mass production

Mass production)

Research, study, and
establishment of quality

and reliability goals so

that products to be

developed fulfill the

expected functions

Establishing production

processes by duly

considering economic
merits and mass
production capability, and
by establishing quality

and reliability

Establishing quality and
reliability levels and
process stabilizing/quality

controlling methods

Establishment of all

controlling systems to

manufacture standard

products

Approval Test System
(ATS)

Design check

Estimation and approval

of designs, DAT (Design

Approval Test)

Estimation and approval

of quality and reliability

levels QAT (Quality

Approval Test)

DAT or QAT is conducted
in accordance with the

importance of any
changes in components,

materials, processes, and
so on.

Departments
participating

Development designing,

application engineering,

and quality assurance

depts.

Application engineering,

manufacturing engineering,

fabrication group, and
quality assurance depts.

Production technology,

quality assurance,

production, and
production control depts.

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 abovezmentioned 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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Precision sampling
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Electrical
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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.

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.

fe

I Semiconductor
1 products

Initial failure period
Random failure [

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 (-Xt)

The instantaneous failure ratio A.(t) and

average life fi are expressed as—
A. (t)=A (constant irrespective of time lapse)

fJL=\/X

fi=l/fj.=MTTF.

Generally, the failure ratio of semiconductor

products is expressed by 96/1,000 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.
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Fig. 4 Derating curve for silicon transistors

Fig. 4 shows an example of relations be-

tween the temperature and the failure ratio

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

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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• Freon TE, 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/cm 2 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

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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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
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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, ah 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.

- 83



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
JIS C7021 Environmental testing

methods and endurance
testing methods for dis-

crete semiconductor de-

vices

JIS C7030 Testing methods for tran-

sistors

JIS C7032 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.

SP
0>

I
2

<§

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

en
0)

v
bo

2
o
02

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 9096RH.

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

cation
Types Description Applicable

standards

03
0>

s
4>

s
c

§
>
c
H

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

03

'2

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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Clasifi-

cation

Types Description
Applicable

standards

m
-u

"3
o
'S

<D

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

03
<V

C

2
J5

<3

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*

co
CD

3

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

CD
<u

13

a
a>

S
c
o
Jh
'>

G
W

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

CO

s
u
CD

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 = 96/1,000 hrs, 60% confidence level



2SC1815 PC=300mW OPERATION
(VC=6.0V IC=2mA)

hFE

300

250

200

150
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••• •••• •••• ••••

• •• ••• ••• • ••

• •• •• • •

1 1 1 1

168 500 1000

IDSS (mA)

TEST TIME/HRS

Fig. 5 Typical example of results of steady state

operation life test of plastic resin

sealed-type 2SC1815

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

14

12

• • ••

• ••• <

10

••••••• »•••••• 4»••••••

•••••• »••••• 4»•••••

8

• ••• it • • • • 4»••• •

• ••• 4

• • 1

6
• 4

4

1 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 0.2M Max

Emitter cutoff current Iebo Veb=5V, Ic=0 USLx2 0.2/tA Max

Static forward current

transfer ratio

h.FE 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*

03

3

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 = 96/1,000 hrs, 60% confidence level

Table 8 Criteria on failures for 2SK117

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

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

Gate drain voltage with

source short-circuited to drain
Vgds Vds=0, ig=~ioom 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

circuits

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 such as

pulse, digital, and switching circuits)

Giacoletto's irtype 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 Linvill;

other nonlinear models

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

(Bipolar transistor)

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:

ie re + _b
"0CT jiVeb'

ri.i,

rc

Cc

Fig. 1 Early's T-type equivalent circuit
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where,

k:

kT
qlE

(Q) (l)

Boltzman's constant

(1.38 X 10-26j/°K)

Absolute temperature (°K)

Electric charge of electron
(1.60XM)-19C)
Emitter current (A)

Equation (1) is changed as follows at

normal temperature (300°K) if the emitter
current is represented by mA:

r,=^Tr(Q)

T:

Ie:

(2)
iE(mA)

: 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—

CTe=Ae

where,

-2-eqnN

00— Vbe
(F)- (3)

Ae: Emitter junction area (m2
)

e: permittivity

nN: 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)

C0e=^(F) (4)

2kTD
where,

W: Base width (m)

D: Diffusion coefficient of minority car-

rier in base area (m2/sec)

ft: Voltage feedback ratio (Early constant)

This constant, known as the Early
effect, is a base width modulation

parameter,

kTdc
11

3qW(&-Vbfc)
(5)

where,

d c : Width of collector depletion layer (m)

rc : Collector resistance

This is a kind of base width modulation

parameter, represented as follows:

1
(Q)r c

Ie
da

(6)

The value of r c is usually 1— 2 Mft 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 i!^a
(F )

12
(7)

00— 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

<ao

1 +ja>Cere

therefore,

ia =
27rCere

ffO

1+j
.f

(8)

ia

where,

«o : Value of a at low frequency
f«

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

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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. f

go
~)mraa = -e Ia

-

1+3
f_

fa

(9)

Rett

(2) Giacoletto's ir-type equivalent circuit

(bipolar transistor)

Fig. 3 shows the it-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 ot

The above equation agrees well with mea-
sured values in frequencies less than fa

.

DC Current gain ()8) at common
emitter is represented as follows:

IVc

b rbb' b'

Fig. 3 Tr-type equivalent circuit

P
ao

I- a M , . f
(l-oo)+j—

fa

The ^-interrupting frequency f p is

defined as the frequency at which the
absolute value of /3 becomes /3o/V27
similarly to fa, fp is represented as—

f ao

therefore,

fi
= 0o

l+j
U

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
:(Q) 01)rbb =f

8ttW
where,

qB : Specific resistance of base area ( il-m)

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 ir-type equivalent circuits

7r-type equivalent T-type equivalent

circuit paramaters circuit paramaters

Cbe Ce

Tb'e
re

1 — ao'

Cb'c Co

1 1 /i.(l-ao)

rb'c re re

Tee

Te.

J"

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.

Gate (G)

Source (S)

Oc£r—'—if Cgi

^ e gm e

Rds

Drain (D)

Cds

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

rr
i

^RgT'

Rni

C„

CgssRs

u;
Cds

(a) Equivalent circuit

(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 7show 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.

— ii—
. h2 Vl '2—

-

hi2

h22

fl22 |V2

fvi] [tin Mf ill [hi h,][ii

L 12 J [h21 h22jLV2j Ihf h.JLv2

Fig. 6 Circuit network by using "h" matrix
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• yi2V2 y2i vi —
vi|y„n 00X22 V2

iilTyn yizlfvilfyi yrlfvi]

hi Ly2i y22j Lv2j lyf yoJlv2j

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
hr : 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

s 12 : reverse transfer coefficient

Table 3 Conversion of parameters

[H] [Y] [S]

[H]

hi hr

hf ho

j_ _ i±

yi yi

yf yiy -y ryfyf

yi yi

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

(1— Si) (1+So) +SrSf

2Sr

(1— Si) (1+So) +SrSf

-2Sf

(1— Si) (1+So) +SrSf

(1— Si) (1— So) — SrSf

(1 — Si) (l+So)+SrSf

[Y]

1 hr

h, hi

ht hiho— hrhf

hi hi

yi y r

yf y»

(1 + So) (1— Si) +SrSf

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

-2Sr

(1+Si) (1 + So) — SrSf

-2sf

(1+Si) (1+So) —SrSf

(1+Si) (1— So) +SrSf

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

CS]

(hi-l)(h„ + l)-hrhf

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

2hr

(l-yi)(l+yo)+y ryf

(l+yi)(l+yo)-yryf
-2y r

Si
Sr

Sf So

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

-2hf

(hi + l)(h + l)-hrhf

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

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

(1+yO (1+yo) —

y

ryf

-2yf

(1+yO (1+yo)—

y

ryf

(1+yi) (l-yo)+y ryf

(1+yi) (1+yo) -y ryt
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521 : forward transfer coefficient

522 : 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.

1
Sn S12

2 a2

ai
' 1'

b-
S21 S22

2'

b-

bl
]

'.Sn Si 2

V

'af Sj S r

"

2l\

-b2 J v
S21 S22^ &2, ^Sf So^ Jl2,

Fig. 8 Circuit network by using "s" matrix

Table 4 Conversion formulas for "h" parameters

Converted"h"parameters

Common base Common emitter Common collector

2
CD

s
2
si

P.

'a

0>
CO

s
E

O

hib Jhb— hrb

1+hfb 1+hfb
' —hfb hob

1 + hfb 1 + hfb

hib

1 + hfb

— 1 hob

1 + hfb 1+hfb

11

hie

1+hfe
-1

1+hfe

Jhe — hre

1+hfe

hoe

1+hfe

hie 1-hre

"(1 + hfe) hoe

O CD

s «

— hie

hfc

-U+hfc)
hfc

-Jhc
hfc

hoc

hfc

hie 1-hrc

— (1+hfc) hoc

Jhe hie-hoe— hre'hfe, Jhb = hib • hob— hrb • hhfb, Jhc = hic'hoc — hrc'hfc

Table 5 Conversion formulas for "y" parameters

Converted "y "parameters

Common base Common emitter Common collector

2
a>

s
a
u
cs
a.

a

2yb — (yrb+yob)

— (yfb + yob) yob

2yb — (yib + yob)

— (yib+ yrb) yib

^Ve — (yre + yoe)

— (yfe + yoe) y.oe

y ie -(yie + yre)

— (yie + yoe) 2ye

y c — (yfc + yoc)

— (yrc+ yoc) -Ty c

yic — (yic + yrc)

— (yic+ytc) Iy c

2y e = yie + yre + yfe + yoe

2yb = yib+ yrb + ytb + yob

^Y c
= yic + yrc + yfc + yoc
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Table 6 "h" parameters converted by Early's

T-type device parameters

Common base Common emitter

hib
r e + rbb' (1— ao) +J7

-

l+j(f/fa)

hie
, .

r e

iDD
(l-ao)+j(f/fff)

hrb j27rfCcirbb' hre

. f

n TrfnC i-"7daCaK
(l-ao)+](f/fa)

hfb

— ao
hfe

ao

l+j(f/f«) (l-flro)+j(f/far)

hob j2^fCc hoe
jf(i+jf)

n r ^ fa fa
27daCc

a-ao)+j(f/fa)

Table 7 "y" parameters converted by Early's
T-type device parameters

Common base Common emitter

yib fa
y ie

(l-ao)+jf
fa

re +jm'—
fa

,
. ,

f
re+jirbb—

fa

y rb o_c /- f°\ fa)

— +' —
rbb' fa

yre

._f_

n _c r. Te fa— LiftaCc—; —
rbb r e , . f—

; +Jt~
rbb fa

yfb

ao

yfe

ao

re -fjrbb'—
fa

re+jrbb—
fa

yob or ~ fa \ rbb fa/
2;rfaCc

'

re f—
; +J7-

rbb fa

yoe y b
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fa

£\ * I

re rbb

Re(hib)'
Re(hrb)

—

ia

I 4 •3 J
i

e-1 I

a0
.Re(hfb)^ Re (hob)"*

(1) Common base

Re (hie) —
rbb' rbb' +

Te

1— ao

f/

ifi
2ittaCcXe

Re(hre) —
n Re (hfe)— "I

1— ao

3

ffi

v>

ZniaQc
Re (hoe)^

(2) Common- emitter

Fig. 9 Frequency locus of "h" parameters

J-Re (y ib)-±
rbb Te

* \ia p^a»—
>>

£

Re(yrb)—
-lidaCc

aa£o "0 2fffaCc(l+re/rbb';

re
Re (yfb)- Re(yfb)-^

(1) Common base

;

f/?

1-ffo
^'

x, / X
rbl)

Te Re(Vie>-

Re (yfe)
Te

Re(yre)__

-2fffffCc^
rbb o

iR7
Solid line: theoretical curves

Hyphenated line: measured curves

(2) Common emitter

Fig. 10 Frequency locus of "yw 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

- 98 -



Esi:

Eni:

Eso:

Eno:

k:

T:

Rg:
B:

= 20 log
Esi ,Eso

V4kTRgB Eno
(dB)

input signal voltage

input noise voltage

output signal voltage

output noise voltage

Boltzmann's constant

(1.38X10-23J/°K)

4kT=1.63XlO-20J
absolute temperature (°K)

signal source resistance

noise bandwidth

or Eni - 4kTRgB

«3

6dB/oct

3dB/oct

' f2 noise region

White noise region

100~lkHz Jfac-fffc

Frequency f (Hz)

Fig. 11

Tfcble8

^^^^^Types
Items v^^

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 rt>b'

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, andCDf2 noise region, ac-

cording to the frequency.

ew = vWTRnB
in = \/2qIbB

Assuming that there is an ideal transistor

possessing no noise, sources, the above-

mentioned noise figure (NF) can be represent-

ed as

NF = 10 log

(dB)

4kTRg+ ew2 + iw
2Rg2 + 2 rewiw

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,

Ideal transistor

I Y 1

Fig. 12

Transistors can be identified by using the

following voltage noise source eN and cu-

rrent noise source iN

eNT2 = 4kTRg-l-eN2 +iN2Rg2+ 27eN-iN

(15)

Therefore, there is the following relationship

between eNT and signal source impedance Rg.
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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.

— NFi NF 2 NF 3 —

NFi

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 = 20 log
"ted output voltage

output noise voltage

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

connected with NF as follows:

S/N = 20 log

= 10 log

= 10 log

= 10 log

Esq

Eno
Esq2

Eno2

Esi
2

Eni2

Esi
2

4kTRgB

10

NF\
to)

-NF (dB)

(17)

[S/N ratio (dB) of amplifier^ S/N ratio (dB)

pflnput-sidej- 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 = NFi +
NF2-I

,
NF3-I

Gi Gi-G2

NFt: total noise figure

NFI: first-stage noise figure

NF2: second-stage noise figure

NF3: third-stage noise figure

Gl
G2
G3

first-stage power gain

second-stage power gain

third-stage power gain

When using equivalent noise resistance Rn
;

the Rnt is expressed as—

RnsRnt= Rwi-f— h N9Ai (A1A2) 2

Ai A 2 A3

RnI RN2 RN3

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 voltage gain

Fig. 17 Multistage amplifiers represented by
using equivalent noise resistance
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If the first-stage voltage gain G 2 is suffi-

ciently large, the total noise figure NFt is ob-

tained as follows from equations (18)

:

NFT=NF! 00)

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:
eg

produced by signal source resistance Rg

e^r
2

: mean square voltage of white noise

el/f
2

: mean square voltage of 1/f noise

and from the definition of a noise figure;

eg
2

: mean square voltage of thermal noise

NF (for white noise region)

= NFakHz)

eg
2 + e v

eg
2

"

NF(ikHz) =NF at 1 kHz spot frequency

When obtaining e^ 2 from equation (21)

:

2 _ (NF.(lkHz)" Deg 2

Assuming the noise figure at f=10 Hz to be

NFaokHz):

NF(ioHz)
eg

2 + ew 2+ er/f
2
ioHz)

eg
2

From equation (23)

,

ei/f
2
uoHz) = (NF(iohz)— NF(ikHz))eg

2
--<24)

Since 1/f noise varies at the rate of 3 dB/oct
with frequency, e"i/f

2 at normal frequency is

ei/f
2 = (NF(iohz)— NFdkHz)) •eg

2 -7-

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

/i

f2

(eg
2 + e"w

2
-fei/f)df

NFt =
/"f2_

f
-2eg

2
df

10(NFuoHz)-NFakHz)Hn
= NF(ikHz>+

f2— fl

(a) Flat amplifier

Response Response Response

(c) NAB

fi f,

f—

Fig. 18 Frequency response of wide-bandwidth
amplifiers

fi 3kHz f2

f
—
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(b) Equalizer amplifier (RIAA)

Ci2 - - - 2 f2
/ (eg

2 +e^+ei/f) (—

)

2
df eMvnr XTT? >.

xte* _ £fi f ATT7 .
5(NF(iohz)— NFdkHz))

ff 2 _ f?
2

df
fi

(c) Equalizer amplifier (NAB)

{^
kHZ

(eg
2+ ew2+eiM (^) 2 df+^

z
(eg

2 +ew
2 +eJf)df}

f r
3kHz - 2.3kHz , 9 „, r{2 ^7J

y« ^2

^-~r) df+i kHz
eg2df

|

NFt =

<27)

-=- XTT? 5(NF(10Hz) -NF(lkHz))
,

fl ,_ mi , . in-T- NFdkHz)+ ; + ,» (f2-3kHz) NFdkHz)
fl (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

u ?,0
<o

s 18
p.

I 16
•C
*3 14

73 12
c
ca
.fi 10

3 %
8

**> "3 H
«n S
S e 4
•s >»

3 °
2

--- I

1
i

1

— __.. .._.

1

9/

K
V>y

-<

FLAT
"

1

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 >iao-:

Output
o S/N

Response

;
F JO Rg

~"'""~J

2SC2240

Signal source resistance (Rg ) : 2.2 k ft 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 =100ju,A at R g =2.2kO
from the NF map of 2SC2240 above,

NF (1kHz) = 1.0 dB

NF (10Hz) = 1.0 dB

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

S/N (dB) = 10 log 1-7^^ 1-1-0 (dB)

10 log

1.0

4kTRgB J

(2X10- 3
)

2

1.63 X 10~20 X 2.2 X 10
3 X 20 X 10

3

= 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 = -r~ \ CteVbe 1/2
(off)

Ibi {

+ 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.

Bibliography:

DESIGN OF LOW
NOISE TRANSISTOR
INPUT CIRCUITS,
LONDON ILIFFE
BOOKS LTD. (1964)

SEMICONDUCTOR
CIRCUIT DESIGN,
ADAM HILGER LTD.
(1970)

1) WILLIAM A.

RHEINFELDER:

2) J. WATSON:

tr = z-rIife In

tstg = rsln

tf = TFllFEln

]

TR ~ TF

IifeIbi

LhFElBi-0.9Ic

1ife(Ibi — IB2)

Ic— 1ifeIb2

Ic~1ifeIb2

0.1 Ic— 1ifeIb2

2rfT
+ 1.7RlCtc

rs
0.6 rac

2;rfb 2

OUT

Fig. 21 Switching time

measuring circuit

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) —

$

|

=lV
contact potential difference at

base-to-emitter junction

Vbecoff) '• 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

<f>o

Ctc

Vcc

hFE

fT

fb

• no

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 t stg)

depends on hFE at the peak more strongly

than on that at the operating point.

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 fT 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

105 -



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)

'Folysilicon resistor

•Emitter lead electrode (AD / Common emitter
Base lead electrode (AD \ / connecting electrode (AD

Insulating film

(Si02)

iLU'f"
' P+ l—u^CT^yjr

1— N"

Collector

Fig. 24 EPR structure

Collector

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.

Base

?_ ©© AGlass

0. qqJW
\m

M§s\ n-

N4

o 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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Characteristics of Field Effect Tran sister (FET)

1. Basis of FETs

Field effect transistors (abbreviated to

FETs) differ totally from normal bipolar tran-

sistors in their principle of operation. While a

bipolar transistor is a current-controlled type,

an FET is a voltage-controlled type in which

an electric field controls the current.

The operation principle of an FET is similar

to that of space-charge-controlled vacuum
tubes; the requirements are similar to those of
5 -pole vacuum tubes, except for some power
FETs.

The merits of FET characteristics are:

(1) Input impedance is extremely high.

(2) Noise is least in high signal source

resistance.

(3) The storage effect of minority carriers

is eliminated.

(4) Cross modulation and inter modula-
tion characteristics are excellent.

Based on these advantages, FETs are widely

employed in such applications as amplifiers

requiring high input impedance and high-fre-

quency.

Source Gate Drain

leetrode SiOs

7

—

/
Channel

6 Subs (rale gale

O Substrate gate

Source Gate Drain

T T I^Electr

,lamlcl
1=^,.

o Substrate pie
Sub,

* Substrate gate is usually connected to the source,

(a) J unction FET

Subs era Legate is usually connected to the source.

(b) MOS FET

Fig. 1 Structure and symbols for FET

FET

(1) Types and structures of FETs

FETs can be classified into the following

two types according to the gate:

(Junction FET (junction gate)

\ MOS FET (insulated gate)

Fig. 1 shows the structures of both types.

A junction FET is one whose gate-to-chan-

nel portion is composed of a PN junction; an

FET whose gate-to-channel portion is com-
posed of Metal, Oxide, and a Semiconductor

is termed a MOS FET. FETs are also classified

into P-channel and N-channel types according

to the type (P or N) of the semiconductor

layer through which drain current flows.

The structural drawings shown in Fig. 1 are

all N-channel type.

Both junction and MOS types have their

merits and disadvantages. Since a MOS FET
is insulated through the gate from its own
structural features, it is much more easily

broken by static electricity, Unless suitable

protective measures are taken, extreme care

must be exercised when handling a MOS FET.
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However, almost all MOS FETs incorporate

a protective diode at the gate to prevent such
breakage, and it is very rare that they are

broken when handled in a normal manner.
On the contrary, junction FETs are not

damaged if they are handled normally, thus
permitting them to be handled in the same
manner as bipolar transistors without produc-
ing inconvenience.

Almost all MOS FETs are used for high-fre-

quency circuits and chopper circuits. This is

because, compared with the junction type, the
MOS type is superior in cross modulation and
inter modulation characteristics, and that

when used in a chopper circuit, there is less

spike and switching speed is higher.

When using FETs for a high-frequency cir-

cuit, it is necessary to reduce the internal feed-

back capacitance as low as possible so that sta-

ble gain is obtainable. Once FETs were
employed by adopting a cascode connection
for this purpose.

In recent years, this problem was solved
by producing a cascode FET which two FETs
are cascode-connected in the interior as well

as dual-gate MOS FETs.
Fig. 2 illustrates the structure and a drawing

of an equivalent connection of a cascode FET.
A cascode FET has two junction gates — the

one near the drain connected to the substar-

ate gate; thereby two FETs — namely a com-
mon source FET and a common gate FET —
are produced.

This structure causes feedback from the

drain to be grounded as alternate current,

producing an FET with small reverse
transfer capacitance.

Source Gate Drain
(S) (G) (D)

rll 1
|N+

| P+ P" |N"|

-O Drain
.(D)

6 Source
(S)

Fig. 2 Structure and equivalent connection drawing of cascode FET

Source Gate 1 Gate 2 Drain
(S) (GO (G 2 ) (D)

9

N + / N+ \ N+

Channel 1 Channel 2

P

J
Gatel
o

(Gi)

~o Drain
(D)

Source Gate 2

(S) (G2)

Fig. 3 Structure and equivalent connection drawing of dual-gate MOS FET

Fig. 3 shows the structure and equivalent

connection drawing of a dual-gate MOS FET.
As far as the operating principle is concerned,
this FET is identical with a cascode FET. In

the dual-gate MOS FET, gete 2 is lead out to

be grounded for AC and to be supplied with
positive bias voltage for DC, when the FET is

used for an high-frequency amplifier circuit.

It is possible to use gate 2 as an injection ter-

minal when using for mixing circuit.

The symbols used for junction cascode FET
and dual-gate MOS FET are shown in Fig. 4.

In addition to above, a power FET and a GaAs
FET are avilable as other versions of FETs.
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Drain
(D)

o Drain
(D)

6 Source
(S)

6 Source
(S)

O Drain
(D)

<J>
Source
(S)

(a) J unction cascode FET (b) Dual-gateMOSFET

Fig. 4 Symbols used for junction cascode FET and dual-gate MOS FET

(2) Static characteristics of FET

.__ -< -5
COMMON SOURCE
Ta=25°C

a

C
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C
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2 V~.s

= -0 IV
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5/
1

-0.2
*^s —

1

3
...

-. -0 4

10 20 30 40 50-0.4 -0.2

Gate-to-source voltage Drain-to-source voltage Vds (V;

Vgs (V)

Fig. 5 Static characteristics of 2SK117

Fig. 5 reveals the Vds—Id characteristics

and the Vgs— Id characteristics of junction

FET2SK117.
As is evident from this figure, because it is

an N channel, the 2SK117 possesses similar

characteristics as a vacuum tube. In other

words, the collector current in a normal bipo-

lar transistor is controlled by using the base

current, while the drain current in a FET is

controlled by gate voltage.

Generally, there are three types of Vgs— Id

characteristics, as shown in Fig. 6. The
junctioon type shows a depression-type

characteristic, while the MOS type shows an

enhancement type or an enhancement +
depression type as an intermediate pattern.

It is possible to positively bias Vgs in the

60

MOS type; positive biasing, however, should

not be applied to the junction type because it

causes the gate-to-channel current.

Fig. 6 Vgs— Id characteristics

32

28

< 24

Q 20

£ 16
u.

3o
c 12
'3

Vgis;= 1.0V
COMMON SOURCE
Vg2s = 4V
Ta=25°C

0.8

0.6

0.4

?r&£0.2

S-TTvGl

-0.2 Vgis

-0.4

-0.6
• .

16 24 32 40

Drain-to-source voltage Vds (V)

Fig. 7 Vds- Id characteristic of 3SK59
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Fig. 7 shows the static characteristics of
dual-gate MOS FET 3SK59.

This is a typical example of the enhance-
ment + depression type.

(3) Basic parameters

Vgs(off): gate-to-source cutoffvoltage

Denotes the value of Vgs when the deple-

tion layers are expanded from both sides of the
gate electrode to contact each other. The

measuring point is the value of Vgs at the

point where drain current Id nearly reaches

zero (for junction FET).
In principle, Vgs(off) equals to Vds—Id

when Vgs = 0.

Idss: drain saturation current

Denotes the value ofId whenG—S is short-

circuited, or when Vgs = while sufficient

Vds is supplied.

Igss: gate leakage current

Denotes reverse-flow current at the gate

junction when D—S is short-circuited; offers a

guideline for DC input impedance of an FET.
Similarly to Icbo of transistors, this value is

termperature-sensitive.

BVgds: gate-drain breakdown voltage

A value of voltage at which current is

rapidly increased when reverse-biasing G—
D while short-circuiting D— S.

lYfsl : Forward transfer admittance

Defined by the equation |Y&| =
Alps

A Vgs

serves as a guideline for amplification.

Ctss: input capacitance (common source)

Denotes the capacitance between G and S
when short-circuiting D and S with AC.
Crss: reverse transfer capacitance (common
source)

Denotes the capacitance between G and D
when short-circuiting D and S with AC.
This is an important parameter of FETs

for high-frequency circuits, Input capaci-

tance for amplifier circuits is expressed by —

V^in — v^iss I

9is

9os + 9l

gos: output conductance,

gfS: forward transfer conductance,

gL: load conductance

The second term of the above equation is

subjected to the Miller effect. If Crss is large,

input capacitance is increased by the Miller

effect, bias dependency of 9ia also affects the

input capacitance.

At the same time, the stability coefficient

represented by the equations —

S = 0is'0o

1 +cos(&s + &s ) \yr yiS

is reduced if Crss is large,

where, gis = input conductance

<£rs = reverse transfer admittance

phase angle

<f>h = forward transfer admittance

phase angle

2.0
COMMON SOURCE
Vds = 15V

Ta=25"C$1

^n^
1.0"

r^P\- V,>c

0.5
VC2S'5 '

1
Vgis

S T"15V

.

-0.5

-1.6 -0.8 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 8.0

Gate 1-to-source voltage Vgis (V)

Fig. 8 Vgis-Id characteristics of 3SK59
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|YrsJ = reverse transfer admittance
|Vfs| = forward transfer admittance

Igsx: gate excess current

In junction FETs, gate reverse current

depending on voltage between D and S flows

even when using the FETs with the drain-to-

source voltage falling within the rated value.

This current lowers input impedance and

causes low-frequency noise.

2. Reading and utilizing the catalogs

(1) FETs for high-frequency circuits

(a) Various parameters and their charac-

teristics at high frequency

Fig. 9

€>
Ci=r= aLi

in m

C3T

c 4

<MI—

®

:rl

I
Vdd

Example of high-frequency

amplifier circuit using FETs

8>r+ S
a
i

y, V2 y, Vi

-o f 1

rtQXbr+

f—O
f-

I

Fig. 10 Equivalent circuit for high-frequency

amplifier circuit using FETs

Fig. 9 is an example of a high-fre-
quency amplifier circuit using FETs; Fig.

10 shows its equivalent circuit. The
parameters used in this equivalent circuit

are:

is = signal constant current source
gs, Cs = signal source conductance, capaci-

tance

Li, L2 = I/O tuning inductance
gi, g2 = I/O output coil loss conductance
gL, Cl = load conductance, capacitance

Ci, C2 = I/O external additional capacitance
gi, Ci = input conductance, capacitance

go, Co = output conductance, capacitance

In this respect, signal source conductance gs
is an important parameter in affecting the

noise characteristics of an amplifier circuit. In

Fig. 9, Rs is obtained by using the formula —

Rs = 1

IWC! + Re

Next, various parameters employed in a

high-frequency amplifier circuit are explained
by using the above-mentioned parameters.
Gp(max): maximum available power gain

Abbreviated to MAG, this is gain obtained
only when input and output are fully matched
with a certain direction of a device.

Gp(Ma
\y(

49i 9o

GP : power gain

Expressed by the equation —

Gp = 4 \yt
I

2
9s 9l

(9s + 9i)
2 (9o + £l) 2
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this takes the maximum value when gs = gi

and gL = g ; namely, when input and output
are fully matched with each other,

s: stability coefficient of a device

Expressed by the equation —

2 9\9o

1 + cos(s*r + &) JrUJi

this is stable irrespective of input circuits if s

> 1. Although there is a possibility of oscilla-

tion if s ^ 1

.

S: stability coefficient of a circuit

c _ 2 Gi Go

l + cas( & + &) \yr \\yi\

Gi = 9s + 9\ + 9\

Go = 9o + 92 + 9l

The relationship between this S and the

stability coefficient of a device (s) is shown by

the formula —

Gi • Go

9i ' 9o

9l + 92

1 +
9s ffi

9\

1 +

S ^ s

9o

By selecting larger values for gs, gL or gi, g2,

the stability of a circuit is increased. When
input and output are matched with each other,

even if loss conductance (gi, g2) of a coil is

zero;

Gi = 9s + 9\ = 29\

Go = 9o + 9l = 2 9o

Namely, obtaining S ^ 4s, it is possible to

ensure circuit stability four times more stable

than that of a device.

Power gain G P in which this stability S is

considered is shown as —

Gp =
~S

Gp _4

S

\yt\

2
#

\yt\

1 + cos(
<f>T + &) \yT

\

2 9\ 9o

1 + cos( j>T + <f>i) \yT
\
|yf

|

4^i 9o

4s

4
Gp(b

Since it is defined that generally the value of

S should be 4 or better, and assuming here

that S ^ 4,

Gp ^ sGp(MAX)

Therefore, stability gain when s ^ 1 is a

product of MAG and the stability coefficient

of an device (s)

.

NF: noise figure

Noises in FETs at high frequency are mostly

thermal noise, shot noise, and induction gate

noise.

This noise figure NF is represented by the

equation —

NF 10 log 1 + + (9s + 9i 2

9s 9 s

where, Rn = equivalent noise resistance

Noise source conductance (gs)opT of
minimum NF can be obtained as follows:

d9s
NF(9s ) =

(9s )opt =7 9i{9i+ —-)
Kn

(>*i)

This relation of (gs)opi > gi shows that so-

called NF matching (with NF = minimum)
does not coincide with G P matching.

In other words, when matching is effected

in the input side, gs = gi, and

NF = 10/og(2+ 4R„<7i)

Even if noise of a device is zero (Rn = 0)

,

NF = 10/og2 3dB

Thus, it is impossible to lower the NF below
3dB.

Therefore, gs > gi is required to lower the

NF below 3 dB. This denotes that G P is not

well matched.

AGC characteristics

Max. sensitivity

i,

AGC range

—_~ AGC voltage

Fig. 11 AGC characteristics diagram
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Output

Cin = Ci +
9t

9o + 9h

This formula indicates that input capaci-

tance includes the Miller effect component in

addition to G in the definition of the y

parameter.

Fig. 12 Applying AGC voltage

In FETs, no drain current flows if the gate-

to-source is reversely biased, whereby for-

ward transfer admittance |YfS
|
and power

gain G P are lowered.

AGC characteristics are represented by the

AGC range, AGC sensitivity, and response

changes by AGC.
Since the AGC range is in proportion to yf/

y r , it is more advantageous when applied to

devices with smaller reverse transfer capaci-

tance Crss.

AGC sensitivity is defined as changes in

gain in relation to AGC voltage. Therefore,

this characteristic is caused by transfer charac-

teristics of a device, and the sensitivity is larger

if the cutoff is sharper.

In other words, it is determined according to

the size of Vgs(off).
Changes in response depending on AGC

are caused by the fact that input/output admit-

tance possesses a dependency upon bias

voltage and current.

AGC characteristics are as shown in the

technical data for each item. However, it is

necessary to consider influences of the Miller

effect.

Input admittance yin in actual mounting
condition is

^in = y-i + yr

\yo + yh/

If matching is synchronized at the output

side, yo + yL = go + gL. Susceptance of yin is

expressed as

bin — bi +
9i br — 9r bf

9o + 9l

When converting bin into capacitnce, the

following formula is established within the

frequency range of gr = 0.

3 2

AGC voltage VACc (V)10 15 i i 5

..

s 1

°y
oj

1
1

1

lOpF

-40
«

—

^

k'50Q ( ' x ^1
. [3t

lOOOpFj

,J0O
<%(:

1000

50Q

c
o

"!tpF
pF

-50
3

C
Vc.is +15V

Test conditions

Gi AGC
• Vdd = 15V. Vr,2s=4V

f=100MHz

G2 AGC

6

f= 100MH z

Fig. 13 AGC characteristics (3SK59)

Fig. 13 shows the AGC characteristics of an

FET 3SK59.

Cross modulation and inter modulation
characteristics

The term cross modulation denotes a

phenomenon that modulated waves of an

interfering signal are mixed in the desired sig-

nal as a result of nonlinearity of the transfer

characteristics of active device, when two

electric waves with different frequencies are

applied to an amplifier circuit or mixing cir-

cuit.
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Cross modulation is determined by the

scale of a third-order coefficient or third-order

harmonic waves when developing input

voltage with output current through Tayler's

formula.

In mixing circuits, there is another type of

cross modulation which is caused by local fre-

quency fluctuation, unlike amplifier circuits.

The features of cross modulation are as

follows:

O Not related to the input level of a

desired signal.

O Not related to frequencies of desired

and interfering signals.

O In proportion to the square of input of

an interfering signal.

O In proportion to the degree of modula-

tion in an interfering signal.

Now, assuming the two signals of input

voltage ei — the desired one ei and the inter-

fering one G2 — are applied to an FET whose
transfer characteristic is represented by the

following formula ofan output current id:

ao + aiet + a2e*2 + a3ei3 +

On the other hand, the desired signal thus

modulated is expressed by the equation —

id = aiEi ( 1 + mi cos m t) cos <*)\ t

where, ni = modulation angle frequency

mi = degree ofmodulation

Therefore, the cross modulation figure is

Kc = 3a3 m2 E2
2

From the above equation,

E2 =
aimi

3a3im
Kc

Cross modulation means a variation of

modulated wave of desired signal. Once they

are cross-modulated, they cannot be removed

in subsequent stages because they cannot be

differentiated from original modulation waves.

Fig. 14 reveals the cross modulation charac-

teristics of the 3SK59.

where,

ei = EicosoJit

e2 = E2 ( 1 + rmcosrut) cos&>2t

m2 = degree of modulation in interfering sig-

nal

n2 = modulation angle frequency of interfer-

ing signal

Then, id is developed by using ei = ei + ti.

Since only frequency on near the desired fre-

quency is taken out by a tuning circuit among
a variety of frequency components produced

by the output, it is sufficient in considering the

output current to use the single component of

cos wit.

= aiEi 1 + 3
a3

ai
1112E22 cos n2t ) cos <*>\t

Namely, this means that the desired signal

which should be free from modulation has

been modulated by the interfering signal to

the degree of modulation:

1
" 20

c

3

1 100MHz

f. = 105MHz

m=30%

s ^
10 30 50 100 300 500 1000

Interfering signal level v, (mV)

Fig. 14 Cross modulation characteristics

(3SK59)

= 3
a3

1112E22
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Inter modulation is produced due to the
nonlinearity of an amplifier device when more
than one interfering signal adjoining a desired
signal is mixed with the desired signal.

Supposing, for example, that the frequency
of a desired station is 100 MHz and the fre-

quencies of adjacent stations are 400 kHz apart
from each other, with the most adjacent sta-

tion being 100.4 MHz and the next one 100.8
MHz.
These frequencies are applied to an

amplifier device because they cannot be
removed due to the bandwidth of the high-fre-
quency selective circuit being ±1 MHz or
more. In this instance, the same frequency as
that of the desired station is produced from the
adjacent and the next adjacent stations (fi and
f2, respectively); 2fi - f2 = (2 x 100.4) -
100.8 = 100.0 MHz.
Therefore, the desired station is in a radio

interference status as a result of signals pro-
duced between the adjacent and the next adja-

cent stations.

To prevent such a condition, it is necessary
to employ an amplifier device with a wide
dynamic range and excellent linearity, or to

maintain the gain of a circuit at a value not
more than that required.

Inter modulation also occurs in a mixing cir-

cuit.

In this instance, intermediate frequency is

created by the secondary harmonic wave of
beat between the frequency of the adjacent
station and local oscillator frequency, and by
the beat between the frequency of the next
adjacent station and the local oscillator fre-

quency.

Assuming, as above, that the signal of the
desired station fi = 100.0 MHz, that of the
adjacent station fi = 100.4 MHz, and that of

the next adjacent staqtion fi =100.8 MHz.
Assuming that the local oscillator frequen-

cy (ft.) is higher than the input signals,

fL = 100.0 + 10.7 = 110.7 MHz
The beat between the local oscillator fre-

quency (fO and the signal of the adjacent sta-

tion (fi) is

fiif = 110.7 - 100.4 = 10.3 MHz,
with the secondary harmonic wave being
20.6 MHz.
On the other hand, the beat between the

local oscillator frequency (fO and the signal

of the next adjacent station (f2) is

f2ir = 110.7 - 100.8 = 9.9 MHz,
with the beat between the secondary harmonic
wave and f2if being

fsif = 20.6 - 9.9 = 10.7 MHz.
As seen above, radio interference is created

because the intermediate frequency of 10.7

MHz is produced by the adjacent station signal

(fi) and the next adjacent station signal (h).

(2) FETs for low-frequency circuits

(a) Bias circuits for FETs
When using FETs for an amplifying circuit,

it is necessary to design bias circuits suitable

for applications.

When designing bias circuits, for example,
by using transistors, attention is paid only to

the variation in Iife, since the voltage (Vbe)

applied to the base-to-emitter circuit is

definitely 0.6 or 0.7V regardless of the type of
transistor. On the other hand, when using an
FET, it is important to refer to the technical

data — especially, forward transfer admittance
|YfS

| and the correlation between the gate-

source cut-off voltage (Vgs(off)) and the drain
current (Idss) — because there are a lot of
difference according to the type of FET.
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Circuit
composition

Variation viewed from
transfer characteristics

Design formula Features

Variation viewed from
transfer characteristics

Vq— VcsiDKK) (
1

Vgs(OFF)2
I

Vq

VgS(OFF>2

Vr.S(OFF)l Vqi \ Vq

Vr,S(OKK)2

Vq = V(;s(ofk,(i-7t^-
v » lus.s

„ -
Vc.S(O FK) /, / Iq

Rs- z (1 - /-
1Q x » llISS

1) Quiescent points can be

freely selected.

2) Power source is utilized

with high efficiency

because the source
voltage = 0.

3) Variation in (Idss) is

that of iQas it is.

4) Used when applying
AGC to a high-frequency
circuit.

1) Most popular in FET bias

circuits and of simplified

circuit composition.

2) Variation in Iq can be sup-
pressed by Rs.

3) Designing is not so freely

effected because Rs is

determined by Iq.

4) To suppress the variation
in Iq, R s must be
increased, and Id
decreased, thereby not
being suitable to circuit

requirements.

Vgsioffii 1 Vqi Vq2 Vg

VgS(OFF)2

V =- R 2

Ri + R2

V,)|. - I«Rs

Rs =

R2

Ri +R

VgS(OKK)

Vi,»

' V I„ ss /

1) Designing can be effected

freely, because a value of
Rs can be selected
irrespective of Iq.

2) Input impedance is

decreased to R1/R2.

3) The efficiency of power
utilization is decreased
because source voltage is

considerably high. It is

difficult to take a

dynamic range in a cir-

cuit with low voltage.
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VcS(OFF)l Vqi Vq2 Vc
VgS(0FF)2

VQ=
R2

R1 + R2

R2

Vdd-IqRs

Vdd-
R1 + R2

_ Vgs(off) (^ / Iq

Iq v > Ids:

1) Designing can be effected

freely, since a value of Rs
can be selected irrespec-

tive of I Q.

2) Input impedance can be
increased more than in

the self-bias item (2)

above.

R3 + R1//R2
3) The efficiency of power

utilization is decreased

because source voltage is

considerably high. It is

difficult to take a

dynamic range in a cir-

cuit with low voltage.

5

+ Vdd Iqi = Idssi — I YfsSi Vq

Iq 2= Idss2
—

I Yfsb Vq

Iq =(Idssi + Idss2)

-VQ (|Yf.|i + |Yf,b)

Iqi — Iq2 = (Ids si
—

Idss2)

-VQdYf.K-lYf.l2)

1) Most suitable for the first

stage of a DC amplifier.

2) The FETs, Qi, Q2 used in

this circuit must have
good pair characteristics.

(Idss, Vgs pair)

Designing bias circuits by considering the variation of FETs

Supposing the upper and lower limits of Idss
and Vgs (off), as well as the allowable range of
operating current, are determined:

VcS(OFF)MAX VgS(OFF)MIN Vc
Vgs

V (i I lQm"
^ v I* I lQmi"

"i
r Vgs(off>max. 1 1 — / -=

I
— Vgs(off)Min- U —

/
1

J l
V V iDSSm.x ' V V iDSSmin '

IQlnax - IQmin

VG =
VcS(OFF)MIN. IQmin I 1 ~ /-= ^~

)
~ Vbs<OFF)MAX. " Igmin [1— / ~j

!!!-^—

)

V V iDSSmin ' \ V iDSSmax '

lQ-„ - IQmin

Fig. 15 Types and characteristics

of bias circuits
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Voltage range applicable between drain and

source

For transistor amplifying circuits, the range

of voltage applied between the collector and

the emitter Vce is designed based on the

minimum = Vce(sat) and the maximum =
Vceo x 0.8. For FETs, Table 1 is used as the

standard, as mentioned in the section on

High-frequency Circuits.

Table 1 Reference values of voltage applicable between drain and source of FETs
(Junction FET)

VDSmin V DSmax COMMENT

FET
VDS > VGS(OFF)

(Note 1)

V ds < V ds when I gsx = 1 n

A

(Note 2)

See Note 1

See Note 2

Bipolar Transistor

(comparison purpose only)
Vce > VcE(sat) Vce < Vceo x 0.8

Note 1: The voltage at the point of the knee

of the saturation characteristics cor-

responds to the gate-source cut-off

voltage Vgs(off).

VgS(OFF)
1

1
Iuss Vgs = /

/T i

h /

ft /

V
Vds

Static characteristics of FET

Note 2: When using FETs for a first-stage

amlifying circuit, the value of

Vds(max) may be based on gate-drain

breakdown voltage Vgdo(s) x 0.8, in

the case of MOS FETs. However,

this is not applicable to junction

FETs, especially the N-channel type.

It is necessary to consider gate excess

current.

Gate excess current ks

Fig. 16 Igsx measuring circuit

When increasing voltage applied between

drain and source in Fig. 16 , the gate excess

current Igsx starts increasing at a certain

voltage, as shown in Fig. 17.

As the higher electric field near the drain is

applied electron-hole pairs appear (or minority

carriers are increased in this case) at the near-

pinchoff region in the channel; thus, a current

corresponding to the sum of Igsx and the gate

cut-off current (Igss) flows into the gate. This

increase of Igsx causes such phenomena as

reduced input impedance, increased noise cur-
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Fig. 17 Igsx-Vds Junction FET

rent, and deepened gate potential. Thus,
Vds(max) should be determined according to

the Igsx — Vds dependency ofan FET.
Vds(max) should be determined in accor-

dance with the Vds dependency; for example,
that 5 nA or less is required as the value of
Igsx not affecting tape heads and cartridges.

This value is determined according to the chip

design of an FET, and therefore, there are

almost no variations among the same types.

Figs. 18 (a), (b), and (c) show data on the
Igsx — Vds dependency of low-frequency,
low-noise FETs; Table 2 shows the reference
values of voltage applicable between drain

and source.

Table 2 Reference values of voltage applicable between drain and source of FETs
(according to Igsx—Vds dependency)

Vds 2SK30ATM 2SK112 2SK117 2SK147 2SK170 2SK246 COMMENT
Minimum

value (V)
1.0 0.4 0.4 0.3 0.4 1.0 lD=lmA

Maximum
value (V)

25 20 20 20 15 25
Id^ 1mA
Icsx^5nA

Maximum
value (V)

20 17 17 17 13 17
Id= 1mA
iGsx^InA

2SK30A Igsx - V„ 2SK147 Igsx - Vds
lOOn

lOn

In

5 lOOp

O
lOp

lp

£ lOOn -

-

lOn

- k=
s

^Cy
- -

* '/
i
-

vv // \, 1

=d=

<
x In

current

I(,

oo

Gate

excess

t—

o

1

4 8 12 16 20 24 28 32 36 40 44

Vds (V)

4 8 12 16 20 24 28 32 36 40 44

V„s (V)

Fig. 18 (a) 2SK30A Igsx-Vds Fig. 18 (b) 2SK147 Igsx-Vds

- 120 -



o

lOOn
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— V„ s

: Ta = 25°C
=dV3i
—<&£pf^ JTc^

lOn m ==

In

—
lOOp E3

lOp == ^^j;

lp
5 10 15 20 25 30

Drain-to-source voltage Vds (V) (IG )

Drain-to-gate voltage Vdg (V) (loss)

Fig. 18 (c) 2SK112, 2SK117 Igsx-Vds

Ideal FET

Fig. 19 Noise Source of FETs

(b) Principal parameters and their charac-

teristics for low-frequenc circuits

Since no current flows through a gate, FETs
can be freely used for designing ICL (Input

Condenser-Less) circuits. Concerning for-

ward transfer admittance |Yfs| and noises in

low signal source impedance which were con-

ventionally inferior to bipolar transistors, low-

frequency, lowvnoise FETs such as 2SK117,
2SK147, and 2SK170 have been developed to

reach the level of transistors, thereby replac-

ing such transistors in the application of first-

stages in amplifying circuits.

Characteristics of FETs

Similarly to ordinary transistors, the noise

of FETs — the result of thermal noise, shot

noise, and flicker noise — is represented by a

noise figure.

The noise of FETs can be expressed by

using the two independent factors of voltage

noise source eN and current noise source iN , in

the same manner as that of bipolar transistors.

Both^N and iN are represented by the equa-

tions —

Rn =

/ 4kTRN B

0.67

|Yfs|

= J 2qIcB
4kTB

Rp

where, k = Boltzmann's constant

4kT = 1.63 x 10~ 20
J

T = absolute temperature (°K)

B = bandwidth (Hz)

Rn = equivalent noise resistance

q = 1.602 x 10
19
(coulomb)

Rp = gate-to-source input impedance
(real)

|
Yfsj = forward transfer admittance

When using the foregoing equation to

express the noise figure (NF):

F = 1
ex 2 + In 2 R 2

G

4kTRGB

NF = 10/ogio ( 1 +
ew ,

2 R 2

4kTRGB
(dB)
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It may be deduced the foregoing equation

that noise voltage of FETs (cn) is determined
by forward transfer admittance, and that an
FET with a higher forward transfer admittance

I
YfS

|
has a lower noise. Concerning noise cur-

rent of FETs. in, the gate current is 1 nA or

less because input impedance of FETs is very

high; noise caused by current InRg as small as

1.8 nv/ v^Hz at Rg = 100 kft, so that it can

be neglected. Fig. 20 offers a comparison bet-

ween noise characteristics of FETs and those

of bipolar transistors.

i

n

io-

io-

Z 10"

3a
c

3
io-

r — =|;e

Vds=6V [T

FET Id= 1mA
T

# T

- Vce=6V -=#5

"It": SiT, Ic — 1mA
- f-lkHz

-mm&V 1,

.^jvaa^ji.

j*rf

: 2 SK30; L fH

^— -I--HF-

_2SK117_^
vThermai noise

,

1 . - _ V 4K 1 K«
1 VC ltage oi Kg n

^V*2SK14
^2SC2240

J . 1

100 Ik 10k 100k 1000k

Signal source resistance Rg

Fig. 20 Equivalent input noise voltage

It is evident from observing Fig. 20 that

low-noise FETs such as 2SK117 and 2SK147
are superior to low-noise bipolar transistors

2SC1815 (E) and 2SC2240 in the high signal

source resistance region (Rg > 10 k ft), and
that 2SK117 is comparable to 2SC1815

(J)
-

and 2SK147 to 2SC2240 - in the low signal

source resistance region (Rg > 100 ft).

When considering the impedance of tape

heads and MM cartridges, FETs are superior

for first-stages of amplifiers.

ON resistance Rds(on> and OFF resistance

Rds(off)

FETs have higherOFF resistance than bipo-

lar transistors due to lower cut-off current;

they require no drive current such as base

current for bipolar transistors because the

gate control ofFET is the voltage drive type.

Thanks to these advantages, FETs are used
for switching, chopper, and sample-hold cir-

cuits.

In this respect, problems exist in Rds(on)

and Rds(off). Fig. 21 shows the static charac-

teristics of2SK1 13 in the low voltage region.

ON resistance Rds(on), the gradient in the Id

— Vds curve when gate-to-source voltage

Vgs is constant, is defined as —
Rdscon) = AVds/AId

I

Vgs = constant

The smaller this value, the nearer to the

actual value of transfer is attained. On the

other hand, OFF resistance Rds(off) is shown
as value at pinch-off, although it is set as

follows if under normal switch-off condition:

Vgs(off) = Vgs(off) + a
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In this case, lower cut-off current is preferable.

The values ofVgs(off) normally described in

manufacturers' catalogs denote values
measured under the condition of Id = 50 nA
— 1 (jlA. Thus, it is necessary to select a value
1 — 2V lower than the Vgs(off) values shown
in catalogs for switching applications.

Technical data for switching FETs usually

denotes the optimal voltage of Vgs(off) and
Id(off) similarly to those for 2SK1 13.

For detailed designing methods of digital

and analog switches, refer to the application

circuits included at the end of this manual.

Id - Vds (LOW VOLTAGE REGION)

COMMON SOURCE
Ta=25"C

1 V AV]

<5l
^xp*

?/n

- >A_.

4

A

*S^ - J.8—
^0

—i.
^0F

1L

0.1 0.2 0.3 0.4 0.5

Drafn-to-source voltage Vds (V)

Fig. 21 Static characteristics of 2SK113

(c) Thermal characteristics of FETs
Similarly to bipolar transistors, since FETs

are sensitive to temperature, fluctuation in

parameters in accordance with changes in

environmental conditions must be duly con-
sidered when designing and operating them.
Thorough consideration is required, especially

as to FETs for industrial use.

This section describes the thermal charac-

teristics of FET principal parameters.

Those parameters which are affected by
temperature are as follows:

Cut-off current

Drain current

Gate-to-source

cut-off voltage

Forward transfer

admittance

ON resistance

Igss>Igsx>Id(off)

1 dss, 1 d

VGS(OFF)

|Yfs |

RDS(ON)

Gate cut-off current, Igss

Temperature dependency of loss ofjunction
FETs shows changes similar to Ico of transis-

tors. When obtaining loss at room tem-
perature under the same voltage conditions,

Igss at a certain temperature is expressed as —
Igss(Tx) = Igss(To) exp K(Tx — To) (1)

where, Igss(tx): Igss at temperature Tx°C
Igss(to): Igss at reference temperature

To°C
k: temperature coefficient (function of

energy gap of semiconductor)
Fig. 22 shows the temperature dependency

of cut-off current of 2SK113. Those values
which are normally described in technical data

indicate reference values which differ among
devices.

p ^

to H

10=

102

10 1

o o
Z X 10"

Igss Id<off> -Ta

f Igss :VG s = -20V
" VDS =0

Idcoff) : Vds =20V

: Vcs = (NOTE2)

5|

25 50 75 100

Ambient temperature Ta (°c

)

125

Fig. 22 Temperature dependency of

cut-off current of 2SK113
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The temperature coefficient K mentioned
above is generally determined as —
Silicon K = 0.07

Germanium K = 0.10

Similarly to equation (1) above, the tem-
perature coefficient is based on stable opera-
tion of a device. However, silicon — for

example — includes variations such as K =
0.05 0.08 due to measuring voltage condi-
tions; thus, K is substantially affected by the
value of initial leakage, as shwon in Fig. 23.

In other words, even if the ratio between
room temperature leakages of any two stable

devices of the same process in 2:1, the ratios

of respective leakage are not always 2:1 at a

temperature change of ATa.

Fig. 23

Drain current: Id

The changes of drain current Id with tem-
perature are caused by two types of tem-
perature dependency —
1) Carrier mobility in channel: ^
and

2) Contact potential in PN junction: 0.
Since these temperature change factors are

contrary to each other, there is the point

where drain current Id is freed from the inf-

luence of temperature, as shown in Figs. 24
and 25. Now, let us discuss how the operating
points should be established.

As previously mentioned, since the tem-
perature dependency of Id is derived from two
parameters, fx and 0, it is possible to assume
that -

Id = Id(joi, 0)
differentiating this by temperature T, the

equation obtained is —

3Id _ 3Id 3// 3Id d<f>

3T ~ ~dV ' 3T
+

"3^ '

~3T
(2

Because 9Id/80 = -|Yfs|,

the temperature coefficient a of Id is shown as

1 3Id

Id dT M 3T
I

Yfsj _3_£
Id 3T

When substituting the following equation

into the equation (3) —

Id

lYfsl =

Idss ( 1

3Id

3Vgs

1 dfx

Vgs

+

VGS(OFF)

2Idss

VgS(OFF)

'2

Vgs

d<f>

VgS(OFF)

.... (4)
M 3T Vgs(off) — Vgs dj

Temperature dependency of mobility fx is

generally expressed as —

/•to

T
To

where, /xo = mobility at T = To

f1.5 (electron Nchannel)
\2.3(hole P channel)

Therefore,

M dT ~ ~ T

1.5

300

2.3

300

0.5(%/°K) -N
channel

0.77(%/°K)--P
channel

On the other hand, the temperature,
dependency of contact potential

<f> is shown
in the same manner as the temperature
coefficient ofVbe normally being — 2mV/°K,

3ji

3T
2 (mV/TC) (6)

By substituting equations (5) and (6) into

equation (4),
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-0.5 -

-0.77-

U.4

Vgs(off)—Vgs

0.4

Vgs(off)—Vgs

(%/°K)-N channel

(%/°K)-P channel

Therefore,

Vgs(off) — Vgs = —0.8V N channel

Vgsi OFF) Vgs = -0.52V P channel

It is possible to reduce the temperature
coefficient a to zero by setting the operating
points of those values as shown in equation
(8), above.

Fig. 26 shows the measured values of
2SK30A; it indicates that they agee well with
equation (3).

However, the foregoing explanation does
not consider fluctuations in the temperature
coefficients of ^ and

<f>. Table 3 lists the
reference values of bias voltages at which the
temperature coefficients of principal FETs are
reduced to zero.

Table 3

Type name Vp-VGS

2SK15
2SK30A
2SK112
2SK113
2SK117

-Q.68V
-0.80V
-0.75V
-0.60V
-0.75V

Take account
of ±10% as

design margin

2SK117 In - Ta

0.3

0.1

VI)S = 10V

V( ;>

1 1

=ov
1

-0.1
-0.2

-0.3

-0.4

f*_— 18
~

-25 25 50 75

Ambient temperature Ta (°o

100 125

Fig. 24 Id-Ta Characteristic

2SK117 I,, - V.-

1.2 -1.0 -0.8 -0.6 - 0.4 -0.2

Gate-to-source voltage v,;s (V)

Fig. 25 Id—Vgs characteristic

0.8

0.6

0.4

0.2

0.2

IVfiS(OKK) — V(;<

«is.jua

. , -_

j

"H

0.2 0.4 0.6 0.8 1.0 1.2 1.4

!Vc-.s«)F--k. - V(;s! (V)

Fig. 26 a —
|
Vgs(off)—Vgs I characteristic

Others

The following is a brief description on tem-
perature dependency of the gate-to-source

cut-off voltage Vgs(off), forward transfer
admittance

I YfS |, and drain-to-source ON
resistance Rds(on).

Vgs (off), related to the contact potentials of
PN junction (0), is generally expressed as —

VGSl(OFF) Vpi

where, V P i = gate-to-channel potential

Since VP i is not temperature-dependent,

Vest

dT
d$*

dT
= 2 (mV/°K)
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Therefore, it constitutes an adverse sign when
compared with the temperature dependency
of

<f> as mentioned above.

The temperature dependency of forward

transfer admittance lYfsl is expressed by the

following equation, when the temperature

coefficient of |Y&| = ft similarly to that of Id:

1 lYi. 1 9|Yfs
|

dft

Yfcj dT |Yfs
|

d/x 9T

1 a|Yfs
|

d<f>

dT

|Yfs
|

3j& ax

a|Yf.| 3j6

|Yfs| 3<f> 3T

Thus, it is determined by (1/lYfsl) (8lYfsl/9<^).

Similarly to a, /8 also takes a negative coeffi-

cient in the region of a large Id. However,
when Id becomes smaller, it turns to a positive

coefficient. Fig. 27 shows the temperature

dependency of I Ya I of 2SK30A.
Finally, Fig. 28 shows the temperature

dependency of Rds(on) [G"ds(on))] of2SK113.

"U 1.8

1.6

•a 1.4

1.2

Y 1.0

0.8

Rds(on) — Ta

Vcs =0

Ii)= lmA

0.6

20 40 60 80 100

Ambient temperature Ta (°C)

Fig. 28 RDs(ON)*-Taof2SK113

Note: However this value of Rds(on)* is standardized

concerning the value at Ta = 25°C.

Z o.

o.i

lYt.l - Ta

2SK30A IDss=2.85mA

Vds = 10V, f=lkHz

Vc 1

t°-c

'-(

.2

.4

.6

).8

L.0-

»-1.2

--1.4

o
-25 25 50 75 100

Ambient temperature Ta (°c

)

125

Fig. 27 lYfsl -Taof2SK30A
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Hall Sensor

1. General

The Hall sensor (element) is a magneto-

electric transducer which has attracted popular

attention in recent years as a position sensor or

a electronic switch in application ranges such

as small DC (brushless) motors, automotive

use, and instrumentation equipment.

And it enables conversion from mechanical

to electronic switching and from brushed to

brushless motor, and the production of noise-

less high-performance units, so it is expected

to be applied over a very wide application

range in both consumer and industrial fields in

near future.

The materials and features of commer-

ciailized Hall Sensor at present are shown as

follows.

And the material of Toshiba Hall Sensor is

GaAs.

Table 1

Type of Hall Sensors Characteristics of elements

GaAs Nail sensor

(1) Temperature coefficient ofVh is very small with constant

current operation (wide bandgap; 1.43 eV).

(2) Temperature coefficient ofVhq is small with constant voltage operation.

(3) Linearity ofVh to magnetic flux is excellent.

(4) Input resistance is not changed by current or magnetic flux.

InAs Hall sensor (1) Temperature coefficient of Vh is small with constant current operation. Other
characteristics are situated between those of GaAs and InSb sensors.

InSb Hall sensor

(0
(2)

(3)

(4)

(5)

High output is possible (electron mobility ^n is very high: 75,OOOcm 2
/sec)

,

Vh varies less against temperature changes with constant voltage operation
(however, inferior to GaAs sensors).

Vh varies greatly against tetnperture changes with constant current operation.

Vh (T = 5Q
b
C) _

Vn(T = 25°C) " I/J U1

Vh shows lapsed changes due to self-heating,

Vh becomes saturated near B = lkG.

Input resistance varies depending on current and is internally modulated by a

magnetic field.
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As may be observed from the above
remarks, it may be stated that InSb Hall sen-

sors are suitable for digital application and
GaAs Hall sensors for analog use.

As a matter of reference, Toshiba Hall sen-

sors — high output voltage — are applicable

for both digital and analog fields.

2 . Hall effect

When applying a current Ic to a thin semi-
conductor element and applying a magnetic
flux B in the vertical direction to it, voltage Vh
is generated in a direction vertical to both the

current and the magnetic flux. This
phenomenon is the so-called Hall effect dis-

covered by E. H. Hall in 1879.

The voltage Vh thus occuring, termed "Hall

output voltage," is defined as —

VH = (i:
d

Ic B fH \~W

'

fH in this equation is a design factor, subs-

tantially dependent upon the element design

( VW) and the magnetic field. The larger both
fW and B become, the nearer fH is unity.

Assuming that

KH
Rh

fH w

Vh — Kh ' Ic * B

Therefore, Vh is represented by the product

of control current Ic and magnetic flux B.

Kh is termed product sensitivity, a constant

to be determined according to the charac-

teristics of the semi-conductor elements to be
used.

Kh
Assuming that K* =—^ir equation (2)

changed as follows:
Rd is

VH = K?Rd-Ic -B •

(3)

where, Rd is internal resistance of the element
and K* is specific sensitivity. The larger this

value, the more excellent the output charac-

teristics of the element.

Hall coefficient

element thickness
Hall angle
control current
magnetic flux density
design factor

3 . Hall sensor driving methods

Hall sensor driving methods are constant-

current and constant-voltage driving.

(1) Constant-current driving

In the case of constant-current driving, it is

possible to get the Hall output voltage in pro-

portion to the internal resistance of the ele-

ment from equation (3). The temperature

characteristics of the Hall output voltage are

quite excellent for GaAs Hall sensors. (Vht =
-0.06%/°C, maximum). This is because the

band gap of the actual GaAs is so large (Eg =
1.43 eV) that the GaAs Hall sensors are highly

stable thermally.

(2) Constant-voltage driving

In the case of constant-voltage driving of a

Hall sensor, Vh is shown as follows from equa-

tion (3):

VH = K* • Vc • B
|

(Rd • Ic= Vc [constant])

The Hall output voltage is not related to

internal resistance Rd of an element; thus,

obtained is almost constant Hall output
voltage. The deviation of specific sensitivity

K* is nearly ±10%. When setting Vc it is

necessary to set the control current Ic (= Vc/
Rd) against the minimum Rd, so that must
not exceed over the maximum rating of Ic.

The temperature characteristics of Hall out-

put voltage are one digit larger than those of
the constant-current driving method because
Vht(constant-voltage drive) is approximately

-0.3%/°C. This is because the temperature
characteristics of Hall output voltage depend
on those of electron mobility in the case of

constant-voltage driving, while they depend
on those of carrier concentration n (= noexp
(Eg/2KT)) in the case of constant current

driving.

4. Positioning
sors

accuracy of Hall sen-

CD THS102A (H-Type)

The positioning accuracy of this Hall sen-

sors is ±0.15mm in both the X and the Y
axes, assuming that the center of the Hall sen-

sor is represented by the intersection point of
the two diagonal lines A and B shown in Fig. 2.
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(2) THS103A (SIP-Type)

The positioning accuracy of this type is

shown in Fig. 3.

(3) A Hall sensor is mounted on the fourth

terminal for the H-type or on the second ter-

minal for the SIP-type; the operating layer is

about 0.3mm above the terminal surface.

(See Fig. 4)

A\
>J ^I =

/B

\,- y/

/'
\i

/ \

Fig. 2

Hall sensor center

(H-Type)

®

Chip

jGS^t

(SIP-Type) 'Chip

M
Fig. 4

5 . Typical application examples

This section describes the use of a Hall sen-

sor when using it for position sensing of rotors

in a brushless motor.

-Csf
f-OVcc

Field coil

Fig. 5 Application circuit

Conditions:

1 The Hall sensor to be used in THS103A.
2 Flux linkage applied to the Hall sensor is

the sinusoidal wave type; its peak value

Bm is 0.8 KG.
3 Comparator offset voltage Vio = ±2 mV.
4 Comparator output is the open collector

type.

5 Vcc = 12.0 V.

Since the rated value of control current Ic of

THS103A is 10 mA maximum, the value of

series resistance R must be a value that

satisfies Ic max. ^Vcc/(R + Rdmin.).

The range of internal resistance Rd of

THS103A is 450 ~ 900ft; R ^ 750 ft.

Therefore, R = 910 ft is selected in this case.

Since the Hall output voltage Vh =
KH-Ic«B = K*'Rd-Ic'B,

Vh = K* 'Rd min. 'IcBm sin 9

for the minimum Rd, and
Vh = K* *Rd max. «Ic »Bm sin 9

for the maximum Rd.

However, actual voltage evidenced at the

output terminal of a Hall sensor is that to

which residual voltage Vho is added.

Vh = K* 'Rd 'Ic «Bm sin 9 ± Vho
This residual voltage Vho as well as the

offset voltage of comparator Vio are the major
factors affecting turnoff timing of the field coil

drive transistor — namely, the electric angle

allowance.
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Specific sensitivity K* takes the following

value in accordance with the relation between

Hall output voltage Vh and element resistance

Rd of THS103A. Since Rd and Vh have the

linear relation, Vh is minimum when Rd is

minimum (only under the constant-current

condition).

Therefore, from the specifications of

THS103A -
K*min. = 50(mV)/[5(mA) x 450(H)

x 1(KG)] = 22.2 x 10"3

(1/KG)
K*max. = 120(mV)/[5(mA) x 900(n)

x 1(KG)] = 26.7 x 10"3
(1/KG)

The Hall output voltage ofTHS103A is -
VHmin. = K*min. »Rd min. 'Ic'Em sin

± Vho
= 22.2 x 10"3 x 450 x 8.8 x 0.8 sin 0±Vho
= 70.3 sin ± VHo(mV)

VHmax. = K*max.*Rd max. #Ic*Bm sin

0±Vho
= 26.7 x 10'3 x 900 x 6.6 x 0.8 sin ±
Vho
= 126.9 sin 0±VHo(mV)

Figs. 6 and 7 below show the waveforms of

flux linkage, Hall output voltage, and com-

parator output voltage.

Bm sin 6

Flux linkage

Hall output voltage

K* • Rd • Ic • Bm sin 6

---12V

J L
Comparator output voltage

Fig. 6

Enlarged view of the encircled portion of Hall output

voltage in the figure on the left

+ Viomax.

__> -VioMAX.
NK* • Rd • Ic •

Bm sin 6+ Vho

Range of electric angle allowance** L ^K*Rd «Ic»
'

' ^ Bm sin 6

K* • Rd • Ic •

Bm sin 6 — Vho

(comparator turns reversely

within this range)

-Vh'

Fig. 7

The calculation of electric angle allowance is

When Rd is maximum:

Since residual voltage Vho is in linear pro-

portion to control current Ic, the maximum
value ofVho (namely, Vho max.) is —

VHomax. — VHmax. • (Vho/Vh)max.* [Ic

(actually supplied) /Ic (Vho/Vh measured)]
= 120(mV) x 10(%) x 6.6(mA)/5(mA) =
15.8(mV)
Assuming the comparator output is

reversed when the Hall output voltage Vh
exceeds the offset voltage of the comparator.

—Viomax. = K*max. »Rdmax. «Ic #Bm
sin (180° ± 0e)+ VHomax.

-2(mV) =126.9 sin (180°± 0e) + 15.8 (mV)

/. 0e = 8.06°

When Rd minimum:
In the same manner as above,

VHomax. = VHmin. • (Vho/Vh)max. »[Ic

(actually supplied) /Ic (Vho/Vh measured)] =
8.8 (mV)

—Viomax. = K*min. *Rd min. •Bm sin

(180° + 0e) + VHomax.
- 2 (mV) = 70.3 sin(180° + 0e) + 8.8

.'. 0e = 8.84°

Therefore, if it is necessary to reduce the

above-mentioned 0e due to performance
requirements of a motor, also it is necessary to

increase the peak vajue of flux linkage or to

suppress Vho of a Hall element and offset

voltage of the comparator.
Fig. 8 is a typical example of a Vho compen-

sating circuit for a Hall sensor.
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The portion surrounded by the hyphenated line denotes

the Vho compensating circuit

Fig. 8

It is possible to reduce 0e to zero by using

the Vho compensating circuit ofa Hall sensor.

With reference to the residual voltage ratio

ofa Hall sensor (Vho/Vh), it is possible to sup-

press 0e by selecting the optimum offset

voltage of a comparator.

In the actual design stage, consideration

must be taken to variations of source voltage,

variations of relevant constants to be caused

by changes in ambient temperature, and posi-

tioning accuracy.

6 . Precautions on handling

The enclosure of a Toshiba Hall sensor is

designed very compactly in size to facilitate

mounting onto small-scaled equipment. Pay

heed to the following points when actually

mounting these sensors.

Stress on electrode leads

Be careful not to supply 500g or more force

to the leads.

Bending electrode leads

1) Prior to bending electrode leads, secure the

lead side in position so that excessive force

is not applied between molded resin parts

and the lead wires.

2) Bend the leads at a point 1mm or more

apart from their roots (molded end)

.

3) Do not repeat bending and stretching the

leads.

4) Avoid bending the leads on their thicker

side.

Mounting on a circuit board

1) When using an adhesive agent to severe an

element, select an agent which will not

adversely affect the element.

2) When soldering a Hall sensor on a circuit

board, it is recommended using rosin flux

with low corrosiveness and high insulating

capability.

Due care must be exercised as to SIP-

package Hall sensors, since the distance

between leads is small.

3) Solder the lead wires at 260°C or less for 10

seconds or less.

I
O

500g or less

Fig. 9

500g or less

*

Molded resin

Fixing metal

.Lead
^

4 lmm or more

Ft
Lead

3^

Molded resin

Fig. 10

Not acceptable

Fig. 11

- 131 -



PCT (Perfect Crystal device Technology)

1 . Progress made in transistor technology up
to now is the result of transition from ger-

manium to silicon from the standpoint of

materials and to substantial improvement in

packaging thanks to surface stabilizing tech-

nology and the adoption of resins from the

standpoint of manufacturing.

Especially, advance in surface stabilizing

technology has substantially contributed to the

progress of transistor technology; resin seals

would not have been realized without this

advance. Surface stabilizing technology is

often referred to by the term
'

'passivation".

Research and development activities are still

being conducted on seeking a more complete
level of surface stabilization.

Toshiba has obtained a variety of patents

related to surface stabilizing technology. In

1969, we succeeded in completing PCT, the

acronym for Perfect Crystal (device) Tech-
nology. Since then, this technology has been
applied to semiconductors and has been
commercialized.

PCT denotes technology employed to

manufacture semiconductor products (a) by

using perfeet-crystal wafers without defects

such as dislocation, (b) by not allowing the

occurrence of defects in the manufacturing

processes such as epitaxial growth, diffusion,

and oxidization, and (c) by maintaining the

original perfect-crystal condition.

2 . Transistors in which PCT is applied offer

the following merits:

1 Low-frequency noises are minimized

because there are no distortions in crystal.

2 In conventional diffusion technology, dis-

location or other defects will develop at

base areas while conducting emitter diffu-

sion, and an emitter dip effect which

thrusts out the base area interferes with

high-frequency performance. However,

PCT has improved this point to enhance

high-frequency performance,

3 Thanks to freedom from crystal defects,

longer life time is ensured, while linearity

and saturation voltage are improved.

3. Transistors to which PCT is applied are

identified in the respective specifications by

the following indication;

Example: Silicon NPN epitaxial transistor

(PCT process)
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Precautions for Handling Hybrid Application

Devices

Hybrid application devices are small pack-

age and are assembled in a different method

as compared with conventional TO-92,

TO-92MOD, TO-126, and TG-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.

V

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. L

Marking (example)

(unit; mm)
Indication of

1h<e CIdss) rank

Indication of

Type Name

Electrode connection

Items 1 2 X

Transistor Emitter Base Collector

2SK2O8/209 Drain Source Gate

2SK210/211 Gate Drain Source

Fig. 1 Outline of supermini-transistor

(Unit: mm)

4.6MAX

UMAX
UMAX

-flTi _i_

j

4

0.4 ±0.05

Indication of Marking (example) Indication of

Type Name hpL Udss) rank

X
A

U—D

—

W

1.5 + 0.1 1.5 + 0.1 ^(M&tjft

u jp m.}

1: 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

SGT-89)

Fig. 2 is outline of the power mini-

transistor. The resin portion is small (2.5H X
4.5L.X1.5T, 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

6.5LX2.3T, 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

J

0.6+0.15

l^f:

2.3 2.3

0.6MAX

1F1

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-

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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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/u.m 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

often subjected to mislocation or package

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.

20 sec. or less

Fig. 4 Solder dip method

Gradual cooling

(in the atmosphere)

Fig. 5 Reflow soldering method (furnace

soldering 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.

Conditions

:

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

reflow
j

soldering
400

40 X 50 X 0.8mmt

1 1 1

20X30X0.8

20X15X0.8

300

200
Single unit

of tnins ist<)r

100

0L
i

-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

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

. 1 1

40 X 50 X 0.8mmt

.. —

,

Conditions:

' No. on a boara—

i

pes, reflow solde

"20X30X0

ring method

.8

1.0
15X15X0.8

Single unit

n
20 20 40 60 80 100 120

Ambient temperature

140 160

Fig. 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) (1000mm 2

)

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.

lMn , , 1

4 Ta=25°C Mounted on

ceramic substrate

c
o

5C X

I 3
50 X O.Bmmt

CO

-c

CD

§ 2
30X30X0.8

a

o
it

<i i

forL M

20 40 120.60 80 100

Abmient temperature

Fig. 8 Pc (max) -la characteristics of 2SC3074
and 2SA1244 mounted on an alumina

ceramic substrate

140 160

50

30

10

5

3

1

0.5

0.3

Single nonrepetitive pulse

^"^^^ Mounted on ceramic substrate 40 X 5( X 0.8 mm
\
\ 20X30X0.8

\ 15X15X0.8

Pc (max) is a value within the area with restricte d

^ Single urdt of transistor

thermal resistanc: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

x
a
p 100
G>

tu

a
o 30

-u
c«a
as 10

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

thermal resistance

10m 100m 1 10

Pulse width (SEC)

100

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

Unit: mm

9,
I

1

l 1 2

o

©

3

i

l_o. )5

1
—m 9

Fig. 11 Minimum size of mounting pad size for

supermini-trasistors

(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

area, it is advantageous to adopt a pad

with as wide an area as possible.

r+i
\

1.0 TO

1000
|

1.5
I

1

Unit', mm

45°

45°

1.0

Fig. 12 Minimum pad size for power
mini-transistors

(c) 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

Fig. 13 Minimum pad size for

Power-mold-transistor
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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
CO

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 BR 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 BF 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
Vbsx **

Vgdo
Vgds

*(V)

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

Similar Type
Name

Remarks

IclD
* (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) NFflbB) 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 OS 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 VcE(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)1

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

Type Name Application

Electrical characteristics (Ta =25°C )

Complementary
Pair

Similar Type
Name

(TO-126, 220)

RemarksVCEO

(V)

ic

(A)

PC

(W)

PC*

(W)

Tj

(°C)

2SA1226 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
2SG3076 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

141 -



Standard Taping and Various Packaging

Suitable for Automatization

Standard taping and various packaging
suitable for automatization

Procedures for mounting elements on cir-

cuit boards for electronic equipment are

becoming more and more automated and

laborsaving. Accordingly, packaging styles of

transistors suitable for automatic mounting

machines are required. To cope with such

trends, Toshiba has staqndardized a variety of

packages, thereby meeting user demands.

1. Standard taping for TO-92/
mini-transistor

(1) Identification method

Suffixes given to the model name of the

transistor indicate the packaging styles.

Example:

2SC1815 GR
t

TPE J_

t t

Type Name Classifica-

tion

Indication of taping

specifications

(2) List of standard taping styles

Taping styles of the TO-92/mini-transistor

are classified as shown in Table \ according to

the package and packaging methods:

Indication of taping

specifications
Package Outlined specifications

Quantity per

package
External view

TPE1 Reel

(emitter first)

TPER1
TO-92
(2-5 F)

Reel

(base first)

TPE 2
AMMO PACK
(FAN FOLD BOX)

2000 pes

TPE3 Reel

(emitter first)

TPER3
MINI
(2-4E)

Reel

(base first)

2500 pes ._hi...

TPE4
AMMO PACK
(FAN FOLD BOX)

Table 1 Taping specifications for TO-92/ mini transistor
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(3) Taping specifications

Fig. 1 shows taping dimensions of the TO-
92/mini transistor a,

p

Unit: mm

Symbol
Dimension

TO-92 MINI

Component Width Al 6.0MAX 4.5 MAX
Component Height A 9.0 MAX 3.5 MAX
Component Thickness T 6.0 MAX 2.6 MAX
Lead wire Diam. (square) d 0.45

n TYP 0.4° TYP

Lead Retention i\ 3.5 MIN 3.0 MIN

Component Center Pitch P 12.7 ± 1.0

Feed Hole Pitch Po 12.7 ±0.3 Accumullated pitch allowance is ±lmm for

every 20 pitches.

Feed Hole Dislocation P2 6.35 ±0.4

Center Lead Spacing Fl,2 9 s +0.45^ -0.15

Deflection (1) A h 0±2.0

Tape Width W .8.0 1J0

Retention Tape Width Wo 6.0 ± 0.3

Feed Hole Location Wl 9.0 ± 0.5

Adhesive Tape Border W2 0.5 MAX

Feed Hole to Bottom of
Component

H 20 MAX 20 t^
Height of Sealing Plane Ho 16.0 ±0.5

Feed Hole to Top of
Component

Hi 32.25 MAX

Feed Hole Diameter Do 4.0 ± 0.2

Tape Thickness (Total) t 0.6 ± 0.2

Lead Length after Com-
ponent Removal

Li 11.0 MAX

Deflection (2) AP 0± 1.0
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2 . Standard taping for microwave
transistors

(1) Identification method
Suffixes applied to the model indentification

of the transistors indicate the packaging styles.

Example:

2SC2805 TPG 1

±
Type Name

1 1
Indication of taping

specification

(2) List of standard taping styles

Taping styles of a microwave transistor are

calssified as listed in Table 2 according to the

external housings.

Table 2 List of microwave transistor standard taping styles

Indication of taping
specifications

Package
Outlined
specifications

Quantity per

package External view

TPG1

TPG 2

-f
3 leads

f
4 leads

Reel 3000pcs
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(3) Taping specifications

Fig. 2 shows the external dimensions and
taping dimensions for microwave transistors.

Unit: mm

Taping dimensions

05.0 + 0.1 01.2 + 0.1

Reel dimensions

10

-33.0 + 3.0

27.0

1 reel = 3000 pieces

Lead-forming dimensions (for 4 leads)

3.5 + 0.3 3.5 + 0.3

1

0-0.5
Lead-forming dimensions (for 3 leads)

3.5+0.3

Fig. 2 Taping/external dimensions of microwave transistors

- 145 -



3. Packaging styles of supermini-transis-

tors

The standard packaging styles of supermini-

transistors include (1) taping, (2) stick maga-
zine, and (3) horizontal magazine with respec-

tive features:

Taping:

• Stick magazine:

Transistors can be
continuously
mounted on boards by
using a one by one
automounting
machine.

Transistors can be
continuously
mounted on boards by

using a multi-shot
automounting
machine.

• Horzontal magazine:A variety of auto-

mounting machines
can be freely
designed. Mounting
efficiency is enhanced
because products are

kept in order even
during manual
mounting.

(1) List of packaging styles

Table 3 presents an outline of respective

packaging styles for supermini-transistors.

Table 3 List of packing styles for supermini-transistors
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4. Lead-forming specifications for
the TO-92/mini-transistor

Figs. 3 (a), (b), and (c) show lead-forming

specifications of TO-92/mini-transistors.

Package No. 2-5F106

5.1MAX

7

2.5±0.5

\ T<=>

2.5±0.5

Fig. 3 (a) Forming dimensions

of TO-92 package transistor

Package No. 2-5F108

5.1MAX.

1
0.45

\
I

I

<

(Unit: mm)

2.5

r^

2.5

H
in

in 7

0.65

Fig. 3 (b) Forming dimensions

of mini-transistor

Package No. 2-4F101

4.2MAX.

/
0.4

X

\I-

2.5 2.5

Q2

,-,

X
\ <

33

*

0.8

Snap forming: center load only

Fig. 3 (c) Forming demensions

of mini-transistor
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Letter Symbol and Graphical Symbol

1. Letter symbol

Table 1 General

Symbol Description

NF noise figure

P allowable power dissipation

Rtb thermal resistance

Ethj-c thermal resistance, (junction to ca.se)

Kthj-¥ thermal resistance, (junction to stud)

"in .-a thermal resist a net1
, (junction in ambient)

Rtb-tf-a) thermal resistance, (heal sink to ambient)

Rth-(s-rj thermal resistance, (stud to heal sink)

rth transient thermal resistance

TM ambient temperature

t, case temperature

Tj junction temperature

fstg storage temperature

td delay time

tf fall time

tr rise time

I IT reverse recovery time (diode)

tatg storage time

ton turn -on time

toff turn-off time

Table 2 Transistor

Symbol Description

V(ER)CBO col lee to r-ba.se breakdown voltage, emitter open

V(BR)CEO collector-emitter breakdown voltage, base open

^KRICER collector-emitter breakdown voltage, with specified
resistance between base and emitter

V(BRJCK3 collector-emitter breakdown voltage, with base
short-circuited to emitter

Vi.HliiCEX collector-emitter breakdown voltage, with specified
circuit between base and emitter

VfBJUEBO emitter-base breakdown voltage, collector open

bfb forward transfer susceptanee, common base

bfe forward transfer susceptanee, common emitter

bib input susceptanee, common base

Die input susceptanee, common emitter

bob output susceptanee, common base

O^t! output susceptance, common emitter

Cut, output capacitance, common base

(->oe output capacitance, common emitter

Cit input capacitance, common base

C[e injv.il capacitance, common emitter

Cc rt,b' Cc x rbfcr' (collector to -base time constant)

'Cre reverse transfer capacitance

fab small-signal, short-circuit forward current transfer
ratio cutoff frequency, common base

Pr translation frequency (common emitter gain
band-width product)

G, conversion power gain

G]i'j power gain, common emitter

"VC voltage gain, common emitter

Rfb forward transfer conductance, common base

gfc forward transfer conductance, common emitter

gib input conductance, common base

gie input conductance, common emitter

gob output conductance, common base

go* output conductance, common emitter

Krli reverse transfer conductance, common base

Krc: reverse transfer conductance, common emitter

hfb small-signal, short-circuit, forward current transfer
ratio, common base

Slfe
small -signal, eurrent gain,

common emitter

hPE DC current gain, common emitter

hit, small-signal, short-circuit input impedance, common
base

'lie small-signal, short-circuit input impedance, common
emitter

Re (hje) real part of small -signaS. short-circuit input
impedance, common emitter

1m (hi^ > imaginary part of small -signal, short -circuit input
impedance, common emitter

noe small-signal, open-circuit output admittance,
common emitter

hob small -signal, open-circuit output admittance,
common base

h,.., small-signai, 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

IE emitter current

Iceo collector cutoff current, emitter open

ICBV collector cutoff current, with specified reverse
voltage between base and emitter

ICEO collector cutoff current, base open

ICEX collector cutoff current, with specified circuit

between base and emitter

lEBO emitter cutoff current, collector open

KF overall harmonic distortion

I'o output power

Pi input power

PC collector power dissipation

Q* stored charge

rhb' base spreading resistance

Re external emitter resistance

Rg signal source resistance

Ri input resistance

Ri, load resistance
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Ro output resistance

UMAPG maximum available power gain

Vbe 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

»bsc 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

Gfe 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

Cis 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

Tch 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

Vdsx 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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Y(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

lYfsl 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)

Graphical symbol

^r
^
^r

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

©=:

g.-C§NI

®=sD

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

B: base 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)

Graphical symbol

®=:

G,

N-channel MOS
depletion type field effect

transistor

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)

G,-

Twin transistor

High-speed switching

N-type base uni-junction

transistor

m
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
2SA499

2SA500

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

HIGH SPEED SWITCHING APPLICATIONS.

FEATURES:

• High Breakdown Voltage : VcBO=-50V (Min.) (2SA499)

: VCBO=-30V (Min.) (2SA500)

• High Transition Frequency : fT=250MHz (Typ.)

• Fast Switching Speed : ton=25ns (Typ.)

• Complementary to 2SC400 and 2SC979.

MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

2SA499

2SA500
2SA499

2SA500

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

l stg

RATING

-50

-30
-40

-20

-5

-100

-20

250

175

-65^175

UNIT

mA

mA

mW

INDUSTRIAL APPLICATIONS
Unit in mm

MZf4.95MAX

00.45

02.54

L EMITTER
2. BASE

3. COLLECTOR(CASE)

JEDEC TO - 18

EIAJ TC - 7 , TB

TOSHIBA 5A IB

Weight : 0.31g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cuf-off Current ICB0 VCB=-15V, IE=0 - - -0.5 VA
Emitter Cut-off Current IEB0 VEB=-5V, IC=0

- - -1.0 VA
DC Current Gain (Me) VCE=-1V, Ic=-10mA 60 - 200

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-10mA, Ig=-lmA - -0.1 -0.4 V

Base-Emitter
Saturation Voltage vBE(sat) IC=-10mA, lB=-lmA - -0.8 -1.0 V

Transition Frequency fT VCE=-10V, Ic=-10mA 100 250 - MHz

Collector Output Capacitance coh VCB=-10V ,

I

E=0 , f=lMHz - 5 7 pF
Base Intrinsic Resistance rbb' VCB=-6V,

I

E=lmA, f=30MHz - 30 70 a

Switching

Time

Turn-on Time ton
INPUT

n r ivp -, output - 25 -

ns

%B~ 3V vcc =-l0V

DUTY CYCLE^2#

Storage Time tstg - 400 -

Fall Time tf - 40 -

Note : hEE Classification : 6 0^120, 100^200
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2SA499

2SA500

SWITCHING CHARACTERISTICS

500

CO
a 300

I c -—10mA

IB2 = 1.5mA

Ta = 25°C
5 100
E-i

O

s
50 x

f

o
a so

CO

10

: t r

- 1 td
5 1 l

—2 -4 -6 -8 -10 -12

BASE CURRENT I B1 (mA

)

as -40

OOMMOh EMITTER

Ta--- 2 5'C

-2.5
-l.£

/
' — —

—

• 1.4

JYs
- " _

-

.-OS)

1V-

I
*

I B
-- —0.3mA

t
-1 -2 -3 -4

COLLECTOR EMITTER VOLTAGE VGE (V)

-160
I C VCE

COMMON EMITTER

Ta ^ 100 °C

-120
i

-2.2 1.6

-80 ^
«"

- 1. 1.

1^
/

-0.7

-— 40-i^ .

3.4 _

#
^-^

lB == — 0.2mA

ar
-i —K 3 —4

"ifin

T r-i — V C E
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Ta --55C

i

-3.8
. -3.C

_^^ --

_. -2 3 .

-bu

2
— — -

-1.6

-40i .-J

Y2 h3"=- 0.5mA

r

COLLECTOR-EMITTER VOLTAGE VCE (V)

-1 -2 -3 -4 -

COLLECTOR- EMITTER VOLTAGE VCE (V
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2SA499

2SA500

hPE ~ *( 'CE(sat) - T C

1000

* 500

300

COMMON
EMITTE

VCE ^-2V
R

Ta = 1 00 t
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-
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,: =^: >^-
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\
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2SA562TM SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY LOW POWER AMPLIFIER
APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

SWITCHING APPLICATIONS.

FEATURES

:

. Excellent hEE Linearity.

hFE(2)=25(Min.) at VcE=-6V, Ic=-400mA

. 1 Watt Amplifier Application.

. Complementary to 2SC1959.

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

IB

PC

T-i

Tstg

RATING

-35

-30

-5

-500

-100

500

150

-55-150

UNIT

V

mA

mA

m¥

0.4 5

5.1MAX.

to '—F S
s

IX 7 1.8 7

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO—92
EIAJ SC—4 3

TOSHIBA 8-5P1B

Weight :0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-35V, IE=o - - -0.1 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -0.1 M

DC Current Gain

hFE(D
(Note)

VCE=-1V, Ic=-100mA 70 - 240

hpE(2)
(Note)

V
:
,-=-6V, Ic=-400mA 25 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-100mA, IB=-10mA - -0.1 -0.25 V

Base-Emitter Voltage VBE Vce^-IV, Ic=-100mA - -0.8 -1.0 V

Transition Frequency fT VCE=-6V, Ic=-20mA - 200 _ MHz
Collector Output Capacitance Cob VCb=-6V, IE=0, f=lMHz - 13 - pF

Note : hPE (l) Classification 0:70-140, Y: 120-240

hFE(2) " 0:25Min., Y:40Min.
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2SA562TM

I C - V CE

H -500

-8 - 7 -
-5 EMITTER

Ta= 25°C

-4

-3

-2

Ijj = -1mA

-1 -2 -3 -4 -5

COLLECTOR -EMITTER VOLTAGE V^ ( V)

vGE(sat) - Ic

<
JJ CO

X, a
s*l n
R >
H

a 65

<
H

« h4O
o >

-ao5

-O03

1

ic /IB =10

--[

1

- " i '. m = i oo x:

^25

[

25

_J.J. I 11

-3 -10 -30 -100 -300 -1000

COLLECTOR CURRENT Ic (mA)

5
bi

K
W
rSo 25
P4 OM
K H
n <
H ^
r> M
W t/J

?C Ta

300

?nn

100

\̂
\

40 80 120 160 200 240 280 320

AMBIENT TEMPERATURE Ta (C)

hpE - I
(

500

300
III

Li J J III— ,= -6V««yci

-^LU
14{

-\
^ -25 t !

J
-

^

T T

1

•1 -3 -10 -30 -100 -300

COLLECTOR CURRENT Ic (mA)

TB - Vbe
-3000

-^500

-300

-100

-50
E-> -30

K
«
D
O -10

H
m -5
<

-3

COMMON

: EMITTER

: VCE= -6V

°° t~
J

2 f w/cv

"
J

/ I

«!
1

—Ih i

—

/
I

/

| /

/ 1-t

—

+-
i

i'

i ,

-0.2 -Q4 -0.6 -Q8 -1.0 -1.2

BASE-EMITTER VOLTAGE VBE (V)

-159



2SA817
SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES:

. Complementary to 2SC1627.

. Suitable for driver of 20-25 watts audio amplifier.

Unit in mm

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

'CBO

vCE0

vEB0

IC

IE

?C

RATING

-80

-5

-300

300

600

150

-55-150

UNIT

mA

mA

mW

1. EMIT'ER
2. COLLECTOR
3. BASE

Weight : 0.21|

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note: hFE(i) Classification, 0:70-140, Y: 120 240

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -100 nA

Emitter Cut-off Current !EB0 VEB=-5V, I C=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=-5mA, IB=0 -80 - - V

DC Current Gain

hFE ( 1

)

(Note)
VCE=-2V, I c=-50mA 70 - 240

"FE (2) VCE=-2V, I c=-200mA 40 - -

Collector-Emitter
Saturation Voltage VCE(sat) I c=-200mA, IB=-20mA - - -0.4 V

Base-Emitter Voltage VBE VCE=-2V, Ic=-5mA -0.55 - -0.8 V

Transition Frequency fT VCE=-10V, I c=-10mA 70 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 14 - PF
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2SA817
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2SA817A SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

> 35 Watt s

Unit in mm

5.1MAX

.

DRIVER STAGE AMPLIFIER APPLICATIONS

0.75MAX. .

VOLTAGE AMPLIFIER APPLICATIONS.

FEATURES:

• Complementary to 2SC1627A.

• Driver Stage Application of 30 t( -Jr-

1

CO

1.0MAX.
"

\}\

•z.

Amplifiers. 0.80MAX.
\

o
r-!0.60MAX.

1.27

II

1
1.27

MAXIMUM RATINGS (Ta=25°C) L
2.54

to

d

)CHARACTERISTIC SYMBOL RATING UNIT
<

X 1 2 2 i a

Collector-Base Voltage VcBO -80 V y *

Collector-Emitter Voltage vCEO -80 V
2. COLLECTOR

a BASEEmitter-Base Voltage vEBO -5 V
JEDEC TO — 92 M 0DCollector Current ic -400 mA
EIAJ —

Emitter Current IE 400 mA
TOSHIBA 2 - 5 J 1A

Collector Power Dissipation PC 800 mW
Weight : 0.36g

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=-50V, Ie=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-5mA, IB=0 -80 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-2V, Ic=-50mA 70 - 240

hFE(2) VCE=-2V, Ic=-200mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-200mA, IB=-20mA - - -0.4 V

Base-Emitter Voltage VBE VCE="2V, IC=-5mA -0.55 - -0.8 V

Transition Frequency fT VCE=-10V, Ic=-10mA - 100 - MHz

Collector Output Capacitance Cob VcB=-10V

,

Ie=0 ,
f=lMHz - 14 - pF

Note : hpg(i) Classification : 70^140, Y 120^240
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2SA817A
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2SA949 SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

Unit in mm

DRIVER STAGE AUDIO AMPLIFIER APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : Vcgo=-150V

• Low Output Capacitance : C b=5 . OpF (Max.)

• High Transition Frequency : fT=120MHz (Typ.)

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 -50 mA

Emitter Current IE 50 mA

Collector Power Dissipation PC 800 mW

Junction Temperature T
i

150 °C

Storage Temperature Range Tstg -55VL50 °C

0.75MAX

0.80MAX.*
It

2.54

am Dcr
3 3>

1. EMITTER
2. COLLECTOR
3. BASE

TO

2 — 5 J 1 A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current 1CBO VCB=-150V, IE=0 - - -0.1 yA

Emitter Cuf-off Current lEBO VEB=-5V, IC=0 - - -0.1 yA

DC Current Gain
hFE
(Note)

VCE=-5V, I c=-10mA 70 - 240

Collector-Emitter
Saturation Voltage

VCE(sat) Ic=-10mA, Ib=-1hiA - - -0.8 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-30mA - - -0.9 V

Transition Frequency fT VCE=-30V, Ic=-10mA - 120 - MHz

Collector Output Capacitance cob VCB=-10V ,

I

E=0 ,
f=lMHz - 4.0 5.0 pF

Note : hFE Classification : 70^140, Y 120^240
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2SA949

IC - VCE hFE — X C

COMMON
|

EMITTER

Ta = 25°C

—600

—500

-400

—300

—200

Ib=~ lOOAA

5' -4 6 8 —

]

LO — L2 -14

COLLECTOR-EMITTER VOLTAGE VCE (V)

g vCE(sat ) ~ ic

. COMMON EMITTER•p

>
l0/ J.B - -LU

H <U

n O —0.5

^ S -0-3

O H #^
^JtfH E-i

Sol
3 £-0.1

- :

Of,5

O <!

—0.05
-1 -3 -5 -10

COLLECTOR CURRENT

PC - Ta

-30 -50 —100

I C (mA)

1.0 -

0)
Q) tc — 'ra

INFINITE HEAT SINK

© NO HEAT SINK

©

.

1 J U

25

1 1

~ COMMON EMITTER

VCE"

1 1 i

=-5V

III - i I i

-0.3 —1 —3 —5 -10 —30—50 —100

COLLECTOR CURRENT I c (mA)

ic VBE
5U

-COMMON EMITTER

-VCE - 5V

/ 1

/
-4U

/ !S

?
-Tl

o
o

II

-<dU

-in /
/ / I

s
' / J

—0.2 -0.4 —0.6 —0.8 —1.0

BASE-EMITTER VOLTAGE VBE (V)

SAFE OPERATING AREA

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta (°C)

-5 —10 —30 —50 —100

COLLECTOR-EMITTER VOLTAGE

-165



2SA950 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO POWER AMPLIFIER APPLICATIONS,

FEATURES

:

• High hFE : hFE=10(K320

• 1W Output Applications.

• Complementary to 2SC2120.

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

Lstg

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

51MAX.

RATING

-35

-30

-5

-800

800

600

150

-55VL50

UNIT

mA

mA

mW

1. EMITTER

2. COLLECTOR

3. BASE

TO-92

Weight : 0.21g

Note : hpEQ) Classification : 100^200, Y : 160^320

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current zCB0 VCB=-35V, IE=0 - - -100 nA
Emitter Cut-off Current IEBO VEB=-5V, IC=0 - - -100 nA
Collector-Emitter

Breakdown Voltage V (BR)CE0 Ic=-10mA, IB=0 -30 - - V

DC Current Gain

hFE(l)

(Note)
VCE=-1V, Ic=-100mA 100 - 320

hFE(2) VCE=-1V, Ic=-700mA 35 - -

Collector-Emitter
Saturation Voltage VCE(sat) Ic=-500mA, IB=-20mA

- - -0.7 V

Base-Emitter Voltage VfiE VCE=-1V, Ic=-10mA -0.5 - -0.8 V
Transition Frequency fT VCE=-5V, Ic=-10mA - 120 - MHz

Collector Output Capacitance cob VCB=-10V, f=lMHz - 19 - pF
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2SA950
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2SA965
SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

• Complementary to 2SC2235.

MAXIMUM RATINGS (Ta=25°(^

Unit In mm

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

SYMBOL

vCBO

vCEO

-120

vEBO

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

IE

JPC_

-120

L stg

1 EMITTER
2. COLLECTOR
3. BASE

JEDEC

EIAJ

TOSHIBA

TO - 92M OD

2-5J1A
Weight : 0.36g

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

Note
: hFE Classification

: 80VL60, Y : 120^240
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2SA965
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2SA966 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Complementary to 2SC2236 and 3Watts Output

Applications.

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

cstg

RATING

-30

-30

-5

-1.5

1.5

900

150

-55VL50

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

mW

Unit in mm

5.1MAX

l emitter
2. collector
3. BASE

JEDEC TO — 92 MOD

EIAJ

TOSHIBA 2 — 5 J 1A

Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-30V, IE=0
— — -100 nA

Emitter Cut-off Current IEBO VEB
=-5V

.
IC-°

- - -100 nA

Collector-Emitter

Breakdown Voltage
V (BR) CEO Ic=-10mA, IB

=0 -30 - - V

Emitter-Base
Breakdown Voltage V (BR)EBO IE=-lmA, I

c
=0 -5 - - V

DC Current Gain hFE

(Note)
VCE=-2V, Ic=-500mA 100 - 320

Collector-Emitter

Saturation Voltage
vCE(sat) IC=-1.5A, IB=-0.03A

- - -2.0 V

Base-Emitter Voltage VBE VCE=-2V, Ic=-500mA
- - -1.0 V

Transition Frequency fT VCE=-2V, Ic=-500mA
— 120 MHz

Collector Output Capacitance Cob VCB=-10V,IE=0,f=lMHz
— — 30 PF

Note : hi™? Classification : 100^200, Y : 160^320
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2SA966
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2SA970 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

Unit in mm

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Noise

: NF=3dB(Typ.) Rg=100Q, VCE=-6V, IC=-100M, f=lkHz

: NF=0.5dB(Typ.) Rg=lkQ, VCE=-6V, Ic=-100M, f=lkHz

. High DC Current Gain : hpE=200~700

. High Breakdown Voltage : VcEO=-120V

. Low Pulse Noise. Low 1/f Noise

MAXIMUM RATINGS (Ta=25°C)

5.1MAX.

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

PC

Lstg_

RATING
-120

-120

-5

-100

~TU0~

300

T23~

-55^125

UNIT

mA
mA

mW

EMITTER
COLLECTOR
BASE

JEDEC TO-92

EIAJ SC-43

TOSHIBA 2-5P1B

Weight : 0.21g

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

Collector Output Capacitance

Noise Figure

SYMBOL

ICBO

lEBO

VCEO

hFE
(Note)

vCE(sat)

VBE
fT

Cob

NF

TEST CONDITION

VCB=-120V, IE=0

MIN,

VEB=-5V, IC=0

Ic=-lmA, Ib=0

VCE=-6V, Ic=-2mA

IC=-10mA, lB=-lmA

VCE=-t)V, Ic=-2mA

VcE=-6v > Ic^-1^
VCB=-1°V >

IE=0 ,
f=lMHz

VCE=-6V, Ic=-100yA
f=10Hz, Rg=10kfi

VCE=-6V, Ic=-100uA
f =lkHz, Rg=10k^

VCE=-6V, Ic=-100yA
f=lkHz, Rg=100ft

-120

200

TYP. MAX.

-0.65

T0TJ

4.0

-100

UNIT

"nA
-

nA

V

700

-0.3

MHz

pF

dB

Note : hFE Classification GR : 200^400, BL :
350^700
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2SA970
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2SA970
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1013

COLOR TV VERT. DEFLECTION OUTPUT APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCE0 = -160V

. Large Continuous Collector Current Capability.

. Recommended for Vert. Deflection Output & Sound

Output Applications for Line Operated TV.

. Complementary to 2SC2383.

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

vCB0

vCE0

VEBO

ic

IB

T-i

pstg

RATING

-160

-160

-6

-0.5

900

150

-55-150

UNIT

mW

°C

Unit in mm

1. EMITTER
2. COLLECTOR
a BASE

TO—92M0D

TOSHIBA 2-5J1A

Weight : o.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

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 M
Collector-Emitter
Breakdown Voltage V(BR)CE( IC=-10mA, IB=0 -160 - - V

DC Current Gain hpE (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 -0.45 - -0.75 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 Classification R:60~120 0:100-200 Y:160~320
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2SA1015 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER

APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES:

. High Voltage and High Current.
VCEO=-50V(Min.), Ic=-1 50mA (Max.

)

. Excellent hpE Linearity
: hFE (2)=80 (Typ.) at VCE=-6V, IC=-150mA

: hFE(lc=0-lmA )/hFE(lC=2mA )=°-95(Typ.)

. Low Noise : NF=ldB(Typ.) at f=lkHz

. Complementary to 2SC1815.

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

-50

-50

-5

-150

-50

400

125

-55-125

UNIT

mA

mA

mW

°C

ELECTRICAL CHARACTERISTICS (Ta=25°Q

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

Transition Frequency

Collector Output Capacitance

Base Intrinsic Resistance

Noise Figure

SYMBOL

ICBO

lEBO

hFE(l)
(Note)

hpE(2)

vCE(sat)

vBE(sat)

fT

Cob

rbb'

Unit in mm

1.27 1.27

1. EMITTER

2. COLLECTOR

3. BASE

JEDEC TO -9 2

EIAJ !C-4 3

TOSHIBA 2-5P1B

Weight :0.21g

TEST CONDITION

VCB=-50V, IE=0

VEB=-5V, Ic=0

VCE=-6V, Ic=-2mA

VCe=-6V, Ic=-150mA

IC=-100mA, IB=-10mA

Ic=-100mA, lB=-10mA

VCE=-10V, IE=lmA

Vcb=-10V, IE=0, f=lMHz

VCB=-10V, IE=lmA
f=30MHz

NF
VCE=-6V, Ic=-0.1mA
Rg=10kQ , f=lkHz

MIN.

70

25

80

TYP.

-0.1

30

1.0

MAX.

-0.1

UNIT

M
-0.1 MA

400

-0.3

-1.1

MHz

pF

Q

10 dB

Note : hFE (i) Classification : 70-140, Y : 120-240, GR : 200-400
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1015®

AUDIO FREQUENCY AMPLIFIER APPLICATIONS

LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

• High Voltage and High Current.
: VCEO=-50V (Min.), Ic=-150mA (Max.)

• Excellent hEE Linearity

• hFE(2)=80 (Typ.) at VCE=-6V, Ic=-150mA

: hFE (Ic=0. 1mA) /hFE (Ic=2mA) =0.95 (Typ.)
• Low Noise : NF=0.2dB (Typ.) (f=lkHz)

• Complementary to 2SC1815 (E)

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

Tstg

RATING

-50

-50

-5

-150

150

400

125

-55VL25

UNIT

mA
mA

mW

Unit in mm

1. EMITTER

2. COLLECTOR

3. BASE

ELECTRICAL CHARACTERISTICS (Tal=25°C)
Weight : 3.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=-50V, IE=0 - - -0.1 yA
Emitter Cut-off Current Tebo VEB=-5V, IC=0 - _ -0.1 yA

DC Current Gain
hFE(l)
(Note)

VCE=-6V, IC=-2mA 70 - 400

hFE(2) VCE=-6V, IC=-150mA 25 - -
Collector-Emitter Saturation vCE(sat) IC=-100mA, lB=-10mA - -0.1 -0.3 V
Base-Emitter Saturation Voltage vBE(sat) IC=-100mA, lB=-10mA - - -1.1 V
Transition Frequency fT VcE=-10V, IE=lmA 80 - - MHz

Collector Output
Capacitance cob VCB=-10V,

I

E=0 ,
f=lMHz 4 7 PF

Base Intrinsic
Resistance rbb'

VCB=-10V, IE=lniA

f=30MHz
- 30 - ft

Noise Figure

NF(1) VCE=-6V, Ic=-0.1mA,

f=100Hz, Rg=10kfi
- 0.5 6

dB

NF(2)
VCE=-6V, Ic=-0.1mA,

f=lKEz Rg=10kfi
- 0.2 3

Note : hFE (i) Classification : 70M.40, Y : 120^240, GR : 200^400
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS) 2SA1020

age

(IC=-1A)

stg=1.0ys (Typ.)

Unit in mm

5.1MAX.

0.75MAX. --

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

• Low Collector Saturation Volt

<

CD

1.0MAX. /WW L

H
a

: VcE(sat)=-0.5V (Max.) 1

0.80MAX. If] o .:

• High Speed Switching Time : t 0.60MAX, r~i
1 a

• Complementary to 2SC2655.

1.27

II
MAXIMUM RATINGS (Ta=25°C) ^1.27

X

CHARACTERISTIC SYMBOL RATING UNIT h '
- S

Collector-Base Voltage vCBO -50 V 1
° X

1. EN

2. CC

12 3/ * h
Collector-Emitter Voltage vCEO -50 V

Emitter-Base Voltage VEBO -5 V
[ITTER

LLECTOR
Collector Current ic -2 A 3, BASE

Collector Power Dissipation ?C 900 mW JEDEC TO — 92 MO D

Junction Temperature T
J 150 °C EIAJ —

Storage Temperature Range Tstg -55M.50 °C TOSHIBA 2 — 5 J 1 A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -1.0 yA

Emitter Cut-off Current IEBO VEB=-5V, IC=0 - - -1.0 yA

Collector-Emitter
Breakdown Voltage

V(BR)CEO Ic=-10mA, IB
=0 -50 - V

DC Current Gain
nFE(l) VCE=-2V,IC=-0.5A (Note) 70 - 240

hFE(2) VCE=-2V, IC=-1.5A 40 - -

Collector-Emitter

Saturation Voltage
VCE(sat) I

C
=-1A, IB=-0.05A

- - -0.5 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=-1A, IB=-0.05A
- - -1.2 V

Transition Frequency fT VCE=-2V, Ic=-U.iA - 100 - MHz

Collector Output Capacitance Cob VCB=-10V,IE=0,f=lMHz - 40 - pF

Switching

Time

Turn-on Time ton 20/wv-r INPUt£B2 OUTPUT

— IB1-IB2 -0.05A ITT

DUTY CYCLES:i# VCC =-30V

- 0.1 -

ysStorage Time tstg - 1.0 -

Fall Time tf - 0.1 -

Note : hEE (l) Classification : 70^140, Y ; 120^240
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2SA1020
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2SA1048 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

Unit in mm

4.2MAX.

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES:

• Small Package.

I

i

1

j

1-3
• High Voltage : VCEO=-50V (Mln.) 0.55MAA.

I \

• High hFE : hEE=70<\>400

• Excellent hEE Linearity
0.4

CD

d 2H
a

3
: hFE (0.1mA)/hFE (2mA)=0.95 (Typ.)

• Low Noise : NF=ldB (Typ.), lOdB (Max.)

d

1

JL27

2

1.27

3
lO
01

d

lO
H
H

• Complementary to 2SC2458. «'

H
, /

MAXIMUM RATINGS (Ta=25°C)
1. EMITTER

CHARACTERISTIC SYMBOL RATING UNIT 3. BASE

Collector-Base Voltage vCBO -50 V JEDEC —
Collector-Emitter Voltage VCEO -50 V

EIAJ -
Emitter-Base Voltage VEBO -5 V TOSHIBA 2 — 4E1A
Collector Current ic -150 mA Weight : 0.13g
Emitter Current IE 150 mA

Collector Power Dissipation PC 200 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55M.25 6
C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V,IE=0 - - -0.1 yA

Emitter Cut-off Current lEBO VEB=-5V, Ic-0 - - -0.1 yA

DC Current Gain
hFE
(Note)

VCE=-6V, Ic=-2mA 70 - 400

Collector-Emitter
Saturation Voltage VcE(sat) IC=-100mA, lB=-10mA - -0.1 -0.3 V

Transition Frequency fT VCE=-10V, Ic=-lmA 80 - - MHz

Collector Output Capacitance Cob VCB=-10V , IE=0 ,
f=lMHz - 4 7 pF

Noise Figure NF VCE=-6V, Ic=-0.1mA

f=lkHz. Re=10kft
- 1.0 10 dB

Note : hFE Classification : 70^140, Y : 120^240, GR : 200^400
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2SA1048
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2SA1048® SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

LOW NOISE AUDIO FREQUENCY APPLICATIONS.

FEATURES

:

• Small Package

• High Voltage : VCEO=-50V (Min.)

• High hFE : hFE=7(K400

• Excellent hFE Linearity

: hFE (0.1mA)/hFE (2mA)=0.95 (Typ.)

• Low Noise : NF=0.2dB (Typ.), 3dB (Max.)

• Complementary to 2SC2458@

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

SYMBOL

VCBO

RATING
-50

UNIT

Unit in mm

4H

1.27 127

25°

1. EMITTER

2. COLLECTOR

S. BASE

Collector-Emitter Voltage VCEO
Emitter-Base Voltage 'EBO

Collector Current ic

Emitter Current IE

Collector Power Dissipation

Junction Temperature

Storage Temperature Range L stg

-50 JEDEC

-5

-150 mA TOSHIBA 2-4E1A

150 mA Weight : 0.13g

200 mW

125

-55M.25

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

Collector-Emitter

Saturation Voltage

Transition Frequency

Collector Output Capacitance

Noise Figure

SYMBOL

ICB0

!eBO

nFE

(Note)

VCE(sat)

Job

NF(1)

Note : hFE Classification

NF(2)

TEST CONDITION

VCB=-50V, IE=0

VEB=-5V, IC=0

VCE—6V, IG=-2mA

I
c=-100mA, IB=-10mA

VCE=-10V, Ic=-lmA

VCB=-10V ,

I

E=0 ,
f=lMHz

VCE=-6V, lc=-0.1mA

f=100Hz, Rg=10kfi

MIN.

VCE=-6V, Ic=-0.1mA
f=lkHz, Rg=10kfl

70vL40, Y : 120^240, GR; ^00^40'0

70

80

TYP,

-0.1

0.5

MAX.

-0.1

-0.1

400

-0.3

0.2

— 188 —

UNIT

UA

UA

MHz

pF

dB



2SA1048®
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03 05 1 3 5 10 30 50 100

EMITTER CURRENT IE (mA)

hFE ~ I C

500

300

100

50

30

10
" Ql -0.3 -1 -3 -5 -10 -30 -100 -300

COLLECTOR CURRENT I c (mA)

vCE(sat) " Ic

"' Ta = 100"C VCE" -6V
~

25 .411— -25
J

-1

L_.

COMMON
i i .

EMITTER
LLXui 1

-0.5

< ^_0-3
f"
COMMON EMITTER

S fe

-0.3 -1 -3 -5 -10 -30 -100 -300

COLLECTOR CURRENT I c (mA)

icvBE(sat)

ic/ib = i°
Ta= 25 °C

COLLECTOR CURRENT I c (mA)

PC - Ta

200

lfsn

100

\V
v
\

25 50 100 125 150

AMBIENT TEMPERATURE Ta (TC)
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2SA1049 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

'IONS.

)

(Typ.)

B (Max.)

Unit in mm
AUDIO FREQUENCY AMPLIFIER APPLICA1

4.2MAX.

FEATURES

:

• Small Package.

• High Voltage : VcEO=-120V (Min.
i|,

i
|

t

<
n

L M
1

1

- 00

. High hFE : hFE=20CK700

• Excellent hEE Linearity

: hFE (0. 1mA) /hFE (2mA) =0.95
0.4

00

d
2M

• Low Noise : NF=ldB (Typ.), lOd

• Complementary to 2SC2459.

o
jL.27 1.27

3
in

0} H
r-I

to

\
MAXIMUM RATINGS (Ta=25°C)

25°

CHARACTERISTIC SYMBOL RATING UNIT
L EMITTER
2. COLLECTOR
a BASE

Collector-Base Voltage VCBO -120 V

Collector-Emitter Voltage VCEO -120 V

Emitter-Base Voltage VEBO -5 V JEDEC —

Collector Current ic -100 mA EIAJ —

Emitter Current IE 100 mA TOSHIBA 2 — 4E1 A

Collector Power Dissipation PC 200 mW Weight : 0.13g

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55-VL25 °C

ELECTRICAL CHARACTERISTICS (Ta-2 5°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP . MAX. UNIT
Collector Cut-off Current ICBO VCB=-120V, IE=0 - - -0.1 yA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -0.1 VA

DC Current Gain hFE
(Note)

VCE=-6V, Ic=-2mA 200 - 700

Collector-Emitter
Saturation Voltage VCE(sat) IC=-10mA, lB=-lmA - - -0.3 V

Transition Frequency fT VCE=-6V, IC=-lmA - 100 - MHz

Collector Output Capacitance Cob VCB=-10V ,

I

E=0 , f=lMHz - 4 - pF

Noise Figure NF
VCE=-6V, IG=-0.1vnA

f=lkHz, Re=10kfi
- 1.0 10 dB

Note : hFE Classification GR : 200^400, BL : 350^700
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2SA1049

STATIC CHARACTERISTICS

—120—80 —40
BASE CURRENT

XZC
vCB = -6V

—20 -40 —60 —80

COLLECTOR-
EMITTER

H ^VOLTAGE

00 Hi

25 °m >

EMITTER

Ta - 25t

hpE - Ic

* 1000

500

300

100

—
1

- Ta — iuu u
4

"

25 " - T
~ —25—

'

COMMON EMITTER

VCE - -6V
L_4 « '

—0.1 —0.3 —1 —3 —5 —10 —30 —50
COLLECTOR CURRENT Ic (mA)

1-30
ic - VBE

M -25 -_ . V"-~ — — fiV

E —20
Ta-ZDi

o Io 1 io »i-— 1

§ -15

«o
£-.—10

tf
5/ 1

T
/ _t
/

t±
D / J t

O ' A<t
—0.2 —0.4 —0.6 —0.8 —LO —1.2 —1A

BASE-EMITTER VOLTAGE VBE (V)

!C - VCE
_^ (LOW CURRENT AND LOW VOLTAGE REGION)

1

-

_—10,
—4

—8

—3 -7

-=4-
-5
—4
-3

—

1

^" P ' * 1
In=—1AA

o'
3 —4 r-H-° —12 -H

COLLECTOR-EMITTER VOLTAGE VCE (V)

VCE(sat) ~ IC

-O.l -0.3-O.5 -1 -3 -5 —10 —30—50
COLLECTOR CURRENT Ic (mA)

C Ot> ~ VCB

—3 —5 —10 -30 —50 —100
COLLECTOR-BASE VOLTAGE VCB (v)

PC - Ta

m S

25 50 75 100 125

AMBIENT TEMPERATURE Ta (t)
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2SA1090
SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

HIGH SPEED SWITCHING APPLICATIONS.

FEATURES

:

• High Breakdown Voltage

: VCECP-50V (Kin.), Veb'0=-8V (Min.)

• High Gain and Excellent hps Linearity

: hFE=70 ~ 400 at Vce=-1V, I c=-10mA

• Complementary to 2SC2550.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

05.8UkX.

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

IB

PC

Lstg

RATING

-60

-50

-200

-50

300

175

-65^175

UNIT

mA

mA

mW

1. EMITTER
Z. BASE
3. COLLECTOR (CASE)

TO 18

TC — 7 , TB — 8C

TOSHIBA 2 - 5A 1 B

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 0.31g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=-60V, IE=0 - _ -0.1 yA
Emitter Cut-off Current lEBO VEB=-5V, lc=0 - - -0.1 yA

DC Current Gain
hFE(l)
(Note)

VCE=-1V, IC=-10mA 70 - 400

hFE(2) VCE=-1V, Ic=-100mA 10 - -
Collector-Emitter Saturation 7CE(sat) Ic=-100mA, IB=-10mA - 0.1" -0.3 V
Base-Emitter Saturation Voltage ^BE(sat) IC=-100mA, lB=-10mA _ _ -1.1 V
Transition Frequency fT VrR=-10V, Ir=-10mA 150 250 MHz
Collector Output Capacitance Cob VCB=-10V,IE=0,f=lMHz - 4.0 7.0 PF
Base Intrinsic Resistance rbb' VCB=-10V,

I

F=10mA, f=30MHz _ 30 _ Q

Switching Time

Turn-on Time ton INPUT
OUTPUT

- 30 -

ns

> w""t—or

)

Storage Time tstg
—6vLi—' >

1 9I I*?!K 1 H
i o 4r <

- 400 -

Fall Time tf
DUTY CYCLED

2

Vbb=3V
L0VJ - 30 -

Note : hFE (i) Classification : 70^140, Y : 120^240, GR : 200^400

-192-



2SA1090

SWITCHING CHARACTERISTICS

500

ra 300

H 100

h 30

t stg

1=1=

Ic =— 10mA

Ta
2"= 0.5mA

25 °C

— tf

t- |

^
1

sV
s. =

—1 -2 -3 —4 -5
BASE CURRENT

6—7—8
Ibi (mA)

SWITCHING CHARACTERISTICS

-1 -2 ~3 —4 -5 -6-7 '"

-S
BASE CURRENT IB1 (mA)

ic - v

-1 -2 -3 -4-5-6
COLLECTOR-EMITTER VOLTAGE Vnw (V)

SWITCHING CHARACTERISTIC
nnn

S

500 — _ — e— g_l 1 1
l_ —r—r ^ 1 1 1

It.

100 L Ta= 25 °C

tf

1

10 * tr

5
td

_:
-1 —2 —3 —4 —5 —6 —7 —8 —9

BASE CURRENT IB1 (mA)

I c - vCE

-1 -2 -3 -4 -5 -6
COLLECTOR-EMITTER VOLTAGE VCE (V)

In - VCE

-1 —2 -3 -4 -5 -6

COLLECTOR-EMITTER VOLTAGE V

—7

CE W
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2SA1090

^FE vCE(eat)

300U

inno

COllMUIN JliMlXiBiri

VCE =-1V

500
„

Ta = 100°C

1
' '

IOC

50 5: —5£

30

10

-01 -Q3 -1 -3 -5 -10 -30 -100-200

COLLECTOR CURRENT Ic (mA)

-Ql -Q3 -1 -3 -5 -10

COLLECTOR CURRENT

-30 -100-200

IC (n"0

K >
H
En O

03 E-i

<! «!
m co

-0.5

-0.31

vBE(sat) - I C a iooo

I /IB =10
- -444

11

III

Ta =- 5"C

25

310

.... l_

-Ql -03 . -1 -3 -10 -30 -100-200

COLLECTOR CURRENT Ic (mA)

"in

c ib, Cob - VR

f =lMHz
Ta = 25*C30

10
...^6^ ^

)

n ^~*"^^>^
°bH**5 - * Oj

1

0.3 0.5 1 3 5 10 30

REVERSE VOLTAGE VR (V)

0.3 0.5 1 3 5 10

EMITTER CURRENT IE

30 50

(mA)

PC - Ta

200

100

50 100 150

AMBIENT TEMPERATURE Ta

200

(IC)
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS) 2SA1091

HIGH VOLTAGE CONTROL APPLICATIONS-

PLASMA DISPLAY, NIXIE TUBE DRIVER APPLICATIONS
CATHODE RAY TUBE BRIGHTNESS CONTROL
APPLICATIONS-

FEATURES:

. High Voltage : VCB0=-300V, VCEO=-300V

. Low Saturation Voltage : VcE(.sat)=-0. 5V(Max. )

. Small Collector Output Capacitance : C b=6pF(Typ.

)

. Complementary to 2SC2551

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

PC

Tstg

RATING

-300

-300

-100

-20

400

150

-55-150

UNIT

V

mA

mA

mV

°C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

5.1MAX.

X

1.

II
1

r
-i55 MAX.

0.4 5

L
CO

1.8 7 1.2 7

C5

( n

]_

} V\.l 2 3 / h

-i^ *

1

2

3.

EMITTER
COLLECTOR
BASE

JEDEC TO—92

EIAJ SC-43

TOSHIBA 2 —5P1B

Weight : Q21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-300V, IE=0 - - -0.1 MA
Emitter Cut-off Current lEBO VEB=-8V, IC=0 - - -0.1 M-A

Collector-Base
Breakdown Voltage ^(BR)CBO IC=-0.1mA, IE=0 -300 - - V

Collector-Emitter
Breakdown Voltage

ir (BR)CE0 Ic=-lmA, IB=0 -300 - - V

DC Current Gain
hFE(l)
("Notel

VCE=-10V,IC=-20mA 30 - 150

hFE(2) VCE=-10V, Ic=-lmA 20 - _
Collector-Emitter
Saturation Voltage ^CE(sat) IC=-20mA, lB=-2mA - - -0.5 V

Base-Emitter
Saturation Voltage ^BE(sat) IC=-20mA, Ig=-2mA - - -1.2 V

Transition Frequency fT VCE=-10V, IC=-20mA 40 60 - MHz

Collector Output Capacitance Cob VcB=-20V ,

I

E=0 , f=lMHz - 6 8 pF

Note: hpE(l) Classification R: 30-90 0:50-150
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2SA1091

IC - Vce IC ~ VcE

COMMON EMITTER
|

|

Ta = 25°C -10 —5
s

y
s\

«^
-3

S 42 -s

y ,>'*
^

-1
^p

. ^! -0.8

^y^ -06

-04

-0.3

-0.8

I B=—aimA

-8 -4 -6 -8 -10 -18 —14
COLLECTOR-EMITTER VOLTAGE VCE Cv)

1 1 |
C OMMON

-10 —5 -3
-8

EMITTER

Ta=-5 5°C«*

^ J

y ,'*
?"

"7

-1

-Q8

— 0.6
— 0.5
-04
-03

_D_ -B-8—4-6-8 —10 -18 —14

COLLECTOR-EMITTER VOLTAGE VCE ^ v )

ic - VCE

f-'TQ
^-1

"^60

-40
"""1

COMMON
EMITTER

Ta=10 0"C

,„
"*

,«*•'

„,
.-—«

1

-30

T
-80

1

H
i

I B=-10/iA—"7 i
1

1 o 1

-40 -80 -180 -160 —800 —840 —880

COLLECTOR—EMITTER VOLTAGE VCE (V)

COMMON EMITTER
|

Ta = 10 0°C -10

»»"

-5

-3
s

*•

,

»

*
««•

^
•

s * «

'

^

—

1

-05
-a 3

y *
*"

*» f
.'

' «»
•^

*
**

^

'I -
-0.2

-0.1mAI

o 1

-8 -4 —6 -8 —10 —18 —14

COLLECTOR-EMITTER VOLTAGE VCE fv)

IC ~ VCE
-18

COMMON

-10
-100 -90 -80 EMITTER

Ta = 25"Cf
-70

—50_

-8
--

—
p _ —

-

T
—40

—30-4 *"

-80

lB=-10/tA

--40 -80 —120 —160 —200 -240 -880

COLLECTOR-EMITTER VOLTAGE VCE Cv)

IC " VCE

COMMON EMITTER

Ta=—5 5°C

_ -• -100

-90
-80

-70

_ —
-

- — -60
-50
-40
-30

" —

-J. XB -*1

-40 -80 -120 -160 -200 -240 -280

COLLECTOR—EMITTER VOLTAGE VCE Cv)
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2SA1091

500

300

100

hFE _ J C
I

COMMON EMITTER
vCE=-iov1

Ta=100 °C -
^-125 :

-5 5 -
— -*5— \-|

.....

!

-Q3-a5-l -3 -5 -10 -30-50

COLLECTOR CURRENT I c CmA)

-100

-1

vCE(sat) - Ic

;

g -0-5

>

Eh S
m «
hP Eh

O O
O >

-ai

-0.05

0.0 3

COMMON EMITTER

.
i c/Ib=io

- +
T
J

Ta= 100°C
__^

. —55

1 1

0.1 -a3-Q5 -1 -3 -5 -10 -30-50

COLLECTOR CURRENT I c CmA)

-100

Eh ^ -5

2^
< S

-3

-1

HM -0.5
i5 W
1 <!

-Q3
Eh Eh
m i-q

<! O
m >

-0.1

vBE(eat) ~ Ic

H c 0MM0N

C/IB=10

I

... Ta ==_ 5£5T,

:::-\T
25
100

\'

|

-0.1 -a3-Q5 -1 -3 -5 -10 -30-50-100

COLLECTOR CURRENT I c CmA)

f T ~ IE

COMMON EMITTER

Ta = 25 °C

VCE=—20 V "-10 —
'

1 *s:JI

\

\

0.3 a5 1 3 5 10 30 50

EMITTER CURRENT IE CmA)

C ib. C Ot> VR
N 300

Ph £h

« o
H H

Eh 3
S H
M r>

1
ai

III

Ta= 2 5°C

;; c , - - s :S
£' rr

7 J

"1

^TTi* ^

1

0.3 0.5 1 3 5 10 30 50 100

REVERSE VOLTAGE VR fv)

300 500 °

PC - Ta

5UU

400

300

200

100

25 50 75 100 125

AMBIENT TEMPERATURE Ta

150

<"C)
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2SA1145 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. Complementary to 2SC2705.

. Small Collector Output Capacitance : C b=2. 5pF(Typ.

. High Transition Frequency : fT=200MHz(Typ.

)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

ise Current

Collector Power Dissipation

Junction Temperature

SYMBOL

vCBO

VCEO

VEBO

IB

RATING

-150

-150

-5

-50

800

150

UNIT

mA

mA

mW

&1MAX

"I

><

a
0[J

- -ill

55
l-l

a

o

0.80MAX. |i

n

o
i-i

Of

0.60MAX.

1.2 7 1 1.2 7
><

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO—92MOD

Storage Temperature Range 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=-150V, IE=Q
- - -0.1 M

Emitter Cut-off Current lEBO ve'b=-5v, ic=o
- - -0.1 M

Collector-Emitter
Breakdown Voltage

v (BR) CEO lQ=-lmA, lg=0 -150 - - V

DC Current Gain
hpE
(Note)

VCE=-5V, Ic=-10mA 80 - 240

Collector-Emitter
Saturation Voltage VcE(sat) IC=-10mA, lB=-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 Cob VCB=-10V,lE=0, f=lMHz - 2.5 - pF

Note: hpE Classification 0: 80-160, Y: 120-240
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2SA1145

I c
" VCE

COMMON EMITTER
Ta=2 5C

1

-48

—

C

is

-0.4/
/s »***

-4U

//
/

-03
.

/,V,

^ .. '/,
/

-24
1 L 'A -Q2

V.
—

-1647
1 I B=-QlmA

V
•—

r

I C — VBE

0-2-4-6 —8 -10 -12

COLLECTOR—EMITTER VOLTAGE VCE (v)

hFE — I C

-iJfi

COMMON EMITTER

-48
VCE=-5V

-40

-32

g / <°/d

-24
o

IT

Ei
1

w
n^~

-16

J
_7 ; i

T J
' /

-Q2 -Q4 -06 -08 -1.0 -1.2

BASE-EMITTER VOLTAGE VBE ( V )

vCE(8at) - Ic

-03-05 -1 -3 -5 -10 -30-50

COLLECTOR CURRENT Ic CmA)

-Q05

003

common emitter

Ic/Ib=io

Ta ==10 Ot

--rV ...

\ 25
25\_

1

-03-Q5 -1 -3 -5 -10 -30-50

COLLECTOR CURRENT Ic CmA)

500

300

f T - I c
c ob - VCB

ill
=-10VTa=25t VCE

\- 5

I!

p.

-05 -1 —3 -5 -10

COLLECTOR CURRENT

—30 —50 —100

I C CmA)

-05 -1 -3 -5 -10

COLLECTOR—BASE VOLTAGE

T

f

a= 2 5°C

= lMHz

—30 —50 —100

VCB (V)
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800

600

400

200

PC Ta

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta (°C)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1150

S.

Unit in mm

LOW FREQUENCY AMPLIFIER APPLICATION 4.2MAX.

FEATURES

:

• High hFE : hFE=100^320

i

i

1

i

1

i

• Complementary to 2SC2710.
(n 1

i

f-3
"'

1

1

j

0.4

00

d siM

3

MAXIMUM RATINGS (Ta=25°C)
•<*

o°

1

J.27 L27 o

CHARACTERISTIC SYMBOL RATING UNIT M

to

L

Collector-Base Voltage vCBO -35 V 1 2 ir^
Collector-Emitter Voltage VcEO -30 V ~>*

i / &
\

Emitter-Base Voltage vEBO -5 V
1. EMITTER
2. COLLECTOR
3. BASE

Collector Current ic -800 mA

Emitter Current IE 800 mA

Collector Power Dissipation PC 300 mW JEDEC —
Junction Temperature T

J
125 °C EIAJ -

Storage Temperature Range Tstg -55vL25 °C TOSHIBA 2 — 4 E 1 A

Weight : 0.1 3g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-30V, l£=0 - - -100 nA
Emitter Cut-off Current zEB0 VEB=-5V, Ic-0 - - -100 nA
Collector-Emitter Breakdown
Voltage V (BR) CEO Ic=-10mA, IB=0 -30 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-1V, Ic=-100mA 100 - 320

hFE(2) VCE=-1V, IC=-700mA 35 - -
Collector-Emitter Saturation
Voltage

VCE(sat) Ic=-500mA, IB=-20mA - - -0.7 V

Base-Emitter Voltage VBE VcE—IV, Ic=-10mA -0.5 - -0.8 V

Transition Frequency fT VcE=-5v , Ic—10mA - 120 - MHz

Collector Output Capacitance Cob VCB=-10V,Ie=0, f=lMHz - 19 - pF

Note : hpj-Q) Classification : 100^200, Y : 160^320
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2SA1150

STATIC CHARACTERISTICS

r ""

—6

^ « —400
o S
o S

/—

5

-*y—

4

%

-2

1
fc

5

l\

>~
IB =—0.5mA

*~

-4 -2
.BASE CURRENT.

IB (mA)

0—2-4—6
COLLECTOR-EMITTER

VOLTAGE VqeCO
-°-± EST

H
as
i % COMMONVCE=^1V^

—0.8
•alO Ta = 25lC

000
ic - VBE

-bOU
f

, VCE = -1V

T a = 2 5 'C

-ion

-50

-in

—3

—

1

1
-0.4 —0.8 —1.2 —1.6 —2.0

BASE-EMITTER VOLTAGE VBE (V)

L000
hpE ic

COMMON EMITTER
VCE =-1V
Ta= 25lC

hno

300

loo 4
- — -X ^

j4 :;

±

"

W) §30 .i ±
-1 -3 -5 -10 -30-50 -100

COLLECTOR CURRENT Ic

—200
IC ~ VCE (LOW VOLTAGE REGION)

-160

ff

—130

-80

3 -40
1-3

-0.6

—

-0

\
COMMON EMITTER

zX
Ta = 25 °C

6 k

—0.5
\

\
-04 \

1

-0.3 «.

-0.2 -

IB =—O.ImA

—1 —2—3-4—5
COLLECTOR-EMITTER VOLTAGE VCE (v)

vCE(sat) ~ Ic

8 ^-0-03
T

600

COLLECTOR CURRENT Ic (mA)

PC - Ta

-300

(mA)
40 80 120 160

AMBIENT TEMPERATURE Ta (IC)
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1158

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Breakdwon Voltage : VceO=-80V

. Low Noise Figure : NF=ldB(Typ.) , 10dB(Max.)

. Excellent hpE Linearity :

hFE (0 • 1mA) /hFE (2mA) =0 . 90 (Typ .

)

• Complementary to 2SC2868.

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

PC

Lstg

RATING

-80

-80

-5

-100

-50

400

125

-55-125

UNIT

mA

mA

mW

Unit in mm

51MAX.

1.27 L27

i EMITTER
2. COLLECTOR
a. BASE

JEDEC TO-92

EIAJ SC-43

TOSHIBA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO' VCB=-80V, IE=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 nA

DC Current Gain hFE VCE=-6V, Ic=-2mA 120 - 700

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-10mA, lB=-lmA - - -0.3 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=-10mA, lB=-lmA - - -1.0 V

Transition Frequency fT VCE=-10V, lE=2mA 80 - - MHz

Output Capacitance Cob Vcb=-10V, l£=0, f=lMHz - 3.0 7.0 pF

Noise Figure NF VCB=-6V, Ic=-0.1mA
Rg=10kn, f=lkHz

- 1.0 10 dB

Note : hFE Classification Y:120~240 GR:200~400 BL:350~700
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2SA1160 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain and Excellent hpE Linearity
: hFE(l)=140~600 (VCe=-1V, Ic=-0.5A)
: hFE(2)=60(Min.), 120(Typ.) (VCE=-1V, IC=-4A)

. Low Saturation Voltage
: VCE(sat)=-0.5V(Max.) (IC=-2A, IB=-50mA)

MAXIMUM RATINGS (Ta=25°c)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -20 V

Collector-Emitter Voltage
VCES -20

V

VCEO -10

Emitter-Base Voltage Vebo -6 V

Collector
Current

DC ic -2
A

Pulse (Note 1) !CP -4

Base Current IB -2 A

Collector Power Dissipation PC 900 mW

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °c

Q7 5MAX.
1.0 MAX.

as MAX

.

Q60MAX.

B

m
1. EMITTER
2. COLLECTOR
a BASE

JEDEC T0-92M0D

TOSHIBA 2-5J1A

Weight : 0.36g

Note 1 : Pulse Width=10ms(Max. ) , Duty Cycle=30%(Max.

)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note 2 : hpE(l) Classification 140-280, B : 200-400, 300-600

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=-20V, IE=0
- - -100 nA

Emitter Cut-off Current xEBO VEB=-6V, IC=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-10mA, Ib=0 -10 - - V

Emitter-Base
Breakdown Voltage v (BR)EB0 IE=-lmA, IC=0 -6 - - V

DC Current Gain
hFE(l)

(Note 2)
VCE=-1V, IC=-0.5A 140 - 600

hFE(2) VCE=-1V, IC=-4A 60 120 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-2A, IB=-50mA - -0.20 -0.50 V

Base-Emitter Voltage VBE VCE=-1V, IC=-2A - -0.83 -1.5 V

Transition Frequency fT VCE=-1V, Ic="0.5A - 140 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 50 - PF
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2SA1162 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER
APPLICATIONS.

FEATURES

:

. High Voltage and High Current

: VCE0=-50V, Ic=-150mA(Max.)

. Excellent hFE Linearity

: hFE (0.1mA)/hFE (2mA)=0.95(Typ.)

. High hFE : hFE=70 -400

. Low Noise: NF=ldB(Typ. ) , 10dB(Max.)

. Complementary to 2SC2712

. Small Package

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO -50 V

Collector-Emitter Voltage VCEO -50 V

Emitter-Base Voltage vEB0 -5 V

Collector Current ic -150 mA

Base Current IB -30 mA

Collector Power Dissipation PC 150 mW

Junction Temperature T
J 125 °C

Storage Temperature Range Tstg -55-125 °C

Unit in mm

+ 0.5
2.5—Q 3

+ 0.25
1.5—ai 5

HO
dd
+ 1

d

r-i

1

ft

OS

d

w

1

2

-H 1

1

N

1

3 1

dd
+ 1

HO
dd
+ 1

o

1. EMITTER
2. BASE
a COLLECTOR

JEDEC

TOSHIBA

Weight: 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-50V, IE=0 .
- - -0.1 fiA

Emitter Cut-off Current IEB0 VEB=-5V, IC=0 - - -0.1 fiA

DC Current Gain hFE (Note] VCE=-6V, Ic=-2mA 70 - 400

Collector-Emitter
Saturation Voltage vCE(sat) IG=-100mA, IB=-10mA - -0.1 -0.3 V

Transition Frequency fT VCE=-10V, Ic=~lmA 80 - - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 4 7 PF

Noise Figure NF
VCE=-6V, Ic=-0.1mA
f=lkHz, Rg=10kQ

- 1.0 10 dB

Note : hFE Classification

0:70-140, Y: 120-240, GR(G)

Marking p Type Name

200-400

S
u

hFE Rank
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2SA1162
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1163

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER
APPLICATIONS.

FEATURES

:

. High Voltage: VCEO=-120V

. Excellent hpE Linearity

: hFE(0.1mA)/hFE (2mA)=0.95(Typ.)

•High hFE : hFE=200 -700

. Low Noise: NF=ldB(fyp . ) , 10dB(Max.)

. Complementary to 2SC2713

. Small Package

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

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VcEO

vEBO

ic

IB

PC

rstg

RATING

-120

-120

-5

-100

-20

150

125

-55-125

UNIT

mA

mA

mW

+ 0.5
2.5-03

+ 0.25
1.5-0.15

IO|

+ 1

d
01

H

1

<0

OS

d

O)

1

2

-H 1

j~~r

1

w 3 f

V1

dd
+ 1

HO

+ 1

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

TOSHIBA 2-3P1A

Weight: 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-120V, IE=0 - - -0.1 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -0.1 M
DC Current Gain hEE (Note) VCE=-6V, IG=-2mA 200 - 700
Collector-Emitter
Saturation Voltage vCE(sat) IC=-10mA, Ig—lmA - - -0.3 V

Transition Frequency fT VCE=-6V, IC=-lmA - 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 4 - PF

Noise Figure NF
VcE=~6V, Ic=-0.1mA
f=lkHz, Rg=10kQ

- 1.0 10 dB

Note : hpE Classification

GR(G) : 200-400, BL(L)

Marking

350-700
B.

C G

Type Name

hFE Rank

B" ~H
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2SA1163
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2SA1164 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

LOW FREQUENCY AMPLIFIER APPLICATIONS.

HIGH SPEED SWITCHING APPLICATIONS.

. High Transition Frequency : fx=400MHz(Typ.

)

. Low VcE(sat) : VCE ( sat )=0. 5V(Max.

)

. Small Collector Output Capacitance : C b=4pF(Max.

)

. High Speed Switching.

. Designed for Complementary Use with 2SC2754.

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

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IB

PC

Lstg

RATING

35

-30

-5

-100

-50

200

125

-55-125

UNIT

mA

mA

mW
~o~-

&1MAX.

1.2 7 1.2 7

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO-92

IC—43

TOSHIBA 2-5F1B

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 0.2 lg

Note: hFE Classification : 70-140, Y : 120-240, GR : 200-400

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-35V, IE=0
- - -0.1 fiA

Emitter Cut-off Current lEBO VEB=-5V, IC=0
- - -0.1 PA

DC Current Gain
hFE
(Note)

VCE=-12V, Ic=-2mA 70 - 400

Collector-Emitter
Saturation Voltage VcE(sat) IC=-10mA, lB=-lmA - - -0.5 V

Base-Emitter Voltage vbe Vce=-12v » Ic=-2mA -0.5 - -0.8 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=-10mA, lB=-lmA - - -1.0 V

Transition Frequency fT VCE=-12V, Ic=-10mA 100 400 - MHz

Collector Output Capacitance Cob VCB=-10V,IE=0, f=lMHz - 2.5 4 pF

Switching
Time

Turn-on Time ton INPUT lkp _ OUTPUT - 30 -

ns
ltis °^T *%1r-60G

:

Storage Time fcstg 6°vti SJ[
- 1" - 250 -

Fall Time tf
vBb= 3V VCC =--10V - 70 -
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2SA1182 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY LOW POW
APPLICATIONS

DRIVER STAGE AMPLIFIER A

ER AMPLIFIER

PPLICATIONS

FE(2)=25 (Min -)

Unit in mm

+ 0.5
2.5-Q3

SWITCHING APPLICATIONS
+-0.2 5

1.5—0.15

HO
dd
+ 1

d
CS

-H
0>

oi

J

1

FEATURES

:

H

05

C5
•

o>

1

2

. Excellent hEE Linearity: h 1

1

at VGe=-6V Ic=-40OmA

E3-
i

3

• Complementary to 2SC2859.
1

c< HO
3

. dd
-" +1MAXIMUM RATINGS (Ta=25 C) Oir-i

i i

CHARACTERISTIC SYMBOL RATING UNIT + 1

1 H
d

Collector-Base Voltage vCBO -35 V
«-!>—

-H F^3—

1

Collector-Emitter Voltage vCEO -30 V o 1

1. EMITTER
2. BASE
3. COLLECTOR

Emitter-Base Voltage VEBO -5 V

Collector Current ic -500 mA

Base Current IB -50 mA
JEDEC TO—236

Collector Power Dissipation PC 150 mW EIAJ —
Junction Temperature T

j
125 °C TOSHIBA 2—3F1A

Storage Temperature Range Tstg -55-125 °C Weight : .012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-35V, IE=0
- - -0.1 fiA

Emitter Cut-off Current IEB0 VEB=-5V, IC=0
- - -0.1 fiA

DC Current Gain (Note)
hFE(l) VCE=-1V, Ic=-100mA 70 - 240

hFE<2) VCE=-6V, Ic=-400mA 25 - -

Collector-Emitter
Saturation Voltage VcE(sat) Ic=-100mA, IB=-10mA

- -0.1 -0.25 V

Base-Emitter Voltage VBE VCE=-1V, Ic=-100mA
- -0.8 -1.0 V

Transition Frequency fT VCE=-6V, Ic=-20mA
- 200 - MHz

Collector Output Capacitance Cob VCB=-6V, IE=0, f=lMHz - 13 - PF

(Note): hFE (l) Classification 0:70-140, Y:120-240

hFE (2) Classification 0:25Min. Y:40Min. Marking P Type Name

—ihEE Rank

Z 0'
~BB
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2SA1200 SILICON PNP EPITAXIAL DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High Voltage : VcEO=-150V

. High Transition Frequency : fx=120MHz

• Pc=l ~ 2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SC2880

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 -5 V

Collector Current ic -50 mA

Base Current IB -10 mA

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC* 800 mW

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55~150 °C

Pc^ • 2SA1200 mounted on ceramic substrate (250mm2 x 0.8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

4.6 MAX. 1.6 MAX

JL7MAX.

F5-

+ao8
a45-ao5

+ao8
a4-ao5

i.5±ai

-

a4±ao5.

^
+ao8

OL4-C105

L5±cu

fl 2 3~\

1. BASE
2. COLLECTOR (HEAT SINK)

Z. EMITTER

EIAJ

TOSHIBA

Weight

Marking

0.052g

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-150V, IE=0 - - -0.1 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -0.1 M
DC Current Gain

hFE
(Note)

VCE=-5V, Ic=-10mA 70 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-10mA, lB=-lmA - - -0.8 V

Base-Emitter Voltage VBE VCE=-5V, Ic=-30mA - - -0.9 V

Transition Frequency fT VCE=-30V, Ic=-10mA - 120 - MHz

Collector Output Capacitance Cob VCE=-10V, IE=0, f=lMHz - 4.0 5.0 pF

Note : hFE Classification : 70 ~ 140, 120-240
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1201

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=-120V

. High Transition Frequency : fx=120MHz

. Pq=1~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SC2881

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

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 -800 mA

Base Current IB -160 mA

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC* 1000 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

Pc^' •' 2SA1201 mounted on ceramic substrate (250mm2 x 0.8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

4.6MAX.

1/7 MAX.

0.45
4-aosl
-aog

+Q08
0.4-0.05

1.5 ±ai

0.4±0.05

« j

Tl

+Q08
0.4-0.05

1.5 ±ai

Ui ft iIlj

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

Weight : 0.05 2g

Marking Type Name

/~^ y^_ hpE Rankmnnr
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) CEO IC=-10mA, Ib=0 -120 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO IE=-lmA, IC=0 -5 - - V

DC Current Gain hFE
(Note)

VCE=-5V, Ic=-100mA 80 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-500mA, lB=-50mA - - -1.0 V

Base Emitter Voltage VBE VCE=-5V, Ic=-500mA - - -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 : hpE Classification : 80-160, Y : 120-240
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1202

POWER AMPLIFIER APPLICATIONS.

VOLTAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for driver of 30~35 Watts Audio Amplifier

. Pc=l~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SC2882

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

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IB

?C

PC*

_Tstg_

RATING

-80

-80

-5

-400

-80

500

1000

150

-55-150

UNIT

mA

mA

mW

mW

4.6 MAX. 1.6 MAX.

3-7 MAX.

JdEb

IT 3
+ao8

0.45-0.05

+ao8
Q4-Q05

3-5 ±0.3.

3

Hj

+0.08
a4-ao5

1.5 ±Q1

I ftr rti m 1

JL BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-5K1A

Weight : 0.052g

Marking

Pc^ : 2SA1202 mounted on ceramic substrate (250mm2 x 0.8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Type Name

hFE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0
'- - -100 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=_10mA, IB=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-2V, Ic=-50mA 70 - 240

hFE(2) VCE=-2V, Ic=-200mA 40 - -

Collector-Emitter
Saturation Voltage VCE(sat) Ic=-200mA, lB=-20mA - - -0.4 V

Base-Emitter Voltage VBE VcE=-2V, IC=-5mA 0.55 - -0.8 V

Transition Frequency fT VcE=-10V, Ic=-10mA - 120 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 14 pF

Note : hpE Classification 70-140, Y : 120-240
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1203

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for Output Stage of 3 Watts Amplifier

. Pc=l~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SC2883

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

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VEBO

ic

IB

PC

L stg

RATING

-30

-30

-5

-1.5

-0.3

500

1000

150

-55-150

UNIT

mW

mW

4.6 MAX

.

1.7 MAX

.

_E£b

1.6 MAX.

a4±ao5

+aoe
0.45-0.05

+ 0.08
0.4-0.05

1.5±Q1

s

+ 0.08
a4-ao5

HI

1.5 ±0.1

La a aJ

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-5K1A

Weight

Marking

0.052g

PC*: 2SA1203 mounted on ceramic substrate (250mm2 x 0.8t)

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)CE0

v (BR)EB0

h-FE

(Note)

vCE(sat)

VBE

Cob

Ho-rn
TEST CONDITION MIN,

VCB=-30V, IE=0

VEB=-5V, IC=0

IC=-10mA, IB=0

lE=-lmA, lc=0

VCE=-2V, Ic=-500mA

IC=-1.5A, IB=-0.03A

VCE=-2V, Ic=-500mA

VCE=-2V, IC=-500mA

VCB=-10V, IE=0, f=lMHz

Note : hpE Classification : 100-200, Y : 160-320

-30

-5

100

Type Name

hpE Rank

TYP. MAX.

-100

-100

120

320

-2.0

-1.0

UNIT

nA

nA

50

MHz

pF
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SILICON PNP EPITAXIAL TYPE (PCT) PROCESS 2SA1204

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain : hpE=100~320

. Suitable for Output Stage of 1 Watts Amplifier

. Pc=l~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SC2884

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

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IB

PC

PC'

[stg_

RATING

-35

-30

-5

-800

-160

500

1000

150

-55 - 150

UNIT

mA

mA

mW

mW

4.6 MAX. 1.6 MAX.

1/7 MAX.

-t-o.08
a45-ao5

+ 0.08
a4-ao5

L5±01

ZE

n]

+Q08
a4-ao5

fi i T\

1. BASE
2. COLLECTOR (HEAT SINK)
3. EMITTER

TOSHIBA 2-5K1A
Weight : 0.052g

Marking

PC 85
: 2SA1204 mounted on ceramic substrate (250mm2 x 0.8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)
£§T

Type Name
hpg Rank

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=-5V, IC=0 - - -100 nA
Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-10mA, Ib=0 -30 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-1V, Ic=-100mA 100 - 320

hFE (2) VCE=-1V, Ic=-700mA 35 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-500mA, lB=-20mA - - -0.7 V

Base-Emitter Voltage VBE VCE=-1V, Ic=-10mA -0.5 - -0.8 V

Transition Frequency fT VCE=-5V, IC=10mA - 120 - MHz

Collector Output Capacitance Cob VCB=-10V, l£=0, f=lMHz " 19 - PF

Note: hpE(l) Classification. O : 100-200, Y : 160-320
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1213

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

. Low Saturation Voltage

: VCE(sat)=-0.5V(Max.) (IC=-1A)

. High Speed Switching Time : tstg=l. 0/is(Typ .

)

. Pc=l~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SC2873

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 -0.4 A

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC* 1000 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

4.6 MAX

.

1.6 MAX

.

1.7 MAX

.

0.4±0.05_.
1

r~

4

H
C5

-H
m

^

+ CX08
0.45-0i05

T 1

1-1

S
00

1

+ao8
Q4-Q05

+ 0.08
Q4-a05

1.5 ±ai 1.5 ±0.1

f

1.

2.

&

12 3

rti n ffi

BASE
COLLECTOR
EMITTER

(HEAT SINK)

JEDEC -

EIAJ -

TOSHIBA 2--5K1A

Weight : 0.052g

Marking

NO'

Type Name

hpp. Rank

PC * : 2SA1213 mounted on ceramic substrate (250mm2 x 0.8t)
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2SA1213

ELECTRICAL CHARACTERISTICS (Ta-25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0
- - -0.1 f*k

Emitter Cut-off Current IEBO VEB=-5V, IC=0
- - -0.1 Mk

Collector-Emitter
Breakdown Voltage

v (BR) CEO IG=-10mA, IB=0 -50 - - V

DC Current Gain

nFE(l)
(Note 2)

VCE=-2V, IC—0.5A
(Note 1)

70 - 240

hFE(2)
VCE=-2V, Ic=-2jOALJ1

faote 1)
20 - -

Collector-Emitter
Saturation Voltage VcE(sat)

IC=-1A, Ib=-0.05A
(Note 1)

- - -0.5 V

Base-Emitter
Saturation Voltage VBE(sat)

IC=-1A, Ib=-0.05A
(Note 1)

- - -1.2 V

Transition Frequency fT VCE=-2V, IC=-0.5A
- 120 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 40 - pF

Switching Time

Turn-on Time ton
„ KPBZ output

lB1ILj INPUT ZBZ ^[^
- 0.1 -

MSStorage Time tstg
- 1.0 -

Fall Time tf
-lBl= lB2=Q05A VCC=-
DUTY CYCLE^1%

30V
- 0.1 -

Note 1 : Pulse width^300j«s, Duty Cycle ^2%

2 : hEE (l) Classification : 70~140, 120-240

- 230 -



2SA1213

VcE — Ic

-L2

H > -Q8

COMMON EMITTER

Ta= 2 5lC

<
E3

O
1

if

1

5

j

< /

7i '/ '

O/*
H /A

-a4 -as -1.2 -1.6

COLLECTOR CURRENT Ic (a)

VcE "- ic

COMMON EMITTER

Ta=10 0'C
1.2

as
<
CO

II

J
-/ 7' /
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100
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50
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-0.5

-0.3

g 3 -ai
a

«"

B i?

A -Q05
o
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2SA1213

* Hh

-2.0

ic VbE

1

COMMON EMITTER
VCE=-2V

-1.6

1.2
.<_

o
o
'-f

II

i

/in

fas

Q4 ;
1

i/ /
hi /

SAFE OPERATING AEEA

-0.4 -0.8 -1.2 -1.6 -2.0 -2.4

BASE—EMITTER VOLTAGE VBE (y)

1 9
PC Ta

i © MOUNTED ON CERAMIC
SUBSTRATE (250mm ;:! xa8t

)

(g) Ta= 2 5'C
1.0

CU

n r

"
(sD

n i\

02

-0.1 -a3 -1 -3 -10 -30 -100

COLLECTOR-EMITTER VOLTAGE VCE (v)

20 40 60 80 100 120 140 160

AMBIENT TEMPERATURE Ta ("C)
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SILICON PNP EPITAXIAL PLANAR TYPE 2SA1245

HIGH FREQUENCY AMPLIFIER AND SWITCHING A PPLICATIONS
Unit in mm

+ 0.5
2.5 -a3
+a25

1.5 -ai 5 m

d
-H
01

cv

H

-

r

+ 1

C5
1

<3>

a
-r
m
o>

1

2

I

i r

1

3

i r
i

MAXIMUM RATINGS (Ta=25°C) c^ HO
3, dc5

CHARACTERISTIC SYMBOL RATING UNIT N HI
dd
+ 1

H
HJ J 1 1

*

H
dCollector-Base Voltage VcBO -15 V

Collector-Emitter Voltage VCEO -8 V h"~
c!

i

o

k 11

1

Emitter-Base Voltage Vebo -2 V

Collector Current ic -30 mA
1. EMITTER
2. BASE
3. COLLECTOR

Emitter Current IE 30 mA

Collector Power Dissipation PC 150 mW
JEDEC -

Junction Temperature T
J

125 °C EIAJ SC-59
Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-3F1A

MICROWAVE CHARACTERISTICS (Ta=25 C)

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note Cre is measured by 3 terminal method with
Capacitance Bridge.

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency f T VcE=~5V, Ic=-10mA - 4 - GHz

Insertion Gain lS21el 2 (D VCE=-5V, Ic=-10mA, f=500MHz - 14 - dB

lS21el 2 (2) VCE=-5V, Ic=-10mA, f=lGHz - 9.5 - dB

Noise Figure
NF(1) VCE=-5V, Ic=-3mA, f=500MHz - 2.5 - dB

NF(2) VCE=-5V, Ic=-3mA, f=lGHz - 3.0 - dB

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-5V, IE=0 - - -0.1 M
Emitter Cut-off Current lEBO VEB=-1V, IC=0 - - -0.1 juA

DC Current Gain hFE VCE=-5V, IC=-10mA 20 - -

Output Capacitance Cob VCB=-5V, IE=0, f=imz

(Note)

- 0.75 - pF

Reverse Transfer Capacitance ^re - 0.60 - pF

Marking

M D
if

Type Name
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hpE — I C Cob. cre — VCB

VCE -5V

Ta=2 5"C

^
*>,

-3 -10 -30 -100

COLLECTOR CURRENT I c (mA)

P. z Oh^ <
Eh

P M <D

O O U
O < D

Ph
< 1

O

H ftM CQ at
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2SA124S

Slle

VCE=-5V

IC=-10mA

S21e

VCE=-5V

IC=-10mA

Sl2e

VCE=-5V

Ic=-10mA

Ta=25°C

±180

-J50

S22e

VCE=-5V

IC=-10mA

±180

-J50
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2SA1255
SILICON PNP TRIPLE DIFFUSED (PCT PROCESS)

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=-200V

. Small Flat Package

• Complementary to 2SC3138

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

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

vEBO

ic

IB

PC

Ti

Tstg

RATING

-200

-200

-5

-50

-20

150

125

-55-125

UNIT

mA

mA

mW

+ 0.5
2.5-013

+ 0.2 5
1.5 -0.1 5

-s

HO
dd
+ 1

dd
+ 1 J

1. EMITTER
2. BASE
3. COLLECTOR

HO

+ 1

JEDEC

EIAJ

TOSHIBA 2-3F1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Base
Breakdown Voltage

SYMBOL

JCBO

lEBO

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

v (BR)CB0

ing
R ^ Type Name

hpg Rank

M 0"
y id

TEST CONDITION

VCB=-200V, IE=0

VEB=5V, IC=0

V (BR) CEO

hFE
(Note)

vCE(sat)

VBE(sat)

fT

Cob

Storage Time

Fall Time

tstg

IC=-0.1mA, IE=0

Ic=-lmA, Ib=0

MIN.

-200

-200

VCE=-3V, IC=-lmA

IC=-10mA, lB=-lmA

Ic=-10mA, lB=-lmA

VCE=-10V, Ic=-2mA

VCB=-10V, lE=0, f=lMHz

tf

VCC=-50V, PULSE WTDTH=5/«s

IC=-6mA, DUTY CYCLE ^2%
- IBl=IB2=0»5mA

TYP,

70

50

MAX.

-0.1

-0.1

UNIT

M
nk

240

-0.2

-0.75

100

0.3

Note : hFE Classification

0.4

-1

-1.5

MHz

PF

70-140, Y : 120-240
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I c - V Ce (LOW VOLTAGE REGION)
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—
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2SA1298 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

LOW FREQUENCY POWER AMPLIFIER APPLICATION.

=-20mA)
or

Unit in mm

POWER SWITCHING APPLICATIONS. +Q5
a5-0.3

FEATURES

:

. High DC Current Gain : hFE=100~320
+ 0.25

1.5-0.15
in

. Low Saturation Voltage
: VCE(sat)=-0.4V(Max.) (IC=-500mA, IB

. Suitable for Driver Stage of Small Mot

rIO

+ 1

d
-H
o>

ci

"T

0>

d

o"

d

...J,

2

. Complementary to 2SC3265 T~
1

. Small Package 3 <
f

MAXIMUM RATINGS (Ta=25°C) c3 <D

i HO
,, dd" +1

i S
d

\

CHARACTERISTIC SYMBOL RATING UNIT
dd
+ 1

rH

HJ

1.

2.

3

J i *

Collector-Base Voltage VCBO -35 V

Collector-Emitter Voltage VCEO -25 V
_

EMITTER
BASE
COLLECTOR

H
cs

I

o

^-J
i

Emitter-Base Voltage VEBO -5 V

Collector Current ic -800 mA

Base Current IB -160 mA

Collector Power Dissipation PC 200 mW
JEDEC -

Junction Temperature T.1 150 °C EIAJ SC-59

Storage Temperature Range Tstg -55~150 °C TOSHIBA 2-3F1A

ELECTRICAL CHARACTERISTICS (Ta=25°c)
Weight : 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-30V, Ie-0 - - -100 nA

Emitter Cut-off Current lEBO VEB=5V, Ic-0 - - -100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-10mA, IB=0 -25 - - V

Emitter-Base Breakdown Voltage V(BR)EB0 IE=-lmA, IC=0 -5 - - V

DC Current Gain

hFE(l)
(Note)

VCE=-1V, IC=-100mA 100 - 320

hFE(2) VCE=-1V, Ic=-800mA 40 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-500mA, lB=-20mA - - -0.4 V

Base-Emitter Voltage VBE VCE—IV, IC—10mA -0.5 - -0.8 V

Transition Frequency fT VCE=-5V, Ic—10mA - 120 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 13 - pF

Note : hpE(l) Classification 100-200,
160-320

Marking Type Name
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2SA1298
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EMITTER
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o o
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-239-



2SA1300 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain and Excellent hpE Linearity
: hFE(l)=140~600 (VCE=-1V, IC=-0.5A)
: hFE(2)=60(Min.), 120(Typ.) (VCE=-1V, IC=-4A)

. Low Saturation Voltage
: VCE ( sat) =-0.5V(Max.) (IC=-2A, IB=-50mA)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -20 V

Collector-Emitter Voltage
VCES -20

V

VCEO -10

Emitter-Base Voltage VEBO -6 V

Collector
Current

DC ic -2
A

Pulsed (Note 1) ICP -5

Base Current IB -2 A

Collector Power Dissipation PC 750 mW

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °C

51 MAX.

1.27 1.27

jl "
1

"J
r~ii «ji (0 ) ^

f V i 2 3 ) h

1. EMITTER

2. COLLECTOR

a BASE

JEDEC

EIAJ

TOSHIBA

Weight : 0.21g

Note 1 : 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=-20V, IE=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-6V, IC=0 - - -100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-10mA, IB=0 -10 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=-lmA, IC=0 -6 - - V

DC Current Gain
hFE(l)

(Note 2)
VCE=-1V, IC=-0.5A 140 - 600

hFE(2) VCE=-1V, IC=-4A 60 120 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-2A, lB=-50mA - -0.20 -0.50 V

Base-Emitter Voltage VBE VCE=-1V, IC=-2A - -0.83 -1.5 V

Transition Frequency fT VCE=-1V, IC=-0.5A - 140 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 50 - pF

Note 2 : hFE(l) Classification Y : 140-280, GR : 200-400, BL 300-600
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2SA1300
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2SA1312 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY LOW NOISE AMPLIFIER APPLICATIONS. Unit in mm

FEATURES

:

. High Voltage VCEO=-120V

Excellent hpE Linearity
: hFE(0.1mA)/hFE (2mA)=0.95(Typ.)

High hpE : hpE=200~ 700

Low Noise : NF=0. 2dB(Typ. ) , 3dB(Max.)

Complementary to 2SC3324

Small Package

MAXIMUM RATINGS (Ta=25 C)

at f=lkHz

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

SYMBOL

VcBO

vCEO

VEBO

RATING

-120

-120

-5

UNIT

a.

+0.5
2.5-0.3

+a25
1.5-0.15

s-

4l-

HO

+ 1

dd
+ 1

J -^

HO
dd
+ 1

1. EMITTER
2. BASE
& COLLECTOR

!C-5!

Collector Current ic -100 mA TOSHIBA 2-3F1A

Base Current IB -20 mA

Collector Power Dissipation PC 150 mW

Weight : 0.012g

Marking

Junction Temperature 125

Storage Temperature Range Tstg -55-125 abV*
ELECTRICAL CHARACTERISTICS (Ta=25°C) B" "0"

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=-120V, IE=0 - - -0.1 nh

Emitter Cut-off Current lEBO VEB=-5V, IC-0
- - -0.1 fiA

DC Current Gain hpE
(Note)

VCE=-6V, Ic=-2mA 200 - 700

Collector-Emitter
Saturation Voltage VcE(sat) lQ=-10mA, lB=-lmA - - -0.3 V

Transition Frequency fT VCE=-6V, Ic=-lmA - 100 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 4 - pF

Noise Figure

NF(1)
VCE=-6V, Ic=-0.1mA
f=100Hz, Rg=10kQ

- 0.5 6 dB

NF(2)
VCE=-6V, Ic=-0.1mA

f=lkHz, Rg=10kn
- 0.2 3 dB

Note : hFE Classification GR(G) : 200-400, BL(L) : 350-700
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2SA1312
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1313

AUDIO FREQUENCY LOW POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

SWITCHING APPLICATIONS.

FEATURES

:

. Excellent hFE Linearity : hFE (2)=25(Min.

)

at Vce=-6V, Ic=-400mA

. High Voltage : VCEO=-50V (Min.)

. Complementary to 2SC3325

. Small Package

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

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

vEBO

ic

IB

PC

Tstg

RATING

-50

-50

-5

-500

-50

200

150

UNIT

mA

mA

mW

-55-150

+ 0.5
2.5 -Q.3

+ 0.25
1.5-Q15

rfe-

1

C3d
+ 1

+ 1

J

--fO

+ 1

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

EIA J SC-59

TOSHIBA 2-3P1A

Weight : 0.012g

Marking

ELECTRICAL CHARACTERISTICS (Ta=25°C)

AC O
B~ H"

Type Name

hFE Rank

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

SYMBOL

xCB0

lEBO

hFE(D
(Note)

hFE(2)
(Note)

VcE(sat)

VBE

Transition Frequency

Collector Output Capacitance

fT

Cob

TEST CONDITION

VCB=-35V, IE=0

VEB=-5V, IC=0

VCE=-1V, IG=-100mA

VCE=-6V, Ic=-400mA

IC=-100mA, IB=-10mA

MIN.

70

25

VCE=-1V, IC=-100mA

VCE=-6V, Ic=-20mA

VcB=~6V, IE=0, f=lMHz

Note hFE(l) Classification : 70^140, Y : 120-240

nFE(2) Classification : 25Min. Y : 40Min.

TYP. MAX. UNIT

-0.1

-0.8

200

-0.1

-0.1

nk

fik

240

-0.25

-1.0

MHz

13 pF
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2SA1314

STROBO FLASH APPLICATIONS.

AUDIO POWER APPLICATIONS.

FEATURES

:

. High DC Current Gain and Excellent Linearity

'• hFE (i)=140~600 (VCE=-1V, Ic=-0.5A)

: hFE(2)=60 (Min.), 120 (Typ.), (VCE—IV, IC=-4A)

. Low Saturation Voltage

•* VCE(sat)=-0-5V(Max.) (IC=-2A, lB=-50mA)

. Small Package

Unit in nun

MAXIMUM RATINGS (Ta-25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

DC

Pulse
(Note 1)

DC

Pulse

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCES

vCE0

VEBO

ic

ICP

IB

IBP

?C

PC*

Tstg

RATING

-30

-30

-10

-6

-2

-4

-0.4

-0.8

500

1000

150

-55-150

UNIT

mW

mW

1.7 MAX

.

III III I I I
— <*

k k Li_ •

+ao8
045-005 (

+ao8
0.4-0,05

.

L5±ai

1.6 MAX.

O4±O05

ZS"

H]
s
00

d

+ 008
.04-005

1.5 ±01

L& rp ifi 1

1. BASE
2. COLLECTOR (HEAT SINK)
& EMITTER

JEDEC

EIAJ

TOSHIBA

Weight : 0.052g

Marking

m
Type Name

hjE Rank

nn

Note 1 Pulse Test : Pulse Width=10ms(Max. ) , Duty Cycle=30%(Max.

)

PC'* : 2SA1314 mounted on Ceramic Substrate (250mm2 x 0.8mmt)
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2SA1314

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-30V, IE=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-6V, IC=0 - - -100 nA

Collector-Emitter
Breakdown Voltage V (BR) CEO IC=-10mA, Ib=0 -10 - - V

Emitter-Base
Breakdown Voltage v (BR)EBO IE=lmA, lc=0 -6 - - V

DC Current Gain (Note 2)
hFE(l) VCE="1V, IC=-0.5A 140 - 600

hFE(2) VCE=-1V, IC=-AA 60 120 -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-2A, IB=-50mA - -0.2 -0.5 V

Base-Emitter Voltage VBE VCE=~1V, IC=-2A
- -0.86 -1.5 V

Transisiton Frequency fT VCE="1V, IC=-0.5A - 140 - MHz

Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 50 - pF

Note 2 : hpE(l) Classification A : 140-280, B : 200-400, C : 300-600
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2SA1315

SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

. Low Collector Saturation Voltage
: VCE(sat)=-0.5V(Max.) Uc=-1A)

. High Speed Switching Time : t stg=1.0/£s(Typ.)

. Complementary to 2SC3328

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

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEBO

IC

IB

PC

-stg

RATING

-80

-80

-5

-2

-1

900

150

-55~150

UNIT

mW

5.1 MAX.

1. EMITTER
2. COLLECTOR
3. BASE

T0-92M0D

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0 - - -1.0 M
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 uk

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-10mA, Ib=0 -80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=-2V, IC=-0.5A 70 - 240

hFE(2) VCE=-2V, IC=-1.5A 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-1A, IB=-0.05A - -0.2 -0.5 V

Base-Emiiter
Saturation Voltage

vBE(sat) IC=-1A, IB=-0.05A - -0.9 -1.2 V

Transition Frequency fT VCE=-2V, IC=-0.5A - 80 - MHz

Collector Output Capacitance Cob VcB=-10V, IE=0, f=lMHz - 45 - pF

Switching Time

Turn-on Time ton

-iB1=iB2=ao5A J3ov
DUTY CYCLE<Il% °

- 0.2 -

MSStorage Time tstg - 1.0 -

Fall Time tf
- 0.2 -

Note : hFE(l) Classification : 70-140, Y : 120-240
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SILICON PNP EPITAXIAL TYPE 2SA1316

FOR LOW NOISE AUDIO AMPLIFIER APPLICATIONS AND

RECOMMENDED FOR THE FIRST STAGES OF MC HEAD AMPLIFIERS.

FEATURES

:

. Very Low Noise in the Region of Low Signal Source
Impedance
Equivalent Input Noise Voltage : En=0.6nVA/Hi (Typ.)

. Low Pulse Noise- Low 1/f Noise

. Low Base Spreading Resistance : r^b»=2.0Q (Typ.)

. Complementary to 2SC3329

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

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IB

PC

Tstg

RATING

-80

-80

-5

-100

-20

400

125

-55-125

UNIT

mA

mA

mW

h
5.1 MAX.

1

J
11

0145

i"-i
1

\ ^ •

0.5 5 MAX.
•ivL

1 CO

i

°

H
a

o20.4 5

] 1 "

1. EMITTER
2. COLLECTOR
a BASE

EIAJ

TOSHIBA 2-5P1B

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 0.21g

Note : hpE Classification GR : 200~400, BL : 350 ~ 700

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-80V, IE=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-5V, I C=0 - - -100 nA
Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=-lmA -80 - - V

DC Current Gain hFE
(Note)

VcE=-6V, Ic=-2mA 200 - 700

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-10mA, lB=-lmA - - -0.1 V

Base-Emitter Voltage VBE VCE=-6V, Ic=-2mA - 0.6 - V

Base Spreading Resistance r Db' VcE=-6V,Ic=-lmA,f=100MHz 2.0 - Q

Transition Frequency fT VCE=-6V,lE=lmA,f=100MHz - 50 - MHz

Collector Output Capacitance Cob Vcb=-10V, Ie=0, f=lMHz - 6.2 - pF

Noise Figure NF

VCE=-6V, IC=-0.1mA
f=10Hz, Rg=10kn

- 1 6

dB
VCE=-6V, Ic=-0.1mA
f=lkHz, Rg=10kQ

- 0.5 2

VCE=-6V, I c=-0.1mA
f=lkHz, Rg=100Q

- 2.5 -
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2SA1320 SILICOH PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=-250V

. Low Cre : 1.8pF(Max.)

. Complementary to 2SC3333

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

ICP

IB

PC

Tstg

RATING

-250

-250

-5

-50

-100

•20

0.6

150

-55~150

UNIT

mA

mA

Unit in mm

1.2 7

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO- 92

SC-43

TOSHIBA 2-5P1B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-200V, IE=0 - - -1.0 /*A

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 dk

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 80 - MHz

Reverse Transfer Capacitance Cre VCB=-30V, IE=0, f=lMHz - - 1.8 pF
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2SA1320

ic - VCE (LOW VOLTAGE REGION)
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2SA1320
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SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SA1321

HIGH VOLTAGE SWITCHING APPLICATIONS

COLOR TV CHROMA OUTPUT APPLICATIONS,

FEATURES

:

. High Voltage : VCEO=-250V

. Low Cre : 1.8pF(Max.)

. Complementary to 2SC3334

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

ICP

IB

PC

Tstg

RATING

-250

-250

-5

-50

-100

-20

0.9

150

-55-150

UNIT

mA

mA

W

51 MAX.

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC T0-92M0D
EIAJ

TOSHIBA 2-5 J1A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-200V, IE=0 - - -1.0 AA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1.0 Uk
Collector-Emitter
Breakdown Voltage v (BR)CE0 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 80 _ MHz

Reverse Transfer Capacitance Cre VCB=-30V, IE=0, f=lMHz - - 1.8 pF
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2SA1321
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SILICON NPN EPITAXIAL PLANAR TYPE (PGT PROCESS) 2SC380TM

Unit in mm

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

• High Power Gain : Gpe=29dB(Typ.) (f=10.7MHz)

• Recommended for FM IF, OSC Stage and

AM CONV. IF Stage.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Co 1

1

ector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Strage Temperature Range

SYMBOL

VCBO

'CEO

'EBO

IC

IE

PC

L stg

RATING

35

30

50

-50

300

125

-55^125

UNIT

mA

mA

mW

5.1MAX.

(145

Ol 55 MAX.

0.45

?n

1-27 a.27

( ami snan

V1 2
5/ 9.

X, EMITTER

2. COLLECTOR

3> BASE

TO 92

EIAJ SC — 43

5P1B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=35V, IE=0 - - 0.1 UA

Emitter Cut-off Current xEB0 vEB=4v, ic=o - - 1.0 yA

DC Current Gain hFE
(Note)

VCE=12V, Ic=2mA 40 - 240

Collector-Emitter Saturation
Voltage VCE(sat) IC=10mA, lB=lmA - - 0.4 V

Base-Emitter Voltage VBE
Ic*10mA, Ig»lmA - - 1.0 V

Transition Frequency fT YcE-lOV, Ic=lmA 100 - 400 MHz

Collector Output Capacitance cob VCB=10V, IE=0, f=lMHz 1.4 2.0 3.2 pF

Collector-Base Time Constant Cc'rbb 1 VCE=10V, IE=-lmA, f-30MHz 10 - 50 ps

Power Gain Gpe
Vq£=6V, IE=-lmA,

f-10.7MHz, (Fig.)
27 29 33 dB

Note : hpB classification R : 40^80, : 70^140, Y : 120^240
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2SC380TM

y PARAMETERS (Typ.

(1) (COMMON EMITTER f=455kHz, Ta=25°C)

CHARACTERISTIC SYMBOL 2SC380TM-R 2SC380TM-O 2SC380TM-Y UNIT

Collector-Emitter Voltage VCE 6 6 6 V

Emitter Current IE -1 -1 -1 mA

Input Conductance 8ie 0.58 0.41 0.26 mS

Input Capacitance cie 53 46 38 pF

Output Conductance 80e 1.9 2.7 4.8 fiS

Output Capacitance C e 2.6 2.8 3.6 pF

Forward Transfer Admittance |yfel 38 38 38 mS

Phase Angle of Forward Transfer
Admittance 9fe

-0.79 -0.83 -0.92

Reverse Transfer Admittance lYrel 5.7 5.7 6.2 uS,

Phase Angle of Reverse Transfer
Admittance

6 re
-90 -90 -90

(2) (COMMON EMITTER f=10.7MHz, Ta=25°C)

CHARACTERISTIC SYMBOL 2SC380TM-R 2SC380TM-O 2SC380TM-Y UNIT

Collector Emitter Voltage VCE 6 6 6 V

Emitter Current IE -1 -1 -1 mA

Input Conductance 8ie 1.04 0.85 0.65 mS

Input Capacitance C ie 49 43 36 pF

Output Conductance Soe 10 15 28 j«S

Output Capacitance coe 2.7 2.9 3.6 pF

Forward Transfer Admittance |yfe l

37 37 37 mS

Phase Angle of Forward Transfer
Admittance

6fe -9.6 -10.4 -11.5

Reverse Transfer Admittance brel 120 120 140 ftS

Phase Angle of Reverse Transfer
Admittance

9 re
-90 -90 -90
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Pig. &pe TEST CIRCUIT

2SC380TM

INPUT 0.05/«P©—fr
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2SC380TM
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2SC380TM
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2SC380TM
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC382TM

TV 1ST, 2ND PICTURE IF AMPLIFIER APPLICATIONS.

FEATURES

:

• High Gain : Gpe=35dB(Typ, ) (f=45MHz)

• Excellent Forward AGC Characteristic.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 40 V

Collector-Emitter Voltage V
CEO 40 V

Emitter-Base Voltage V
EBO 4 V

Collector Current X
C 50 mA

Emitter Current h -50 mA

Collector Power Dissipation p
c 250 mW

Junction Temperature T
j 125 9

C

Storage Temperature Range Tstg -55^125 Q C

Unit in mm

5.1 MAX.

0.55MAX.

0.45

M
00 00

1.27 1.27

(
d qi

J
31 a t

yi 2 ZJ 3

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO - 92

SC - 43

TOSHIBA 2-5F1B

Weight : 0.-21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN, TYP. MAX. UNIT

Collector Cut-off Current ^BO VCB=40V, I
E=0 - - 0.1 VA

Emitter Cut-off Current IEB0 VEB=3V, I
E=0

- - 0.1 yA

Collector-Emitter Breakdown
Voltage

V (BR)CE0
I
c=3mA, Ib=0 40 - - V

DC Current Gain hFE VCe=10V, Ic=4mA 30 - -

Transition Frequency fT VCE=10V, Ic=4mA 400 - - MHz

Collector-Base Time Constant Cc.rbb' VCB=10V, Im=-lmA, f=30MH2 - - 30 ps

Reverse Transfer Capacitance cre VCB=10V, IE=0 f=lMHz - - 1.2 pF

Power Gain (Fig.l) Gpe VCC=12V, IC=4mA, f«45MHz 32 35 40 dB

AGC Current (Note 1,2) ^GC VCC=12V, f=45MHz 7.2 - 10.8 mA

Note 1: Measured by circuit shown in Fig.l, when power gain is reduced to 30dB
compared with that of Ic at 4mA.

Note 2: Iagc Classification BL: 7- 2^8.8, V: 8.2^10.1, W: 8.9^10.8
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2SC382TM

Fig. 1 &pe AND IAQC CHARACTERISTICS TEST CIRCUITS (f=45MHz)
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2SC382TM

lFE ~ It

COMMON EMI TTER

T

C]

a

1=1
= 2

ov
5"C

0.2 05 1 3 5

COLLECTOR CURRENT
10 30

Ic (mA)

AGC CHARACTERISTICS

COLLECTOR CURRENT I c (mA)

n° 4 3 12 16 20 24

_ i
/ \

v TEST CIRCUITS
Pig 1

V CC = 12 V
Ta = 25 "C

-10 / \
/

y
L

y
•V) \>

v

4-0 \\
i

o
N

Of
^

SI ^

iono

L T j.
C

**

500 .
^"""^ \

\
30C

>

s

\

inn COMMON EMITTER

: VCE - 10 V

. Ta = 25 TC

\\
\
\
\

50 \

30 i i l i ' i ,i

're 'cb

°-2 05 1 3 5 10 30
COLLECTOR CURRENT I G (mA)

f 4 5 MHz

100
Ta = 25TC

VCE= 4V
50

it n

^10
10

V

5

1

ns
2 4 6 8 1C 13 14 16

COLLECTOR CURRENT Ic (mA)

< m
« o
Eh a
<

SI H
CO l-H

« o

> Ph

SI <J

K u
Q5

COMMON EMITTER

f = 1 MHz

Ta = 25 °C

Q3 05 1 3 5 10 30 50
COLLECTOR-BASE VOLTAGE V CB (V)

*ie " 1
o

in
f = 45 MHz

Ta = 25 "C

V1

. V

z
VA\*

V

-2

l_
V
3

-in
V

* 8 12 16 2n

OnLLECTOR CURRENT I C (mA)

-273



2SC382TM
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SILICON NPN EPITAXIAL PLANAR TYPE
2SC383TM

2SC388ATM

TV FINAL PICTURE IF AMPLIFIER APPLICATIONS,

FEATURES

:

. High Gain: Gpe=33dB(Typ. ) (f=45MHz)

• Good Linearity of hpg

.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector
Base Voltage

Collector
Emitter Voltage

2SC383TM

2SC388ATM

2SC383TM

2SC388ATM

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

L stg

RATING

50

30

45

25

50

-50

300

125

-55vL25

UNIT

mA

mA

mW

°C

Unit in mm

5.1 MAX.

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO-92

SC-43

TOSHIBA 2-5F1B

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector
Cut-off Current

2SC383TM ICB0
VCB=50V, Ie-0

- - 0.1

yA
2SC388ATM VCB=30V, Ie-0

Emitter Cut-off Current IEB0 VEB=3V, lc=0 - - 0.1

Collector-Emitter
Breakdown Voltage

2SC383TM
V (BR) CEO Ic=10mA, lB=0

45 - -
V

2SC388ATM 25 - -

DC Current

Gain

2SC383TM
hFE VCE=12.5V, IC=12.5mA

20 - 100

2SC388ATM 20 - 200

Saturation
Voltage

]ollector-Emit tei VCE(sat)
IC=15mA, lB=1.5mA

- - 0.2
V

Base-Emitter VBE(sat) - - 1.5

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz 0.8 - 2.0 pF

Collector-Base Time Constant Cc . rbb

'

VcB=10V,lE=-lmA, f=30MHz - - 25 ps

Transition Frequency fT VCE=12.5V, IC=12.5mA 300 - - MHz

Power Gain 2SC383TM
Gpe

VCC=12.5V, lE=-12.5mA

f=45MHz

29 - 36
dB(Fig. 1)

2SC388ATM 28 - 36
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2SC383TM

2SC388ATM

Fig. 1 45MHz Qpe TEST CIRCUIT
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2SC383TM

2SC388ATM
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2SC383TM

2SC388ATM
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SILICON NPN EPITAXIAL PLANAR TYPE

(INDUSTRIAL APPLICATIONS) 2SC395A

Unit in mm

ULTRA HIGH SPEED SWITCHING APPLICATIONS.

COMPUTER, COUNTER APPLICATIONS.

FEATURES

:

• High Transition Frequency : fT=200MHz(Min f )

• Low Saturation Voltage

: VCE (sat )=0.25V(Max.) at Ic=10mA, Ig=lmA

• High Switching Speed : tstg^25ns(Typ.

)

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

'CEO

vEBO

L stg

RATING

20

12

500

100

300

175

-65VL75

UNIT

mA

mA

mW
9
C

5.8 MAX.

^4.95MAX.

00.45

,02.54

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

JEDEC TO-li

TC-7, TB-8C

TOSHIBA 2-5A1B

Weight : 0.31g

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCE=20V, IE=0 - - 0.1 yA

Emitter Cut-off Current IEBO
VEB=5V, IC=0 - - 1.0 yA

DC Current Gain

hFE(D
(Note)

VCE=1V »
IC=10mA 60 - 200

hFE (2) VCE=5V, Ic=500mA 10 - -

Collector-Emitter
Saturation Voltage

VCE (sat) IC=10mA, lB=lmA - - 0.25
V

VCE(sat) IC=200mA, lB=20mA - - 0.7

Base-Emitter
Saturation Voltage

vBE(sat) IC=10mA, lB=lmA - - 0.8 V

Transition Frequency fT
VCE=10V, Ic=10mA 200 400 - MHz

Collector Output Capacitance Cob VCB=10V, l£=0, f=lMHz - 4 6 pF

Switching
Time

Turn-on Time ton

Fig.

- 20 40

nsStorage Time tstg - 25 50

Fall Time fc
f

- 15 30

Note: hFE (l) Classification 0: 60M.20, Y: 100^200
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2SC395A
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2SC395A
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2SC395A
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS) 2SC400

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

.)

Unit in mm
HIGH SPEED SWITCHING APPLICATIONS. 053 MAX.

04.95 MAX.

FEATURES

:

1"

. High Transition Frequency : fx=30GMHz (Typ.)

. Low Collector Output Capacitance : C ^=4pF (Typ

in

d

<
a

r

l

00.4

ri|~
l

r

. Low Saturation Voltage

: VCE (sat )=0.15V (Typ.) at Ic=10mA, IB=lmA

. High Switching Speed : t stg=300ns (Typ.)

5

2

a'H

. Complementary to 2SA500. 02

\3

MAXIMUM RATINGS (Ta=25°C)
j

CHARACTERISTIC SYMBOL RATING UNIT

CASE)

Collector-Base Voltage VCBO 30 V

1. EMITTER

2. BASE

3. COLLECTOR (

Collector-Emitter Voltage VCEO 20 V

Emitter Base Voltage VEBO 5 V

Collector Current ic 100 mA

Base Current IB 20 mA

Collect Power Dissipation PC 250 mW JEDEC TO-18
Junction Temperature T.i 175 °C EIAJ TC-7 , TB-8C
Storage Temperature Range Tste -65VL75 °C TOSHIBA 2-5A1B

Weight : 0:-31g

ELECTRICAL CHARACTERISTICS (Ta=25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CBO VCB=15V, IE=0 - - 0.5 yA

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 1.0 yA

DC Current Gain hpE
(Note)

VCE=1V, IC=10mA 60 - 350

Saturation
Voltage

Collector-Emit tet VcE(sat)
IC=10mA, lB=lmA

- 0.15 0.4
V

Base-Emitter VBE(sat) - 0.8 0.95

Transition Frequency fT VcE=10V, IC=10mA 100 300 - MHz
Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 4 6 pF

Base Intrinsic Resistance rbb» VCB=6V, IE=-lmA, f=30MHz - 40 150 a

Input Impedance hie

VcE=10V, lE=-10mA
f=270Hz

- 0.3 - kfi

Voltage Feedback Ratio hre - 2 - XI0-4

Small-Signal Current Gain hfe - 80 -

Collector Output Admittance hoe - 150 - aX5

Switching
Time

Turn-on Time ton JNKTI 1W1 ^ 0U
1
TP

g
T

o f ^ t—Hi 1 T

TO WWlM
i/, 8 * 6 * 6

DUTY CYCLE ^2% VCC=10V

- 25 - ns

Storage Time tstg - 300 - ns

Fall Time tf - 30 - ns

Note : hFE Classification : 60 ^ 120, Y : 100 % 200, GR : 170 ^ 350
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2SC732TM SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

• High Breakdown Voltage : Vceo=50v

• Excellent hpg Linearity

: hFE (IG=0. 1mA) /hFE (Ic=2mA) =0.95 (Typ.)

• Low Noise

: NF(l)=0.5dB Typ. (f=100Hz)

: NF(2)=0.2dB Typ. (f=lkHz)

MAXIMUM RATINGS (Ta=25°C)

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 150 mA

Emitter Current IE -150 mA

Collector Power Dissipation PC 400 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55M.25 °C

Unit in mm

5.1MAX.

1.27 1.27

i

' ( DflD «§

2 3/ hy *
1

Vi
~^

1 EMITTER

2. COLLECTOR

3. BASE

TO 92

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, IE=0
- - 0.1 yA

Emitter Cut-off Current Iebo VEB=5V, IC=0 - - 0.1 VA

DC Current Gain
hFE
CNote)

VCE=6V, Ic=2mA 200 - 700

Collector-Emitter
Saturation Voltage

VcE(sat) Ic=10mA, lB=lmA - - 0.3 V

Base^Emitter Voltage VBE VCE=6V, IC=2mA - Q.65 - V

Transition Frequency fT VCE=6V, Ic=lmA - 150 - MHz

Collector Output Capacitance Cob VCB=10V,

I

E=0 , f=lMHz - 2.0 - pF

Noise Figure NF(1)
VCE=6V, Ic=0.1mA
f=100Hz, Rg=10M

- Q.5 6 dB

Noise Figure NF(2) VcE=6V, Ic=0.1mA
f=lkHz, Rg=10kfi

- 0.2 3 dB

Note : hFE Classification GR : 200^400, BL : 350^700
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2SC732TM
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2SC732TM
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC941TM

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

AM HIGH FREQUENCY AMPLIFIER APPLICATIONS.

AM FREQUENCY CONVERTER APPLICATIONS.

FEATURES

:

• Low Noise Figure : NF=3.5dB (Max.) (f=lMHz)

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

vCEO

VEBO

IC

IE

PC

Ti

Lstg

RATING

35

30

100

-100

400

125

-55M.25

UNIT

mA

mA

mW

1.27 1.27

1. EMITTER

2. COLLECTOR

3. BASE

TO — 92

SC — 43

5 F IB

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta-25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 Vcb=20V, IE=0 - - 0.1 yA
Emitter Cut-off Current lEBO VEB=2V, lc=0 - - 1.0 yA

DC Current Gain hpE
(Note)

VCE=12V, IC=2mA 40 - 240

Collector-Emitter Saturation
Voltage vCE(sat) IC=10mA, lB=lmA - - 0.4 V

Base-Emitter Saturation Voltage vBE(sat) Ic=10mA, lB=lmA - - 1.0 V

Transition Frequency fT Vce=10V, Ic=2mA 80 120 - MHz
Reverse Transfer Capacitance Cre VCB=10V, Ie=0, f=lMHz - 2.2 3.0 pF

Collector-Base Time Constant Cc .rbb VCE=10V, lE=-lmA, f=30MHz - 30 50 ps

Noise Figure NF Vce-IOV, lE=-lmA
f=lMHz, Re=50fi

- 2.0 3.5 dB

Note: hFE classification R : 40^80, : 70VL40, Y : 120^240
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2SC941TM

y PARAMETERS (Typ.) (COMMON EMITTER VCE=6V, lE=-lmA, f-lMHz)

CHARACTERISTIC SYMBOL 2SC941-R 2SC941-0 2SC941-Y UNIT

Input Conductance gie 0.5 0.35 0.22 mS

Input Capacitance Cie 50 48 46 PF

Output Conductance goe 4 5 6.5 MS

Output Capacitance Coe 3.7 3.4 3.2 PF

Forward Transfer Admittance |Yfe| 36 36 36 mS

Phase Angle of Forward Transfer
Admittance 9fe -1.6 -1.6 -1.6 o

Reverse Transfer Admittance |yre| 14 14 14 MS

Phase Angle of Reverse Transfer
Admittance re -90 -90 -90
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2SC941TM

STATIC CHARACTERISTICS hPE ~ X C
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2SC941TM
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)
2SC979

2SC979A

HIGH FREQUENCY AMPLIFIER APPLICATIONS.
HIGH SPEED SWITCHING APPLIATIONS.

FEATURES

:

• High Breakdown Voltage : VCEO=70V(2SC979A)

.

• Low Saturation Voltage

: VCE(sat)=0.05V (Typ.) at IC=10mA, IB=lmA
• High Transition Frequency

: fT=250MHz (Typ.) at VCE=10V, I c=10mA

• Low Output Capacitance : Cob=3pF (Typ.)

• Complementary to 2SA499.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base
Voltage

Collector-Emitter
Voltage

2SC979

2SC979A

2SC979

2SC979A
Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

Junction Temperature

SYMBOL

vCBO

'CEO

VEBO

ic

IB

PC

RATING

70

100

50

70

100

20

300

175

UNIT

mA

mA

mW

05.8MAX.

04.95MAX

^0.45

°1 >rf

2(2.54

1. EMITTER
2. BASE
3. GOLLECTOR(CASE)

JEDED TO'

EIAJ TC — 7 , TB — 8C

TOSHIBA 2 — 5A1B

Storage Temperature Range Tstg -65^175 Weight : 0.31g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off
Current

2SC979
ICBO

VCB=70V, IE=0 - - 1.0
yA2SC979A VCB=100V,lE=0 - - 1.0

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 1.0 yA

DC Current Gain 2SC979 hFE
(Note)

VCE=1V, Ic=10mA
70 - 240

2SC979A 70 - 140
Collector-Emitter
Saturation Voltage VcE(sat) IC=10mA, lB=lmA - 0.05 0.3 V

Base-Emitter Saturation Voltage vBE(sat) Ic=10mA, lB=lmA - 0.75 1.0 V

Transition Frequency fT VcE=10V, Ic=10mA 150 250 - MHz
Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 3 5 pF

Switching Time

Turn-on Time 'on OUTPUT - 25 -

nstrvfr>

Storage Time tstg - 400 -

Fall Time tf
Vffi=-3V VCC

DUTY CYCLE^2^
=1QV

30 -

Note : hEE Classification : 70vL40, Y : 120^240
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2SC979

2SC979A

STATIC CHARACTERISTICS
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2SC979

2SC979A

hFE - I C vCE(sat) ~ I C

500

H300

o 10
R

| |

||

Ta =100°C

25

-5£ -

COMmuin JuinuuB
. Vni,-iv

,_ , 1 1 1 J 1L_

p p 100

H H 50
n o
a a ."Vl

<! <H H
M M
n t)

«1 <i
M4 H* II)

< <!
U o

5

1 3 5 10 30 50 100 300

COLLECTOR CURRENT Ic (mA)

10m
vBE(sat )- I c

COMMON EMITTER

IC/IB= 10
3--

Mil
'

1-- Ta=—5
UN

5°C

0.5
"- -^

2510

0.1

0.03 .

.

Q05 0.1 0.3 0.5 1 3 5 10 30 50 100

COLLECTOR CURRENT Ic (mA)

Clb.Cob-VR

53

COMMON BASE
f— 1MHz
Ta=25°C

1

.Cj =o)

r>i in

Ie=o)

^ *
441

Ifl

"^<. —

.

— -

J:#.in
0.05 01 0.3 0.5 1 3 5" 10 30 50

REVERSE VOLTAGE VR (V)

_ H
K O
H <H H
Eh AH O
a >
i a
« o
o H
£h H

o <c

0.5

0.3

0.05

0.03

COMMON EMITTER

IC/IB=10

INI
Ta==-55 °C

o 500

H 300
D
nf
N
«
tn 100
Zo
H 50
M
XS1 30

Pn 01
O M
Eh fi

0.3 0.5 1 3 5 00 30 50

COLLECTOR CURRENT Ic (mA)

f T — In

Ta=25°C

I'll r
.
.' ^CE

§S""I
S
>' 6

3

0.3 0.5 1 3 5 10 30 50 100

COLLECTOR CURRENT Ic (mA)

PC - Tc1

240

lfiO

80

40 80 120 160

AMBIENT TEMPERATURE Ta (°C)

200

-293-



2SC982TM
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)

PRINTER DRIVE, CORE DRIVE AND LED DRIVE

APPLICATIONS.

LOW FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

• High DC Current Gain

: hFE(1 )=5000 (Min.) (Ic=10mA)

: hFE ( 2 )=10000 (Min.) (Ic=100mA)

MAXIMUM RATINGS (Ta=25°n

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Continuous Collector Current

Peak Collector Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

/CEO

7EBO

IC(DC)
ICP

x
(Note)

pstg

RATING

40

40

10

300

500

400

125

-55vL25

Note : Pulee width Si 1Oms duty cycled 10%

EQUIVALENT CIRCUIT .

COLLECTOR

' EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

mA

mA

mW

Unit in mm

0.55MAX.

1.27

1. EMITTER

2. COLLECTOR

3. BASE

JEDEC TO-92

EIAJ SC-43

TOSHIBA 2-5P1B

Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=40V, IE=0 - _ 0.1 VA
Emitter Cut-off Current Jebo VEB=8V, IC=0 - - 0.1 yA

DC Current Gain
hFE(l) VCE=5V » Ic=10mA 5000 - -

hFE(2) VCE=2V, Ic=100mA 10000 - -

Collector-Emitter
Saturation Voltage

VCE(sat) Ic=300mA, IB=0.3mA - 0.9 1.3 V

Base-Emitter Voltage VBE VCE=2V, I
c=100mA

- 1.25 1.6 V
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2SC1380

2SC1380A

SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

LOW NOISE AUDIO AMPLIFIER APPLICATIONS. (2SC1380A)

FEATURES

:

• High Breakdown Voltage : Vc -g =50v

. High DC Current Gain : 1^=200^700

• Low Noise Figure : NF=2dB(Max. ) (2SC1380A)

at R
g
=10kn, f=100Hz

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 55 V

Collector-Emitter Voltage VCEO 50 V

Emitter-Base Voltage VEBO 5 V

Collector Current l
C 100 mA

Base Current h 20 mA

Collector Power Dissipation P
C 200 mW

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg -55M.50 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

5.8 MAX

04.95 MAX.

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

JEDEC TO-18

EIAJ TC-7, TB-8C

TOSHIBA 2-5A1B

Weight : 0.31g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP MAX. UNIT

Collector Cut-off Current ZCB0 VCB=18V, IE=0 - - 0.1 yA

Emitter Cut-off Current ^EBO
VEB=5V, I

c
=0 - - 0.1 yA

DC Current Gain hFE
(Note)

VCE=6V, Ic=2mA 200 - 700

Transition Frequency fT
VCE=6V, IC=lmA - 80 - MHz

Collector Output Capacitance cob VCB=6V, IE=0, f=lMHz - 6 10 PF

Noise Figure 2SC1380A
Only

NF(1)
VCE=6V, IC=0.1mA
f=10Hz, R

g=10kfi
- - 10

dB
NF(2)

VCE=6V, Ic=0.1mA
f=100Hz, Rg=10kfi

- - 2

Note: hpE Classification GR : 200^400, BL: 350^700
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC1627

DRIVER STAGE AMPLIFIER APPLICATIONS.

VOLTAGE AMPLIFIER APPLICATIONS.

FEATURES :

Complementary to 2SA817.

Driver Stage Application of 20 to 25 Watts

Amplifiers.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 80 V

Collector-Emitter Voltage vCE0 80 V

Emitter-Base Voltage VEBO 5 V

Collector Current IC 300 mA

Emitter Current IE -300 mA

Collector Power Dissipation *C 600 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55^150 °C

Unit in mm

5.1MAX

0L55MAX,

1.27 1.27

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO 92

5E1B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0
- - 100 nA

Emitter Cut-off Current IEB0 vEb=5v »
IC
=0 - - 100 nA

Collector-Emitter
Saturation Voltage

V (BR) CEO IC=5mA, IB=0 80 - - V

DC Current Gain

hFE(l)
(Note)

VCE=2V, IC=50mA 70 - 240

hFE(2) VCE=2V, Ic=200mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=200mA, lB=10mA - - 0.5 V

Base-Emitter Voltage VBE VCE=2V, IC=5mA 0.55 - 0.8 V

Transition Frequency fT VcE=10V, Ic=10mA - 100 — MHz

Collector Output Capacitance Cob Vcb=10v » IE=0, f'IMHz — 10 " pF

Note : hpj.^) Classification : 70vL40, Y : 120^240
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2SC1627
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC1627A

DRIVER STAGE AMPLIFIER APPLICATIONS.

VOLTAGE AMPLIFIER APPLICATIONS.

FEATURES

:

• Complementary to 2SA817A.

Driver Stage Application of 30 to 35 Watts

Amplifiers.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 80 V

Collector-Emitter Voltage VCE0 80 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 400 mA

Emitter Current IE -400 mA

Collector Power Dissipation PC 800 mW

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55^150 °C

Unit in mm
5.1 MAX.,

0.75 MAX.

1.0 MAX.

0.80 MAX.

0.60 MAX.

1.37. _X27

12 3

1. EMITTER
2. COLLECTOR
S. BASE

J ED EC T0-92M0D
EIAJ

TOSHIBA

Weight :.0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0 - - 100 nA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage v (BR) CEO IC=5mA, lB=0 80 - - V

DC Current Gain

hFE(l)
(Note)

VCE=2V, Ic=50mA 70 - 240

hFE(2) VCE=2V, Ic=200mA 40 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=200mA, lB=20mA - - 0.4 V

Base-Emitter Voltage VBE VCE=2V, IC=5mA 0.55 - 0.8 V

Transition Frequency fT VCE=10V, IC=10mA - 100 - MHz

Collector Output
Capacitance

cob VCB=10V, f - 1 MHz - 10 - pF

Note : hpg^ Classification : 70^140, Y : 12CK240
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2SC1627A
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC1815

AUDIO FREQUENCY GENERAL PURPOSE
AMPLIFIER APPLICATIONS.
DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Voltage and High Current
: VCEO=50V(Min.) Ic=l 50mA (Max.

. Excellent hpg Linearity

: hFE (2)=100(Typ.) at VCE=6V, IC=150mA

: hFE(lC=0.1mA)/hFE (lC=2mA)=0.95(Typ.)

. Low Noise : NF=ldb(Typ.) at f=lkHz

. complementary to 2SA1015 (0,Y,GR class)

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

PC

Tstg

RATING

60

50

150

50

400

125

-55-125

UNIT

mA

mA

m¥

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

5.1MAX.

0. 55 MAX
,,

1.27

1. EMITTER

2. COLLECTOR

& BASE

TTCDEC TO—9 2

EIAJ SC-43

TOSHIBA 2-5 FIB

Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, IE=0 - - 0.1 MA

Emitter Cut-off Current IEBO VEB=5V, IC=0
- - 0.1 M

DC Current Gain

hFE(l)
(Note

)

VCE=6V, IC=2mA 70 - 700

hFE(2) VCE=6V, Ic=150mA 25 100 -

Collector-Emitter
Saturation Voltage VCE(sat) IC=100mA, lB=10mA - 0.1 0.25 V

Base -Emitter
Saturation Voltage VBE(sat) Ic=100mA, lB=10mA - - 1.0 V

Transition Frequency fT VcE=10V, lE=lmA 80 - - MHz

Collector Output Capacitance Cob VCB=10V, l£=0, f=lMHz - 2.0 3.5 pF

Base Intrinsic
Resistance

rbb'
VCB=10V, Ic=lrtA,

f=30MHz
- 50 - n

Noise Figure NF
VCE=6V, Ic=0.1mA,

Rg=10kQ , f=lkHz
1.0 10 dB

Note : hpE Classification 0:70-140 Y: 120-240 GR: 200-400 BL: 350-700
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2SC1815
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2SC1815® SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY VOLTAGE AMPLIFIER APPLICATIONS.

LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage, High Current Capability
: VcEO=50V(Min.), Ic=150mA(Max.

)

. Excellent Linearity of hFE
: hFE(2)=100(Typ.) at VcE=6V, IC=150mA
: hFE(IC=0.1mA)/hFE (Ic=2mA)=0.95(Typ.)

. Low Noise : NF=0. 2dB(Typ. ) (f=lkHz)

.

. Complementary to 2SA1015 © . (0,Y,GR class).

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IE

PC

Tstg

RATING

60

50

150

-150

400

125

-55-125

UNIT

mA

mA

mW

°C

°C

1. EMITTER
Z. COLLECTOR
3. BASE

TOSHIBA

Note : hpE(l) Classification 0:70-140, Y:120~240, GR:200~400 BL:350~700

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 0. 21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=60V, IE=0 - - 0.1 nk

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 fik

DC Current Gain
hFE(l)
(Note)

Vce=6V, IC=2mA 70 - 700

hFE(2) VCE=6V, Ic=150mA 25 100 -

Saturation Collector-Emitter vCE(sat) IC=100mA, lB=10mA - 0.1 0.25
VVoltage „ „ .6 Base-Emitter VBE(sat) IC=100mA, lB=10mA - - 1.0

Transition Frequency fT VCE=10V, Ic=lmA 80 - - MHz

Collector Output Capacitance Cob VcB=10V, l£=0, f=lMHz - 2.0 3.0 pF

Base Intrinsic Resistance rbb' Vcb=10V, lE=-lmA, f=30MHz - 50 - Q

Noise Figure

NF(1)
VCE=6V, Ic=0.1mA

Rg=10kO, f=100Hz
- 0.5 6

dB

NF(2)
VCE=6V, Ic=0.1mA

Rg=10kQ, f=lkHz
- 0.2 3

-304



2SC1815©
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2SC1815©
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SILICON NPN EPITAXIAL PLANAR TYPE (PCT PROCESS) 2SC1923

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FM, RF, MIX, IF AMPLIFIER APPLICATIONS.

FEATURES

:

• Small Reverse Transfer Capacitance

: Cre=0.7pF (Typ.)

• Low Noise Figure : NF=2.5dB (Typ.) (f=100MHz)

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

'CEO

vEBO

IE

PC

Tstg

RATING

40

30

20

-20

100

125

-55^125

UNIT

mA

mA

mW

Unit in mm

a 55 MAX

1. EMITTER

2. COLLECTOR

3. BASE

TOSHI BA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=18V, IE
=0 - - 0.5 yA

Emitter Cut-off Current lEBO VEB=4V, Ic=0 - - 0.5 VA

DC Current Gain
(ffife)

VCE=6V, Ic=lmA 40 - 200

Reverse Transfer Capacitance Cre VCE=6V, f=lMHz - 0.70 - pF

Transition Frequency fT VCE=6V, IC=lmA - 550 - MHz

Collector-Base Time Constant Cc • rbb

'

VCE=6V,

I

E=-lmA, f=30MHz - - 30 ps

Noise Figure NF VCE=6V, IE=-lmA

f=100MHz , Fig

.

- 2.5 4.0*
dB

Power Gain Gpe 15 18 -

Note : hpE Classificaiton R : 40^80, : 70^140, Y : 100^200 (* NF=5.0dB Max.)
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2SC1923

Fig. NF, G-pe TEST CIRCUIT
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i

50.O

0.01/iF DUT
-HI T

trr -

!I
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0.0 2/iF

r

6pF
-%£- © OUTPUT

50.Q

-/-.

r | lOOOpF

0.0 ZflF

-vE

(l E = -lmA)

L 1 ; 0.8 mm^ SILVER PLATED COPPER WIRE, 4T.10ID, 8 LENGTH

y PARAMETER ( Typ. )

(1) COMMON EMITTER (VCE =6V, I E =—1mA , f = 100MH z )

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance gie 2.9 mS

Input Capacitance Cie 10.2 PF

Reverse Transfer Admittance lYrel 0.33 MS

Phase Angle of Reverse
Transfer Admittance

ere -90

Forward Transfer Admittance |yfei 40 mS

Phase Angle of Forward
Transfer Admittance

8fe -20 O

Output Conductance goe 45 //S

Output Capacitance Coe 1.1 pF

(2) COMMON BASE (V CE =6V, I E =— 1mA, f=100MHz)

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance gib 34 mS

Input Capacitance Cib -10 pF

Reverse Transfer Admittance |yrb| 0.27 >"S

Phase Angle of Reverse
Transfer Admittance

8rb -105

Forward Transfer Admittance
l

yfb| 34 mS

Phase Angle of Forward
Transfer Admittance

9fb 165

Output Conductance §ob 45 MS

Output Capacitance cob 1.1 pF
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STATIC CHARACTERISTICS
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2SC1923
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2SC1923
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2SC1923
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC1959

AUDIO FREQUENCY LOW POWER AMPLIFIER

APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

SWITCHING APPLICATIONS.

FEATURES

:

• Excellent hpg linearity

: hFE ( 2
)=25Min. : VCE=6V, Ic=400mA

' 1 Watt Amplifier Applications.

• Complementary to 2SA562TM.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 35 V

Collector-Emitter Voltage VCEO 30 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 500 mA

Emitter Current IE -500 mA

Collector Power Dissipation PC 500 mW

Junction Temperature Tj 150 °C

Storage Temperature Range T Stg
-55^150 °C

Unit in mm

5.1 MAX.

h

U4b
J 1

J

1

,

0.55MAX.

00

d
00

H
S
r-

N
H

0.45
1 1

II

1.37

1. EMITTER
2. COLLECTOR

3. BASE

JEDEC T0-92

SC-43

TOSHIBA 2-5P1B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=35V, IE-0
- - 0.1 yA

Emitter Cut-off Current IEBO VEB=5V, Ic-0 - - 0.1 MA

DC Current Gain

«FE(1)
(Note)

VCe=1V, Ic=100mA 70 - 240

hFE(2)
(Note) VCE=^V, Ic=400mA 25 - -

Collector-Emitter
Saturation Voltage vCE(sat) IC=100mA, lB=10mA - 0.1 0.25 V

Base-Emitter Voltage VBE VGE=1V, Ic=100mA - 0.8 1.0 V

Transition Frequency fT VCE=6V, Ic=20mA - 300 - MHz

Collector Output Capacitance cob VcB=6v » lE=0». f=l MHz - 7 - pF

Note : hpE(l) Classification : 70*vL40, Y : 120^240

hFE(2) Classification : 25(MIN.),Y : 40 (MIN.)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2120

AUDIO POWER AMPLIFIER APPLCIATIONS.

FEATURES

:

. High hFE : hFE=100 'v, 320

• 1 Watts Amplifier Applications.

• Complementary to 2SA950.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 35 V

Collector-Emitter Voltage vCEO 30 V

Emitter-Base Voltage vEBO 5 V

Collector Current ic 800 mA

Emitter Current IE -800 mA

Collector Power Dissipation PC 600 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55 * 150 °C

Unit in mm

Q5SMAX.
.|

1.27 1.27

—L \ irn ii di I a

^\iy 3

L EMITTER
2. COLLECTOR
3. BASE

JEDEC TO 92

SC — 43

TOSHIBA 2 — 5P1B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (t*i=25°CT

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=5V, Ic=0 - - 100 nA

Collector-Emitter
Breakdown Voltage V (BR) CEO Ic=10mA 30 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, Ic=100mA 100 - 320

hFE(2) VcE=lV, Ic=700mA 35 -

Collector-Emitter
Saturation Voltage VcE(sat) Ic=500mA, IB=20mA - - 0.5 V

Base-Emitter Voltage Vbe VCE=1V, Ic=10mA 0.5 - 0.8 V

Transition Frequency fT VCE=5V, Ic=10mA
- 120 - MHz

Collector Output Capacitance cob VCB=10V, f=lMHz, IE=0 - 13 - pF

Note : hFE(l) Classification 100^200, Y

- 315 -
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2SC2120

I C - VCE hFE - I c

800

o 400

S 200

COMMON EMITTER

Ta = 2 5°C 8

7
-— —

—

— — . -i * m - - —

6
.—

—

»—

—

1A
.

—

*

is
— -

2 '—
2

t
Ig = 1mA—r_^

12 3 4 5

COLLECTOR-EMITTEK VOLTAGE VCE (V)

100 300 500 1000

ic Oa)

3 5 10 30 50 100

COLLECTOR CURRENT
300 500 1000

IC (mA)

0:2 04 075 57?

BASE-EMITTER VOLTAGE

20 40 60 80 100 120 140 160 180

AMBIENT TEMPERATURE Ta (°C)

316



SILICON NPN PLANAR TYPE 2SC2215

TV 1ST, 2ND PICTURE IF AMPLIFIER APPLICATIONS.

FEATURES

:

• High Gain : Gpe=35dB (Typ.) (f=45MHz)

• Excellent Forward AGC Characteristics.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 40 V

Collector-Emitter Voltage vCEO 40 V

Emitter-Base Voltage vEBO 4 V

Collector Current ic 50 mA

Emitter Current IE -50 mA

Collector Power Dissipation ?C 250 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55^125 °C

Unit in mm

1. BASS
2. EMITTER

a COLLECTOR

TO 92

43

2 — 5P IE

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current LCBO VCB=40V, IE=0 0.1 yA

Emitter Cut-off Current IEBO VEB=3V, Ic-0

Collector-Emitter
Breakdown Voltage

0.1 yA

v (BR) CEO Ic=3mA, lg=0 40

DC Current Gain JFE VCE=10V, Ic=4mA 30

Transition Frequency fT VCe=10V, Ic=4mA 400 MHz

Collector-Base Time Constant cc • rbb

'

VCB=10V,

I

E=-lmA,
f*30MHfc 30 ps

Reverse Transfer Capacitance VcB=10V,lE=0,f=lMHz 1.2 pP

Power Gain (Fig. 1) Jpe Vcc=12V,I C
!»4mA,f=45MHz 32 40 dB

AGC Current (Note 1,2) LAGC VCC=12V, f=45MHz 7.2 - 10.8 mA

Note 1 : IAGC Classification BL : 7.2^8.8, V : 8.2^10.1, W : 8.9^10.8

Note 2 : Measured by circuit shown in Fig 1, when power gain is reduced 30dB compared
with that of Ic at 4mA.
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2SC2215

Fig.l £}pe AND IAao CHARACTERISTICS

TEST CIRCUIT (f = 45MHz)
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2SC2215
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2SC2216

2SC2717
SILICON NPN EPITAXIAL PLANAR TYPE

TV FINAL PICTURE IF AMPLIFIER APPLICATIONS.

FEATURES

:

• High Gain : Gpe=33dB (Typ.) (f=45MHz)

• Good Linearity of hEE .

MAXIMUM RATINGS (Ta=25°c)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage
2SC2216

VCBO
50

V
2SC2717 30

2SC2216
VCEO

45
V

2SC2717 25

Emitter-Base Voltage vEBO 4 V

Collector Current ic 50 mA

Emitter Current IE -50 mA

Collector Power Dissipation PC 300 mW

Junction Temperature T
J

125 °C
_

Tstg -55^125 °Cbtorage Temperature Range

0.55MAX. fl if W II

—
~~z*

.

"1 h ! 00 00 M
C5 r-i S

3

X BASE
2. EMITTER
3. COLLECTOR

TO — 92

43

TOSHIBA 2 — 5P IE

Weight : 0.21g

ELECTRICAL CHARACTERISTICS5 (Ta=25 c O
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current
2SC2216

ICBO
VCB-50V, IE-O

- - 0.1 ua
2SC2717 VCB=30V, IE=0

Emitter Cut-off Current lEBO VEB=3V »
IC

=0 - - 0.1 yA

Collector-Emitter

Breakdown Voltage

2SC2216
V(BR)CEC Ic=10mA, Ib=0

45 - -
V

2SC2717 25 - -

DC Current Gain
2SC2216

hFE VcE=12.5V, Ic=12.5mA
40 - 140

2SC2717 40 - 240
Collector-Emitter Saturation
Voltage" VCE(sat) IC=15mA, lB=1.5mA - - 0.2 V

Base-Emitter Saturation Voltage VBE(sat) IC=15mA, lB=1.5mA - - 1.5 V

Collector Output Capacitance Cob VCB=10V, IE=0, f-lMHz 0.8 - 2.0 PF

Collector-Base Time Constant Cc • rbb

'

VCB=10V, IE=-lmA, f=30MHz - - 25 ps

Transition Frequency fT VCE=12.5V, Ic=12.5mA 300 - - MHz

Power Gain (Fig.

)

2SC2216
Gpe

VCC=12.5V, IE—12.5mA,

f=45MHz

29 - 36
dB

2SC2717 28 ~ 36
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Fig. 45MHz Ope TEST CIRCUIT
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2SC2216

2SC2717
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SILICON NPN TRIPLE DIFFUSED TYPE 2SC2229

BLACK AND WHITE TV VIDEO OUTPUT APPLICATIONS.

HIGH VOLTAGE SWITCHING APPLICATIONS.

DRIVER STAGE AUDIO AMPLIFIER APPLICATIONS.

FEATURES :

• High Breakdown Voltage : VcEO=150V (Min.)

• Low Output Capacitance : Cob=5.0pF (Max.)

• High Transition Frequency: fT=120MHz (Typ.)

Unit in mm

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

200

150

50

-50

800

150

-55^150

UNIT

mA

mA

mW

1. EMITTER

2. COLLECTOR

3. BASE

JEDEC TO — 92M0D

TOSHIBA 5 J 1A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=200V, IE=0 - - 0.1 UA

Emitter Cut-off Current IEBO VEB=5V, Ic=0 - - 0.1 yA

DC Current Gain hFE
(Note)

Vce=5V, Ic=10mA 70 - 240

Collector-Emitter
Saturation Voltage VCE(sat) IC=10mA, lB=lmA - - 0.5 V

Base-Emitter Saturation Voltage VBE(sat) IC=10mA, lB=lmA - - 1 V

Transition Frequency fT VCE=30V, Ic=10mA - 120 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 3.5 5 PF"

Note: hFE Classification : 70% 140, Y : 120^240
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2SC2229
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2SC2229
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2SC2230

2SC2230A
SILICON NPN TRIPLE DIFFUSED TYPE (PCT RPOCESS)

HIGH VOLTAGE GENERAL AMPLIFIER APPLICATTONS
COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.
FEATURES:

. High Voltage : VCE0=180V (2SC2230A)

. High DC Current Gain.

MAXIMUM RATINGS (Ta=25°c;

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter
Voltage

2SC2230

2SC2230A

Emitter-Base Voltage

Collector Current

Base Current

SYMBOL

vCBO

RATING

VCEO

VEBO

ic

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

IB

PC

200

160

180

100

50

800

150

Tstg -55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C;

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

SYMBOL

!CBO

lEBO

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

Collector Output Capacitance

b-FEU!
(Notei

hFE(2;

vCE(sat;

VBE

UNIT

mA

mA

mV

°C

Unit in mm

51 MAX

1. EMITTER
2. COLLECTOR
a BASE

JEDEC TO—9SM0D
EIAJ

TOSHIBA 8—5 J1A

Weight :0.36g

TEST CONDITION

VCB=200V, IE=0

VEB=5V, rc=o

VCE=10V, Ic=10mA

MIN.

VCE=10V, Ic=50mA

IC=50mA, lB=5mA

VCE=10V, Ic=lmA

fT VCE=10V, Ic=10mA

Cob VCB=10V, IE=0, f=lMHz

120

TYP. MAX.

0.1

0.1

80

0.50

50

0.60

Note: hFE (l) Classification Y: 120-240, GR: 200-400

400

0.5

0.70

7.0

UNIT.

M
M

MHz

PF
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2SC2230

2SC2230A
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2SC2230

2SC2230A
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2235

AUDIO POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS,

FEATURES

:

• Complementary to 2SA965.

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

'CEO

vEBO

ic

IE

PC

rstg

RATING

120

120

800

-800

900

150

-55vL50

UNIT

mA

mA

mW

Unit in mm

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC T0-92M0D

EIAJ

TOSHIBA 2-5J 1A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=120V, IE=0 - - 100 nA
Emitter Cut-off Current zEB0 VEB=5V, IC=0 - - 100 nA
Collector-Emitter
Breakdown Voltage V (BR) CEO Ic=10mA, IB=0 120 - - V

Emitter-Base
Breakdown Voltage

V (BR)EBO IE=lmA, lc=0 5 - - V

DC Current Gain
(Nofe)

VCE=5V, IC=100mA 80 - 240
Collector-Emitter
Saturation Voltaee VcE(sat) IC=500mA, lB=50mA - - 1.0 V
Base-Emitter Voltage VBE VCE=5V, Ic=50OmA - - 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 Classification : 80VL60, Y : 120^240
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2SC2235
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2236

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

• Complementary to 2SA966 and 3 Watts Output

Applications.

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

Tj

L stg

RATING

30

30

1.5

-1.5

900

150

-55VL50

UNIT

mW

Unit in mm

15.1MAX.

COLLECTOR

TOSHIBA

TO — 92M0 D

2 — 5 J 1 A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=10mA, IB=0 30 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 IE=lmA, 1q=0 5 - - V

DC Current Gain (Sole)
VcE=2V, Ic=500mA 100 - 320

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1.5A, IB=0.03A - - 2.0 V

Base-Emitter Voltage vBE VCE=2V, Ic=500mA
— — 1.0 V

Transition Frequency fT VCE=2V, Ic=500mA
- 120 - MHz

Collector Output Capacitance Cob VCB=10V , l£=0 , f=lMHz - - 30 pF

Note : hFE Classification : 100^200,
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2SC2236
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2240

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

The 2SC2240 is a transistor for low frequency and
low noise applications. This device is designed to
lower noise figure in the region of low signal
source impedance, and to lower the pulse noise.
This is recommended for the first stages of Equalizer
amplifiers.

Low Noise

: NF=4dB (Typ.), R
g
=100fi,VCE=6V,Ic=100yA,f=lkHz

: NF=0.5dB(Typ.),Rg=lkft,VCE=6V,Ic=100uA, f=lkHz

Low Pulse Noise : Low 1/f Noise

High DC Current Gain : hFE=20(H700

High Breakdown Voltage : VCE0=120V

Unit in mm

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

vCB0
VCEO
vEBO

ic

Jl
Jstg_

RATING
120
120

100
-100

300

125

-55^125

UNIT

mA
mA

mW

1. EMITTER

Z. COLLECTOR

3. BASE

SC-43

TOSHIBA

Weight 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note : hFE Classification GR : 200^400, BL : 350^700

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=120V, IE=0 - _ 100 nA
Emitter Cut-off Current !eB0 VEB=5V, IC=0 - - 100 nA
Collector-Emitter
Breakdown Voltage v (BR) CEO Ic=lmA, IB=0 120 - - V

DC Current Gain
fflgfe>

VCE=6V, Ic=2mA 200 - 700

Collector-Emitter
Saturation Voltage VCE(sat) I^=10mA, Ig=lmA - - 0.3 V

Base-Emitter Voltage VfiE VCE=6V, Ic=2mA - 0.65 - V
Transition Frequency fT VCE=6V, IC=lmA - 100 - MHz
Collector Output Capacitance Cob VcB=10V,lE=0,f=lMHz - 3.0 - PF

Noise Figure NF

VCE=6V, IC=100yA,

f=10Hz, Rg=10kft

- - 6

dB
VCE=6V, IC=100yA
f=lkHz, Rg=10to

- - 2

VcE=bV, IC=lU0yA

f=lkHz, Re=100ft
-

4
-
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2SC2240

STATIC CHARACTERISTICS
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2SC2347 SILICON NPN EPITAXIAL PLANAR TYPE

TV UHF OSCILLATOR APPLICATIONS.

TV VHF MIXER APPLICATIONS.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 30 V

Collector-Emitter Voltage vCEO 15 V

Emitter-Base Voltage vEBO 3 V

Collector Current ic 50 mA

Emitter Current IE -50 mA

Collector Power Dissipation Pc 250 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55^125 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

0.45 II

ij

1

- a"

3
0.45

c5
x'

o

1. EMITTER
2. COLLECTOR
3. BASE

TOSHIBA

Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 0.1 yA
Emitter Cut-off Current IEB0 VEB=3V, IC=0 - - 1.0 yA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=3V, Ic=8mA 20 - -

Transition Frequency fT VCE=10V, Ic=8mA 650 - - MHz

Collector Output Capacitance Cob VCB=10V, lE=0 ,
f=lMHz - 1.2 1.5 pF

Collector-Base Time Constant Cc • rbb

'

Vcb=10V, Ic=8mA, f=30MHz - - 12 ps
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STATIC CHARACTERISTICS
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2SC2347
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SILICON NPN PLANAR TYPE 2SC2348

TV VHF RF AMPLIFIER APPLICATIONS.

FEATURES

:

Unit in mm

5.1MAX .
,

. High Gain : Gpe=24dB (Typ. ) (f=200MHz)

• Low Noise : NF=2.3dB (Typ. ) (f=200MHz)
i
s

• Excellent Forward AGC Characteristics.

0.5

Q45
l-l

)|

r
_

z;

S

r-t

5 MAX.
i

00 00

Ha*5

MAXIMUM RATINGS (Ta=25°C) L27 1.27

\=£m
CHARACTERISTIC SYMBOL RATING UNIT \ X

Collector-Base Voltage VCBO 30 V
1 1 n UjD OD 1 ^
\l 2 3 / *

Collector-Emitter Voltage VCEO 30 V ^ 1 ^y
'

Emitter-Base Voltage vEBO Z. V 1. BASE

2. EMITTER

3. COLLECTOR
Collector Current ic 20 mA

Emitter Current IE -20 mA

Collector Power Dissipation pc 250 mW JEDEC TO-92

Junction Temperature Tj 125 °C EIAJ SC-43

Storage Temperature Range Tstg -55^125 °C TOSHIBA 2-5P1E

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=25V, IE=0
- - 100 nA

Emitter Cut-off Current IEB0 VEB=2V, IC=0
- - 100 nA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=lmA, IB=0 30 - - V

DC Current Gain hFE VCE=10V, Ic=2mA 20 - 200

Reverse Transfer Capacitance ^re VCB=10V ,

I

E=0 , f=lMHz - 0.3 0.4 pF

Transition Frequency fT VCE=10V, Ic=2mA 400 650 - MHz

Power Gain Gpe VCE=12V '
VAGC^' 4V

f=200MHz

20 24 28 dB

Noise Figure NF - 2.3 3.2 dB

AGC Voltage (Note) VAGC VCc=12V,GR=30dB,f=200MHz 3.6 4.4 5.1 V

Note : VagC : V^GC measured by test circuit shown in Fig. 1 when power gain

is reduced to 30dB compared that of V^gc at 1.4V.
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2SC2348

Fig.l 200MHz Ope » NF & VA0C TEST CIRCUIT
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2SC2348

STATIC CHARACTERISTICS hFE - I C
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2SC2348
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2SC2349 SILICON NPN EPITAXIAL PLANAR TYPE

TV VHF OSCILLATOR APPLICATIONS. Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 30 V

Collector-Emitter Voltage vCEO 15 V

Emitter-Base Voltage VeBO 3 V

Collector Current *C 50 mA

Emitter Current IE -50 mA

Collector Power Dissipation ?C 250 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55VL25 °C

5.1MAX.

i
s

0.45~fri»—

1

M
a

H
0.45

C5 i
o

1. EMITTER

2. COLLECTOR

3. BASE

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=15V, IE=0 - - 0.1 yA

Emitter Cut-off Current IEB0 VEB=3V, IC=0
- - 1.0 VA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=3V, IC=8mA 20 - -

Transition Frequency fT VCE=10V, Ic=8mA 600 - - MHz

Collector Output Capacitance Cob VCB=10V,IE=0,f=lMHz
- 1.2 1.5 pF

Collector-Base Time Constant Cc .rbb ' Vcb=10V, Ic=8mA, f=30MHz - - 20 ps
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STATIC CHARACTERISTICS
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2383

COLOR TV VERT. DEFLECTION OUTPUT APPLICATIONS.

COLOR TV CLASS B SOUND OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCE0 = 160V

Large Continuous Collector Current Capability.

Recommended for Vert. Deflection Output & Sound

Output Applications for Line Operated TV.

Complementary to 2SA1013

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 6 V

Collector Current ic 1 A

Base Current IB 0.5 A

Collector Power Dissipation PC 900 mV

Junction Temper ture T
3

150 °C

Storage Temperature Range Tstg -55-150 °c

Unit in mm

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO—92M0D

TOSHIBA

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=150V, IE=0 - - 1.0 AA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 1.0 MA
Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, lg=0 160 - - V

DC Current Gain hFE (Note lvCE=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 0.45 - 0.75 V

Transition Frequency fT VCE=5V, Ic=200mA 20 100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - - 20 pF

Note : hpE Classification R:60~120 0:100-200 Y:160~320
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2SC2383
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2SC2383
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2SC2458 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

• High Current Capability : Ic=150mA (Max.

• High DC Current Gain : hFE=7(K700

• Excellent hEE Linearity

: hFE(0.1mA)/hFE(2mA)=0.95 (Typ.)

• Low Noise : NF=ldB (Typ.), lOdB (Max.)

• Complementary to 2SA1048.

• Small Package.

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

ELECTRICAL CHARACTERISTICS (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 150 mA

Emitter Current IE -150 mA

Collector Power Dissipation ?C 200 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55M.25 °C

4

1 fl

I

1.27 1.27

S|g—EJD—Up

V y
7* L ™

h

1. EMITTER

2. COLLECTOR

a BASE

J E D E C

TOSHIBA 2 - 4 E 1 A

Weight : 0.1 3g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0 - - 0.1 VA

Emitter Cut-off Current IEBO VEB=5V, IC=0 - - 0.1 yA

DC Current Gain
hFE
(Note)

VCE=6V, Ic=2mA 70 - 700

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=100mA, IB=10mA - 0.1 0.25 V

Transition Frequency fT VCE=10V, Ic=lmA 80 - - MHz

Collector Output Capacitance Cob VCB=10V,IE=0,f=lMHz - 2.0 3.5 pF

Noise Figure NF VcE=6v » Ic=°-lmA

f=lkHz, Re=10kfi
- 1.0 10 dB

Note : hFE Classification : 70VL40, Y : 120^240, GR : 200^400, BL : 350^700
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2SC2458
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2SC2458
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2458©

AUDIO AMPLIFIER APPLICATIONS.

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

• High Current Capability : I c=150mA (Max.)

• High DC Current Gain : hp^OWOO
• Excellent hps Linearity

: hFE(0.1mA)/hFE(2mA) =0 -95 (Typ.)

• Low Noise : NF=0.2dB (Typ.), 3dB (Max.)

• Complementary to 2SA1048 (L) .

• Small Package.

MAXIMUM RATINGS (Ta=25°n
CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Emitter Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

'CEO

VEBO

Ti

Tstg

RATING

50

50

150

-150

200

125

-55^125

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

mA

mA

mW

Unit in mm
4.2MAX.

1&
1. EMITTER
2. COLLECTOR
3. BASE

E D E C

E I A J

TOSHIBA 2 - 4 E 1 A

Weight : 0.13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=50V, IE=0 - - 0.1 UA
Emitter Cut-off Current JEBO VEB=5V, IC=0 - _ 0.1 yA

DC Current Gain hFE
(Note)

VCE=6V, Ic=2mA 70 - 700

Collector-Emitter
Saturation Voltaee

VCE(sat) Ic=100mA, IB=10mA - 0.1 0.25 V

Transition Frequency fT VCE=10V, Ic=lmA 80 - - MHz
Collector Output Capacitance Cob VCB=10V,IE=0,f=lMHz - 2.0 3.5 pF

Noise Figure
NF (1)

VCE=6V, Ic=0.1mA

f=100Hz, Re=10kfi
- 0.5 6

dB
NF (2)

VCE=6V » Ic=0.1mA
f=lkHz, Rg=10kfi

- 0.2 3

Note : hpE Classification : 70VL40, Y : 120^240, GR: 200^400, BL : 350^700
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2SC2458®
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2SC2459 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO AMPLIFIER APPLICATIONS.

a.)

Unit in mm

FEATURES

•

4.2 MAX.

• High Breakdown Voltage : VcEO=l20v (Mil

• High DC Current Gain : hFE=2O(K700

i

1

1

1

1

I

1

1

1

1

>

• Excellent hEE Linearity

r 1

)j

00

A

S3M
a
oi

H

: hFE (O.lmA) /hFE( 2mA) =0.95 (Typ .

)

• Low Noise : NF=ldB (Typ.), lOdB (Max.)

• Complementary to 2SA1049. 0.4

I

00

d

• Small Package.

o'

i

,1.27

2 3

1.27 cS

lO
o
A

"I
to

/

MAXIMUM RATINGS (Ta=25°C)

Kg
1. EMITTER

=t

CHARACTERISTIC SYMBOL RATING UNIT 3. BASE

Collector-Base Voltage vCBO 120 V
J E D E C

Collector-Emitter Voltage vCE0 120 V
E I A J

Emitter-Base Voltage vEBO 5 V
TOSHIBA 2 -- 4 E 1 A

Collector Current ic 100 mA
Weight : 0.13g

Emitter Current IE -100 mA

Collector Power Dissipation PC 200 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55vL25 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VCB=120V, IE

=0 - - 0.1 yA

Emitter Cut-off Current iEBO VEB=5V, Ic-0 - - 0.1 yA

DC Current Gain
hFE

(Note)
VCE=6V, Ic=2mA 200 - 700

Collector-Emitter
Saturation Voltage

vCE(sat) IC=10mA, Ig=lmA - - 0.3 V

Transition Frequency fT VCE=6V, Ic=lmA - 100 - MHz

Collector Output Capacitance Cob VCB=10V,IE=0,f=lMHz - 3.0 - pF

Noise Figure NF VCE=6V » Ic=°- lmA
f=lkHz, Rg=10kft

- 1.0 10 dB

Note : hFE classification GR : 200^400, BL : 350^700
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2SC2459
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2SC2482 SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIONS.
COLOR TV HOR I Z. DRIVER APPLICATIONS.
COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES:

. High Voltage : V( BR ) CE0=300V

. Small Collector Output Capacitance

: C ob:=3.0pF (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 7 V

Collector Current ic 100 mA

Base Current IB 50 mA

Collector Power Dissipation PC 900 mW

Junction Temperature T 150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC T0-92M0D

EIA J

TOSHIBA 2- 5J1A

Weight: 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current JCBO VCB=240V, IE=0 - - 1.0 M
Emitter Cut-off Current lEBO VEB=7V, IC=0 - - 1.0 fiA

DC Current Gain
hFEU) 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

Base-Emitter
Saturation Voltage

VBE(sat) IC=10mA, Ig=lmA - - 1.0 V

Transition Frequency- fT VCE=10V, Ic=20mA 50 - - MHz

Collector Output Capacitance Cob VCb=20V, IE=0, f^lMHz - 3.0 - pF
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2SC2482
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2498

VHF-UHF BAND LOW NOISE AMPLIF [ER APPLICATIONS. Unit in mm

5.1 MAX.
-—:—

1

X

•4

'

3.4 5
I-

J

111

m
53

I

10.5 5 MAX.
1

CO

C5

M

145 J
t-;

[

H

MAXIMUM RATINGS (Ta=25°C)
1.27 1.27

-LCHARACTERISTIC SYMBOL RATING UNIT
X i

'

Collector-Base Voltage VCBO 30 V ^ 2 3/ h
• -di

Collector-Emitter Voltage VCEO 20 V
^ ~S

Emitter-Base Voltage Vebo 3 V 1. BASE
2. EMITTER
3. COLLECTORCollector Current ic 50 mA

Collector Power Dissipation PC 300 mW JEDEC TO-92

Junction Temperature T.i 125 °C EIAJ SC-43

Storage Temperature Range Tstg. -55~125 °C TOSHIBA 2-5P1E

Weight : 0.21g

MICROWAVE CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency fT VCE=10V, Ic=10mA
- 3.5 -. GHz

Insertion Gain
lS 2lel 2 (D VCE=10V, Ic=10mA, f=500MHz - 14.5 - dB

lS 2lel
2 (2) Vce=10v » Ic=10mA >

f=lGHz - 9 - dB

Noise Figure
NF(1) VCE=10V, Ic=5mA, f=500MHz - 2.5 - dB

NF(2) Vce=10V, Ic=5mA, f=lGHz - 4 - dB

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, IF=0
- - 1 MA

Emitter Cut-off Current !EBO VEB=1V, IC=0
- - 1 fik

DC Current Gain hFE VCE=10V, Ic=10mA 30 80 300

Collector Output
Capacitance Cob VCB=10V, IE=0, f=lMHz

(Note)

- 1.15 - pF

Reverse Transfer

Capacitance
Cre - 0.75 - pF

Note : Cre is measured by 3 terminal method with Capacitance Bridge,
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NF — Ic lS 2 iel
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2SC2498

COMMON EMITTER SMALL SIGNAL S-PARAMETERS OF 2SC2498.

VCE=10V, Ic=10mA

J50
J 50

J10

-jid 1

-J50 -J50

Sne (UNIT : Q) S22e (UNIT : Q)

±180

90"

120°^^Q3

0.2 — lOHz

60°

150°/

Aal "Yo.5 \^

V»°

±180 1

'^>c\ a.25
\

-150°\

-120^» <o°

/so

S21e Sl2«
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2499

VHF-UHF BAND LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Noise Figure

. NF=1.7dB, ]S 2l e l

2=15dB (f=500MHz)

. NF=2.5dB, ]S21e l
2=9.5dB (f=1000MHz)

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

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VeBO

ic

IE

PC

Lst£_

RATING

20

20

3.0

30

-30

300

125

-55-125

UNIT

mA

mA

mW

1.27 1.27

£-..!..) |
T-t^.J)

3i

1. BASE
2. EMITTER
a COLLECTOR

EIAJ SC-43

2-5P1E
Weight : 0.21g

MICROWAVE CHARACTERISTICS (Ta=25°C)

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Note : Cre is measured by 3 terminal method with Capacitance Bridge.

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency fT VCE=10V, IC=10mA
- 4.0 - GHz

Insertion Gain
lS 2 le) 2

(D VCE=10V, Ic=10mA, f=500MHz - 15.0 - dB

lS 2lel
2
(2) VCE=10V, IC=10mA, f=1000MHz - 9.5 - dB

Noise Figure
NF (1) VCE=10V, Ic=3mA, f=500MHz - 1.7 - dB

NF (2) Vr.F=10V, Ir=3mA, f=1000MHz - 2.5 - dB

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, Ie-0 - - 0.1 fik

Emitter Cut-off Current lEBO vEB=i.ov, IC=0
- - 1.0 MA

DC Current Gain hFE VnR=10V, IC=5mA 30 - -

Collector Output
Capacitance Cob VCB=10V, IE=0, f-lMHz

(Note)

- 0.9 - pF

Reverse Transfer
Capacitance ^re

- 0.6 - pF
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COMMON EMITTER SMALL SIGNAL S-PARAMETERS OF 2SC2499.

VCe=10V, Ic=10mA

J50 J50

J10,

-jlO'

±180 ±180

S21« Sl2<
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2500

STROBO FLASH APPLICATIONS.

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain and Excellent hEE Linearity
: hFE (i)=140~ 600 (VCE=1V, I C=0.5A)
: hFE(2)=70(Min.), 200(Typ.) (VCE=1V, Ic=2A)

. Low Saturation Voltage
: VCE(sat)=0.5V(Max.) (IC=2A, IB=50mA)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCB0 30 V

Collector-Emitter Voltage VCES 30
V

vCE0 10

Emitter-Base Voltage vEB0 6 V

Collector
Current

DC *c 2
A

Pulse (Note 1) Icp 5

Base Current IB 2 A

Collector Power Dissipation PC 900 mW

Junction Temperature T.1 150 °C

Storage Temperature Range Tstg -55-150 °c

51MAX.

1. EMITTER
2. COLLECTOR
a BASE

TO-92MOD

TOSHIBA

Weight : 0.36g

Note 1 : Pulse Width ^10ms, Duty Cycle ^30%

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ^BO VCB=30V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=6V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage v (BR) CEO Ic=10mA, IB=0 10 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 I E=lmA, IC=0 6 - - V

DC Current Gain
hFE(l)

(note 2)
VCE=1V, IC=0.5A 140 - 600

b-FEm VCE=1V, IC=2A 70 200 _

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=50mA - 0.2 0.5 V

Base-Emitter Voltage VfiE VCE=1V, IC=2A - 0.86 1.5 V

Transition Frequency fT VCE=1V, IC=0.5A - 150 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 27 - pF

Note 2 : hEE (l) Classification A : 140
D : 420

-240,
-600

B : 200-330, 300-450,
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2SC2500
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2532

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

DRIVER STAGE FOR LED LAMP APPLICATIONS.

TEMPERATURE COMPENSATION APPLICATIONS.

FEATURES

:

. High hFE : hFE(l)=5000(Min.) (Ic=10mA)

hFE(2)=10000(Min.) (Ic-lOOmA)

MAXIMUM RATINGS (Ta-25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 40 V

Collector-Emitter Voltage VCEO 40 V

Emitter-Base Voltage VEBO 10 V

Collector Current ic 300 mA

Emitter Current IE -300 mA

Collector Power Dissipation PC 150 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55-125 °C

Unit in mm

+ 0.5

2.5—a 3

+ 0.25
1.5-a 15

(O

H O
dd
+ 1

01

r

N
a

m
a>

1

2

-H
1

rr

1

oj 3

1 L
1

CO

cd
H O
c5c5

" +1
r

<°

H
cdcd

+ 1

r-i J
'

Hf-^-
1 -

)

O

\

1. EMITTER
2. BASE
3. COLLECTOR

T 0-2 3

6

TOSHIBA

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=40V, IE=0 - - 0.1 fik

Emitter Cut-off Current lEBO VEB=8V, Ic
=0 - - 0.1 fiA

DC Current Gain
hFE(l) VCE=5V, IC=10mA 5000 - -

hFE (2) Vce=2V, Ic=100mA 1000 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=300mA, lB=0.3mA - 0.9 1.5 V

Base-Emitter Voltage VBE Vce=2V, Ic=100mA - 1.25 1.6 V

Marking

"0"
A'

Type Name

"HT
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STATIC CHARACTERISTICS Ic- yCE (LOW VOLTAGE REGION)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS) 2SC2550

HIGH FREQUENCY AMPLIFIER APPLICATIONS.
HIGH SPEED SWITCHING APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VCEO=50V, VEB0=8V

• High Gain and Excellent hEE Linearity

hFE- 70^400 at VCE=1V, Ic=10mA

• Complementary to 2SA1090.

MAXIMUM RATINGS fTa=25°r.^

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 60 V

Collector-Emitter Voltage vCEO 50 V

Emitter-Base Voltage vEBO 8 V

Collector Current XC 200 mA

Base Current IB 50 mA
Collector Power Dissipation PC 300 mW

Junction Temperature T
J

175 °C

Storage Temperature Range Tstg -65VL75 °C

Iln it in mm
05.8MAX.

04.95MAX.

25

00.45

[|[

j2fe.54

1. EMITTER
2. BASE
3. COLLECTOR (CASE)

TO 18

TC — 7, TB 8C

2 - 5A IB

Weight : 0.31g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=60V, IE=0 - - 0.1 UA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 VA

DC Current Gain
hFE(l)
(Note) Vce=1v . Ic=10mA 70 - 400

hFE(2) VcE=lv, Ic=100mA 20 - -

Collector-Emitter
Saturation Voltage vCE(sat) Ic=200mA, IB=20mA - 0.3 0.5 V

Base-Emitter
Saturation Voltage

vBE(sat) Ic=200mA, IB=20mA - - 1.2 V

Transition Frequency fT VcE=10V, Ig=10mA 150 250 - MHz

Collector Output Capacitance cob VCB=10V ,

I

E=0 ,
f=lMHz - 3.0 4.0 pF

Base Intrinsic Resistance rbb' VCB=10V,IE=-10mA,f=30MHz
- 30 - n

Switching Time

Turn- on Time ton
INPUT 4kn /T>r°J^

UT

VBB=—3V „VCC = I2V

DUTY CYCLE^2#

- 100 -

nsStorage Time tstg
- 400 -

Fall Time tf 50 -

Note : hEE (i) Classification : 70vL40, Y : 120^240, GR : 200^400
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2SC2550
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2SC2551

SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)

HIGH VOLTAGE CONTROL APPLICATIONS-

PLASMA DISPLAY, NIXIE TUBE DRIVER APPLICATIONS

CATHODE RAY TUBE BRIGHTNESS CONTROL

APPLICATIONS.

FEATURES:

. High Voltage : VCBO=300V, VCEO=300V

. Low Saturation Voltage : VcE(sat)=°- 5V(Max. )

. Small Collector Output Capacitance : C b=:3pP(Typ.

)

. Complementary to 2SA1091.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 300 V

Collector-Emitter Voltage VCEO 300 V

Emitter-Base Voltage Vebo 6 V

Collector Current ic 100 mA

Base Current IB 20 mA

Collector Power Dissipation PC 400 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

51 MAX.

1.2 7 1X7

( n mini 5I

1

^ 2 y *

1. EMITTER
2. COLLECTOR
a BASE

TOSHIBA 2—5P1B

Weight : 0.2 lg

ELECTRICAL CHARACTERISTICS (Ta=25°C;

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current Icbo VCB=300V, IE=0 - - 0.1 M
Emitter Cut-off Current iebo VEB=6V, IC=0 - - 0.1 M
(.'ollector-rBase

Breakdown Voltage V(br)cbc IC=0.1mA, Ie=0 300 - - V

Collector-Emitter
Breakdown Voltage

v (br)cec Ic=lmA, IB=0 300 - - V

DC Current Gain

hFE(l)
("Note)

VCe=10V, Ic-20mA 30 - 150

hFE ( 2

)

Vce=10V, Ic=lmA 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=20mA, Ig=2mA - - 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=20mA, lB=2mA - - 1.2 V

Transition Frequency fT VCE=10V, IC=20mA 50 80 - MHz

Collector Output Capacitance Cob VCB=20V, Ie=0, f=lMHz - 3 4 pF

Note: hFE (i) Classification K: 30-90 0:50-150
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2644

VHF-UHF BAND WIDEBAND AMPLIFIE:r applications. Unit in mm

SI MAX.
FEATURES

:

. High Gain

. Low IMD

:

. fT=4GHz (Typ.)
Q45 LI

II1

f
• HQ55MAX.

i

CO

0l4 5

s

H

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT 1.27 1.27

-LCollector-Base Voltage VcBO 25 V
. \ S3

:

Collector-Emitter Voltage VcEO 12 V f=h^; 3

Emitter-Base Voltage Vebo 3.0 V
^ ^S

Collector Current ic 120 mA 1. BASE
2. EMITTER
3. COLLECTOREmitter Current IE -120 mA

Collector Power Dissipation p c 0.5 W JEDEC TO-92

Junction Temperature T.i 125 °c EIAJ SC-43

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-5F1E

MICROWAVE CHARACTERISTICS (Ta=25°C)

Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency f T VCE=10V, I C=30mA
- 4.0 - GHz

Insertion Gain S21e 2 (D VCE=10V, Ic=30mA, f=0.5GHz - 14.0 - dB

S 2le
2 (2) VCE=10V, Ic=30mA, f=lGHz - 8.5 - dB

Noise Figure
NF(1) VCE=10V, Ic=10mA, f=0.5GHz - 2.3 - dB

NF(2) VCE=10V, Ic=10mA, f=lGHz - 3.0 - dB

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current 1CBO VCB=10V, IE=0
- - 1 Mk

Emitter Cut-off Current !eBO VEB=1.0V, IC=0
- - 10 tik

DC Current Gain hFE VCE=5V, Ic=50mA 20 50 -

Collector Output
Capacitance Cob VCB=10V, IE=0, f=lMHz

(Note)

- 1.6 - pF

Reverse Transfer
Capacitance

Cre
- 1.1 - pF

Note : Cre is measured by 3 terminal method with Capacitance Bridge.
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COMMON EMITTER SMALL SIGNAL S-PARAMETERS OF 2SC2644.

VCE=10V, Ic=30mA

050 J50

3 10

±180 ±180

Sl2«
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2SC2655
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS)

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

• Low Saturation Voltage

: VCE (sat)=0.5V (Max.) (IC=1A)

• High Speed Switching Time : tstg=1.0ys (Typ.)

• Complementary to 2SA1020.

MAXIMUM RATINGS (Ta=25°c)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

'CBO

'CEO

'EBO

PC

L stg

RATING

50

50

900

150

-55VL50

UNIT

mW

2- EMITTER
2. COLLECTOR
a BASE

TO — 92 M D

TOSHIBA

Weight : 0.36g
ELECTRICAL CHARACTERISTICS ( Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0 - - 1.0 uA

Emitter Cut-off Current IEBO VEB=5V, Ic
=0 - - 1.0 yA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, IB=0 50 - - V

DC Current Gain
hFE(l)
(Note)

VCE=2V, IC=0.5A 70 - 240

hFE(2) VCE=2V, IC=1.5A 40 - -

Collector-Emitter
Saturation Voltage

VCE(sat) I
C=1A, IB=0.05A

- - 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=1A, IB=0.05A - - 1.2 V

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 20VB j OUTPUT

L£B2 IB2 n M
1

- 0.1 -

usStorage Time tstg - 1.0 -

Fall Time tf Ibi=-
DUTY C

IB2 =0.05A 4r i

YCLE^l^ 30V
- 0.1

Note : hFE (D Classification : 70^140, Y : 120^240
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STATIC CHARACTERISTICS
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SILICON NPN EPITAXIAL PLANAR TYPE (PCT PROCESS) 2SC2668

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FM, RF.MIX, IF AMPLIFIER APPLICATIONS.

FEATURES

:

• Small Reverse Transfer Capacitance

: Cre=0.70pF (Typ.)

• Low Noise Figure .: NF=2.5dB (Typ.)

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 40 V

Collector-Emitter Voltage vCEO 30 V

Emitter-Base Voltage vEBO 4 V

Collector Current ic 20 mA

Emitter Current IE -20 mA

Collector Power Dissipation pC 100 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55*125 °C

Unit in mm

4.2MAX

L EMITTER
2. COLLECTOR

a BASE

Z — 4 E1A

Weight : 0.1 3g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=40V, lE=0 0.5 MA

Emitter Cut-off Current !eB0 VEB=4V, IC=0 - - 0.5 VA

DC Current Gain
hFE
(Note)

VCE=6V, IC=lmA 40 - 200

Reverse Transfer Capacitance Cre VCE=6V, f=lMHz - 0.70 -
PF

Transition Frequency fT VCE=6V, IC=lmA - 550 - MHz

Collector-Base Time Constant cc.rbb' VCE=6V,

I

E=-lmA, f=30MHz - - 20 ps

Noise Figure NF VCC=6V, IE=-lmA

f=100MHz (Fig.)

- 2.5 5.0 dB

Power Gain Gpe
- 18 - dB

Note : hFE Classification R : 40^80, : 70VL40, Y : 100^200
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Pig. NF,G Q
TEST CIRCUITpe

INPUT(3^

R
g
=50Q

HI

—

O.OljtiF

G An

0.02AF

JIlOOOpF £$
7-h

-^ (°) OUTPUT
RL=50Q

I
1
1 1000pF

^ 0.02AF

O

0.8mm^ SILVER PLATED COPPER WIRE, 4Turne.

10mm ID, 8mm Length.

y PARAMETER ( Typ. )

(1) COMMON EMITTER (VcE=6V, lE=-lmA, f=100MHz)

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance gie 2.9 mS

Input Capacitance Cie 10.2 pF

Reverse Transfer Admittance |Yre| 0.33 mS

Phase Angle of Reverse Transfer
Admittance ere -90

Forward Transfer Admittance |yfel 40 mS

Phase Angle of Forward Transfer
Admittance

6fe -20

Output Conductance goe 45 ys

Output Capacitance Coe 1.1 pF

(2) COMMON BASE (VCE=6V, IE=-lmA, E=100MHz)

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance " gib 34 mS

Input Capacitance Cib -10 pF

Reverse Transfer Admittance l^rbl 0.27 mS

Phase Angle of Reverse Transfer
Admittance

9rb -105 o

Forward Transfer Admittance |yfb| 34 mS

Phase Angle of Forward Transfer 6fb 165
o

Output Conductance gob 45 yS

Output Capacitance Cob 1.1 pF
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STATIC CHARACTERISTICS
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SILICON NPN EPITAXIAL PLANAR TYPE (PCT PROCESS) 2SC2669

HIGH FREQUENCY AMPLIFIER APPLICATIONS

FEATURES

:

• High Power Gain

• Recommended for FM IF, OSC Stage and AM

CONV, IF Stage.

Gn =30dB (Typ.) (f=10.7MHz)

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

'CEO

Vebo

IE

Lstg

RATING

35

30

50

-50

200

UNIT

125

-55M.25

V

mA

mA

mW

Unit in mm

4.2MAX.

0.55MAX.4H :_°°

mi m
.1.27.1.27 dl ^

25°

1. EMITTER

2. COLLECTOR
3. BASE

2 —4E 1

A

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

Collector Output Capaci-
tance
Collector-Base

Time Constant

Power Gain

SYMBOL

LCBO

!eB0

(ftgle)

vCE(sat)

VBE

Cob

Cc -rbb'

Jpe

TEST CONDITION

VCB=35V, IE=0

vEb=^v, ic=o

VCE=12V, IC=2mA

Ic=10mA, IB=lmA

IC=10mA, lB=lmA

VCE=10V, Ic=lmA

MIN . TYP

.

VCB=10V, IE=0, f-lMHz

VCE=10V,

I

E=-lmA,
f=30MHz

VCC=6V, IE=-lmA

f=10.7MHz (Fig.)

40

100

27

2.0

30

MAX.

0.1

1.0

240

0.4

1.0

3.2

UNIT

50

33

Note TE Classification R : 40^80, : 70M.40, Y : 120^240

yA

yA

MHz

pF

ps

dB
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2SC2669

Fig. jpe TEST CIRCUIT

R
g=50Q

© OUTPUT^ RL=50fi

T I (J) — !f) O.lmm0 UEW 20T

@ — (3> O.lmm0 UEW 8T

®—© O.lmm^ UEW 2T

Y PARAMETERS (Typ.)

(1) (COMMON EMITTER f = 455 kHz, Ta = 25°C )

CHARACTERISTIC SYMBOL 2SC2669-R 2SC2669-0 2SC2669-Y UNIT
Collector-Emitter Voltage VCE 6 6 6 V

Emitter Current IE -1 -1 -1 mA
Input Conductance ^ie 0.58 0.41 0.26 mS
Input Capacitance Cie 53 46 38 pF
Output Conductance £oe 1.9 2.7 4.8 M S

Output Capacitance Coe 2.6 2.8 3.6 pE
Forward Transfer Admittance kfel 38 38 38 mS

Phase Angle of Forward
Transfer Admittance 9fe -0.79 -0.83 -0.92 o

Reverse Transfer Admittance
l

yre| 5.7 5.7 6.2 »S
Phase Angle of Reverse
Transfer Admittance 9 re -90 -90 -90

(2) (COMMON EMITTER f = 10.7 MHz, Ta = 25°C )

CHARACTERISTIC SYMBOL 2SC2669-R 2SC2669-0 2SC2669-Y UNIT
Collector-Emitter Voltage VCE 6 6 6 V
Emitter Current IE -1 -1 -1 mA
Input Conductance ^ie 1.04 0.85 0.65 mS
Input Capacitance Cie 49 43 36 pF
Output Conductance ^oe 10 15 28 fiS

Output Capacitance ^oe 2.7 2.9 3.6 pF
Forward Transfer Admittance

l

y fe| 37 37 37 mS
Phase Angle of Forward
Transfer Admittance 8fe -9.6 -10.4 -11.5

Reverse Transfer Admittance l>re| 120 120 140 *S

Phase Angle of Reverse
Transfer Admittance

ere -90 -90 -90
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STATIC CHARACTERISTICS
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2670

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

AM HIGH FREQUENCY AMPLIFIER APPLICATIONS.

AM FREQUENCY CONVERTER APPLICATIONS.

FEATURES

:

• Low Noise Figure NF=3.5dB (Max.) (f=lMHz)

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

Tstg

RATING

35

30

100

-100

200

125

-55^125

UNIT

mA

mA

mW

Unit in mm

4.2MAX.

AH

S

1.27,

12 3,

25°

1. EMITTER
2. COLLECTOR
3. BASE

2 — 4E 1A

Weight : 0.13g

~*ST

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=35V, IE=0 - - 0.1 yA

Emitter Cut-off Current IEB0 VEB=4V, IC=0
- - 1.0 VA

DC Current Gain
hFE
(Note)

VCE=12V, IC*2mA 40 - 240

Collector-Emitter

Saturation Voltage
VCE(sat) I(-.=10mA, Ig=lmA - - 0.4 V

Base-Emitter

Saturation Voltage vBE(sat) Ic=10mA, Ig=lmA - - 1.0 V

Transition Frequency fT VCE=10V, IC=2mA 80 - - MHz

Reverse Transfer Capacitance Cre VCE=10V, f=lMHz - 2.2 3.0 pF

Collector-Base

Time Constant
cc-rbb' VCE=10V,

I

E=-lmA,
f=30MHz - - 50 ps

Noise Figure NF
VCE=10V, IE=-lmA

f=lMHz, Rg=50fi
- 2.0 3.5 dB

Note : hFE Classification R : 40^80, : 70M.40, Y : 120^240
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2SC2670

Y PARAMETERS (Typ.)

(COMMON EMITTER VCE=6V, IE=-lmA, f=lMHz)

CHARACTERISTIC

Input Conductance

Input Capacitance

Output Conductance

Output Capacitance

Forward Transfer Admittance

Phase Angle of Foward Transfer
Admittance

Reverse Transfer Admittance

Phase Angle of Reverse Transfer
Admittance

SYMBOL

gie

80e

joe

Yfe

)fe

Yre

>re

2SC2670-R

0.5

50

3.7

36

-1.6

14

-90

2SC2670-0

0.35

48

3.4

36

-1.6

14

-90

2SC2670-Y

0.22

46

6.5

3.2

36

-1.6

14

-90

UNIT

mS

pF

US

pF

mS

US

STATIC CHARACTERISTICS
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2703

Unit in mm
AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

High DC Current Gain : hEE=100%320

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

'CEO

'EBO

PC

L stg

RATING

30

30

900

150

-55<\,150

UNIT

mW

m

1.27

2.54

12 3

1. EMITTER
2. COLLECTOR
a BASE

TO - 92 M 0D

2 — 5 J 1A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note *FE Classification : 100^200, Y : 160^320

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0
- - 100 nA

Emitter Cut-off Current IEB0 VEB=5V, IC=0
- - 100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA 30 - - V

DC Current Gain

hFE(l)

(Note)
VCE=2V, Ic=100mA 100 - 320

hFE(2) VCE=2V, Ic=800mA 40 - -

Collector-Emitter Saturation
Voltage vCE(sat) Ic=800mA, IB=80mA

- - 0.5 V

Base-Emitter Voltage VBE VCE=2V, Ic=800mA - 0.9 1.5 V

Transition Frequency fT VcE=2V, Ic=100mA - 150 - MHz

Collector Output Capacitance cob VCB=10V, Ie=0, f=lMHz - 13 - pF
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2705

Unit in mm

AUDIO FREQUENCY AMPLIFIER APPLICATIONS-

FEATURE :

. Complementary to 2SA1145.

. Small Collector Output Capacitance : Cob=l-8pF(Typ.

)

. High Transition Frequency : fT=200MHz(Typ.

)

MAXIMUM RATINGS (Ta=25°Cl

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

PC

Tstg

RATING

150

150

50

800

150

155-150

UNIT

mA

mA

mW

°C

5.1 MAX.

1. EMITTER
2. COLLECTOR
3. BASE

TO—98MOD

Weight : . 36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=150V, IE=0 - - 0.1 MA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 MA

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=lmA, Ib=0 150 - - V

DC Current Gain hpE
(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 Cob VCB=10V, Ie=0, f=lMHz - 1.8 - pF

Note: hpE Classification. 0:80-160, Y: 120-240
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2SC2710 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

FOR AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain : hEE=100~320

. Complementary to 2SA1150

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IB

PC

RATING

35

30

800

160

300

125

rstg
|

-55-125

UNIT

mA

mA

mW

1-
i :—

i

,

IX

3
N

t
rf

0.55MAX.
r

3
r i a

CO
H
S

n H
Q4

1. EMITTER
2. COLLECTOR
3. BASE

EIAJ

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 0.13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICBO VCB=30V, IE=0 - - 100 nA
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA
Collector-Emitter
Breakdown Voltage v (BR) CEO IC=10mA 30 - - V

DC Current Gain ^FE(l)
(Note)

VCE=1V, Ic=100mA 100 - 320

hFE(2) VCE=1V, IC=700mA 35 - -

Collector-Emitter
Saturation Voltage VCE(sat) IC=500mA, lB=20mA - - 0.5 V

Base-Emitter Voltage VBE VCE=1V, Ic=10mA 0.5 - 0.8 V
Transition Frequency fT VCE=5V, Ic=10mA - 120 - MHz
Collector Output Capacitance Cob VCB=10V, f=lMHz - 13

- ,

pF

Note
: hpE(l) Classification O : 100-200, Y : 160~320
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2SC2712 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER
APPLICATIONS Unit in mm

FEATURES

:

+ 0.5
2.5-0,3

• High Voltage and High Current + 0.25
IT)

: VcEO=50V IC=150mA(Max.

)

ci

-H

1

r dd
+ 1

-*

C5

:

. Excellent hFE Linearity

A

1 o
01

a

lO

C5,

.

1

2

• hFE(0.1mA)/hFE(2mA)=0.95(Typ.) -4-

"f-f
1

• High hFE : hFE=70~700

• Low Noise :NF=ldB(Typ.), 10dB(Max.)

oi 3

. Complementary to 2SA1162

• Small Package
CO

a
CO

C5CJ
• +1

MAXIMUM RATINGS (Ta=25°C)
r-i i _ f

s F ^
C5

CHARACTERISTIC SYMBOL RATING UNIT
—* 1—

r

'

;

Collector-Base Voltage VCB0 60 V o

Collector-Emitter Voltage vCE0 50 V 1. EMITTER
2- BASE
3- COLLECTOR

Emitter-Base Voltage vEB0 5 V
Collector Current ic 150 mA JEDEC -
Base Current

IB 30 mA EIAJ SC-59
Collector Power Dissipation PC 150 mW

TOSHIBA 2-3F1A

Junction Temperature Tj 125 °C Weight : 0.012g
Storage Temperature Range Tstg -55-125 oc

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current ICB0 VcB=60V, Ie=0 _ _ 0.1 /*A
Emitter Cut-off Current IEB0 VEB=5V, IC=0 _ _ 0.1 AA
DC Current Gain (Note) hFE VCE=6V, IG=2mA 70 _ 700
Collector-Emitter
Saturation Voltage vCE(sat) IC=100mA, IB=10mA - 0.1 0.25 V
Transition Frequency fT Vce=10V, IC=lmA 80 _ MHz
Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz _ 2.0 3.5 pF
Noise Figure
——

NF VCE=6V, IC=0.1mA
f=lkHz, Re=10kO

~ 1.0 10 dB

Note
: hFE Classification

Mark
0:70-140, Y: 120-240, GR(G) : 200400, BL(L) : 350-700

ing p ^ Typ e Name

L"0"
- np E Rank

u
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2713

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER
APPLICATIONS.

FEATURES

:

. High Voltage :VCEO=120V

. Excellent hEE Linearity

: hFE (0.1mA)/hFE (2mA)=0.95(Typ.)

. High hpE :hFE=200~700

. Low Noise : NF=ldB(Typ . ) , 10dB(Max.)

. Complementary to 2SA1163.

. Small Package.

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

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

ic

IB

L stg

RATING

120

120

100

20

150

125

-55-125

UNIT

mA

mA

mW

+ 0.5
2.5-a 3

+ Q2 5
1.5—Ql 5

CO

HO
dd
+ 1

<*

d

T

3

OS

a

lO

05

1

2

1

"

1

1-
1

3 »

dd
+ 1

d
<o

HO
dd

' J
1

v +1

d
-1

-

1 J
t-\

d
I

o

\

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

EIAJ SC—5 9

TOSHIBA 2—3P1A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=120V, IE=0 - _ 0.1 M
Emitter Cut-off Current lEBO VEB=5V, IC=0 _ _ 0.1 M
DC Current Gain (Note) hFE VCE=6V, Ic=2mA 200 _ 700
Collector-Emitter
Saturation Voltage ^CE(sat) I(j=10mA, IB=lmA - - 0.3 V

Transition Frequency fT VCE=6V, IC=lmA - 100 - MHz

Collector Output Capacitance cob VCB=10V, IE=0, f=lMHz - 4 - PF

Noise Figure NF VcE=6V, IC=0.1mA
f=lkHz, Rs=10kQ

- 1.0 10 dB

Note : hFE Classification

GR(G) : 200-400, BL(L) : 350-700

king r-j Type Name

D^G'
a a
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2SC2713
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2SC2713

h PARAMETER — I E
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2SC2714 SILICON NPN EPITAXIAL PLANAR TYPE (PCT PROCESS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FM, RF, MIX, IF AMPLIFIER APPLICATIONS.

FEATURES

:

. Small Reverse Transfer Capacitance

: Cre=0.7pF (Typ.)

. Low Noise Figure : NF=2.5dB (Typ.) (f=100MHz)

Unit in mm

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

40

30

20

-20

100

125

-55-125

UNIT

+ 0.5
2.5-0.3

+ 0.25
1.5-0.15

H-

EB-
i

HO
dd
+ 1

C5C3

+ 1

I

mA

mA

mW

HO
3d
+ 1

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

EIAJ SC-59

TOSHIBA 2-3P1A

Weight : 0.O12g

Marking

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Q R
H"

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=18V, Ie-0 - - 0.5 Hk

Emitter Cut-off Current IEBO VEB=4V, IC=0
- - 0.5 Mk

DC Current Gain
hFE
(Note)

VcE=6V, Ic=lmA 40 - 200

Reverse Transfer Capacitance Cre VCE=6V, f=lMHz - 0.70 - pF

Transition Frequency fT VCE=6V, Ic=lmA
- 550 - MHz

Collector-Base Time Constant C c - rbb ' VCE=6V, lE=-lmA,f=30MHz - - 30 ps

Noise Figure NF VcE=6V, lE=-lmA

f=100MHz, Fig.

- 2.5 5.0 dB

Power Gain Gpe 15 18 - dB

Note : hpE Classification 40-80, : 70-140, 100-200
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Fig. NF, Gpe TEST CIRCUIT

QOljUF DUT
INPUT <» ,,_

50.Q
1000pF

I

" -'

3j

0.02AF

(lE=-lmA)

6pF

_J|^ © OUTPUT
50Q

I

1| lOOOpF

^ 002AF

'1

+6V

LI : 0.8mm^ SILVER PLATED COPPER WIRE, 4T, 10ID, 8 LENGTH

y PARAMETER (Typ.)

(1) COMMON EMITTER (VCE=6V, IE=-lmA, f=100MHz)

(2) COMMON BASE (VCE=6V, lE=-lmA, f=100MHz)

2SC2714

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance *ie 2.9 mS

Input Capacitance Cie 10.2 pF

Reverse Transfer Admittance
1 yrel 0.33 mS

Phase Angle of Reverse
Transfer Admittance re -90 o

Forward Transfer Admittance lyfel 40 mS
Phase Angle of Forward
Transfer Admittance °fe -20 o

Output Conductance 9oe 45 ^S

Output Capacitance Coe 1.1 pF

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance *ib 34 mS

Input Capacitance Cib -10 pF

Reverse Transfer Admittance lyrbl 0.27 mS
Phase Angle of Reverse
Transfer Admittance *rb -105

o

Forward Transfer Admittance Ufbl 34 mS
Phase Angle of Forward
Transfer Admittance »fb 165

o

Output Conductance 9ob 45 US

Output Capacitance Cob 1.1 pF
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2SC2714
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2SC2714
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2SC2714
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2SC2714
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2SC2715 SILICON NPN EPITAXIAL PLANAR TYPE (PCT PROCESS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. High Power Gain : Gpe=29dB(Typ . ) (f=10.7MHz)

. Recommended for FM IF, OSC Stage and AM CONV. IF Stage,

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 35 V

Collector-Emitter Voltage VCEO 30 V

Emitter-Base Voltage vebo 4 V

Collector Current ic 50 mA

Emitter Current IE -50 mA

Collector Power Dissipation PC 150 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55- 125 °C

+ 0.5
2.5-0.3

+ 0.25
1.5-0.15
I" , -I

EE-

-H

HO

+ 1

dd
+ 1

1. EMITTER
Z. BASE
3. COLLECTOR

HO

+ 1

2-3P1A

Weight : 0.012g

Marking

ELECTRICAL CHARACTERISTICS (Ta=25°C)

R R
"B

-

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=35V, IE=0 - - 0.1 *A

Emitter Cut-off Current lEBO vEb=4v, ic=o - - 1.0 tik

DC Current Gain hFE
(Note)

VCE=12V, IG=2mA 40 - 240

Collector-Emitter
Saturation Voltage vCE(sat) IC=10mA, Ig=lmA - - 0.4 V

Base-Emitter Voltage VBE IC=10mA, lB=lmA - - 1.0 V

Transition Frequency fT VCE=10V, Ic=lmA 100 - 400 MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz 1.4 2.0 3.2 pF

Collector-Base Time Constant C c -rbb' VCE=10V,

I

E=-lmA, f=30MHz • 10 - 50 pS

Power Gain Gpe VCC=6V, IE=-lmA,
f=10.7MHz (Fig.)

27 29 33 dB

Note : hpE Classification R : 40-80, : 70-140, 120-240
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2SC2715

y PARAMETERS (Typ.)

(1) (COMMON EMITTER f=455kHz, Ta=25
J
c)

CHARACTERISTIC SYMBOL 2SC2715-R 2SC2715-0 2SC2715-Y UNIT

Collector-Emitter Voltage VCE 6 6 6 V

Emitter Current IE -1 -1 -1 mA

Input Conductance *ie 0.58 0.41 0.26 mS

Input Capacitance Cie 53 46 38 PF

Output Conductance ?oe 1.9 2.7 4.8 AS

Output Capacitance Coe 2.6 2.8 3.6 pF

Forward Transfer Admittance ly fe l 38 38 38 mS

Phase Angle of Forward
Transfer Admittance •fe -0.79 -0.83 -0.92

o

Reverse Transfer Admittance lyre 1
5.7 5.7 6.2 MS

Phase Angle of Reverse
Transfer Admittance *re -90 -90 -90

o

(2) (COMMON EMITTER f=10.7MHz, Ta=25
3
c)

CHARACTERISTIC SYMBOL 2SC2715-R 2SC2715-0 2SC2715-Y UNIT

Collector Emitter Voltage VCE 6 6 6 V

Emitter Current IE -1 -1 -1 mA

Input Conductance *ie 1.04 0.85 0.65 mS

Input Capacitance Cie 49 43 36 pF

Output Conductance ^oe 10 15 28 AS

Output Capacitance Coe 2.7 2.9 3.6 pF

Forward Transfer Admittance l^fel 37 37 37 mS

Phase Angle of Forward
Transfer Admittance f e -9.6 -10.4 -11.5

o

Reverse Transfer Admittance Wrel 120 120 140 MS

Phase Angle of Reverse
Transfer Admittance re -90 -90 -90

o
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2SC2715

Fig. Gpe TEST CIRCUIT
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2SC2716 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

AM HIGH FREQUENCY AMPLIFIER APPLICATIONS.

AM FREQUENCY CONVERTER APPLICATIONS.

FEATURES

:

. Low Noise Figure : NF=3.5dB(Max. ) (f=lMHz)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 35 V

Collector-Emitter Voltage VCEO 30 V

Emitter-Base Voltage VEBO 4 V

Collector Current ic 100 mA

Emitter Current IE -100 mA

Collector Power Dissipation PC 150 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55~125 °C

+Q5
2.5-Q3

+ 0.25
1.5 -ai 5

Q-

HO
dd
+ 1

dd
+ 1

J

HO
dd
+ 1

d

1. EMITTER
2. BASE
3. COLLECTOR

TOSHIBA 2-3P1A

Weight : 0..012g

Marking
H ,s

ELECTRICAL CHARACTERISTICS (Ta=25°C)

F R
H" "B"

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=20V, iE=0 - - 0.1 fik

Emitter Cut-off Current lEBO VEB=2V, IC=0 - - 1.0 MA

DC Current Gain
hFE
(Note)

Vce=12V, Ic=2mA 40 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=10mA, lB=lmA - - 0.4 V

Base-Emitter
Saturation Voltage VBE(sat) IC=10mA, lB=lmA - - 1.0 V

Transition Frequency fT VCE=10V, Ic=2mA 80 120 - MHz

Reverse Transfer Capacitance Cre VcB=10V, Ie=0, f-lMHz - 2.2 3.0 pF

Collector-Base Time Constant Cc.rbb' VCE=10V, lE=-lmA, f=30MHz - 30 50 ps

Noise Figure NF
VCE=10V, lE=-lmA
f=lMHz, Rg=50n

- 2.0 3.5 dB

Note : hpE Classification R : 40~80, : 70-140, Y : 120-240
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y PARAMETERS (Typ.) (COMMON EMITTER VCE=6V, lE=-lmA, f=lMHz)

2SC2716

CHARACTERISTIC SYMBOL 2SC2716-R 2SC2716-0 2SC2716-Y UNIT

Input Conductance 9 ie 0.5 0.35 0.22 mS

Input Capacitance Cie 50 48 46 pF

Output Conductance #oe 4 5 6.5 MS

Output Capacitance Coe 3.7 3.4 3.2 pF

Forward Transfer Admittance l*fel 36 36 36 mS

Phase Angle of Forward

Transfer Admittance *fe -1.6 -1.6 -1.6
o

Reverse Transfer Admittance lyrel 14 14 14 US

Phase Angle of Reverse
Transfer Admittance

e re -90 -90 -90
o
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2SC2716
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2SC2753 SILICON NPN EPITAXIAL PLANAR TYPE

VHF-UHF BAND LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Noise Figure, High Gain

. NF=1.5dB, lS21el
2 =16dB (f=500MHz) (Typ.)

. NF=1.7dB, |S21el =10.5dB(f=1000MHz)(Typ.)

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage vCBO 17 V

Collector-Emitter Voltage vCEO 12 V

Emitter-Base Voltage Vebo 3 V

Collector Current ic 70 mA

Emitter Current IE -70 mA

Collector Power Dissipation PC 300 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55 -150 °C

5.1 MAX.

1.27 1.27

_L \ x!

. \ <^y 5

1. BASE
2. EMITTER
5. COLLECTOR

TOSHIBA
Weight : 0.21g

MICROWAVE CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency f T VCE=10V, IC=20mA
- 5 - GHz

Insertion Gain
|S 2lel 2(D VCE=10V, Ic=20mA, f=500MHz - 16 - dB

lS 2lel
2 (2) VCE=10V, Ic=20mA, f=1000MHz - 10.5 - dB

Noise Figure
NF(1) VcE=10V, Ic=5mA, f=500MHz - 1.5 - dB

NF(2) VCE=10V, Ic=5mA, f=1000MHz - 1.7 - dB

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, IE=0 - - 1 mA

Emitter Cut-off Current lEBO VEB=1V, IE=0 - - 1 fik

DC Current Gain hFE VCE=10V, Ic=20mA 30 - 180

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz

(Note)

- 1.1 - pF

Reverse Transfer Capacitance Cre - 0.65 - pF

Note : Cre is measured by 3-terminal method with Capacitance Bridge.
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2SC2753
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2SC2753
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2754

HIGH FREQUENCY AMPLIFIER APPLICATIONS,

LOW FREQUENCY AMPLIFIER APPLICATIONS,

HIGH SPEED SWITCHING APPLICATIONS.

. High Transition Frequency : fT=400MHz(Typ.

)

. Low VcE(sat) : VCE ( sat) =0. 5V(Max.

)

. Small Collector Output Capacitance : C b=3. 5pF(Max.

)

. High Speed Switching.

. Designed for Complementary Use with 2SA1164.

MAXIMUM RATINGS (Ta=2 5°C)

Unit in mm

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

PC

Tj

Tstg

RATING

35

30

100

50

200

125

-55-125

UNIT

mA

mA

mW

1. EMITTER
2. COLLECTOR
3. BASE

ELECTRICAL CHARACTERISTICS (Ta=25°c)
Weight : 0l2 1j

Note: hFE Classification O : 70—140, 120-240, GR : 200-400

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=35V, IE=0
- - 0.1 jlk

Emitter Cut-off Current lEBO VEB=5V, I C=0
- - 0.1 fiA

DC Current Gain
hFE
(Note)

VCE=12V, Ic=2mA 70 - 400

Collector-Emitter
Saturation Voltage

VCE(sat) IC=10mA, Ig=lmA - - 0.5 V

Base-Emitter Voltage VBE VCE=12V, IC=2mA 0.5 - 0.8 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=10mA, lB=lmA - - 1.0 V

Transition Frequency fT VCE=12V, Ic=10mA 100 400 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 2 3.5 pF

Switching
Time

Turn-on Time ton INPUT lkC
OUTPUT - 30 -

ns

6v ri—i °"7=rT—"£31r~€) gP
Storage Time tstg

oC Si ^fl s

i

- 400 -

Fall Time tf VBB=-3V VCC = 10V - 70 -
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2SC2754
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SILICON NPN PLANAR TYPE 2SC2804

UHF TV TUNER RF AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Noise Figure : NF=3. 5dB(Typ. ) , f=800MHz

. High Power Gain : Gpb=16dB(Typ.) , f=800MHz

. Excellent Forward AGC Characteristics

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 25 V

Collector-Emitter Voltage VCEO 20 V

Emitter-Base Voltage VEBO 3 V

Base Current IB 10 mA

Collector Current ic 20 mA

Collector Power Dissipation PC 200 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55-125 °C

1. EMITTER

2, 4. BASE
Z. COLLECTOR

JEDEC

EIAJ

TOSHIBA 2-4F1B

Weight : 0.08g

Marking

f

HA]

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, Ie=0 - - 0.1 M
Emitter Cut-off Current lEBO VEB=2V, Ic=0 - - 1 uk

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 20 - - V

DC Current Gain hFE VCE=10V, Ic=2mA 25 100 -

Transition Frequency fT VCe=10V, Ic=2mA 600 900 - MHz

Reverse Transfer Capacitance Crb VCE=10V, IB=0, f=IMHz - 0.25 0.45 pF

Power Gain Gpb VCC=12V, VAGC=3.0V

f=800MHz (Fig. 1)

10 16 - dB

Noise Figure NF - 3.5 5.5 dB

AGC Voltage VAGC
VCC=12V, G.R.=-20dB
f=800MHz (Fig. 1)

4.75 6.0 7.25 V
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2SC2804

Fig. 1 : 800MHz Gpb , NF, AND VAGC TEST CIRCUIT
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2SC2805 SILICON NPN EPITAXIAL PLANAR TYPE

TV TUNER, UHF OSCILLATOR APPLICATIONS. (COMMON BASE)

TV TUNER, UHF CONVERTER APPLICATIONS. (COMMON BASE)

FEATURES

:

. High Transition Frequency : fx=1500MHz (Typ.)

. Excellent Linearity

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Base Current

Collector Current

Collector Power Dissipation

Junction Temperature

SYMBOL

VcBO

VcEO

vEBO

IB

ic

PC

RATING

30

15

25

50

200

125

UNIT

mA

mA

mW

Unit in mm

4.2 MAX

1. BASE
2. COLLECTOR
3. EMITTER
4. NC.

Storage Temperature Range Tstg -55-125 2-4E1D

Weight : 0.08g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0
- - 0.1 M

Emitter Cut-off Current lEBO VEB=3V, lc=0 - - 1.0 Mk

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=lmA, IB=0 15 - - V

DC Current Gain hFE VcE=3V, IC=8mA 60 150 320

Transition Frequency f T VCE=10V, Ic=8mA 1100 1500 - MHz

Collector Output Capacitance Cob VcB=10V, IE=0, f=lMHz - 0.9 1.3 PF

Collector-Base Time Constant Cc • rbb

'

VCB=10V , Ic=8mA, f=30MHz - 7 12 ps

Marking

=@=>
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2SC2805

hpE -- k
COMMON EMITTER

VCE=3V
Ta=2 5°C

500

H v

50

30

i n

f T - I c

U3 0.5 1 3 5 10
COLLECTOR CURRENT Ic (mA)

LWVAJ

COMMON EMITTER

vCE=iov
Ta = 2 5°C

-.,-__

1000

500

inn
Q3 Q5 1 3 5 10

COLLECTOR CURRENT Ic (mA)

as

a3

ai

c ob - Vcb

"^lMHz

[ C=

Ca = 2 5*C

J

0.3 as 10 30 50
COLLECTOR-BASE VOLTAGE VCB (V)

•S
16

y±

COMMON EMITTER

vCE=iov
Ta=2 5°C

400
1

600
200 800

^
^

1^900

c V —6mA
^—4mA^

Itt,=—2 mA

-J
4 8 12 16 20 24 2£

INPUT CONDUCTANCE 9 ie (mS)

REVERSE TRANSFER CONDUCTANCE

-0.5 —Q4 —tt3 —Q2 -Ql 0.1

COMMON 100 MHz

EMITTER

VCE=10V
Ta=2 5lC

200^

400^/

1

600
i

-

2

800

900^
-3

IE=—2mA \ —6mA

—4mA 4

PM PM
S wo o
ra CD
D'-n D
CO CO CO

a

ia~

yfe - f

FORWARD TRANSFER CONDUCTANCE 9fe (mS)
-20 20 40 60 80 100 120

-40

1 COMMON

IE=—2mA
EMITTER

vCE=iov
Ta=2 5TC

80(

f>nir 1 1

—4mA
4U0^V

200* —6mA

10(JMH z

-439



2SC2805
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2806

Weight : 0.

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Marking

TV TUNER, VHF OSCILLATOR APPLIC ATIONS. Unit in mm

TV TUNER, VHF MIXER APPLICATIOf

FEATURES

:

. Excellent Linearity

4
at 11

S a 6

3

Ji.3

MAXIMUM RATINGS (Ta=25°C)

s lHao> t.|Lu
ri

2

75
as

H
____

c*

MIN.

.3
1

CHARACTERISTIC SYMBOL RATING UNIT —

Q

~*
|

,

Collector-Base Voltage VcBO 30 V i, ,

r^

4.2 MAX d

Collector-Emitter Voltage VCEO 15 V

1. BASE
2. COLLECTOR
3. EMITTER
4. NC.

Emitter-Base Voltage vebo 3 V

Base Current IB 25 mA

Collector Current ic 50 mA

Collector Power Dissipation PC 200 mW
JEDEC —

Junction Temperature T
J 125 °C EIAJ -

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-4F1D

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=15V, IE=0 - - 0.1 M
Emitter Cut-off Current lEBO VEB=3V, IC=0 - - 1.0 fik

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=3V, IC=8mA 40 100 200

Transition Frequency fT VCE=10V, Ic=8mA 600 1100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 0.9 1.3 pF

Collector-Base Time Constant C c .rbb' VCb=10V, Ic=8mA, f=30MHz - 7 20 ps
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2SC2806
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2SC2806
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2SC2859 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY LOW POWER AMPLIFIER
APPLICATIONS

DRIVER STAGE AMPLIFIER APPLICATIONS

SWITCHING APPLICATIONS

FEATURES

:

. Excellent hFE Linearity: hFE ( 2
)=25(Min.

)

at Vce=6V, Ic=400mA

• Complementary to 2SA1182.

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

IB

PC

Tstg

RATING

35

30

500

50

150

125

-55-125

UNIT

V

mA

mA

mW
o„

Unit in mm

+ 0.5
2.5—0.3

+ 0.2 5
1.5—0.15

3

-BE-

ho
dd
+ 1

CO

d
to

HO
Cic3

+ 1

1

1

L

T H

-1

. i

C5

/

o

*

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO—236
EIAJ

TOSHIBA 2—3F1

A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=35V, IE=0 - - 0.1 juA

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - 0.1 fiA

DC Current Gain (Note) hFE(l) VCE=1V, Ic=100mA 70 - 240

hFE(2) VCE=6V, IC=400mA 25 - -

Collector-Emitter
Saturation Voltage vCE(sat) IC=100mA, IB=10mA - 0.1 0.25 V

Base-Emitter Voltage VBE VCE=1V, Ic=100mA - 0.8 1.0 V

Transition Frequency fT VcE=6V, Ic=20mA - 300 - MHz

Collector Output Capacitance Cob VcB=6V, Ie=0, f=lMHz - 7 -
PF

(Note): hEE (i) Classification 0:70-140, Y:120~240

Y:40Min.
Mar^^_Q.nFE(2) Classification 0:25Min.

W
Type Name

hFE Rank

H
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2SC2859
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2SC2B68 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : Vceo=80V

. Low Noise Figure : NF=ldB (Typ . ) , 10dB(Max.)

. Excellent hFE Linearity: hFE(0.1mA)/hFE(2mA)=0.90(Typ,

• Complementary to 2SA1158.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

SYMBOL

VCBO

VCEO

VEBO

ic

IB

PC

RATING

80

80

100

50

400

UNIT

mA

mA

mW

Unit in mm

_&1MAX.

1.27 1.27
to

*
d

1. EMITTER
2. COLLECTOR
a BASE

EIAJ SC—4 3

TOSHIBA 2-5P1B

Junction Temperature 125 Weight : 0.21g

Storage Temperature Range ^stg -55-125

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 100 nA

DC Current Gain hFE VCE=6V, IC=2mA 120 - 700

Collector-Emitter
Saturation Voltage VcE(sat) 1(3=10mA, lB=lmA - - 0.3 V

Base-Emitter
Saturation Voltage VBE(sat) IC=10mA, Ig=lmA - - 1.0 V

Transition Frequency fT VCe=10V, IE=-2mA 80 - - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 2.5 3.5 pF

Noise Figure NF
VCE=6V, Ic=0.1mA

Rg=10k£2, f=lkHz
- 1.0 10 dB

Note : hpE Classification Y: 120 -240 GR: 200 -400 BL: 350 ~ 700
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2SC2868
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2SC2868
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC2873

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

. Low Saturation Voltage

: VCE(sat) =0.5V(Max.) (IC=1A)

. High Speed Switching Time : tstg=1.0as(Typ.

)

. P(]=l ~ 2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SA1213

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 0.4 A

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC* 1000 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

Unit in mm

4.6 MAX. 1.6 MAX.

1.7 MAX.

rn
0.4±Q05

1

r 1 H

Ci

4

-H
in

Ci

ir; r

1

+ao8
0.45-0.05II

s
00

cs

+ 0.08
Q4-a05

+ 0.08
0.4-0.05

i.5±ai 1.5±Q1

r12 3
1 * r+i nl

1. BASE
2. COLLECTOR (HEAT SINK)

a EMITTER

JEDEC -

EIAJ -

TOSHIBA 2 -5K1A

Weight : 0.052g

Marking
Type Name

hp£ Rank

Pc'8 : 2SC2873 mounted on ceramic substrate (250mm2 x 0.8t)
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2SC2873

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, Ie-0 - - 0.1 MA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 MA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, l£=0 50 - - V

DC Current Gain
hFE(l)

(Note 2)
VCE=2V, IC=0.5A (Note 1) 70 - 240

"FE(2) VCE=2V, Ic=2.0A (Note 1) 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1A, IB=0.05A (Note 1) - 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=1A, Ifi=0.05A (Note 1) — - 1.2 V

Transition Frequency fT VCE=2V, IC=0.5A - 120 - MHz

Collector Output Capacitance Cob VcB=10V, IE=0, f=lMHz - 30 - pF

Switching Time

Turn-on Time ton
ZOflB

OUTPUT

T T& INPUT iBl —J f
°

^lin, o -™r (r\ g.ki^ ° :— vy u
<

- 0.1 -

usStorage Time tstg - 1.0 -

Fall Time tf
IB1=-IB2= 0.05A 30V

DUTY CYCLE<a% - 0.1 -

Note 1 : Pulse width^300>us, Duty Cycle ^1%

2 : hFE Classification : 70-140, Y : 120-240
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2SC2873
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC2876

UHF-C BAND LOW NOISE AMPLIFIER APPLICATIONS.

HIGH SPEED SWITCHING APPLICATIONS.

FEATURES

:

. High Gain : I

S

2i e )

2 =10. 5dB (Typ.), f=lGHz

. Low Noise Figure : NF=2.3dB (Typ.), f=lGHz

. High fT : f T= 7.0GHz (Typ.)

• Low VCE (sat ) : VCE (sat )=0.13V (Typ.)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 15 V

Collector-Emitter Voltage vCEO 7.5 V

Emitter-Base Voltage vEBO 3 V

Base Current IB 40 mA

Collector Current ic 80 mA

Collector Power Dissipation p c 200 mW

Junction Temperature Tj 125 °c

Storage Temperature Range Tstg -55~125 °C

4.2 MAX .
d

1. BASE
2. EMITTER
3. COLLECTOR
4. EMITTER

TOSHIBA

Marking : MA
Weight : 0.08g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, IE=0 - - 0.1 ftk

Emitter Cut-off Current IEB0 vEb=iv, ic=o - - 1.0 fik

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=5mA, IB=0 7.5 - - V

DC Current Gain hFE VCE=3V, Ic=50mA 30 - 200

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=30mA, Ig=3mA

- 0.13 - V

Base-Emitter
Saturation Voltage

vBE(sat) - 0.87 - V

Collector Output Capacitance Cob VCB=5V, IE=0, f=lMHz
- 1.25 1.6 pF

Reverse Transfer Capacitance ^re
- 0.86 - pF

Input Capacitance Gib VEB=05V, Ic=0, f=lMHz - 2.5 - pF

Transition Frequency fT VCE=5V, Ic=30mA - 7.0 - GHz

Insertion Gain IS 2lel
2 VCE=5V, Ic=30mA, f=lGHz - 10.5 - dB

Noise Figure NF VCE=5V, Ic=10mA, f=lGHz - 2.3 - dB
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2SC2878 SILICON NPN EPITAXIAL TYPE

FOR MUTING AND SWITCHING APPLICATIONS

FEATURES

:

. High Emitter-Base Voltage : VeB0=25V (Min.)

. High Reverse hFE

: Reverse hFE=150(Typ . ) (VCE=-2V, Ic=-2mA)

. Low On Resistance : Ron=1^ (Typ. ) (lB=5mA)

MAXIMUM RATINGS (Ta=25°C)

Unit in ram

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

PC

Ti

^stg

RATING

50

20

25

300

60

400

125

-55 -125

UNIT

V

mA

mA

mW

5l1MAX.

1.2 7 L2 7

• /
IB
L 5

11 I la i

' ^ I y 3.

1. EMITTER
2. COLLECTOR
3. BASE

TO—92

TOSHIBA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0
- - 0.1 aA

Emitter Cut-off Current lEBO VEB=25V, IC=0
- - 0.1 aA

DC Current Gain
hFE
(Note)

VCE=2V, Ic=4mA 200 - 1200

Collector-Emitter
Saturation Voltage VcE(sat) IC=30mA, lB=3mA - 0.042 0.3 V

Base-Emitter Voltage VfiE VCE=2V, Ic=4mA
- 0.61 - V

Transition Frequency fT Vce=6V, Ic=4mA - 30 - MHz

Collector Output Capacitance Cob VCb=10V,Ie=0, f=lMHz - 4.8 7 PF

Switching
Time

Turn-on Time ton INPU
^ OUTPUT - 160 -

ns

r 4kQ j/

I

K—t &
IAS r

vm=~-zv vc

^2%

Storage Time tstg
- 500 -

Fall Time tf DUTY CYCLE - 130 -

Note : hFE Classification 200V00, B : 350^1200
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SILICON NPN TRIPLE DIFFUSED TYPE (PGT PROCESS) 2SC2880

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=150V

. High Transition Frequency : fT=120MHz

. Pc=l -_ 2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SA1200

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

Collector Power Dissipation

Junction Temperature

Storage Temperature

SYMBOL

VCBO

VcEO

VeBO

ic

IB

PC

PC*

rstg

RATING

200

150

50

10

500

800

150

Unit in mm

4.6 MAX.

-55~150

UNIT

mA

L7MAX.

I
+aoe

a45-ao5

+ao8
a4-ao5

mA

mW

mW

1.5 ±ai w

+aos
a4-ao5

1.6 MAX
—

t

tt4±a06

- 4
^a

. L5±ai

"l 2 3\
m rh $J

1 BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

PC* : 2SC2880 mounted on ceramic substrate (250mm2 x 0.8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=200V, lE=0 - - 0.1 vk

Emitter Cut-off Current lEBO VEB=5V, Ic=0 - - 0.1 nk

DC Current Gain
hpE
(Note)

VCE=5V, IC=10mA 70 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) IC=10mA, lB=lmA - - 0.5 V

Base-Emitter Voltage VBE VCE=5V, IC=30mA - - 1 V

Transition Frequency fT VCE=30V, If=10mA - 120 - MHz

Collector Output Capacitance Cob Vrn=10V, If=0. f=lMHz - 3.5 5.0 pF

Note : hFE(l)» hFE Classification 70-140, Y : 120-240
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2SC2880
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2SC2881 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High Voltage : VCEo=120V

. High Transition Frequency : fx=120MHz

. Pc=l ~~ 2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SA1201

MAXIMUM RATINGS (Ta=25°c)

Unit in mm

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 800 mA

Base Current IB 160 mA

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC * 1000 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55-150 °C

4.6 MAX.

s
+ao8

0.45-0.05

-(-aos
0.4-0.05

L5±Q1

4.6 MAX

Q4±a05

' <4

nj

-i-ao8
Q4-Q05

1.5±Q1

La tii dJ

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA 2-5K1A
Weight : 0.05 2g

Marking Type Name

PC* : 2SC2881 mounted on ceramic substrate (250mm2 x 0.8t) ^^ hpE Rank

CO'
ELECTRICAL CHARACTERISTICS (Ta=25°C) u J u

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=o - - 100 nA

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=10mA, Ib=0 120 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=lmA, IC=0 5 - - V

DC Current Gain hpE
(Note)

VcE=5V, IC=100mA 80 - 240

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, Is=50mA - - 1.0 V

Base-Emitter Voltage VBE VCE=5V, IC=500mA - - 1.0 V

Transition Frequency fT VcE=5V, Ic=100mA - 120 - MHz

Collector Output Capacitance Cob Vcb=10V, l£=0, f=lMHz - - 30 pF

Note : hpE Classification 80-160, Y : 120-240
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2SC2882 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

POWER AMPLIFIER APPLICATIONS.

VOLTAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for Driver of 30—35 Watts Audio Amplifier

. Pc=l~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SA1202

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

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VeBO

ic

IB

PC

PC'

Tstg

RATING

80

80

400

80

500

1000

150

-55-150

UNIT

mA

mA

mW

mW

1.6 MAX.

Ld D dJ

1- BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA
Weight : 0.052g

Marking

Pc *: 2SC2882 mounted on ceramic substrate (250mm2 x 0.8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, Ic-0 - - 100 nA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 80 - - V

DC Current Gain
hFE(l)
(Note)

VCE=2V, Ic=50mA 70 - 240

hFE(2) VcE=2V, IC=200mA 40 - -

Collector-Emitter
Saturation Voltage VcE(sat) Ic=200mA, lB=20mA - - 0.4 V

Base-Emitter Voltage VBE VBE=2V, IC=5mA 0.55 - 0.8 V

Transition Frequency fT VCE=10V, Ic=10mA - 100 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 10 - pF

Note : hFE Classification : 70-140, Y 120-240
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2SC2883 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for Output Stage of 3 Watts Amplifier

. Pc= l ~ 2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SA1203

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 1.5 A

Base Current IB 0.3 A

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC* 1000 mW

Junction Temperature T.1 150 °C

Storage Temperature Range Tstg -55-150 °C

4.6 MAX

.

1.6 MAX.

1.7 MAX

.

/ I S

+ao8
0.45-0.05

+ 0.08
0.4-0.05

i.5 ±ai

Q4±a05

^
+ ao8

0.4-0.05

1.5 ±ai

n 2 si

LA o aJ

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA

PC* : 2SC2883 mounted on ceramic substrate (250mm2 x 0.8t)

Weight : 0.052g

Marking Type Name

hpE Rank

f&
ELECTRICAL CHARACTERISTICS (Ta-=25

U
C) rr

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=30V, IE=0
- - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, IB=0 30 - - V

Emitter-Base
Breakdown Voltage

v (BR)EB0 lE=lmA, IC=0 5 - - V

DC Current Gain
hFE
(Note)

Vce=2V, Ic=500mA 100 - 320

Collector-Emitter
Saturation Voltage

vCE(sat) IC=1.5A, IB=0.03A - - 2.0 V

Base-Emitter Voltage VBE VCE=2V, Ic=500mA - - 1.0 V

Transition Frequency fT VCE=2V, Ic=500mA
- 120 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - - 40 pF

Note : hFE Classification : 100-200, Y : 160-320
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2SC2884 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=100~320

. Suitable for Output Stage of 1 Watts Amplifier

. Pq=1~2W (Mounted on Ceramic Substrate)

. Small Flat Package

. Complementary to 2SA1204

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 35 V

Collector-Emitter Voltage vCEO 30 V

Emitter-Base Voltage Vebo 5 V

Collector Current ic 800 mA

Base Current IB 160 mA

Collector Power Dissipation PC 500 mW

Collector Power Dissipation PC* 1000 mW

Junction Temperature Ti 150 °C

Storage Temperature Range Tstg -55-150 °C

4.6 MAX. 1.6 MAX

.

1.7 MAX

.

O
+ao8

0.45-0.05

+ao8
a4-ao5

1.5 ±0.1

Q4±Q05

+ Q08
a4-ao5

^

1 iti iji ih 1

1. BASE
2. COLLECTOR (HEAT SINK)

a EMITTER

Weight : 0.05 2g

Marking

PC* : 2SC2884 mounted on ceramic substrate (250mm2 x 0. 8t)

ELECTRICAL CHARACTERISTICS (Ta=25°C)

PO

Type Name

hpE Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=35V, I E=0
- - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

v (BR) CEO I c=10mA, Ib=0 30 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, I c=100mA 100 - 320

hFE(2) VCe=1V, Ic=700mA 35 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=500mA, lB=20mA - - 0.5 V

Base-Emitter Voltage VBE VCe=1V, Ic=10mA 0.5 - 0.8 V

Transition Frequency fT VCE=5V, Ic=10mA
- 120 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 13 - pF

Note : hpE Classification : 100-200, 160 -320
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2SC2982 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

MEDIUM POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain and Excellent hEE Linearity
: hFE(l)=140~600(VCE=lV, IC=0.5A)
•• hFE ( 2 )

= 70(Min.), 140(Typ.) (VCE=1V, IC=2A)
. Low Saturation Voltage

: VCE(sat)=0.5V(Max.) (Ic=2A, IB=50mA)
. Small Flat Package
. Pc=l ~" 2W (Mounted on Ceramic Substrate)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 30 V

Collector-Emitter Voltage VCES 30
V

VCEO 10

Emitter-Base Voltage VEBO 6 V

Collector
Current

DC ic 2
A

Pulse (Note 1) Icp 4

Base Current
DC IB 0.4

A
Pulse (Note 1) IBP 0.8

Collector Power Dissipation PC 500 mW

Collector Power Dissipation pc 3K 1000 mW

Junction Temperature Ti 150 °C

Storage Temperature Range T S tg
-55-150 °c

4.6 MAX.

1.7 MAX.

+ ao8
Q45-a05

+ Q08
Q4-Q05

a4±ao5.
l

s

+ao8
a4-Q05

HQ

i.5±ai

1 2

-D n_

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

TOSHIBA
Weight : 0.052g

Marking Type Name

lc substrate (250mm2 x 0.8t)

=25°C)

^s / hEE Rank
P(] : 2SC2982 mounted on ceram]

SA'
ELECTRICAL CHARACTERISTICS (Ta= u J u

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, Ie=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=6V, IC=0
- - 100 nA

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=10mA, Ib=0 10 - - V

Emitter-Base
Breakdown Voltage V(BR)EB0 IE=lmA, IC=0 6 - - V

DC Current Gain
hFE(l)
(Note 2)

VCE=1V, IC=0.5A 140 - 600

hFE(2) VCE=1V, IC=2A 70 140 -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=2A, IB=50mA - 0.2 0.5 V

Base-Emitter Voltage VBE VCE=1V, IC=2A
- 0.86 1.5 V

Transition Frequency fT VCE=1V, IC=0.5A - 150 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 27 - pF

Note 2 : hFE(l) Classification A:140~240, B:200~330, C:300~450, D:420~600
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2SC2986 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

FM/AM, RF, MIX, OSC, IF

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. High Stability Oscillation Voltage On FM Local

Oscillator.

. Recommend FM/AM RF, MIX, OSC, and IF.

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

RATING

40

30

50

-50

300

rstg

125

-55 -125

UNIT

mA

mA

mW

Unit in mm

51 MAX.

0.4 5

A 55 MAX.

0L45

1.27 1.27

1. EMITTER
2. COLLECTOR
& BASE

JEDEC TO— 9 2

, EIAJ 3C—43

TOSHIBA 2 -5 P 1

B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=A0V, IE=0 - - 0.1 juA

Emitter Cut-off Current lEBO VEB=^V, IC=0 - - 0.5 M
DC Current Gain hFE

(Note)
VCE=6V, IC=lmA 40 - 240

Reverse Transfer Capacitance Cre Vce=6V, f=lMHz - 0.9 1.3 pF

Transition Frequency fT VCE=6V, lE=-lmA 150 350 - MHz

Collector-Base Time Constant Cc.rbb 1 VcE=6V,lE=-lmA,f=30MHz - 15 30 ps

Noise Figure NF Vcc=6v » lE=-lmA

f=100MHz (Fig.l)

- 4.0 -
dB

Power Gain Gpe - 15 -

Oscillation Output Voltage
| VqSC VCC=6V,f=100MHz (Fig. 2) " 150 - mV

R:4CK80 O:70~140 Y:120~240
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Fig. 1 NF, Gpe TEST CIRCUIT

2SC2986
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2SC2986
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2SC2986
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2SC2986
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2SC2995 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

FM/AM RF, MIX, OSC, IF

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES

:

. High Stability Oscillation Voltage On FM Local

Oscillator

.

. Recommend FM/AM RF, MIX, OSC and IF.

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

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

VCEO

VEBO

IC

IE

L stg

RATING

40

30

50

-50

200

125

-55-125

UNIT

mA

mA

mW

*

m

L27 1.27

>

x 2 7
25°

1. EMITTER
2. COLLECTOR
3. BASE

TOSHIBA 2-4E1A

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=40V, IE=0 - - 0.1 fik

Emitter Cut-off Current lEBO VEB=AV, IC=0 - - 0.5 dk

DC Current Gain hFE
(Note)

VCE=6V, IC=lmA 40 - 240

Reverse Transfer Capacitance Cre VCE=6V, f=lMKz - 0.9 1.3 PF

Transition Frequency fT VcE=6V, Ig^-lmA 150 350 - MHz

Collector-Base Time Constant Cc.rbb' VCE=6V,IE=~lmA,f=30MHz - 15 30 ps

Noise Figure NF VCC=6V, IE=-lmA
f=100MHz (Fig.l)

- 4.0 -
dB

Power Gain Gpe - 15 -

Oscillation Output Voltage v0SC Vcc=6V,f=100MHz (Fig. 2) - 150 - mV

Note : hFE Classification R: 40-80 O:70~140 Y: 120-240
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Fig. 1 NF, Gpe TEST CIRCUIT
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2SC2995
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2SC2995
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2SC2996 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

FM/AM, RF, MIX, OSC, IF

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FEATURES:

. High Stability Oscillation Voltage On FM Local

Oscillator .

. Recommend FM/AM RF, MIX, OSC, and IF.

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

ic

IE

PC

Ti

Lstg

RATING

40

30

50

-50

150

125

-55-125

UNIT

mA

mA

mW

°C

+ 0.5
2.5 -Q 3

+ 0.2 5
1.5—0.1 5 lO

HO
C3C5

+ 1

d

1

1

H

m
O)

d

to

1

2

1

i-r

1

.

3 \

1

+ 1

CO

d
(0

HO
dd
+ 1

- <o

H
dJ

H
C5

/o

1

1. EMITTER

2. BASE
3. COLLECTOR

TOSHIBA

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25"
,

C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=40V, IE=0
- - 0.1 uA

Emitter Cut-off Current lEBO VEB=4V, IC=0 - - 0.5 mA

DC Current Gain hFE
(Note)

VCE=6V, IC=lmA 40 - 240

Reverse Transfer Capacitance Cre VCE=6V, f=lMHz - 0.9 1.3 PF

Transition Frequency f T VCE=6V, lE=-lmA 150 350 - MHz

Collector-Base Time Constant Cc.rbb' VCE=6V ,

I

E=-lmA, f=30MHz - 15 30 ps

Noise Figure NF Vcc=6V, IE=-lmA.

f=100MHz (Fig.l)

- 4.0 -
dB

Power Gain Gpe - 15 -

Oscillation Output Voltage v0SC Vcc=6V,f=100MHz (Fig. 2) - 150 - mV

Note : hFE Classification R:40~80 0:70-140 Y:120~240
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Fig. 1 NF, Gpe TEST CIRCUIT
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Marking
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Type Name
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2SC2996
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2SC3011 SILICON NPN EPTAXIAL PLANAR TYPE

UHF-C BAND LOW NOISE AMPLIFIER APPLICAT IONS.

1GHz

Unit in mm
+a5

2.5 -Q3

FEATURES

:

2

+Q25
1.5-0.15

. High Gain : lS 2 i e l=12dB (Typ.)
"

H O
dc5
+ 1

d
-H
01

H

-T
. Low Noise Figure : NF=2.3dB (Typ.), f=

. High f T : f T=6.5GHz (Typ.)

in
01

a

m
Ol

L_L
2

1

I

-
"T

1

3

CO
MAXIMUM RATINGS (Ta=25°C) l_L

1
<o

CHARACTERISTIC SYMBOL RATING UNIT
° dcS

+ 1

<o
H
c3

dc5
+ 1

H
r-i. i—

'

Collector-Base Voltage vCBO 20 V
,

Collector-Emitter Voltage VCEO 7 V h"

Emitter-Base Voltage VEBO 3 V
ci

I

Base Current IB 10 mA 1. EMITTER
2. BASE
3. COLLECTORCollector Current ic 30 mA

Collector Power Dissipation PC 150 mW JEDEC -

Junction Temperature Ti 125 °C EIAJ SC-59

Storage Temperature Range Tste -55-125 °C TOSHIBA 2-3F1A

MICROWAVE CHARACTERISTICS (Ta= 25°C)
Weight : 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency fT VcE=5V, Ic=10mA - 6.5 - GHz

Insertion Gain lS 2lel
2

VcE=5V, Ic=10mA, f=lGHz - 12 - dB

Noise Figure NF VCE=5V, Ic=5mA, f=lGHz - 2.3 - dB

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=10V, IE=0
- - 1.0 mA

Emitter Cut-off Current IEB0 vEB=iv, IC=0 - - 1.0 mA

Collector-Emitter Breakdown Voltage V (BR) CEO Ic=0.5mA, IB=0 7 - - V

DC Current Gain hFE VCE=5V, Ic=10mA 30 120 -

Collector-Emitter Saturation Voltage vCE(sat) IC=10mA, lB=lmA
- 0.1 - V

Base-Emitter Saturation Voltage VBE(sat) - 0.87 - V

Collector Output Capacitance Cob VCB=5V, IE=0, f=lMHz

(Note)

.

- 0.7 0.9 pF

Reverse Transfer Capacitance Cre
- 0.5 - pF

Input Capacitance Cib VEB=0> IC=0, f=lMHz - 0.8 - pF

Note Cre is measured by 3-terminal method with
Capacitance Bridge.

Marking p^wr Type Name

M A
"H"
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2SC3011

s lle
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J io,

J 50
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-J50

S21e
VCE=5V
Ic=10mA
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC3098

VHF-UHF BAND LOW NOISE AMPLIFIER APPLICATIONS.
Unit in mm

+ 0.5

2.5 -0.3

FEATURES

:

+a25
1.5 -a 15 lO

H O

+ 1

C3

. Low Noise Figure.

d
-H
OJ

o>

H

~T

. NF=2.5dB, lS21 e l
2= 14.5dB (f=500MHz) w

os

d
:
m
Ol

c5
1

L_L
2

. NF=3.0dB, IS21e' 2=9.0dB (f=1000MHz) 1

rr

1

3

l_L
1

MAXIMUM RATINGS (Ta=25°C) 2 HO
3 dd

1

CHARACTERISTIC SYMBOL RATING UNIT dd
+ 1

H
H J

1

i

"1 H
Ci

Collector-Base Voltage VcBO 30 V

Collector-Emitter Voltage VCEO 20 V d
I

oEmitter-Base Voltage Vebo 3 V

Collector Current ic 50 mA
1. EMITTER
2. BASE
a COLLECTOR

Emitter Current IE -50 mA

Collector Power Dissipation p c 150 mW
JEDEC -

Junction Temperature T
i

125 °C EIAJ SC-59

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-3F1A
Weight : 0.012g

MICROWAVE CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency f T VcE=10V, Ic=10mA - 3.5 - GHz

Insertion Gain ]S21el 2 (l) VCE=10V, Ic=10mA, f=500MHz - 14.5 - dB

lS21el 2 (2) VCE=10V, Ic=10mA, f=lGHz - 9 - dB

Noise Figure
NF(1) VCE=10V, Ic=5mA, f=500MHz - 2.5 - dB

NF(2) VCE=10V, Ic=5mA, f=lGHz - 3 - dB

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO vCB=iov, IE=0
- - 1 tik

Emitter Cut-off Current lEBO VEB=1V, IC=0
- - 1 fik

DC Current Gain hFE VCE=10V, Ic=10mA 30 80 300

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz

(Note)

- 1.15 - pF

Reverse Transfer Capacitance Cre
- 0.75 - pF

Note : Cre is measured by 3 terminal method with
Capacitance Bridge.

Marking Type Name

M B
-w
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2SC3098

Slle
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2SC3099 SILICON NPN EPITAXIAL PLANAR TYPE

VHF-UHF BAND LOW NOISE AMPLIF tER APPLICATIONS.

3MHz)

DOOMHz)

Unit in mm

+ 0.5

2.5-a3

FEATURES

:

+ 025
1.5-015 mi

+ 1

cS

. Low Noise Figure.

d
+i

ci

H

-T

. NF=1.7dB, lS2le l
2=15dB (f=50(

Cft

";
m
Cft

L_L
2

. NF=2.5dB, |S21el 2= 9.5dB (f=l T"
1

rr

l

3

I...L

1

MAXIMUM RATINGS (Ta=25°C) 31 HO

+ 1

<o

H
Ci

;

CHARACTERISTIC SYMBOL RATING UNIT Qi H
dd
+ 1

H
HJ J I

4
Collector-Base Voltage VcBO 20 V

Collector-Emitter Voltage VcEO 20 V d
I

oEmitter-Base Voltage Vebo 3 V

Collector Current ic 30 mA
1. EMITTER

2. BASE
a COLLECTOR

Emitter Current IE -30 mA

Collector Power Dissipation PC 150 mW
J EDEC _

Junction Temperature T
.i

125 °C EIAJ SC-59

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-3F1A

Weignt : 0.012g

MICROWAVE CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC ' SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency fT Vf;F=10V, Ic=10mA - 4.0 - GHz

Insertion Gain
IS21el 2 (l) VcE=10V, Ic=10mA, f=500MHz - 15.0 - dB

lS21el
2
(2) VcE=10V. IC511^11^. f=1000MHz - 9.5. - dB

Noise Figure
NF(1) VCE=10V, Ic=3mA, f=500MHz - 1.7 - dB

NF(2) VCE=10V, Ic=3mA, f=1000MHz - 2.5 - dB

ELECTRICAL CHARACTERISTICS (Ta=25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, IE=0
- - 0.1 tik

Emitter Cut-off Current lEBO VEB=1V, IC=0
- - 1.0 tik

DC Current Gain Hfe VcE=10v » Ic=5mA 30 - 250

Output Capacitance Cob VCB=10V, IE=0, f=lMHz

(Note)

- 0.9 - PF

Reverse Transfer Capacitance C r e
- 0.6 - PF

Note : Cre is measured by 3 terminal method with

Capacitance Bridge.

Marking
_Q_

. Type Name

M C
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2SC3099

hFE - Ic

1 3 10

COLLECTOR CURRENT

VCE=10V

Ta= 2 5°C

30

ic Oa)

o o o
< o <!

PM Pm
<* <:

r 3
"ob , c re — V CE

IE

)

1

cob

:: c^ -J:

0.5

a3
f= lMHz

ai

Ta =

1

8 5°C

.. J J-LI
0-1 0,3 1 3 10

COLLECTOR-BASE VOLTAGE VCB (v)

IS 21e I

2 - Ir

3 10

COLLECTOR CURRENT

IS 21e

I

VCE"= 10V

Ta = 2 5*C

a3 i 3

FREQUENCY f (GHz)

NF - I,

3 10

COLLECTOR CURRENT

fc 2

NF

VCE=10V
I c =3mA

Ta= 25°C

Q3 1 3

FREQUENCY f (GHz)
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2SC3099

-J50

s 21e

VCE=10V

Ic=10mA

S22e

VCE=10V

IC=10mA

±180
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SILICON NPN EPITAXIAL TYPE 2SC3112

FOR AUDIO AMPLIFIER AND SWITCHING APPLICATIONS. Unit in mm

FEATURES

:

. High DC Current Gain

. High Breakdown Voltage

. High Collector Current

MAXIMUM RATINGS (Ta=25°C)

hFE=600~3600

VCEO=50V

IC=150mA (Max.)

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

PC

Tstg

RATING

50

50

150

30

400

125

-55-125

UNIT

mA

mA

mW

1.2 7

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC TO-92

EIAJ SC-43

TOSHIBA 2-5P1B

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note : hpE Classification A : 600-1800, B : 1200-3600

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCE=50V, IE=0 - - 0.1 Mk

Emitter Cut-off Current IEBO VEB=5V, IC=0 - - 0.1 ttk

DC Current Gain hFE
(Note)

VcE=6V, IC=2mA 600 - 3600

Collector-Emitter
Saturation Voltage VcE(sat) Ic=100mA, IB=10mA

- 0.12 0.25 V

Transition Frequency fT Vce=10V, Ic=10mA 100 250 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 3.5 - pF

Noise Figure

NF(1)
VCE=6V, Ic=0.1mA

f=100Hz, Rg=10kQ
- 0.5 - dB

NF(2)
VcE=6V, Ic=0.1mA

f=lkHz, Rg=10kQ
- 0.3 - dB
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2SC3112

I C ~~ VCE

400

EMITTER

Ta=25°C 200

100

|

80

1

60

50

40

30

20

IB — 10* A '

COLLECTOR-EMITTER VOLTAGE V CE (V)

ic 'BE

60

EMITTER

-VCE= 6V

c
c

1

c

3 1 W
5

r <*
1 1 i

— «
1 1

I

'/
Q2 04 G6 0.8 1.0 1.2

BASE-EMITTER VOLTAGE VBE (V)

hpE ic

5000
1 III

3000 - Ta == 1UUI/

25

-X1000
1 1

-25 "^

500

300

COMMON EMITTER

Vnw=6V50

.SO ,, , , ...

0.5

03

Q05

a 03

w <

g g Q01
n

0.3 1 3 10 30

COLLECTOR CURRENT I c (mA)

vCE(sat)
-

COMMON EMITTER ;

I C/IB=10 ;

1

I

i=100°CTe

*ft^ ^ J

r2!

COLLECTOR CURRENT (mA)

10

vBE(sat )
"- ic

COMMON EMITTER

IC/ IB = 10

Ta=25°C3

1

0.5

n t°

ai
Q3 1 3 10 30

COLLECTOR CURRENT I c (mA)

500-



2SC3112

-Q3 -1 -3

EMITTER CURRENT

-10 -30

Ij; (mA)

0.3 1 3 10

COLLECTOR-BASE VOLTAGE

30

VCB (V)

«
200

20 40 60 80 100

AMBIENT TEMPERATURE Ta

120

CO
140
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2SC3113 SILICON NPN EPITAXIAL TYPE

FOR AUDIO AMPLIFIER AMD SWITCHING APPLICATIONS, Unit in mm

FEATURES

:

. High DC Current Gain

. High Breakdown Voltage

. High Collector Current

. Small Package

MAXIMUM RATINGS (Ta=25°C)

hFE=600-3600

VcEO=50V

Ic=150mA (Max.)

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

PC

Ti

RATING

50

50

150

30

200

125

5tg_ -55~125

UNIT

mA

mA

mW

1. EMITTER
2. COLLECTOR
3. BASE

JEDEC

EIAJ

TOSHIBA 2-4E1A

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note : hFE Classification A : 600-1800, B : 1200-3600

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCE=50V, IE=0
- - 0.1 fik

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 0.1 juA

DC Current Gain
hFE
(Note)

VCE=6V, IC=2mA 600 - 3600

Collector-Emitter
Saturation Voltage

VcE(sat) Ic=100mA, lB=10mA - 0.12 0.25 V

Transition Frequency f T VCE=10V, Ic=10mA 100 250 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 3.5 - pF

Noise Figure

NF(1)
VcE=6V, Ic=0.1mA

f=100Hz, Rg=10kQ
- 0.5 - dB

NF(2)
VCE=6V, Ic=0.1mA

f=lkHz, R
g
=10kQ

- 0.3 - dB
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2SC3113

J-C
"- \'CE

ibU

. COMMON
EMITTER

Ta = 25°C 200

1/dJ
100

100 |

80
1

'
"

e

60
40

40
30

20

20 ^B" LUfl A

1

COLLECT OR-

2 3 4 5 6

EMITTER VOLTAGE VCE (V)

'BE
IbU

EMITTER

VCB=6V
I

100

- u
l-

o 1

ID

t
e-

H 1

|

60

1 1

40

20

/K '

Q2 0.4 0.6 as 1.0 1.2

BASE-EMITTER VOLTAGE VBE (V)

hpE ic
""!

1 1 1

3000 = 100°C""' Ta

25

"V,1000
1 1 1

-2 : Ŝ
s

300

COMMON EMITTER :

VCE=6V ;50

, ,

H > 5

2~ 3
D ~
E-i +*
< 5)

03 CO

« H 1
H tP
H >
M (lb
S H

I <1 0.3

a 3 1 3 10 30

COLLECTOR CURRENT I c (mA)

1

VCE( eat ) "- ic

COMMON EMITTER

I C/IB=100.5

03

m

= L00°CTa

'. <T
<^25

nm
2b

Q3 1 3 10 30 100

COLLECTOR CURRENT I c (mA)

vBE(sat) - Il

:

IC/IB=10
Ta— 25 C

0.3 1 3 10 30

COLLECTOR CURRENT I c ( mA )
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2SC3113

fT - i E
2000

COMMON EMITTER

vCE= iov i

Ta=25°C

-0.3 -1 -3

EMITTER CURRENT

- 10 -30

IE (mA)

Cob v c B

=:: ^-e

50 f = 1MHz
30 = 25°C

10

5

3

0.3 1 3 10

COLLECTOR-BASE VOLTAGE Vr

30

(V)

Vn - Ta

20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta (°C )
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SILICON NPN EPITAXIAL TYPE 2SC3119

UHF TV TUNER RF AMPLIFIER APPLICATIONS. Unit in mm

FEATURES

:

. Excellent Forward AGC Characteristics.

+a5
2.5 -a3

+Q25
L5-0.15

HO

i

ci

-H
OS

H

T
a
d

m
a

1

2

T~

rr

1

3

1

MAXIMUM RATINGS (Ta=25°C) CO 1

C5 HO
C3d
+ 1

<o

H
d

,

CHARACTERISTIC SYMBOL RATING UNIT NH
dd
+ 1

3J J i iVCollector-Base Voltage VcBO 25 V

Collector-Emitter Voltage VCEO 20 V
i

1—::

H'
Ci

I

o

*l

Emitter-Base Voltage VEBO 3 V

Collector Current ic 20 niA
1. EMITTER

Base Current IB 10 mA 2. BASE
3. COLLECTOR

Collector Power Dissipation PC 150 mW
JEDEC -

Jinction Temperature Tj 125 °C EIAJ SC-59

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-3F1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.012g

Marking Type Name

HA
"H H"

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=10V, IE=0 - - 0.1 fik

Emitter Cut-off Current lEBO VEB=2V, IC=0 - - 1 uA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=lmA, IB=0 20 - - V

DC Current Gain hFE Vce=10V, Ic=2mA 25 100 - -

Transition Frequency fT VCE=10V, Ic=2mA 600 900 - MHz

Reverse Transfer Capacitance Crb VcE=10V, Ib=0, f=lMHz - 0.38 0.55 pF

Power Gain Gpb VCC=12V, VAGC=3.0V

f=800MHz

9 12 - dB

Noise Figure NF - 4.0 6.0 dB

AGC Voltage VAGC
VCC=12V, GR=-20dB

f=800MHz
5.75 7.0 8.25 V
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2SC3119

Fig. 1 800MHz G
p b, NF TEST CIRCUIT

R g=5on

Ll, L2 : 1.0mm SILVER PLATED COPPER' WIRE

Note : VAqc measured by the test circuit shown in Pig.l, when the power gain

ie reduced to 20dB compared with Op^ shown above Table.

eq 300

< 100

0.1

hpE — I C
1

COMMON EMITTER

VCE =10V
Ta = 25°C

"S~A

0.3 1 3

COLLECTOR CURRENT
10

Ic (mA)

f T - ic

3000

COMMON EMITTER

VCE= 10V
Ta= 25°C

1000 ^
S"

N
^
V

\
i

* 300 \

100
0.3 1

COLLECTOR CURRENT
3

I C (mA)
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2SC3119

Gpb, NF - VAGC
INPUT CONDUCTANCE £itl (mS )

-20 20 40 60 80 100 12
-20

COMMON BASE
VCB=10V
Ta^ 251C

400MHz f iE~= -2mA

-40 y•"600
-60 — ^800

V
1000

\
v

-4mA

N L

-100

*K ^>
*».

^ -6mA

-140 1 1

y r b - f

REVERSE TRANSFER CONDUCTANCE £rt)
(mS)

-08

COMMON BASE

VCB=10V
Ta=25*C

400MHzy>

600

800 v

1000

-6mA

-4mA
X E

ytt - f

-1.0

160

-80 -40

FORWARD TRANSFER CONDUCTANCE £ft,(mS)

y b - f

COMMON BASE

• vCB=iov
Ta= 25°C

I—

—

E= -2mA
° -4mA

A<'
^* r"

""";
ef)0

*> -6 mA
1000

A6
Sy*

600

^ 400MHz
i

1.0 2.0 3.0 4.0

OUTPUT CONDUCTANCE fo^ (mS)
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2SC3120
SILICON NPN EPITAXIAL PLANAR TYPE

TV TUNER, UHF MIXER APPLICATIONS.

VHF-UHF BAND RF AMPLIFIER APPLICATIONS.

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

PC

Tstg

RATING

30

15

50

25

150

125

-55~125

UNIT

mA

mA

mW

Unit in mm

.-015

2.5 -0.3

+ 0.25
1.5-0.15

•»

HO
dd
+ 1

0>

1

in

0)

c5

W
0)

1

2

I

i i

1

3 f

L-L
1

C5c5

+ 1

d HO
dd
+ 1

. J 1 j

1 H
d

H'
d
I

o

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

EIAJ

TOSHIBA 2-3E1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0 - - 0.1 -"A

Emitter Cut-off Current lEBO VEB=2V, IC=0 - - 1.0 nk
Collector-Emitter
Breakdown Voltage v (BR) CEO IC=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=10V, Ic=5mA 40 100 200

Reverse Transfer Capacitance Cre VCB=10V, IE=0, f=lMHz - 0.6 0.9 pF

Transition Frequency fT VCE=10V, IC=2mA 1500 2400 - MHz

Conversion Gain Gce
VCc=10V, Ic=2mA,
f=800MHz,
fL=830MHz(0dBm) (FiS .l)

12 17 - dB

Noise Figure NF 8 " dB

H B
"H" "B"
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Fig. 1 800MHz GCe, NF TEST CIRCUIT

2SC3120

LOCAL OSC

INPUT ©_
fRF=800MHz

I

lOOOpP
-HI

fL=8 3 0MHz ( dBm)

@

L2

I
CI
lOpF

1000pF

1r

VBB

rrr rrr

© OUTPUT

f 0UT=30MHz

VCC=10V

L1~L4 : «50.8mm SILVER PLATED COPPER WIRE

L5 : AIR COIL SCN-5948 ® - Q) TOKO OR EQUIVALENT

L6 : «S0.2mm COPPER WIRE 10T 5mm ID

CI : AIR TRIMMER TTA23A100 MURATA MFC. Co., LTD. OR EQUIVALENT
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2SC3120

hFE ~~ I C

H 500
f=H

X! 300

aH
<
1*1

IIX)

H
a
3 50

D
O no

EMITTER COMMON

VCE=10V
Ta=25°C

—

5

O
3

<
o fe

« ft

H 1
In

a
£

° as
H
H a3
r/>

«
W
>

Q3 1 3

COLLECTOR CURRENT

- vCB

10 30

I C (mA)

: f=lMHz

3iE

. Ta = 25°C

0.1 03 1 3 10 30

COLLECTOR-BASE VOLTAGE VCB (V)

'n" 10000

fT - I C

ffl

- EMITTER COMMON

; VCE = 10V

- Ta = 25°C

H 5000

3000
\

1

o
a
H
§> 1000

§
fe

500
a
2 300
E-i

CO
a
2 loo

a3 i 3

COLLECTOR CURRENT

10

I C (mA)

Op„ — LOCAL LEVEL

V = 10V

fRp - 800MHz

fL = 830MHz

Ta = 25°C (Fig-l)

-12 -8-4 4

LOCAL LEVEL (dBm)

Gee "- I C

/
12 /

I

R VCC = 10V

fRP =800MHz
f L= 830MHz ( dBm)

Ta = 25°C (Fig-l)

| J 1
1

J J 112 3 4

COLLECTOR CURRENT

5 6

I c (mA)

PC "- Ta

150

120

90

fin

30

n
20 40 60 80 100 120

AMBIENT TEMPERATURE Ta QC)
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Sue
VCE=10V
Ic= 2mA
Ta=25°C
(UNIT :ci)

J50

s 12e
VCE = 10V
Ic= 2mA
Ta=25°C

jio

-jia

2SC3120

-J50

^21e
VCE=10V
I C = 2 mA
Ta=25°C

150°

±180°

s 22e
V CE = 10V
Ic = 2mA
Ta = 25"C

(UNIT :n)

jio.

-J1CP

J50

-J150
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2SC3121 SILICON NPN EPITAXIAL PLANAR TYPE

TV TUNER, UHF OSCILLATOR APPLICATIONS. (COMMON BASE)

TV TUNER, UHF CONVERTER APPLICATIONS. (COMMON BASE)

Unit in mm

+a5
2.5-0.3

+ 0.25
1.5 -ai 5
m ft.

m
-HO
dc5
+ 1

-*

a

FEATURES

:

a
-H
05

H

1

2. High Transition Frequency : fx=1500MHz (Typ.)
-

in

en

1

. Excellent Linearity

rr

1

3 <

jH

MAXIMUM RATINGS (Ta=25°C) CO <0

H O

+ 1

,

CHARACTERISTIC SYMBOL RATING UNIT N H 1

C5c5

+ 1

3->^LCollector-Base Voltage VcBO 30 V
H
d

Collector-Emitter Voltage VCEO 15 V
i >—^ r

< 1

Emitter-Base Voltage vebo 3 V
o

Base Current IB 25 mA
1. EMITTER
2. BASE
3. COLLECTOR

Collector Current ic 50 mA

Collector Power Dissipation PC 150 mW
JEDEC

Junction Temperature T
j

125
u
c EIAJ SC-59

Storage Temperature Range Tstg -55-125 °c TOSHIBA 2-3P1A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0
- - 0.1 M

Emitter Cut-off Current lEBO VEB=3V, IC=0
- - 1.0 nk

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=3V, IC=8mA 60 150 320

Transition Frequency fT VCE=10V, IC=8mA 1100 1500 - MHz

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 0.9 1.3 PF

Collector-Base Time Constant Cc-rbb' VCB=10V, Ic=8mA, f=30MHz - 7 12 pS

Marking __ Type Name

H C
BT ~n
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2SC3121

hFE — I C f T - I C

COMMON EMITTER

VCE=3V
300 Ta — <:oi

TOO

rrn

in
Q3 1 3

COLLECTOR CURRENT
10

I C (mA)

COMMON EMITTER

VCE=10V
Ta-2 5°C3000

1000

500

300

ion __.
Q3 1 3

COLLECTOR CURRENT
10 30

I C (mA)

C Ot> - VCB Vu

0.1

f= lMHz
I C
=0

Ta = 2 5°C

ai a3 i 3 10 30

COLLECTOR-BASE VOLTAGE VCB (v)

REVERSE TRANSFER CONDUCTANCE 9re (mS)
-0.6 -as -0.4 -Q3 -a2 -ai o

100MHz

20C^
400

800

X\
\ -6 mA

\-4mA

I E=—2mA COMMON EMITTER

VCE=10V
-5

T i= JJ5°C
-6

COMMON EMITTER
VCE=10V
Ta = 2 5°C

600
400 -. I E=-2mA

- 200^
—4 mA

-6 mA

"100 MHz

|

4 8 12 16 20 24 28
INPUT CONDUCTANCE 9 ie (mS)

Vte - f

FORWARD TRANSFER CONDUCTANCE 9 fe (mS)
-20 20 40 60 80 100

£ <r> -60

IE =-2mA

900 *

socr

600 —4 mA

1 1

-6 mA '

100MHzCOMMON EMITTER

VCE=10V
Tai= 2 5°C
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2SC3121

.Voe - f

(y b - f

)

yit - f

INPUT CONDUCTANCE 9 \ b (mS)

20 40 60 80 100 12

1

900 %

i

I E =-2mA
20

^^ ^800^
60C\

4U
40(T

—4 mA

20C 1

'

._
COMMON BASE

VCB=10V

—6 mA
-au 100MHz

r\n

Ta=2 5"C
1 1

~0 " a 4 a 8 1.2 1.6 2.0 2.4

OUTPUT CONDUCTANCE 9 0e (9 0b ) (mS)

yrb - f

REVERSE TRANSFER CONDUCTANCE 9 rb (mS)

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2

COMMON BASE 1 1

VCB=10V 1 1

1

20CX/
400

j

600/

800>

900W 4 Ip.=- 2 mA

\ ^-4 mA
A-6nlA

05 <

i.o 2

--2.0 £

yfb
1120

-100~~ ^80 =60 "^40 -20

FORWARD TRANSFER CONDUCTANCE
9 fb (mS)

100 120

AMBIENT TEMPERATURE Ta (°C)
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SILICON NPN PLANAR TYPE 2SC3122

TV VHF RF AMPLIFIER APPLICATIONS.

FEATURES

:

. High Gain : Gpe=24dB (Typ.) (f=200MHz)

. Low Noise : NF=2.0dB (Typ.) (f=200MHz)

. Excellent Forward AGC Characteristics.

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

PC

rstg

RATING

30

30

20

10

150

125

-55~125

UNIT

mA

mA

mW

°C

Unit in mm

+ 0.5
2.5-0.3

+0.25
1.5 -a15

in

.-IO
dd
+ 11

H

J

in

a

1

2

1
.

rr

1 1

3 1

1

dd
+ 1

to

d
to

HO

+ l

J 1

'

T H

p-t

d
I

o

\

1. EMITTER
2. BASE
Z. COLLECTOR

JEDEC

EIAJ SC-59

TOSHIBA 2-3F1A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=25V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=2V, IC=0
- - 100 nA

Collector-Emitter
Breakdown Voltage

V(BR)CE0 Ic=lmA, lB=0 30 - - V

DC Current Gain hFE VCE=10V, Ic=2mA 60 150 300

Reverse Transfer Capacitance Ore VCB=10V, IE=0, f=lMHz - 0.3 0.45 pF

Transition Frequency f T VcE=10V, Ic=2mA 400 650 - MHz

Power Gain Gpe VCE=12V, VAGC-1-4V

f=200MHz

20 24 28 dB

Noise Figure NF - 2.0 3.2 dB

AGC Voltage (Note) vagc
VCC=12V, GR=30dB,

f=200^fflz
3.6 4.4 5.1 V

Note : VaGC measured by test circuit shown in Fig. 1 when power gain

is reduced to 30dB compared that of VaGC at 1.4V Marking

H D

Type Name
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2SC3122

Fig. 1 200MHz Gpe , MF TEST CIRCUIT

INPUT ©
R K = 50Q

O vAOC

LI
: RP Coil M-15T (TOKO Inc.) or EQUIVALENT

L2 : RF Coil M-25T (TOKO Inc.) or EQUIVALENT

5pF OUTPUT^ © RL=50n

30

a pe , NP - VAGC

Q pe COMMON EMITTER

V0C -12V
f = 200MHz

Ta=25°C

20

r—N
j

1

\

10 \
\

\
1 \

-| Ny
/ \

\
<U t
3D

2 4 6 8 10 12

AGC VOLTAGE VA0C (V)

f T - I C

S

COMMON EMITTER

VCE = 10V
Ta= 25°C

_. . _l_ l

0.1 0.3 1 3

COLLECTOR CURRENT I c (mA)

hFE - I

300

100

50
\

30 COMMON EMITTER
\

in

VC
Ta = 2 5°(

1 -J_I_U 1

1

0.3 1 3 10 30

COLLECTOR CURRENT I c (mA)

5

cre — V C B

f = 1MHz

I E =
3

1

Ta == 2 5°C

05

0.3

n i

Q3 1 3

COLLECTOR-BASE VOLTAGE (V)
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2SC3122

Vie

COMMON
EMITTER

VCE =10V
Ta = 25"C400

200

300^>^
100

2(30^
j^6mA
5 MHz

300^

% 4 mA \
Sic
50

= 2m
MHz

A
400\

REVERSE TRANSFER CONDUCTANCE
9-re ( mS>

-0.8 -0.6 -0.4 -0.2 o a 2 a 4

20 40 60

INPUT CONDUCTANCE
80

He ( mS >

COMMON 50MHz
EMITTER

vCE = iov
Ta=25°C

,100

\ |

a 200

ft\300

I c = 2mA —

'

400

6mA'' 4mA

1

-Q2

-0.4

-Q6

-0.8

-1.0

-1.2

yt& - f

FORWARD TRANSFER CONDUCTANCE ^fe ( mS )

P n - Ta

20 40 60 80 100

AMBIENT TEMPERATURE
120 140 160

Ta CO

Voe

COMMON

i £_
400

EMITTER
vCE= iov
Ta= 25"C

I\
1 /300

.
r /

4 -* 200
^"•6mA
^ 4mA

-i
'

k 100

\

il__l1 1i i

Q2 0.4 06 08 1.0 1.2 1.4

OUTPUT CONDUCTANCE <^oe ( mS )
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2SC3123 SILICON NPN EPITAXIAL PLANAR TYPE

TV VHF MIXER APPLICATIONS.

=0.4pF (Typ .)

Unit in mm

+ 0.5
2.5-a3

FEATURES

:

+0.2 5
1.5-ai5

. High Conversion Gain : Gce=23dB (Typ.) HO
C5C5

+ 1

*
c*

d
-H
05

H

1

~r
. Low Reverse Transfer Capacitance : Cre in

01

d

m
a
<3

I

2

1

IT

1

3

1

MAXIMUM RATINGS (Ta=25°C)
c

<o
3 HO

<

i

CHARACTERISTIC SYMBOL RATING UNIT
dd
+ 1

3j J
" +1

Collector-Base Voltage VCBO 30 V
T H

Collector-Emitter Voltage VCEO 20 V
l_L 1—::

H
a
I

o

>

Emitter-Base Voltage Vebo 3 V

Collector Current ic 50 mA
1. EMITTER

Base Current IB 25 mA 2. BASE
a COLLECTOR

Collector Power Dissipation PC 150 mW
JEDEC -

Junction Temperature Tj 125 °C EIAJ sc- 59

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-3F1A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VcB=25V, Ie=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=3V, Ic-0 - - 1000 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=lmA, Ib=0 20 - - V

DC Current Gain hFE Vce=10V, Ic=5mA 40 150 300

Reverse Transfer Capacitance Cre Vcb=10V, Ie=0, f=lMHz - 0.4 0.5 pF

Transition Frequency fT VcE=10V, Ic=5mA 900 1400 - MHz

Conversion Gain Gce Vcc=12V, f=200MHz

fL= 260MHz

20 23 - dB

Noise Figure NF - 3.8 5.5 dB

Marking

HE
Type Name

Q-
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Fig. 1 200MHz GCe» NF TEST CIRCUIT

2SC3123

LOCAL OSC

fL = 260MHz
dBm

INPUT
fRP =200 MHz

®

&

rk-

3pF
-HI—

8pP—K—

2.7kI2

1000pF

1

OUTPUT

f UT = 60 MHz

VCC = 12V

( Ic-3mA-)

LI : 0.8mm«S SILVER PLATED COPPER WIRE, 1.5T 5mm ID

L2 : COIL WITH CORE SCN-5962A <D - <3> (TOKO INC.) OR EQUIVALENT

C : AIR TRIMMER TTA25A200A (MURATA MFG. Co., LTD.) OR EQUIVALENT

519-



2SC3123

hFE - I c

H 500

43 300

-—

.

\

*-

+
COMMON EMITTER

vCE = iov

T

l

a == 25°C

i i 1 1 n
0.3 1 3

COLLECTOR CURRENT
10 30

I c (mA)

10000

5000

3000

500

300

f T

100

COMMON EMITTER

vCE = iov

Ta-25°C

"**

—

r

a3 i 3

COLLECTOR CURRENT (mA)

CB
--

IE =0

Ta=25°C

0-3 13 10 30

COLLECTOR-BASE VOLTAGE VCB (V)

34
Gee, NF LOCAL LEVEL

VCC =12V
fRP= 200 MHz

- fL = 260MHz
- Ta = 25°C

30

'?&

Gee

22

1H ,

14

NP
in

6
-20 -16 -12 -8-4 4

LOCAL LEVEL (dBm)

30
Gee ic

1
1 1 1

2fi

1 1 I 1

cc-- 1<: v

22 "J- -. *. N
vc 6V* \

18 \

14 VCC = 12V, VCG = 6V
fRP= 200 MHz
fL = 260MHz ( OdBm)
Rc = 620a, RE =270a

in

6 i l J, ,
, L

2 4 6 8

COLLECTOR CURRENT
10 12

I c (mA)
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2SC3123

s lle. s 22e
VCE=10V
Ta=25°C
(UNIT : a)

J25

-jitf

-J50

Sl2«

VcE= 10V 9(D°

Ta= 25"C 120°^^T\__\___ —___/_^7^*>^o °

y^>r\^a08

ISO /

/

//'C/Ca 0-06 - 5mA I c=3ia\/\
iOpA^oo x*. \ 3QO

<C7S/x\,ao4

Tr^Z^rCx^ 02 »iooX^Or^YjLA--A
(] f=50MHz^
(LiH-^o /q 02) a 04 la 06 a 08 1

-150°\ \ _ \\3<></<C// <30
'

-120o\v,r^~T —Y^\^^60°

TFtn

PC "- Ta

QD

fin

n
20 40 60 80 100 120

AMBIENT TEMPERATURE Ta (°C

)
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2SC3124 SILICON NPN EPITAXIAL PLANAR TYPE

TV TUNER, VHF OSCILLATOR APPLI CATIONS.
Unit in mm

+ 0.5
2.5-a3

+ Q25
1.5 -ai 5

cfl

r-tO
dd
+ 1

d
d
+1

0)

r-i

"T

0)

d

m
0)

1

2

1

rT

1

3

1

MAXIMUM RATINGS (Ta=25°C) !0

-J HO
• 57

L

CHARACTERISTIC SYMBOL RATING UNIT
dd
+ 1

J
<

+ 1

1 H
Collector-Base Voltage VcBO 30 V

Collector-Emitter Voltage VCEO 15 V ^
' T
H
d
I

C..

Emitter-Base Voltage VEBO 3 V

Collector Current ic 50 mA
1. EMITTER

Base Current IB 25 mA 2. BASE
3. COLLECTOR

Collector Power Dissipation ?C 150 mW
JEDEC -

Junction Temperature Tj 125 °C EIAJ sc-59

Storage Temperature Range Tstg -55~125 °C TOSHIBA 2-3F1A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE-0 - - 0.1 mA

Emitter Cut-off Current lEBO VEB=3V, IC=0 - - 1.0 nk

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=3V, IC=8mA 40 100 200 -

Transition Frequency fT VCE=10V, Ic=8mA 650 1100 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 0.9 1.3 pF

Collector-Base Time Constant Cc-rbb'
VCB=10V, Ic=8mA

f= 30MHz

- 7 12 Ps

Marking a Type Name

H F
-u
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2SC3124

kpE — I C

COMMON EMITTER

VCE= 3V500

300 Ta=25C

30

10

fT - Ic

Ql a3 i 3

COLLECTOR CURRENT

10

I c (mA)

Q3 1 3

COLLECTOR CURRENT

10 30

I c (mA)

c oto> cre - VCB

o w
o «

Ql a3 1 3 10

COLLECTOR-BASE VOLTAOE VCB (V)

-0 4 8 12 16 20 24

INPUT CONDUCTANCE £ie(#ic)(mS)

REVERSE TRANSFER CONDUCTANCE ^re fa8 )

-0.20 -ai6 -a 12 -0.08

Vfe - f

FORWARD TRANSFER CONDUCTANCE
frt e

(mS)

„0 40^ 80_ 120^ 160^ 200

H -160

§ -200
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2SC3124

Voe - f

Q4 0.8

OUTPUT CONDUCTANCE
1.2

REVERSE TRANSFER CONDUCTANCE ^rc (mS)
-20 -16 -12 -8 -4

COMMON COLLECTOR
vCE= iov

~ I c =3mA

z Ne
Ta= 25°C 50 MH

5mA x /

10mA

/yioo

^Z/
V _ ">'

^^»c
200

400 300

t 12 ^

3/fc - f

FORWARD TRANSFER CONDUCTANCE £-fc (mS)
-20 -16 -12 -8 -4

-16 o

yoc - f

OUTPUT CONDUCTANCE

-160-

20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta (°C)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC3125

TV FINAL PICTURE IF AMPLIFIER If\PPLICATIO NS. Unit in mm

+ 0.5
2.5 -a3

FEATURES

:

+ 0.25
1.5 -ai 5 in

. Good Linearity of f-p HO
dd
+ 1

dw
C5

-H
o>

ci

H

~T
ID

d

1

2

1

r~r

1

3

1_L
1

MAXIMUM RATINGS (Ta=25°C)
c

o to
3 HO

" 2?

i

CHARACTERISTIC SYMBOL RATING UNIT OJH
cici

+ 1

1*

1 u + 1

,: <°
" H

dCollector-Base Voltage VCBO 30 V

Collector-Emitter Voltage VCEO 25 V
I_>' 1 :-

H
Ci

I

o

^1

Emitter-Base Voltage vEBO 4 V

Collector Current ic 50 mA
1. EMITTER

Base Current IB 25 mA 2. BASE
3. COLLECTOR

Collector Power Dissipation PC 150 mW
JEDEC -

Junction Temperature T
J

125 °C EIAJ SC- 39

Storage Temperature Range Tstg -55~125 °C TOSHIBA 2-3F1A

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=30V, IE=0 - - 0.1 vA

Emitter Cut-off Current lEBO VEB=3V, IC=0 - - 0.1 aA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=10mA, Ib=0 25 - - V

DC Current Gain hFE VCE=10V, Ic=10mA 20 70 200

Saturation
Voltage

Collector-Emitter VcE(sat) IC=15mA, lB=1.5mA
- - 0.2

V

Base-Emitter VBE(sat) - - 1.5

Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - 1.1 1.6 pF

Collector-Base Time Constant C c .rbb' VcB=10V, Ic=lmA,f=30MHz - - 25 ps

Transition Frequency f T VcE=10V, IC=10mA 250 600 - MHz

Marking ,_, Type Name

HH
"H"
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2SC3125

hFE — I C
1000

W 500

43 300

COMMON EMITTER

vCE=iov
Ta=25°C

a3 l 3

COLLECTOR CURRENT I

10

C (bA)

30

910000

fT -- ic

COMMON EMITTER

VCE=10V
Ta=25°C

33

^ 3000

o
s
5 looo

« _ .

.

_—

RANSITION

F

ai Q3 1 3 10 30

COLLECTOR CURRENT I c (mA)

o o

o o
O 35
< <

E-i 03
D »

o w
o «

10

C ob~" VCB , ^r e
— V CB

f = lMHz

I E=0

Ta=25°C

5

3

C
t>

1 ::: C r

0.5

a3

n i

y±e

"ai 0.3 1 3 10 30

COLLECTOR-BASE VOLTAGE VCB (V)

4 8 12 16 20 24 28 32 36

INPUT CONDUCTANCE #-ie (mS )

yre - f

REVERSE TRANSFER CONDUCTANCE
frTe ( mS )

-a 25

w P
CO

3H *
2£ |jj o

« Ph

yfe - f

FORWARD TRANSFER CONDUCTANCE <fa e
(mS)

40 80 120 160 200 240

-200
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2SC3125

Voe - f (y D- f )

"0 0.4 Q8 1.2 1.6

OUTPUT CONDUCTANCE £oe (#oto) ^"^^

yrb - f

REVERSE TRANSFER CONDUCTANCE ^.^(mS)

-i.o -as -0.6 -a4 -02

COMMON BASE
(J

VCE=10V
Ta=25°C

50MHz
J*

K /
100^

,,'
'/

z
7/V

300/ / }
^

400 Al f /
N. M

.5mA u 3mA

1C)mA

18 fe

1.6 i

yib - f

INPUT CONDUCTANCE #-it (mS)

Si

?c T a

150

120

yu

60

30

no 40 80 120 160 2CO

-40 K, / Ic = 3mA

400 \ ? 5mA

300\
80

200

10 mA

^

50MHz
100

-160
COMMON BASE

VCE= 10V
' T a= 25°C

yft - f

• 160 f£\

120

-200

FORWARD
-160 -120 -60 -40

TRANSFER CONDUCTANCE ^ft (mS)

20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta CO
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2SC3136
SILICON NPN EPITAXIAL PLANAR TYPE

TV VHF MIXER APPLICATIONS. Unit in mm

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

FEATURES

:

3dB (Typ.)

ance : Cre=0.4pF (Typ .)

5.1 MAX
1- —

. High Conversion Gain : Gce=2

. Low Reverse Transfer Capacit 4

;

0.45 -n rf 1

°-

-
S

ii

1

i

0.5 5
1

01

c5(145

jj

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT 1.2 7
1 t

1-

1 -27

,Collector-Base Voltage VCBO 30 V c! / i ! ^ i
Collector-Emitter Voltage VCEO 20 V

r

-
" n up at> 1 2
V

Emitter-Base Voltage Vebo 3 V

Collector Current ic 50 mA
1. BASE
2. EMITTER
Z. COLLECTOR

Base Current IB 25 mA

Collector Power Dissipation PC 250 mW
JEDEC TO-92

Junction Temperature T
J

125 °C EIAJ SC-43
Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-5F1E

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=25V, I E=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=3V, IC=0 - - 1000 nA

Collector-Emitter
Breakdown Voltage v (BR) CEO I C=lmA, IB=0 20 - - V

DC Current Gain hFE VCE=10V, Ic=5mA 40 150 300

Reverse Transfer Capacitance Cre VCB=10V, IE=0, f=lMHz - 0.4 0.5 pF

Transition Frequency fT VCE=10V, Ic=5mA 900 1400 - MHz

Conversion Gain Gee VCC=12V, f=200MHz

fL=260MHz

20 23 - dB

Noise Figure NF - 3.8 5.5 dB
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Fig. 1 200MHz Gce , NF TEST CIRCUIT

2SC3136

LOCAL OSC 3pF
fL = 260MHz® 1|

—

INPUT

fRF = 200MHz
© 8pF

-Ht—

2.7 k£l

!

I

1000 pF

( I c^3mA)

LI : 0.8mm«5 SILVER PLATED COPPER WIRE, 1.5T, 5mm ID

L2 : COIL WITH CORE SCN-5962A CD - ® (TOKO INC.) OR EQUIVALENT

C : AIR TRIMMER TTA25A200A (MURATA MFG. Co., LTD.) OR EQUIVALENT
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2SC3136

hpE fT - I c

300

<3 100

—

* N

*
V

COMMON EMITTER

VCE = 10V

ra =
1 1 l_l

25°C

J_L1 1—
03 1 3 10 30

COLLECTOR CURRENT I c (mA)

5000

3000

500

300

COMMON EMITTER

VCE =10V

Ta=25°C

—%-

il 0.3 1 3 10 30

COLLECTOR CURRENT Ic (mA)

Cre - V C]

G ce ,NF - LOCAL LEVEL

M 5
o

3
<
o fe

P.

fe «
1m Ih

ss n
<
« (Ih
H
W a 3

IE =

Ta = 25°C

0.1 03 1 3 10 30

COLLECTOR-BASE VOLTAGE VCB (V)

.
vcc 12V

fRF = 200 MHz

. fL = 260MHz

. Ta~25°C Gee

NP

-16 -12 -8-4 4

LOCAL LEVEL (dBm)

VCG = 12V

^1 ---. N
k

|^VCC = 6V \
\
\

VCC = 12V, VCC = 6V
fRF =200MHz
fL = 260MHz ( OdBm)
Rc = 62011. RE =270il
Iti = X 5"C

i

2 4 6

COLLECTOR CURRENT

8 10

Ic (mA)
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2SC3136

s lle» S 22e
VCE=10V
Ta= 25°C

(UNITIQ)

no,

J50

s 21e
Vcs = 10V
Ta= 25°C

J500

±180°|

-J500
a
lpO

->ooJ

f=50MHz
= 3mA -150 '

J150

S 12e
VCE=10V
T a = 2 5 C 120°

±180'

P - Ta

200

150

100

20 40 60 80 100 120

AMBIENT TEMPERATURE Ta (°C

)
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2SC3137 SILICON NPN EPITAXIAL PLANAR TYPE

TV TUNER, UHF MIXER APPLICATIONS. Unit in mm

VHF-UHF BAND RF AMPLIFIER APPLICATIONS.

4

*-<

S IL.,
01 [J
d - jXJ-

0.6

a3

„ -f% r

3.9MIN.
1Nr u^

M
5
0) J

\l
a75 18MIN.

MAXIMUM RATINGS (Ta=25°C)

.11
a65

2
X
<
s
H

N
CHARACTERISTIC SYMBOL RATING UNIT

/
dj 05

H r

Collector-Base Voltage VCBO 30 V ^t~̂^rr
Collector-Emitter Voltage VCEO 15 V 4.2 MAX. °

Emitter-Base Voltage vEBO 3 V
1. EMITTER

2. BASE
3. COLLECTOR
4. BASE

Collector Current ic 50 mA

Base Current IB 25 mA

Collector Power Dissipation PC 200 mW
JEDEC -

Junction Temperature T
J

125 °C
EIAJ -

Storage Temperature Range Tstg -55-125 °c TOSHIBA 2-4F1B

Weight : 0.08g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, I E=0 - - 0.1 fik

Emitter Cut-off Current lEBO VEB=2V, IC=0 - - 1.0 fik

Collector-Emitter
Breakdown Voltage

v (BR)CE0 I c=lmA, IB=0 15 - - V

DC Current Gain hFE VCE=10V, Ic=5mA 40 100 200 -

Reverse Transfer Capacitance Ore VcB=10V, IE=0, f=lMHz - 0.65 0.9 pF

Transition Frequency fT VCE=10V, Ic=2mA 1500 2400 - MHz

Conversion Gain Gee VCC=10V, I C=2mA,
f=800MHz,
f T =830MHz(0dBm) (Fig.l)

12 17 - dB

Noise Figure NF - 8 - dB
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Fig. 1 800MHz G Ce, NF TEST CIRCUIT

2SC3137

INPUT @-

Ll

lOOOpF

—U

' ~10pP
rfr in

fL=8 3 0MHz ( OdBm)

LOCAL OSC

@

lOOOpF

1
VBB

-pcr^-
8 2pF

TTT TTT TTT

a 3 o -L

%

lOOOpF

vcc=iov

_@ OUTPUT

L1~L4

L5

L6

CI

(60.8mm SILVER PLATED COPPER WIRE

AIR COIL SCN-5948 Q) - © TOKO OR EQUIVALENT

(60.2mm COPPER WIRE 10T 5mm ID

AIR TRIMMER TTA23A100 MURATA MFC. CO., LTD. OR EQUIVALENT
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2SC3137

hFE — Ic

VCE=10V
Ta = 2 5°C

h 500

300
a

<

—
"N»
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC3138

HIGH VOLTAGE SWITCHING APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=200V

. Small Flat Package

. Complementary to 2SA1255

MAXIMUM RATINGS (Ta-25 C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

SYMBOL

VcBO

VCEO

VEBO

RATING

200

200

UNIT

+a5
2.5 -0i3

+ 0.25
1.5-0.15,

Q

l^

HO
dd
+ 1

dd
+ 1

ncL

1. EMITTER
Z. BASE
& COLLECTOR

HO
dd
+ 1

Collector Current ic 50 mA

Base Current IB 20 mA

Collector Power Dissipation PC 150 mW
TOSHIBA

Junction Temperature 125

Storage Temperature Range Tstg -55-125

Weight : 0.012g

Marking
H

ELECTRICAL CHARACTERISTICS (Ta=25 C)

IM O

Type Name

hpF Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=200V, IE=0 - - 0.1 uk

Emitter Cut-off Current IEB0 VEB=5V, IC=0 - - -0.1 uk:

Collector-Base
Breakdown Voltage V(BR)CB0 Ic=0.1mA, IE=0 200 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 200 - - V

DC Current Gain
hFE
(Note)

VCE=3V, Ic=lmA 70 - 240

Collector-Emitter
Saturation Voltage VcE(sat) IC=10mA, IB=lmA - 0.1 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=10mA, lB=lmA - 0.75 1.5 V

Transition Frequency fT Vce=10V, Ic=2mA 50 100 - MHz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - 2 4 pF

Switching Time

Turn on Time ton VCc=50V,PULSE WIDTH=5/»s

Ic=6mA, DUTY CYCLE ^2%

lBl=-lB2=-0.5mA

- 0.3 - MS

Storage Time tstg
- 2 - flS

Fall Time tf
- 0.4 - US

Note : hpE Classification 70-140, 120-240
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2SC3138

32

1 C "
- V CE

COMMON EMITTER
Ta = 25°C PULSE

28
450

400

24
350

300

?n
250

200

16
150

1?
125

100

R
75

50 1

4 lB= 25 MA

1

hFE - 1 C

COLLECTOR-EMITTER VOLTAOE Vr (V)

"0.3 -1 -3 -10

EMITTER CURRENT IE (mA)

Q05 0.1 0.3 1 3

COLLECTOR CURRENT
10

I c (mA)

o
O O
B <
J E-<

O O
O >

vCE(sat ) " I C

COMMON EMITTER

1 = :

L C / J-B ^u

Ta == 100"C .

"25 '

ai : -

' *^-55

0.05U-I
a 05 ai Q3 1 3 10

COLLECTOR CURRENT I c (mA)

200

]Pc -- Ta

150

inn

50

.

25 50 75 100 125

AMBIENT TEMPERATURE Ta (°C)
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC3172

TV VHF MIXER APPLICATIONS.

FEATURES

:

. High Conversion Gain : Gce=26dB (Typ.)

. Low Reverse Transfer Capacitance : Cre=0.4pF (Typ.)

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IB

PC

-stg

RATING

30

20

50

25

200

125

-55-125

UNIT

mA

mA

mW

°C

4.2 MAX. d

1. BASE
2. EMITTER
3. COLLECTOR
4. EMITTER

TOSHIBA

Weight : 0.08g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CB0 VCB=25V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=3V, IC=0 - - 1000 nA

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=lmA, IB=0 20 - - V

DC Current Gain hFE Vce=10V, Ic=5mA 40 150 300

Reverse Transfer Capacitance Cre VcB=10V, IE=0, f=lMHz - 0.4 0.5 PF

Transition Frequency f T VCE=10V, Ic=5mA 900 1400 - MHz

Conversion Gain Gee Vcc=12V, f=200MHz

fL=260MHz

23 26 - dB

Noise Figure NF - 3.8 5.5 dB
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2SC3172

Fig. 1 200MHz GCe, NF TEST CIRCUIT

LOCAL OSC

fL= 260MHz (^
dBm

INPUT @-

3pF

8pF
HI—

in

2.?i£a
—Wv—

1000pF

1

OUTPUT
fOUT = 60MHz

( I c=3mA)

LI : 0.8mmtf SILVER PLATED COPPER WIRE, 1.5T, 5mm ID

L2 : COIL WITH CORE SCN-5962AQ - ® (TOKO INC.) OR EQUIVALENT

C : AIR TRIMMER TTA25A200A(MURATA MFG. Co., LTD.) OR EQUIVALENT
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\
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2SC3172

s lle> S 2 2j
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS) 2SC3225

SWITCHING APPLICATIONS.

SOLENOID DRIVE APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=500(Min. ) (Ic=400mA)

. Low Saturation Voltage : VcE(sat) =0 - 5V(Max. ) (Ic=300mA)

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

Junction Temperature

Storage Temperature Range

SYMBOL

f CBO

vCEO

vEBO

ic

IB

Ti

Lstg

RATING

40

40

0.5

900

150

-55~150

UNIT

mW

1. EMITTER
2. COLLECTOR
3. BASE

T0-92M0D

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 0.36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=40V, IE=0
- - 10 Mk

Emitter Cut-off Current IEB0 VEB=7V, IC=0
- - 1 M

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=10mA, IB=0 40 - - V

DC Current Gain hFE VCE=1V, Ic=400mA 500 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=300mA, IB=lmA
- 0.3 0.5 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=300mA, IB=lmA - - 1.1 V

Transition Frequency f T Vce=2V, Ic=100mA
- 220 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 20 - pF

Switching Time

Turn-On Time ton
20/!

.imfl
0UT^ - 1.0 -

flS

. -n- /V\

Storage Time tstg /JB2 IB2^ ^

lB2=lmA
vcc=YCLE^1% Ub

- 3.0 -

Fall Time tf
Ibi=-
DUTY C

30V - 1.2 -
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2SC3225
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2SC3225
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2SC3265
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

LOW FREQUENCY POWER AMPLIFIER APPLICATIC N.

20mA)
or

Unit in mm

POWER SWITCHING APPLICATIONS. + 0.5
2.5-0.3

FEATURES

:

. High DC Current Gain : hEE=100~320
+ a25

1.5-Q15
HO
C3c!

+ 1

1

. Low Saturation Voltage

d
+1

oi

rA

T
: VcE(sat)=0.4V (Max.) (IC=500mA, Ib=

. Suitable for Driver Stage of Small Mot
c!

lO
Ol

1

2

. Complementary to 2SA1298 1

r-T

1

. Small Package 3

1

MAXIMUM RATINGS (Ta=25°C)
c

| ddCHARACTERISTIC SYMBOL RATING UNIT
dd
+ 1

H

l.

2.

a

c

I r-1 1

-
+ 1

i to
1 HCollector-Base Voltage VCBO 35 V

Collector-Emitter Voltage VCEO 25 V

EMITTER
BASE
COLLECTOR

1

Ci

I

o

1

:

Emitter-Base Voltage VEBO 5 V

Collector Current ic 800 mA

Base Current IB 160 mA

Collector Power Dissipation PC 200 mW
JEDEC -

Junction Temperature Tj 150 °C EIAJ SC-59
Storage Temperature Range Tstg -55~150 u

c TOSHIBA 2-3F1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current 1CW VCB=30V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage V (BR) CEO I c=10mA, IB=0 25 - - V

Emitter-Base Breakdown Voltage V(BR)EBO IE=lmA, lc=0 5 - - V

DC Current Gain

nFE(l)
(Note)

VCE=1V, Ic=100mA 100 - 320

hFE(2) VCE=1V, Ic=800mA 40 - -

Collector-Emitter
Saturation Voltage VCE(sat) Ic=500mA, l3=20mA - - 0.4 V

Base-Emitter Voltage VBE VCE=1V, I c=10mA 0.5 - 0.8 V

Transition Frequency fT VcE=5v > Ic=10mA - 120 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 13 - PF

Note : hFE (l) Classification 100
160-

•200,

320
Marking Type Name
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0.2 a4 a6 as
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545-



2SC3268 SILICON NPN EPITAXIAL PLANAR TYPE

VHF-UHF BAND LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. NF=1.7dB, lS21el 2 =15.0dB (f=500MHz)

. NF=2dB, lS21el 2 =9.5dB (f=1000MHz)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Base Current

Collector Current

Collector Power Dissipation

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VcEO

VeBO

IB

ic

PC

PC *

rstg

RATING

17

12

30

70

300

800

125

-55~125

UNIT

mA

mA

mW

mW

4.6 MAX

.

7 MAX .

+aoe
0.45-0.05

+ao8
a4-Q05

1.5 ±ai

1.6 MAX
1

a4±a.05

r^

+ao8
Q4-a05

i.5±ai

I »?i rti rfil

1. BASE
2. COLLECTOR (HEAT SINK)

3. EMITTER

JEDEC

EIAJ

TOSHIBA 2-5K1A

PC*; : When mounted ceramic substrate of 250mm2 x 0.8mmt

MICROWAVE CHARACTERISTICS (Ta=25°C)

Marking
Weight

ME

0.052g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency f T VcE=1 v > IC=20mA - 5 - GHz

Insertion Gain
lS 2lei 2 (D VCE=10V, Ic=20mA, f=500MHz - 15.0 dB

lS 2l e l

2 (2) VCE=10V, Ic=20mA, f=lGHz - 9.5 - dB

Noise Figure
NF(1) Vq-EtIOV, Ic=5mA, f=500MHz - 1.7 - dB

NF(2) VCe=10V, Ic=5mA, f=lGHz - 2.0 - dB

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, IE=0
- - 1 »k

Emitter Cut-off Current lEBO vEb=iv, ic=o
- - 1 MA

DC Current Gain hFE VCE=10V, Ic=20mA 25 - -

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz

(Note)

- 1.05 - pF

Reverse Transfer Capacitance Cre
- 0.7 - pF

Note : Cre is measured by 3 terminal method with Capacitance Bridge
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2SC3268

Pn - Ta

Q8t ( 1 CERAMTC

® 50X50XQ8 mm

(?) 30 X 40 X Q8 mm

(3) 15 X 15 X 0.8 mm

@ Free Air

®
1

©

©
1

CA

20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta (°C)

0.8 t (,mm; CERAMIC

300 1000 3000
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2SC3268
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2SC3279 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

STROBO FLASH APPLICATIONS.

Linearity

IC=2A)

)

Unit in mm
MEDIUM POWER AMPLIFIER APPLICATIONS.

51 MAX.
i

FEATURES

:

. High DC Current Gain and Excellent hpE

: hFE(l)=140~600 (VCE=1V, IC=0.5A)

at

0.45
LJ

11

M
s
ci
i-i

: hFE ( 2 )=70(Min.), 200(Typ.) (VCE=1V, >5MAX.
j

00

CS H. Low Saturation Voltage U4 5

: VCE(sat) =0.5V(Max.) (I C=2A, IB=50mA

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT 1.2 7
m >—¥

1.2 7

Collector-Base Voltage VcBO 30 V
( ^ i

Collector-Emitter Voltage Vr.ES 30
V

1 *m «t» o^

\ 1 2 3 ) 1

Vr.EO 10
^

i
S

Emitter-Base Voltage VEBO 6 V 1. EMITTER
2. COLLECTOR
3. BASE

Collector
Current

DC ic 2
A

Pulsed(Note 1) ICP 5
JEDEC TO-92

Base Current IB 2 A EIAJ SC-43

Collector Power Dissipation ?C 750 mW TOSHIBA 2-5F1B

Junction Temperature T.i 150 °C Weight : 0.21g

Storage Temperature Range Tstg -55-150 °C

Note 1 : 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=30V, IE=0 - - 100 nA

Emitter Cut-off Current xEB0 VEB=6V, IC=0
- - 100 nA

Collector-Emitter Breakdown Voltage VcEO IC=10mA, Ib=0 10 - - V

Emitter-Base Breakdown Voltage VEB0 iE-lmA, lc=0 6 - - V

DC Current Gain
hFE(l)

(Note 2)
VCE=1V, IC=0.5A 140 - 600

hFE(2) VCE=1V, IC=2A 70 200 -

Collector-Emitter Saturation
VoT tage VcE(sat) IC=2A, lB=50mA - 0.2 0.5 V

Base-Emitter Voltage VBE VCE=1V, IC=2A
- 0.86 1.5 V

Transition Frequency fT VCE=1V, IC=0.5A
- 150 - MHz

Collector Output Capacitance Cob VCB=10V,

I

E=0,
f=lMHz - 27 - pF

Note 2 : hFE(1) Classification L : 140-240, M : 200-330, N : 300-450, P 420-600
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2SC3295
SILICON NPN EPITAXIAL TYPE

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

SWITCHING APPLICATIONS.

FEATURES

:

. High hpE : hFE=600 ~ 3600

. High Voltage : VCEO=50V

. High Collector Current : Ic=150mA (Max.)

. Small Package

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 150 mA

Base Current IB 30 mA

Collector Power Dissipation PC 150 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55-125 °C

+ 0.5
2.5-0,3

+ 0.25
1.5-ai5
I—

rfr

e-

cici

+ 1

dd
+ l J :i^3I

HO
dd
+ 1

1. EMITTER
2. BASE
3. COLLECTOR

Weight- : 0.012g

Marking Type Name

F3 s' nFE Rank

ELECTRICAL CHARACTERISTICS (Ta=25°C)

PlT
"ff ~ET

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCE=50V, IE=0 - - 0.1 nk

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 MA

DC Current Gain hFE
(Note)

VCE=6V, Ic=2mA 600 - 3600

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=100mA, lB=10mA - 0.12 0.25 V

Transition Frequency f T VCE=10V, Ic=10mA 100 250 - MHz

Collector Output Capacitance Cob VCb=10V, IE=0, f=lMHz - 3.5 -
PF

Noise Figure

NF(1)
VCE=6V > Ic=0- 1mA

f=100Hz, R
g
=10kQ

- 0.5 - dB

NF(2)
VCE=6V » Ic=0.1mA

f=lkHz, Rg=10kQ

- 0.3 - dB

Note : hEE Classification 600-1800, B : 1200-3600
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC3301

VHF-UHF BAND LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. NF=1.7dB, lS21el 2=14.5dB (f=500MHz)

. NF=2.3dB, lS21el 2=9dB (f=1000MHz)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Base Current

Collector Current

Collector Power Dissipation

Collector Power Dissipation

Junction Temperature

SYMBOL

VCBO

VcEO

VEBO

IB

IC

PC

PC

Storage Temperature Range Tstg

RATING

15

7.5

40

80

300

800

125

-55-125

UNIT

mA

4.6 MAX,

1.7 MAX .

+ao8
a45-ao5

mA

mW

mW

-i-ao8
a.4-ao5

1.5 ±ai

M-

1.6 MAX.

Q4±Q05

+ 0.08
Q4-Q05

1.5±ai

La rfJ

1. BASE
2. COLLECTOR (HEAT SINK)

2. EMITTER

JEDEC

BIAJ

TOSHIBA 2-5K1A

PC % : When mounted cermic substrate of 250mm2 x0.8t

MICROWAVE CHARACTERISTICS (Ta=25°C)

Marking : MA
Weight : 0.052g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency f T VcE=5V, Ic=30mA - 7 - GHz

Insertion Gain
|S21el 2 (D VCE=5V, IC=30mA, f=500MHz - 14.5 - dB

lS21el 2 (2) VcE=5V, Ic=30mA, f=lGHz - 9 - dB

Noise Figure
NF(1) VCE=5V, Ic=10mA, f=500MHz - 1.7 - dB

NF(2) VcE=5V, Ic=10mA, f=lGHz - 2.3 - dB

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, lE=0 - - 0.1 Mk

Emitter Cut-off Current lEBO vEb=iv, ic=o
- - 1 Mk

DC Current Gain hFE VcE=3V, IC=50mA 30 - 200

Collector Output Capacitance Cob VCB=5V, lE=0, f=lMHz

(Note)

- 1.45 - pF

Reverse Transfer Capacitance Cre
- 1.1 — pF

Note : Cre is measured by 3 terminal method with Capacitance Bridge
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2SC3301
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SILICON NPN EPITAXIAL PLANAR TYPE 2SC3302

VHF-UHF BAND LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. NF=1.5dB, 1 S21el 2=16.5dB (f=500MHz)

. NF=1.7dB, IS 2lel
2=HdB (f=1000MHz)

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Base Current

Collector Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IB

IC

PC

L stg

RATING

17

12

30

70

200

125

-55-125

UNIT

mA

mA

mW

4.2 MAX.

1. BASE
2. EMITTER
3. COLLECTOR
4. EMITTER

JEDEC

MICROWAVE CHARACTERISTICS (Ta=25°C)

Marking : ME
Weight : 0.08g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note : Cre is measured by 3 terminal method with Capacitance Bridge

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Transition Frequency fT VCE=10V, Ic=20mA - 5 - GHz

Insertion Gain
lS 2lel 2 (D Vce=10V, Ic=20mA, f=500MHz - 16.5 - dB

lS 2lel 2 (2) Vce=10V, Ic=20mA, f=lGHz - 11 - dB

Noise Figure
NF(1) VCE=10V, Ic=5mA, f=500MHz - 1.5 - dB

NF(2) VcE=10V, Ic=5mA, f=lGHz - 1.7 - dB

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=10V, IE=0
- - 1 M

Emitter Cut-off Current lEBO vEB=iv, ic=o
- - 1 ah

DC Current Gain hFE VCE=10V > Ic=20mA 25 - -

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz

(Note)

- 0.8 - PF

Reverse Transfer Capacitance Cre
- 0.45 - pF
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2SC3324
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY LOW NOISE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=120V

. Excellent hpE Linearity
: hFE (0.1mA)/hFE (2mA)=0.95(Typ.)

. High hpE : hFE=2O0~700

. Low Noise : NF=0. 2dB(Typ. ) , 3dB(Max.) at f=lkHz

. Complementary to 2SA1312

. Small Package

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

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 100 mA

Base Current IB 20 mA

Collector Power Dissipation PC 150 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55~125 °C

4-0.5
2.5-0.3

+ 0125
1.5 -Ql 5

EE

-e

dd
+ l J

HO

+ 1

HO

+ 1

1. EMITTER
2. BASE
3. COLLECTOR

TOSHIBA

Weight : 0.012g

Marking Type Name

ELECTRICAL CHARACTERISTICS (Ta=25 C)

P X hpw Rank

CB G
H H

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=120V, IE=0 - - 0.1 M
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 nk

DC Current Gain
hFE
(Note)

VcE=6V, Ic=2mA 200 - 700

Collector-Emitter
Saturation Voltage VcE(sat) IC=10mA, lB=lmA - - 0.3 V

Transition Frequency fT VCE=6V » IC=linA - 100 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 4 - PF

Noise Figure

NF(1)
VcE=6v » IC=0.1mA

f=100Hz, Rg=10kQ
- 0.5 6 dB

NF(2)
VcE=6v » IC=0.1mA

f=lkHz, Rg=10kQ
- 0.2 3 dB

Note : hpE Classification GR(G) : 200-400, BL(L) : 350-700
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2SC3325

AUDIO FREQUENCY LOW POWER AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

SWITCHING APPLICATIONS.

FEATURES

:

. Excellent hpg Linearity : hpE(2) = 25(Min.

)

at Vce=6V, Ic=400mA

. High Voltage : VcEO=50V (Min.)

. Complementary to 2SA1313

. Small Package

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

SYMBOL

VCBO

VCEO

VEBO

RATING

50

50

UNIT

+ 0.5
2.5-0.3

+ 0.25
1.5-0.15

rEE-

i

HO
do'
+ 1

dd
+ 1 J

-to
dd
+ 1

1. EMITTER
2. BASE
3. COLLECTOR

Collector Current ic 500 mA

Base Current IB 50 mA

Collector Power Dissipation ?C 200 mW

Weight : 0.012g

Marking
Type Name

Junction Temperature 150

Storage Temperature Range -stg -55-150

ELECTRICAL CHARACTERISTICS (Ta=25 C)

P3 y^ ^FE Rank

CE
"B B"

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0
- - 0.1 nk

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 MA

DC Current Gain

hFE(l)
(Note)

VCE=1V, Ic=100mA 70 - 240

hFE(2)
(Note)

Vce=6V, Ic=400mA 25 - -

Collector-Emitter
Saturation Voltage VCE(sat) Ic=100mA, IB=10mA - 0.1 0.25 V

Base-Emitter Voltage VBE VcE=lV, Ic=100mA - 0.8 1.0 V

Transition Frequency fT VCE=6V > Ic=20mA - 300 - MHz

Collector Output Capacitance Cob VCB=6V, Ie=0, f=lMHz - 7 -
PF

Note : hFE(l) Classification

nFE(2) Classification

: 70-140, Y : 120-240

: 25Min. Y : 40Min.
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SILICON NPN EPITAXIAL TYPE 2SC3326

FOR MUTING AND SWITCHING APPLICATIONS.

FEATURES

:

. High Emitter-Base Voltage : VEBO=25VCMin.

)

. High Reverse hpE

: Reverse hFE=150(Typ . ) (VCE=-2V, Ic=-2mA)

. Low on Resistance : Rof^ 1^ (TvP-) (Ib=5iiiA)

. High DC Current Gain : hFE=200~1200

. Small Package

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

PC

Tstg

RATING

50

20

25

300

60

150

125

-55-125

UNIT

mA

mA

mW

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

+ 0.5
2.5-0.3

+G.25
i.5-ai5

tS

€1

C5c5

+ !

dc5
+ 1Lj

;*>

+ 1

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

EIAJ SC-5!

TOSHIBA 2-3P1A

Weight : O.OlZg

Marking pq

P A'
'H'

Type Name

h-p-K Rank

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

Collector-Emitter
Saturation Voltage

SYMBOL

ICBO

lEBO

hFE
(Note)

TEST CONDITION MIN.

VCB=50V, IE=0

VEB=25V, IC=0

VCE(sat)

Base-Emitter Voltage

Transition Frequency

Collector Output Capacitance

Switching Time

Turn-on Time

Storage Time

Fall Time

VBE

Cob

tstg

tf

VCE=2V, Ic=4mA

IC=30mA, lB=3mA

VCE=2V, IC=4mA

VcE=6V, Ic=4mA

VCB=10V, Ie=0, f=lMHz

OUTPUT
i—

o

a
iom Win \*

VBB=-3V VCC=12V

DUTY CYCLED 2%

200

TYP.

0.042

0.61

30

4.8

160

MAX.

0.1

UNIT

fik

0.1 fik

1200

0.3

MHz

PF

500

130

Note : hEE Classification 200-700, B : 350-1200

567



2SC3326

In — V '-i IT : C - VCE (REVERSE REGION)
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2SC3327 SILICON NPN EPITAXIAL TYPE

FOR MUTING AND SWITCHING APPLICATIONS.

FEATURES

:

. High Emitter-Base Voltage : VEbq=25V (Min.)

. High Reverse hEE

: Reverse hEE=150(Typ. ) (VCE=-2V, Ic=-4mA)

. Low On Resistance : Ron=1Q (Typ.) (lB= 5mA)

. Small Package

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 50 V

Collector-Emitter Voltage VCEO 20 V

Emitter-Base Voltage vEBO 25 V

Collector Current ic 300 mA

Base Current IB 60 mA

Collector Power Dissipation PC 200 mW

Junction Temperature T
j

125 °C

Storage Temperature Range Tstg -55~125 °C

4.2 MAX.

0.55MAX.

U4

M
i a?

11

CO

C5

CO
1.27 1.27 o

C5

X

^ J
• »/ '

25°

1. EMITTER
2. COLLECTOR
3. BASE

2-4E1A

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=50V, IE=0 - - 0.1 M
Emitter Cut-off Current lEBO VEB=25V, Ic=0 - - 0.1 mA

DC Current Gain
hpE
(Note)

VCe=2V, IC=4mA 200 - 1200

Collector-Emitter
Saturation Voltage

vCE(sat) IC=30mA, lB=3mA - 0.042 0.1 V

Base-Emitter Voltage VBE VCE=2V, Ic=4mA - 0.61 - V

Transition Frequency fT Vce=6V, Ic=4mA - 30 - MHz

Collector Output Capacitance Cob VCB=10V, IE=0, f=lMHz - 4.8 7 pF

Switching Time

Turn-on Time ^on INPUT 4kQ
OUTPUT - 160 -

ns

K

•

"3D- Si
1MB Ti

Storage Time fcstg
- 500 -

Fall Time tf DUTY CYCLE

BB~

^2%

3V Vqc-
- 130 -

Note : hFE Classification A : 200-700, B : 350-1200
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I C
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Ic (mA)

<

a o
H >

E-i H
O dj
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(INDUSTRIAL APPLICATIONS) 2SC3328

POWER AMPLIFIER APPLICATIONS.

POWER SWITCHING APPLICATIONS.

FEATURES

:

. Low Saturation Voltage
: VCE(sat)=0.5V(Max.) (Ic=lA)

. High Speed Switching Time : t s tg=l. 0/ts(Typ.

)

. Complementary to 2SA1315

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IB

L stg

RATING

80

80

900

150

-55~150

UNIT

mW

1. EMITTER
2. COLLECTOR
a BASE

TO-92MOD
EIAJ

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta-=25°C)
Weight : 0. 36g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP.' MAX. UNIT

Collector Cut-off Current ICBO VcB=80V, IE=0 - - 1.0 nk

Emitter Cut-off Current lEBO 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)
(Note)

VCE=2V, IC=0.5A 70 - 240

hFE(2) VCE=2V, IC=1.5A 40 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=1A, IB=0.05A - 0.15 0.5 V

Base-Emitter
Saturation Voltage VBE(sat) IC=1A, Ib=0.05A - 0.9 1.2 V

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/^s _ t„ OUTPUT - 0.2 -

ft s

ibiIT|/""^^C) la

Ibi =-Irp= 0.05A °
a± °* VGG=30V

DUTY CYCLE^1 %

Storage Time tstg - 1.0 -

Fall Time tf - 0.2 -

Note : hgE (i) Classification O : 70-140, Y : 120-240
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2SC3329 SILICON NPN EPITAXIAL TYPE

Unit in mm
FOR LOU NOISE AUDIO AMPLIFIER APPLICATIONS AND

RECOMMENDED FOR THE FIRST STAGES OF MC HEAD AMPLIFIERS.

FEATURES

:

. Very Low Noise in the Region of Low Signal Source

Impedance

Equivalent Input Noise Voltage : En=0.6nV//Hz (Typ.)
. Low Pulse Noise. Low 1/f Noise
. Low Base Spreading Resistance : r^b' = 2 . OQ (Typ .

)

. Complementary to 2SA1316

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

PC

Ti

Tstg

RATING

80

80

100

20

400

125

-55~125

UNIT

mA

mA

mW

,
5.1 MAX. .

Q5 5MAX.
,|

|
L

| |

-*W'

1. EMITTER
2. COLLECTOR
3. BASE

Note : hpE Classification GR : 200~ 400, BL : 350-700

ELECTRICAL CHARACTERISTICS (Ta =25°C) Weight : 0. 21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=80V, IE=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

Collector-Emitter
Breakdown Voltage

v (BR)CE0 lQ=lmA 80 - - V

DC Current Gain
nFE
(Note)

VCE=6V, Ic=2mA 200 - 700

Collector-Emitter Saturation
Voltage

vCE(sat) IC=10mA, lB=10mA - - 0.1 V

Base-Emitter Voltage VBE VCE=6V, IC=2mA - 0.6 - V

Base Spreading Resistance rob* VCE=6V > Ic=lmA > f=100MHz - 2.0 - Q

Transition Frequency fT VCE=6V,lE=-lmA,f=100MHz - 42 - MHz

Collector Output Capacitance Cob VCB=10V, lE=0, f=lMHz - 6.2 - PF

Noise Figure NF

VcE=6v » Ic=0.1mA,
f=10Hz, Rg=10kQ

- 2 6

dBVCE=6V, Ic= 0.1mA,
f=lkHz, Rg=10kn

- 1 2

VCE=6V, Ic=0.1mA,
f=lkHz, Rg=100Q

- 2.5 -
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) 2SC3333

HIGH VOLTAGE SWITCHING APPLICATIONS

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. High Voltage : VCEO=250V

. Low Cre : 1.8pF(Max.)

. Complementary to 2SA1320

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

ICP

IB

PC

L stg

RATING

250

250-

50

100

20

0.6

150

-55~150

UNIT

mA

mA

1. EMITTER
2. COLLECTOR
3. BASE

TO-9 2

SC-43

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=200V, Ie=0 - - 1.0 nk

Emitter Cut-off Current lEBO 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, 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 - - 1.8 PF
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2SC3333

IC-VcE (LOW VOLTAOE REGION)
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2SC3333
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2SC3334 SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS)

HIGH VOLTAGE SWITCHING APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS. Unit in mm

FEATURES

:

. High Voltage : VcEO=250V

. Low Cre : 1.8pF(Max.)

. Complementary to 2SA1321

51 MAS

0.75MAX. .

X

ih--

i

i

-

1.0 MAX

.

'Hi
ss

1 [

0.80MAX.
1 1 \MAXIMUM RATINGS (Ta=25°C) 0.6DMAX

,

^ 3

CHARACTERISTIC SYMBOL RATING UNIT

1.27

1 I

iiCollector-Base Voltage VcBO 250 V

Collector-Emitter Voltage VCEO 250 V 1.27

r
2.5 4

i_ 3S

~1JEmitter-Base Voltage vEBO 5 V
r \ s

Collector Current
DC ic 50

mA ft*s7

Peak ICP 100 ^ s
Base Current IB 20 mA 2. COLLECTOR

3. BASE
Collector Power Dissipation PC 0.9 W

JEDEC TO-92MOD
Junction Temperature T

j
150 °C EIAJ

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2-5J1A

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current iCBO VCB=200V, IE=0 - - 1.0 fik

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 1.0 nk

Collector-Emitter
Breakdown Voltage

v (BR)CE0 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 f T VCE=10V, Ic=10mA 60 100 - MHz

Reverse Transfer Capacitance Cre VCB=30V, IE=0, f=lMHz - - 1.8 PF
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2SD
series





SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

(DARLINGTON POWER)

(INDUSTRIAL APPLICATIONS) 2SD1140

MICRO MOTOR DRIVE, HAMMER DRIVE APPLICATIONS.

)

L50mA)

5V (Max.)

=lmA)

Unit in mirI

SWITCHING APPLICATIONS. 5.1MAX

POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High DC Current Gain : hFE=4000(Min

(VCE=2V, I C=] Q75MAX -

1

od

'

S5H
a
lO

d
H

1.0 MAX. IWli
. Low Saturation Voltage : VcE(sat) =l •l

a80MAX. o
(IC=1A, IB=

a60MAX.

MAXIMUM RATINGS (Ta=25°C)

L2 7

1

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 30 V
1.2 7

r
- !0Collector-Emitter Voltage VCEO 30 V i2£4

fl
)Emitter-Base Voltage VEBO 10 V {h J

Continuous Collector Current ic 1.5 A
4

.

Continuous Base Current IB 50 mA 2. COLLECTOR
a BASE

Collector Power Dissipation PC 900 mW
JEDEC TO—92M0D

Junction Temperature Tj 150 °C EIAJ —

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2—5J1A

EQUIVALENT CIRCUIT

BASEo—

> COLLECTOR
Weight : 0.36g

<
> EMITTER

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, IE=0
- - 10 M

Emitter Cut-off Current lEBO vEb=iov, ic=o
- - 10 M

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) IC=1A, lB=lmA - - 1.5 V

Base-Emitter Saturation
Voltage

VBE(sat) IC=1A, IB=lmA
- - 2.2 V

Switching Time

Turn-on Time ton
„„„ OUTPUT - 0.20 - P-s

j=j
IN^LL^T

;

a
3Storage Time tstg ^^l^l - 0.6 - flS

Fall Time tf
iB(ir-iB(2rimA „ J
I C= 1A, Py^O/te.Du^l^fe

15V - 0.3 - /IS
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2SH
series





SILICON P EMITTER PLANAR TYPE

(INDUSTRIAL APPLICATIONS)
2SH20

2SH21

RELAXATION OSCILLATOR, SCR TRIGGER AND TIMER

APPLICATIONS.

FEATURES

:

• High Oscillation Output Voltage

: V0B1=3V (Min.)

• Low Emitter Reverse Current

: IEC=0.1yA (Max.)

• Wide Oscillation Area : Ip=3.5yA (Max. ) (2SH20)

IV=6mA (Min.)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTICS SYMBOL RATING UNIT

Base 2 - Base 1 Voltage V32B10 55 V

Base 1 - Emitter Voltage VB1EO 60 V

Base 2 - Emitter Voltage Vb2EO 60 V

Peak Emitter Current lE(peak) 1 A

Emitter Current IE 50 mA

Allowable Power Dissipation P 250 mW

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -65^150 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

05.8UAX.

04.95MAX.

gfe-5^

1. BASE 1

2. EMITTER
3. BASE 2 (CASE)

TO — 1?

TC — 7 , T'B — 8C

Weight : 1.13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Emitter-Base 2 Reverse Current IEB20 Veb2=_60V, IB1=0 - - -0.1 UA

Base 1 - Base 2 Resistance Rbbo VB2B1=3V, Ie-0 4 - 12 kfi

Intrinsic Stand-off Ratio n(Note) VB2B1=20V 0.70 - 0.85

Emitter - Base 1 Forward
Saturation Voltage VEBl(sat) VB2B1=10V, lE=50mA - - 4 V

Peak Point
Emitter Current

2SH20
ip VB2B1=20V

- - 3.5
UA

2SH21 - - 4

Valley Point
Emitter Current

2SH20
IV VB2B1=20V

6 - -
mA

2SH21 4 - -

Valley Point Emitter Voltage VV VB2B1=20V - - 4 V

Oscillation Output Voltage V0B1 Fig. 3 - - V

Note: n Classification Y : 0.70^0.80, GR : 0.75^0.85
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2SH20

2SH21

Fig. VqbI TEST CIRCUIT
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2SH20

2SH21
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2SH20

2SH21
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series





SILICON P CHANNEL JUNCTION TYPE 2SJ72

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

. Recommended for first stages of EQ Amplifiers and

M.C. Head Amplifiers.

• High jyfs )

: |yfsl=40mS(Typ.)(VDS=-10V, VGS=0, IDSS=-5mA)

. Low Noise : NF=1.0dB (Typ.)

(VDS=-10V, ID=-5mA, f=lkHz, R
g
=100ft)

. High Input Impedance

: IGSS=lnA (Max.) (VGS=25V)

. High Drain Power Dissipation : PD=600mW

. Complementary to 2SK147

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage vgds 25 V

Gate Current IG -10 mA

Drain Power Dissipation PD 600 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55^125
. °C

Z54

OIIL-IUI

-1

1. DRAIN S
2. GATE d
3. SOURCE

T0-92M0D

EIAJ

2-5 JIB

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=25V, VDS=0 - - 1.0 tiA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, IG^100uA 25 - - V

Drain Current Idss
n

(Note)
VDS=-10V, vGS=o -5.0 - -30 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=-10V, ID—O.lyA 0.3 - 2.0 V

For-ard Transfer Admittance lyfsi vDS=-iov, VGS=0,
f=lkHz (TYP : lDSS=-5mA)

30 40 - mS

Input Capacitance Ciss VDS=-10V, VGS=0, f-lMHz - 185 - PF

Reverse Transfer Capacitance Crss VDa=-10v » lD=0, f=lMHz - 55 - pF

Noise Figure
NF(1)

VDS=-10V, Rg=100fl
lD=-5mA, f=l00Hz

- 5 10

dB
NF(2) Vds=-10v »

Rg=100ft

lD=-5mA, f=lkHz
- 1 2

Note : IDSS Classification GR : -5.0 "o -10. 0, BL -8.0^-16.0, V : -14.0^-30.0
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2SJ72

STATIC CHARACTERISTICS
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2SJ73
SILICON P CHANNEL JUNCTION TYPE

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

DIFFERENTIAL AMPLIFIER APPLICATIONS-

FEATURES

:

• Recommended for first stages of EQ Amplifiers and

M.C. Head Amplifiers.

• High ]yf s | : lyfsl=40mS(Typ.)

(VDS—10V, VGS=0, IDSS=-5mA)

• Excellent Pair Characteristics

: |VGSl-VGS2l =20mV (Max.)

(VDS—10V, ID—5mA)

• Low Noise : NF=1.0dB (Typ.)

(VDS=-10V, ID=-5mA, f=lkHz, Rg=100ft)

• High Input Impedance : IcsS=lnA (Max.

)

(VGS=25V)

• Complementary to 2SK146

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage
Gate Current

Drain Power Dissipation
Junction Temperature
Storage Temperature Range

SYMBOL

VGDS
IG

PD

Ti

[stg.

RATING

25

-10

600x2

125

-55^125

UNIT

V

mA

mW

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

&4MAX.

DRAIN MARK^,^""

123
JL SOURCE 1

2. GATE 1

a DRA IN 1

4. DRAIN 2

5. GATE 2

6. SOURCE 2

JEDEC

EIAJ
TOSHIBA 2 — 6E IB

Weight : l.lg

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Gate Leakage Current IGSS VGS=25V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS VDS=0» Ig=1'00WA 25 - - V

Drain Current IDSS (Note, vDs=-iov, vgs=o -5.0 _ -30 mA
Cate-Source Cut-off Voltage VGS(OFF) VDS=-10V, ID—O.lyA 0.3 - 2.0 V
Forward Transfer Admittance lyfsl VDS=-10V, VGS=0, f-lkHz 25 40 _ mS
Differential Gate-Source
Voltage l

vGSl-VGS2l
VDS=-10V, ID=-5mA - - 20 mV

Input Capacitance Ciss VDS=-10V, VGS=0, f-lMHz - 185 - pF
Reverse Transfer Capacitance Crss Vnr,=-10V, In=0, f=lMHz _ 55 _ PF

Noise Figure
NF(1) VdS=~10V, ID=-5mA

Rg=100«, f=100Hz
- 5 10

dB
NF(2)

VDS=-10V, lD=-5mA
Rg=100fi, f=lkHz - 1 2

Note: IDSS Classification GR : -5.0^-10, BL : -8.0^-16, -14^-30

602-



2SJ73

STATIC CHARACTERISTIC
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2SJ74 SILICON P CHANNEL JUNCTION TYPE

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

• Recommended for first stages of EQ Amplifiers
and M.C. Head Amplifiers.

• High 1 yf s 1

: |yfsl=22mS(Typ.)(VDS=-10V, VGS=0, IDSs=-3mA)

• Low Noise : en=0. 95nV/v4lz (Typ.)

(VDS=-10V, ID=-lmA, f=lkHz)

• High Input Impedance : IGss=1.0nA (Max.)( VGs=25V)

• Complementary to 2SK170

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

25

-10

400

125

-55^125

UNIT

V

mA

mW

51MAX

0.55MAX

1. DRAIN

2. GATE

3. SOURCE

JEDEC TO-92

TOSHIBA 2-5F1D

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current Igss VGS=25V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=iooua 25 - - V

Drain Current Jdss
(Note)

VDS=-10V, VGS=0 -1 - -20 mA

Gate-Source Cut-off Voltage VGS (OFF) VDS=-10V, ID=-0.1yA 0.15 - 2.0 V

Forward Transfer Admittance lyfsi VDs=-10V, VGS=0, f=lkHz 8 22 - mS
Input Capacitance Ciss VDS=-10V, VGS=0, f=lMHz - 105 - pF

Reverse Transfer Capacitance ^rss VDG=-10V, Id=0, f=lMHz - 32 -
PF

Noise Figure
NF(1)

VDS=-10V, ID=-lmA,
Rg=lkfi, f=10Hz

- 1.0 10

dB

NG(2) VDS*-10V, lD*-lmA,
Rg=lkn, f=lkHz

- 0.5 2

Note : loss Classification Y : -1.0^-3.0, GR : -2.6^-6.5

BL : -6.0- -12, V : -10 --20
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STATIC CHARACTERISTICS

§ -20

1!
^ -16

COMMON SOURCE

Ta=25°C

VQS=0V

^
<
R -

ai

I

a2

1

// /
'-4

0.3

^
1 r-

0.4

as

1.2 0.8 a4 -16 -24

GATE-SOURCE DRAIN-SOURCE VOLTAGE
VOLTAGE Vas (V) VDg (V)

*D — VGS
-16

COMMON SOURCE
VDS =-10V
Ta = 25 °C w /& t

" / /
Co / <V/_

^y ?/

d.

/ 7*/

as Q6 0.4 0.2

GATE- SOURCE VOLTAGE VQS (V)

|Yfsl - IDSS

ss a
H p
« <
«
D «
O H

P=.

S3 CO
H *
2S «
p E-i

P
5
(S
«

10

COMMON SOURCE
- Idss '• vDS =-iov

vQS =o
- |Yf B l

: VDS=-10V
VOS =
f = 1 kHz

Ta=25°C _^>

-3 -5 -10

DRAIN CURRENT IDSS (mA)

id Vds (LOW VOLTAQ-E REGION)

vas = ov
COMMON SOURCE

Ta = 25°C/
f

0.1

U- •|

r
1

0.2V
1

a3
* r-

a4

= 0.5

-4 -8 -12 -16 -20 -24

DRAIN -SOURCE VOLTAGE VDS (V)

|Yf s |
- Id

30

—i

—

^\>

/?
-""VSV

"Vi

- <&

rA

1 ,

COMMON SOURCE

VDS =-10V

f=lkHz

Ta=25°C

.... J1 1L 1

I I*

«
O H

I <!

E-. M
9) O

1.0

a3

-4 -8 -12 -16

DRAIN CURRENT ID (mA)

-20

VOS(OFF) _

I

DSS

COMMON SOURCE

Idss : vDS=-iov
vQS=o

vc

_i

m

T

O

1

LJ

W•)• VDS~

25°C

J

-3 -5 -10 -30

DRAIN CURRENT IDSS (mA)

607-



2SJ74

vD s c rss — VGD
1000

500

300

COMMON SOURCE

Vos-o-

f = 1 MHz

Ta - 25°C

-05 -1 -3 -5 -10

DRAIN-SOURCE VOLTAGE VDS (V)

< % im
o ft

(Ei

S m

ra £
50

» ^
S° 30

COMMON SOURCE

ID =0

f = 1 MHz

Ta = 25 °C

—

-

0.3 0.5 1 3 5 10 30

GATE- DRAIN VOLTAGE Vq. d (V)

en - ID

V
COMMON SOURCE

s
s
\

VDS =-10V

f = 1kHz

Ta = 25°C

-0.3 -0.5 -1 -3

DRAIN CURRENT

IGX -- V DS

LOOp

I

[ Cft
7T

DS

COMMON SOURCE

Ta = 25°C

P
,o*>

?—5mA-

lOp -3mA

~-lmA"

Ip

(mA)

0-4-8 -12 -16 -20 -24 -2

DRAIN-SOURCE VOLTAGE VDS (V)

NF - Ii

COMMON SOURCE

vDS =-iov

Rg = lkO

Ta=25°C

V.
1

1kHz

-2 -4 -6 -8

DRAIN CURRENT ID (mA)

NF - vD S
8

COMMON SOURCE

lD=— 1mA

Rg =lkn
Ta = 25°C

4

Z

1kHz

-8 -16 -24 -32

DRAIN-SOURCE VOLTAGE VDS (V)

608



2SJ74

NF - R
g

1U

TTJ

8
tlj

11
11 Ta- 2.F.T.

b
tit

y \

<- f
|| fl

^̂ / '

? ,

'fl

^1
n^'^

|| SP

NF - f

100 Ik 10k 100k 1M

SIGNAL SOURCE RESISTANCE Rc (fi)

100 Ik 10k 100k

FREQUENCY f (Hz)

609



2SJ75 SILICON P CHANNEL JUNCTION TYPE

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES

:

• Recommended for first stages of EQ Amplifiers.

• High ]yfs l : lyfs l=22mS(Typ.)

• Excellent Pair Characteristics

:
| Vc-Sl " Vr-S2

I

= 20mV (Max.)

(Vds=-10V, lD=-lmA)

• Low Noise : en = .95nV IViz (Typ.)

(VDS = -10V, ID = -1mA, f = 1kHz)

• High Input Impedance : Iqss =
^-n^ (Max.)

(V GS=25V)

• Complementary to 2SK240

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS 25 V

Gate Current IG -10 mA
Drain Power Dissipation PD 400 *2 mW

Junction Temperature T.i 125 °C

Storage Temperature Range Tstg -55^125 °C

Unit : mm

6.4MAX

^4 5 6„

123
1. SOURCE I

2. GATE 1

3. DRAIN 1

4. DRAIN 2

5. GATE 2

6. SOURCE 2

JEDEC

TOSHIBA 2 — 6 F IB

Weight : 0.72g

ELECTRICAL CHARACTERISTICS (Ta= 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS-25V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V(ER)GDS VdS=0, IG=100yA 25 - - V

Drain Current IDSS (Note) VDS=-10V, vGS=o -2.6 - -20 mA

Gate-Source Cut-off Voltage VGS (OFF) VDS=-10V, In=-0.1uA 0.15 - 2.0 V

Forward Transfer Admittance lyfsl VDS=-10V, VGS=0, f=lkHz 15 22 - mS

Differential Gate-Source Voltage
|

vGSl"vGS2l VDS=-10V, ID=-lmA
- - 20 mV

Input Capacitance Ciss VDS=-10V, VGS=0, f=lMHz - 105 - pF

Reverse Transfer Capacitance Crss VDG=-10V, ID=0, f-lMHz - 32 - PF

Noise Figure
NF(1) im-i^i-imz1""" - 1.0 10

dB
NF(2) im^t-i^ 1**- - 0.5 2

Note : IdSS Classification GR : -2.6^-6.5, BL : -60^-12. -10^-20
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STATIC CHARACTERISTIC lD- vDS(LOW VOLTAGE REGION)
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2SJ90 SILICON MONOLITHIC P CHANNEL JUNCTION TYPE

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES

:

. 1 Chip Dual Type.

. High lYf s l : I Yf s l =22ms(Typ.

)

(VdS=-10V, VGS=0,f=lkHz, lDSS=-3mA)

. Good Pair Characteristics :

1 VGS1-VGS2 I =30mV (Max .

)

(Vds="10V , lD=-lmA)

. Very Low Noise : NF=0. 5dB(Typ.

)

(Vds=-1°v > lD=-lmA, Rg=lkfi, f=lkHz)

. Very High Input Impedance : lGSS=10nA(Max.

)

(VGS=30V, VDS=0)

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

30

10

125

-55-125

UNIT

mA

200 nW/UNr: Toshiba

1. DRAIN 1

2. GATE 1

a SOURCE 1

4. SUBSTRATE

5 SOURCE 2

6 GATE 2

7. DRAIN 2

JEDEC

2-18A1A

Weight: 0.7g

ELECTRICAL CHARACTERISTICS (Ta=25"C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=30V, VDS=0
- - 10 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=ioom 30 - - V

Drain Current IDSS(Note; vDs=-iov, vgs=o -1.0 - -20 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=-10V, ID=-0.1M 0.2 - 2.0 V

Forward Transfer Admittance lYfs 1

VDS=-10V, VGS=0, t=ikHz

InsS=~3mA
8 22 - ms

Forward Transfer Admittance
Ratio

l*fe(s)l

lYfs(L)|
VDs=-10V, Vgs=0, f-lkHz 0.9 - - -

Differential Gate-Source
Voltage

iVgsi-

VGS2I
Vds=-10V, In=-lmA - - 30 mV

Input Capacitance Ciss VDS=-10V, Vgs=0, f=lMHz - 95 - pF

Reverse Transfer Capacitance Crss VdG=-10V, Id=0, f=lMHz - 29 - pF

Noise Figure

NF(1)
VDS=-10V, Rg=lkQ,

lD=-lmA, f=10Hz
- - 11 dB

NF(2)
VDs=-10V, Rg=lkO,
ID=-lmA, f=lkHz

- - 2 dB

Note : IdSS Classification Y : -1.0~ -3.0mA, GR : -2.6 6.5mA,

BL :
-6-—12mA, V : -10 ~ -20mA
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STATIC CHARACTERISTICS JD - VDS (LOW VOLTAGE REGION)

55 ^ ,„ COMMON SOURCE
H <! -18
S Sg- -16
U Q n.

Ta=2 5'C

Voa=OV
?!
(-1

21
R

H -"•*

|

/lO
0.1

^1

O 0.2

'/ z. —4 Q3<~ £} A

A / a4
1 1

Q6 0.4 0.2 -10 -20 —30 -40
GATE—SOURCE DRAIN-SOURCE VOLTAGE
VOLTAGE VGS CV) VDS fv)

2 00

100

lYfs - IDSS

COMMON SOURCE

Idss •• vDS=-iov
VQS=0

'. lYfs l: VDS=-10V
VGS-0
f= lkHz

Ta = 2 5'C
50

1 n
-3 -5 -10

DRAIN CURRENT I DS8 CmA)

c ies — VDS

100

COM]MON SOURCE

VOS =-10V

L_l

f =

Ta

i„i

= 1MHZ
= 2 5°C

II10 1

—Q5 —1 —3 —5 —10 -30

DRAIN-SOURCE VOLTAGE VDS Cv)

-12

a >

p fe
t> o
to 03

p >

COMMON SOURCE

Ta = 2 5°C

VQS = 0V

04

0—2—4-^6 —8 —10 —12
DRAIN—SOURCE VOLTAGE Vpg fv)

vQS(OPP) - I DSS
3

COMMON SOURCE
" JDSS •• VDS- 10V

vos=o
vGSfOPP) : VDS=-10V

Lj)=-ai/iA

Ta = 2 5°C

1

0.5

a3

n?
—1 -3 —5 -10

DRAIN CURRENT ID8S CmA)

c rss ~ vOD

COMMON SOURCE
ID =
f =lMHz
Ta = 2 5°C

05 1 3 5

GATE-DRAIN VOLTAGE

10

615-



2SJ90

IYf si — id

1
1 1 1 I

50 1

—1 4 „

JJb't

40
-10^*1

—7 A

30
—4 .

20
COMMON SOURCE

vDS=-iov
f = 1 kHz

10

Ta = 2 5°C

I D ~ vOS

-4 -8 -12 -16 -20 -24 -28

DRAIN CURRENT ID dnA)

m
JQX "- vDS

: WJ~
f%

COMMON SOURCE
Ta = 2 5°C

(

III'.
100p V

: W
Vv>IT ^J^S

^
10p

s*f

ip 1

-12 -16 —20 -24 —2£

DRAIN-SOURCE VOLTAGE VDS Cv)

NF - f

100 lk 10k

FREQUENCY f CHz)

3>

0.6 05 a4 U3 Q2 ai 0~

GATE-SOURCE VOLTAGE VQS (V)

En - I D
1.5

1.4

1.3

1.2

1.1

1.0

0,9

1 COMMON SOURCE

VDS=-10V
f=lkHz

Ta = 2 5°Cs

0.7 . _ 1

-Ul -0 3-05 -1 -3 -5 -10 -20

DRAIN CURRENT ID fmA)

NP - I D

f =10Hz

1kHz

COMMON SOURCE

VDS=-10V
Rg=lkQ
Ta = 2 5°C

4 -8 -12 -16

DRAIN CURRENT ID CmA)

-616-



2SJ90

NF - VDS

COMMON SOURCE

Ij)=—1mA

Rg=lkQ
Ta - 2 5°C

f= 10Hz

1
1

1 kHz

—4 —8 —12 —16 —20 —24 —28 —32

DRAIN—SOURCE VOLTAGE VDS Cv)

g

III 1

COMMON SOURCE

VDS=-10V
Ip=— 1mA
Ta=2 5°C

8

6

v> 1
1

v \x '1

\ ^
I
'1

J
\^v

5fe j /
II A '/

'

100 Ik 10k 100k 1M

SIGNAL SOURCE RESISTANCE R„ CQ)

617-



2SJ103 SILICON P CHANNEL JUNCTION TYPE

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AMD IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VQpg=50V

. High Input Impedance : lGSS=l-OnA (Max.) (Vgs=30V)

. Low RdS(ON) : RdS(ON)=270Q (Typ.) (IDSS=-5mA)

. Complementary to 2SK246

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

Ig

Pd

stg

RATING

50

-10

300

125

-55-125

UNIT

mA

mW

Unit in mm

5.1 MAX.

1.27

1. SOURCE
2. GATE
3. DRAIN

TO-92

SC-43

TOSHIBA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=30V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=ioom 50 - - V

Drain Current IDSS
(Note)

vds=-iov, vGS=o -1.2 - -14 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=-10V, ID=-0.L"A 0.3 - 6.0 V

Forward Transfer Admittance lY fs ] Vds=-10V,VGS=0, f=lkHz 1.0 4.0 - mS

Drain-Source ON Resistance RDS(0N)
VDS=-10mV, VGS=0,

lDSS=~5mA
- 270 - Q

Input Capacitance Ciss VDS=-10V,VGS=0,f=lMH2 - 18 - PF

Reverse Transfer Capacitance Crss VdG=~10V, Id=0, f=lMHz - 3.6 - pF

Note : Inss Classification Y : -1.2~ -3.0mA, GR -2.6- -6. 5mA, BL -6 ~ -14mA
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SILICON P CHANNEL JUNCTION TYPE 2SJ104

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Input Impedance

: IGSS=1.0nA (Max.) (VGS=25V)

. Low RDS(ON)=40Q(Typ.) (IDSS=-5mA)

. Complementary to 2SK364

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

-stg

RATING

25

-10

400

125

-55-125

UNIT

mA

mW

1. DRAIN
a GATE
a SOURCE

SC-43

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note 1 : IdSS Classification GR : -2.

2 : Concition of the typical value

6~-6.5, BL : -6--21.

lDSS=-5mA

-10- -20

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=25V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDs=0, Ig=100aA 25 - - V

Drain Current IDSS
(Note 1)

vDs=-iov, vgs=o -2.5 - -20 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=-10V, Id=-0.L«A 0.2 - 2.0 V

Forward Transfer Admittance lYf s l

vDS=-iov, vGS=o

f=lkHz (Note 2)
12 30 - mS

Input Capacitance Ciss VDS=-10V, VGS=0, f=lMHz - 105 - PF

Reverse Transfer Capacitance Crss VdG=-10V,Id=0, f=lMHz - 32 - pF

Drain-Source ON Resistance Rds (ON) VDS=-10mV,VGS=0 (Note 2) - 40 - O
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2SJ104
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2SJ104
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SILICON P CHANNEL JUNCTION TYPE 2SJ105

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. Lligh Breakdown Voltage : Vgds=50V

. High Input Impedance : lGSS=l-OnA (Max.

)

(Vgs= 30V)

. Low RDS(ON) : RDS(ON)=270 Q (Typ. ) (IDS s=-5mA)

. Complementary to 2SK330

. Small Package

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage vgds 50 V

Gate Current IG -10 mA

Drain Power Dissipation Pd 200 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55~125 °C

Unit in mm

4.2 MAX

.

J 1
' 3

•1

°-±
. . 1

00

C5

M
S

Qi

H

1

1.27 1.27

1

d

lO

H

C5
r

l

]_
I npi 1

-

Z 3/
s
to

F=

21

L

\

>°

1. SOURCE
2. GATE
3. DRAIN

JEDEC -

EIAJ

TOSHIBA 2- 4E1B

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=30V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS VDS=0, Ig=100-"A 50 - - V

Drain Current T-DSS

(Note)
vDs=-iov, vGs=o -1.2 - -14 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=-10V, Id=-0.1^A 0.3 - 6.0 V

Forward Transfer Admittance lYfsl Vds=-10V, VgS=0, f=lkllz 1.0 4.0 - mS

Drain-Source ON Resistance Rds(on)
VDS=-10mV, VGS=0
IDSS=-5mA

- 270 - a

Input Capacitance Ciss VDS=-10V, VgS=0, f=lMHz - 18 - PF

Reverse Transfer Capacitance Crss Vdg=-10V, lp=0, f=lMHz - 3.6 - pF

Note : IdSS Classification Y : -1.2- 3.0mA, GR -2.6- -6. 5mA, BL : -6~-14mA
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2SJ105
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2S1105
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2SJ106 SILICON P CHANNEL JUNCTION TYPE

AUDIO FREQUENCY AMPLIFIER APPLICATIONS.

ANALOG SWITCH APPLICATIONS.

CONSTANT CURRENT APPLICATIONS.

IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VgdS=50V (Min.)

. High Input Impedance : lGSS=l-OnA (Max.) (Vgs=30V)

. Low RdS(ON) : RDS (ON)=270 Q (Typ . ) (IDss=-5mA)

. Small Package

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS 50 V

Gate Current IG -10 mA

Drain Power Dissipation PD 150 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55-125 °C

+ Q5
2.5-0.3

+ 0.2 5
1.5-0.15

rEE-

4l-

HO

+ 1

oo
+ 1u

dc5
+ 1

1. DRAIN
2. GATE
a SOURCE

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Weight : 0.012g

Marking-^
V Y
3 B"

Type Name

IDSS Rank

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=30V, VDS=0
- - 1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=ioo a 50 - - V

Drain Current
IDSS
(Note)

vds=-iov, vGs=o -1.2 - -14 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=-10V, ID=-0.1 A 0.3 - 6.0 V

Forward Transfer Admittance lYfsl VDs=-10V,VGs=0, f=lkHz 1.0 4.0 - mS

Drain-Source On Resistance Rds(on)
VDS=-10mA, VGS=0

IDSS=_5mA
- 270 - Q

Input Capacitance Ciss VDs=-10V, Vgs=0, f=lMHz - 18 - pF

Reverse Transfer Capacitance Crss VDG=-10V, ID=0, f=lMHz - 3.6 - P F

Note : IDSS Classification Y : -1.2- 3.0mA, GR(G) : -2.6~-6.5mA, BL(L) : -6 ~ 14mA
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SILICON P CHANNEL JUNCTION TYPE 2SJ107

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Input Impedance : LGSS=1 - 0nA (Max.) (Vgs=2 5V)

. Low RdS(ON) : RDS(0N)=40O (Typ.)

. Small Package

. Complementary to 2SK366

MAX

I

MUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Ti

r stg

RATING

25

-10

200

125

-55-125

Unit in mm

4.2 MAX

.

—

t

j
.i.

X

I

1,

00
Q.55MAX.

|

CO

ss
M
S

1 ^ ° H
0.4

1
Ij '

UNIT

mA

mW

25°

1. DRAIN
2. GATE
a SOURCE

JEDEC

EIAJ

TOSHIBA 2-4E1C

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Gate-Source Cut-off Current

Gate-Drain Breakdown Voltage

Drain Current

Gate-Source Cut-off Voltage

Forward Transfer Admittance

Input Capacitance

SYMBOL

IGSS

V (BR) GPS

IDSS
(Note 1)

VGS(OFF)

lYfsl

Ciss

Reverse Transfer Capacitance

Drain-Source ON Resistance

TEST CONDITION

VGS=25V, VDS=0

vds=o, Ig=100M

vds=-iov, vgs=o

vds=-iov, Id=-0.1M

MIN.

-2.6

vDS=-iov, vGs=o

f=lkHz (Note 2)

VDs=-10V, VGS=0, f=lMHz

Rds(on)

VDG=-10V, Id=0, f=lMHz

VDS=-10mV,VGS=0 (Note 2)

25

0.2

12

TYP

30

105

32

MAX.

1.0

-20

2.0

40

Note 1 : IdSS Classification GR : -2.6-6.5, BL

2 : Condition of the typical value iDSS=-5mA

-6- -12, V : -10—20

UNIT

nA

V

mA

mS

pF

pF
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2SJ107
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2SJ107
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SILICON P CHANNEL JUNCTION TYPE 2SJ108

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

. Recommended for First Stages of EQ Amplifiers

and MC Head Amplifiers.

. High 1 Yf a I

: lYfsl =22mS(Typ.) (VDS=-10V, VGS=0, lDSS=-3mA)

. Low Noise : en=0. 95nV</Hz (Typ.)

(VDs=-10V, lD=-lmA, f=lkHz)

. High Input Impedance : lGSS=l- OnA(Max. ) (Vdg=-25V)

. Complementary to 2SK370

. Small Package

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage vgds 25 V

Gate Current IG -10 mA

Drain Power Dissipation pd 200 mW

Junction Temperature T
j 125 °C

Storage Temperature Range Tstg -55~125 °C

4.2 MAX

.

(155MAX.I

I*

1.27 1.27 5

=$—a|i—ifr

LLJL
1. DRAIN
2. GATE
3. SOURCE

TOSHIBA

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note : IDss Classification Y : -1.0--3.0, GR : -2.6~-6.5

BL : -60--12, V : -10- "i

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=25V, VDS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, Ig=100M 25 - - V

Drain Current Idss
(Note)

VDS=-10V, vGs=o -1 - -20 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=-10V, lD=-0.LaA 0.15 - 2.0 V

Forward Transfer Admittance lYfs l VDS=-10V, Vgs=0, f=lkHz 8 22 - mS

Input Capacitance ^iss VDS=-10V, VGS=0, f=lMHz - 105 - pF

Reverse Transfer Capacitance Crss VDS=-10V, Id=0, f=lMHz - 32 - pF

Noise Figure

NF(1)
VDS=-10V, lD=-lmA

Rg=lkQ , f=10Hz
- 1.0 10

dB

NF(2)
VDS=-10V, ID=-lmA

Rg=lkQ , f=lkHz
- 0.5 2
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2SJ108

STATIC CHARACTERISTICS
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2SJ108
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2SJ108
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SILICON MONOLITHIC P CHANNEL JUNCTION TYPE 2SJ109

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES

:

. 1 Chip Dual Type.

. High lY fs l : 1 Yfs l=22mS(Typ.)
(VDS=-10V, VGS=0, f=lkHz, IDSS=-3mA)

. Good Pair Characteristics
: 1 VGSl-VGS2l=20mV(Max.) (VdS=-10V, lD=-lmA)

. Very Low Noise : NF=0. 5dB(Typ.

)

(VDS=-10V,

I

D=-lmA,

R

g=lkQ,
f=lkHz)

. Very High Input Impedance : lGSS= l- OnA(Max.

)

(VGS=30V, VDS=0)
. Complementary to 2SK389

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

Tstg

RATING

30

-10

200

125

-55~125

UNIT

mA

mW/UNIT

as±a3

12 3 4 5 6 7

1. DRAIN 1

2. GATE 1

3l SOURCE 1

4. SUBSTRATE

5. SOURCE 2

& GATE 2

7. DRAIN 2

2-10M1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0. 37g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=30V, VdS=0 - - 1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, Ig=100M 30 - - V

Drain Current iDSS(Note) vds=-iov, vGS=o -2.6 - -20 mA

Drain Current Ratio
IDSS(S)/
IDSS(L)

vDS=-iov, vGS=o 0.9 - - -

Gate-Source Cut-off Voltage VGS(OFF) vds=-iov, Id=-0.L«A 0.2 - 2.0 V

Forward Transfer Admittance )Y fs l

vds==iov, vGS=o,

f=lkHz, lDSS=-3mA
8 22 - mS

Forward Transfer Admittance
Ratio

lYfs(S)!/
lYfs(L)]

VDS=-10V, VGs=0, f=lkHz 0.9 - - -

Differential Gate-Source
Voltage

IVgsi -

VGS21
Vds=-10V, lD=-lmA - - 20 mV

Input Capacitance Ciss VDS=-10V, VGS=0, f=lMHz - 95 - PF

Reverse Transfer Capacitance Crss Vdg=-10V, lD=0, f=lMHz - 29 - pF

Noise Figure

NF(1) VDS=-10V, Rg=lkQ,

I D=-lmA, f=10Hz
- 1.5 11

dB

NF(2)
VDS=-10V, Rg=lkQ,

ID=-lmA, f=lkHz
- 0.5 2

Note : loss Classification GR : -2. 6~ -6.5mA, BL : -6~-12mA, -10~ -20mA
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2SJ109

STATIC CHARACTERISTICS I D - VDS ( L°W VOLTAGE REGION)

H COMMON SOURCE

g^ -16

D P

Ta = 25°C

Vq S = OV

M
<

I

0.1

P / ^"
|

A/ 0.2

V — -4 0.3

A^~/ 0.4

1

0.6 0.4 Q2 -10 -20 -30 -40

GATE-SOURCE DRAIN-SOURCE VOLTAGE
VOLTAGE VQS (V) VDS (V)

lYf
£ -DSS

m a

CQ —

COMMON SOURCE

I DSS : VDS = ~10 V

: VQS = °

lYfs |: vDS _-iov
vos =o
f=lkHz

" Ta = 25°C

-3 -10

DRAIN CURRENT IDgs (mA)

COMMON SOURCE
Ta= 25 'C

vQS = ov

/
-—

f 0.1

V
—

I

h 0.2

w-
1

0.3
fy- Q4
\

y 1

-2 -4 -6 -8 -10 -12

DRAIN-SOURCE VOLTAGE VDS (V)

VGS(OFP) - IDSS

COMMON SOURCE

I DSS : VDS =-10V

vas = o

vGS(OEP): VDS =-10 V

I D = -Ql/tA

- Ta=25°C

-3 -10 -30

DRAIN CURRENT I Dgs (mA)

VDS Vgd

" 100

£ 30

—

COMMON SOURCE

VQS = -10V

f

-

ra

u

1

1

MHz

25°C

1 .- i

COMMON SOURCE
ID =
f = 1MHz
Ta — 25°C

DRAIN-SOURCE VOLTAGE V T (V)

1 3 10 30

GATE-DRAIN VOLTAGE VaD (V)

640



2SJ109
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2SJ109
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SILICON f CHANNEL JUNCTION TYPE 2SJ111

FOR LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

. Recommended for First Stages of EQ Amplifier and

MC Head Amplifiers.

. High lYfs l

: |Yf s ]=40mS(Typ.) (VDS=-10V, VGS=0, IDSS=-5mA)

. Low Noise : NF=1. OdB(Typ.

)

(VDS=-10V, ID=-5mA, f=lkHz, Rg=100Q)

. High Input Impedance : lGSS=lnA(Max. ) (Vdg=-25V)

. Complementary to 2SK369

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

rstg

RATING

25

-10

400

125

-55-125

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Gate-Source Cut-off Current

Gate-Drain Breakdown Voltage

Drain Current

Gate-Source Cut-off Voltage

Forward Transfer Adimttance

Input Capacitance

Reverse Transfer Capacitance

Noise Figure

SYMBOL

IGSS

V(BR)GDS

IDSS
(Note)

VGS(OFF)

lYfsl

NF(1)

NF(2)

UNIT

mA

mW

Unit in mm

51 MAX .

1.27 1.27

1. DRAIN
2. GATE
3. SOURCE

JEDEC TO-92MOD

EIAJ

TOSHIBA 2-5P1D

Weight : 0.21g

TEST CONDITION

VGS=25V, VDS=0

VDS=0, Ig=100>«A

vDS=-iov, vGs=o

vds=-iov, Id=-0.1aA

VDS=-10V, Vgs=0, f=lkHz

(TYP:lDSS=-5mA)

VDS=-10V, VgS=0» f=lMHz

VDG=-10V, Id=0, f=lMHz

vds=-iov, Rg=ioon

lD=-5mA, f=100Hz

VDs=-10V, Rg=100Q

lD=-5mA, f=lkHz

MIN.

25

•5.0

0.3

30

TYP.

40

185

55

MAX.

1.0

UNIT

nA

-30 mA

2.0

mS

PF

10

pF

dB

Note : IdSS Classification GR : -5.0 10.0, BL -8.0--16.0, -14.0--30.0

-643-



2SJ111

STATIC CHARACTERISTICS
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2SJ111
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SILICON N CHANNEL JUNCTION TYPE

(INDUSTRIAL APPLICATIONS)

2SK11

2SK12

2SK15

LOW FREQUENCY AMPLIFIER, HIGH INPUT IMPEDANCE

CIRCUIT, CHOPPER AMPLIFIER, DIFFERENTIAL

AMPLIFIER AND SWITCHING CIRCUIT APPLICATIONS.

LOW NOISE AMPLIFIER APPLICATIONS (2SK15).

FEATURES

:

• Low Gate Leakage Current

: IGSS=-1.0nA (Max.) (2SK11)

: IGSS=-0.1nA (Max.) (2SK12, 2SK15)

• High Gain

: l>'fsl=700 ^ 3200 US (2SK11)

: |yfsl =800 % 3200 yS (2SK12, 2SK15)

• Low Noise

NF=3dB (Max.) at f=lkHz, R g
=lMfi (2SK12)

NF=3dB (Max.) at f=lkHz , Rg=10kfi (2SK15)

NF=10dB (Max.) at f=120Hz, Rg=10kft (2SK15)

Well Matched Pairs are Available. (Refer to page 3)

Unit in mm

1. SOURCE
2. GATE
3. DRAIN
4. SHIELD

TO-17

TC-4 , TB-6C

Weight : 0.30g

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -20 V

Gate Current IG 10 mA

Drain Power Dissipation PD 100 mW

Junction Temperature T
j 150 °C

Storage Temperature Range Tstg -65 ^ 150 °C
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2SK11

2SK12

2SK15

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage
Current

2SK11

^SS vgs=-iov, vds=o

- - -1.0

nA2SK12
2SK15

- - -0.1

Gate-Drain
Breakdown Voltage

V (BR)GDS Vds=0, lG=0.1mA -20 - - V

Drain
Current

(Note 1) 2SK11

^SS V
DS

=10V
>
V
GS

=0

0.3 - 6.5

mA(Note 2) 2SK12

(Note 3) 2SK15 0.45 - 5.0

Gate-Source
Cutoff
Voltage

(Note 1) 2SK11

VGS (OFF) VDS=10V, Id=0.1vaA

-0.5 - -6.0

V(Note 2) 2SK12 -0.65 - -4.5

(Note 3) 2SK15 -0.65 - -5.0

Forward
Transfer
Admittance

(Note 1) 2SK11

lyfsl VGS=-10V, VDS=0, f=lkHz

700 - 3200

ys(Note 2) 2SK12

(Note 3) 2SK15
800 - 3200

Gate Capacitance CG VGS=-10V, VDS=0, f=lMHz - 3.0 5.0 pF

Noise Voltage

2SKI 2 vN
Vds=10V, lD=0.45mA
Rg=lMft, Jf=10Hz % 10kHz

- - 16

yv

2SKI5 VN (P-P)
VDS=5V, ID=0.45mA,
Rg=10kft, H=5Hz ^ 50Hz

- - 4

Noise Figure

2SK12 NF
VDS=10V, ID=0.45mA,
Rg=lMQ, f=lkHz

- - 3

dB

2SK15

NF(1) VdS=10V, ID=0.45mA,
Rg=10kf2, f=lkHz

- - 3

NF(2)
VDS=10V, ID=0.45mA
Rg=10k«, f=120Hz

- - 10

: According to the value of IDSS. VGS(OFF) and |yfs |» the 2SK11 is classified

as follows.

CLASSIFICATION SYMBOL
IDSS (mA) Vgs (OFF) (V) lYfsl (PS)

MIN. MAX. MIN. MAX. MIN. MAX.

2SK11-R R 0.3 1.0 -0.5 -2.0 700 2300

2SK11-0 0.8 2.5 -0.8 -3.5 1000 3000

2SK11-Y Y 2.0 6.5 -1.4 -6.0 1300 3200
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2SK11

2SK12

2SK15

Note 2 : According to the value of lDSS> VGS(0FF) and ufsl' the 2SK12 is classified

as follows.

CLASSIFICATION SYMBOL
IDSS (mA) VGS(0FF)(V) l^fsKuS)

MIN. MAX. MIN. MAX. MIN. MAX.

2SK12-R R 0.45 0.9 -0.65 -1.6 800 1900

2SK12-0 0.8 1.6 -0.9 -2.2 1000 2300

2SK12-Y Y 1.4 2.8 -1.2 -3.0 1300 3000

2SK12-GR GR 2.5 5.0 -1.7 -4.5 1600 3200

Note 3 : According to the value of lDSS» VGs(OFF) and

as follows.

r

f s |, the 2SK15 is classified

CLASSIFICATION SYMBOL
^SS (mA) Vgs(off) (v) |yfS |(vs)

MIN. MAX. MIN. MAX. KIN. MAX.

2SK15-R R 0.45 0.9 -0.65 -1.8 800 1900

2SK15-0 0.8 1.6 -0.9 -2.5 1000 2300

2SK15-Y Y 1.4 2.8 -1.3 -3.5 1300 3000

2SK15-GR GR 2.6 5.0 -1.8 -5.0 1600 3200

STANDARD MATCHED PAIR FETS

2SK12-R (P) 2SK15-R (g)

2SK12-0 ® 2SK15-0 ®
2SK12-Y (D 2SK15-Y ®
2SK12-GR(P) 2SK15-GR(D

MATCHED PAIR CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL CONDITION MIN. TYP. MAX. UNIT

Differential Drain
Current

J lDSS VDS=10V, vGS=o
- - 10 %

Gate-Source Voltage
Differential Drift

^vGS VDG=10V, ID=0.3mA
- - 20 mV

Other Characteristics are same as 2SK12, 2SK15.
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2SK11

2SK12

2SK15

2SK11-R., 2SK12-R, 2SK15-R
STATIC CHARACTERISTICS
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2SK11

2SK12

2SK15
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2SK11

2SK12

2SK15
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2SK11

2SK12

2SK15
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2SK11

2SK12

2SK15
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2SK11

2SK12

2SK15
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2SK15

2SK15 NF VDS 2SK15 NP

, Id = 450AA
R
g
= lOKil

Ta=25°C

f =10Hz

-120

2 IK

n

10 15 20 25 30

DRAIN-SOURCE VOLTAGE VDS ( V )

nnMMnN annRnw

vDS = iov

Rg =10KX1

Ta=25°C
'^

»-
1

120-
1

IK

02 0.4 0.6 08 10 12 1.4 l-(

DRAIN CURRENT ID ( mA )

2SK15 NP - R,

2 SKI 5 NP

14

12
COMMON SOURCE

VDS = 10V

ID = 045mA

Rg = 10KQ
Ta = 25°C

10

8

6
III i

4

2 fc -Bt
"ffi { }

30 50 100 300 Ik 3k 5k 10k 30k

FREQUENCY f ( Hz

)

Hill

yiiiiii
COMMON SOURCE

V DS=10V

ID =0.45 mA

Ta=25°C

py II

||fi
v*>

<41^

V

2

100 IK 10K 100K 1M 10M 100M

SOURCE IMPEDRANCE Rg ( £2 )

Ta

p

x ioo
o

£

03

P 50

| 25

H u

25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta ( °C )

658-



SILICON N CHANNEL JUNCTION DUAL TYPE

(COMPLETELY SEPARATED TYPE)
2SK18

2SK18A

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Offset : VgS1"VgS2 =10mV (Max.)

• Good Tracking

: ^|VGSl-VGS2|/^Ta=20/tV/°C .(Max.). (2SK18A)

• High Input Impedance : Ic=-100pA (Max.)

at VDs=10V, ID=400yA.

• Similar Characteristics as 2SK15.

1. SOURCE (1)

2. GATE (1)

S DRAIN (1)

4, DRA IN (2)

5 OATE (2)

6 SOURCE (2)

7. CASE

TOSHIBA 2 — 9C 1 A

CHARACTERISTIC - SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -40 V

Gate Current IG 10 mA

Drain Power Dissipation PD 200 mW

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -65VL50 °C

Weight : 0.90g

PIN CONNECTION

(BOTTOM VIEW)
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2SK18

2SK18A

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current Ig VDS=10V, ID=400yA - - -0.1 nA
Gate-Drain Breakdown
Voltage V (BR)GDS VDS=0, IG=-0.1mA -40 - - V

Drain Current XDSS (Note) vDs=iov, vgs=o 0.45 - 2.8 mA
Gate-Source Cut-off
Voltage VGS(OFF)(Note) VDS=10V, lD=0.1yA -0.65 - -3.5 V

Forward Iranster
Admittance |yfs| (Note) VDS=10V, VGS=0, f=lkHz 800 - 3000 us

Input Capacitance Ciss VGd=0, f=lMHz - 4.5 6.0 pF

Reverse Transfer
Capacitance Grss VDS=0, VgD=-10V, f=lMHz - 2.0 2.5 pF

Drain Current Ratio IDSS (small)/
T^DSS (large)

vDd=iov, vgs=o 0.9 - 1.0

Forward Transfer
Admittance Ratio

T/fsl (S)

lYfsl (L)
Vds=10V, Vgs=0, f=lkHz 0.9 - 1.0

Differential

Gate-Source Voltage
I

vgsi-vGS2
1

VDG=10V, I D=400yA - - 10 mV

VDG=10V, Io=200yA - - 10 mV

VDG=10V, ID=50yA - - 10 mV

Gate-Source Vol-
tage Differen-
tial Drift

2SK18 i|VGSl-VGS2|
JTa

VDS=10V, Id=200uA
Ta=Cv60°C

- - 100
yV/°C

2SK18A - - 20

Note: According to the value of IDSS1, VGS(0FF)l, VGS(0FF)lv and |yf s |l,

the 2SK18 series are classified as follows.

CLASSIFICATIONS
IDSSI
(mA)

VGS(0FF)1
(V)

|yf S |i
(US)

MIN. MAX. MIN. MAX. MIN. MAX.

2SK18-R, 2SK18A-R 0.45 0.90 -0.65 -1.8 800 1900

2SK18-0, 2SK18A-0 0.80 1.60 -0.90 -2.5 1000 2300

2SK18-Y, 2SK18A-Y 1.40 2.80 -1.40 -3.5 1300 3000
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SILICON N CHANNEL JUNCTION TYPE 2SK30ATM

LOW NOISE PRE-AMPLIFIER, TONE CONTROL

AMPLIFIER AND DC-AC HIGH INPUT IMPEDANCE

AMPLIFIER CIRCUIT APPLICATIONS.

FEATURES

:

• High Breakdown Voltage

• High Input Impedance

: VGDS=-50V

: lGSg= -l nA (Max.)

(VGS=-30V)

Low Noise : NF=0.5dB (Typ. ) (Rg=100kft)

(f=120Hz)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -50 V

Gate Current Ig 10 mA

Drain Power Dissipation pd 100 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55^125 °C

Unit in mm

5.1MAX.

.

045 LL
T T
-

i

J

Q 55 MAX. ||l

U 1

M
y i

1

1

OD0.45

:i [)[]

1. SOURCE

2. OATH

a DRAIN

TO

2 - 5F 1G

Weight 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current ^SS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS VDS=0, IG=-100pA -50 - - V

Drain Current
IDSS
(Note)

VDS=10V, VGS=0 0.3 - 6.5 mA

Gate-Source Cut-off Voltage VGS(OFF) vDs=iov, ID=0.1uA -0.4 - -5.0 V

Forward Transfer Admittance lYfsl Vds=10V, VGS=0, f=lkHz 1.2 - - mS

Input Capacitance Ciss VGS=0 >
VDS=0 >

f=1MHz - 8.2 - pF

Reverse Transfer Capacitance Crss VGD=-10V, VDS=0, f=lMHz - 2.6 - pF

Noise Figure NF
VDS=15V, VGS=0,

Rg=100ka, f=120Hz
- 0.5 5.0 dB

Note : IDSS Classification R : 0.30^0.75, : 0.60^-1.40, Y : 1.20-3.00, GR: 2.60^6.50
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2SK30ATM
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2SK48
SILICON N CHANNEL JUNCTION TYPE

(INDUSTRIAL APPLICATIONS)

MEDICAL ELECTRONIC EQUIPMENT APPLICATIONS.

FEATURES

:

• Ultra Low Noise

: NF=0.5dB (Typ.) at Rg=100kft, f=120Hz

: VNp-p=1.7yV (Typ.) at R
g
=10kft, f=5^50Hz

• High Gain: |Yf s | =1.0^5.0mS

• High Input Impedance

: lGSS=-0.1nA (Max.) at VGS=-10V.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VgDS

Ig

Pd

^St£_

RATING

-20

10

100

150

-65^150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

UNIT

V

mA

mW

°C

Unit in mm
gfe.gMAX.

01.2MAX .

J, SOURCE

a GATE

a DRAIN

4, SHIELD (CASE)

TO 17

4, TB — 6C

TOSHIBA 4 A 1 A

Weight : 0.30g

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX. UNIT
Gate Leakage Current IGSS vgs=-iov, vds=o - - -0.1 nA
Gate-Drain Breakdown
Voltage V (BR)GDS VDS=0, I G

=-0.1mA -20 - - V

Drain Current IDSS vds=iov, vgs=o 0.3 _ 3.0 mA
Gate Source Cut-off Voltage VGS (OFF) VDS=10V, ID=0.1uA -0.35 _ -2.3 V

Forward Transfer Admittance |yfs
|

VDS=10V, VGS=0, f=lkHz 1.0 - 5.0 mS

Gate Capacitance CG
VGS=-10V, VDs=0, f=lkHz - 5.0 8.0 PF

Noise Voltage (peak to peak) VN(p-p)
VDS=5V, ID=450uA.
Re=10kfi, Jf=5^50Hz

- 1.7 4.0 yv

Noise Figure NF mi^^K- - 0.5 5.0 dB
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STATIC CHARACTERISTICS

^
COMMON H | i c

" SOURCE Ir

-

.VOS =-0.1V
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— 0.2

, 1 f
1

& 1O / -0.3
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O /
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$/
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—1.2 —0.8 —0.4 4 8 12 16 20

QATE-SOuRCE DRAIN-SOURCE VOLTAGE
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NF
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2SK72
SILICON N CHANNEL JUNCTION DUAL TYPE

(COMPLETELY SEPARATED TYPE)

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES:

• Ultra Low Noise:

NF=0.5dB (Typ.) at Rg=100kft, f=120Hz

vN(p-p) =1 - 7^v ( TyP-) at Rg=10kft, Jf=5^50Hz

• High Gain :
j

y

f

s

| =1. 5^6. 5mS

• Low Offset : |

V

GS1-VGS2 | =10mV (Max.)

• Good Tracking: A
|

Vgs1-Vgs2| /JTa=30yV/°C (Typ.)

• High Input Resistance: IG=-100pA (Max.)

at VDS=10V, ID=400yA

• Similar characteristics as 2SK48

.

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

j2fe.40MAX

^gfr-^i
.
0.86MAX.

1. SOURCE CU 5. DRAIN (2}

Z. DRAIN (1) 6. GATE (2)

3. GATE (1) 7. CASE
4. SOURCE (2)

2 — 9 C 1]

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage Vgds -20 V

Gate 1 - Gate 2 Voltage VG1G2 ±80 V

Gate Current IG 10 mA

Drain
Power Dissipation

(One Side) PD1 150 mW
(Total) PD2 200 mW

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg -65^150 °C

Weight : 0.90g

PIN CONNECTION

(BOTTOM VIEW)
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2SK72

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IG Vds=10V, ID=400uA - - -0.1 nA
Gate-Drain
Breakdown Voltage V (BR)GDS VDS=0» IG=-0.1mA -20 - - V

Drain Current IDSS (Note) VDS=10V, vGS=o 0.6 - 6.5 mA

Gate-Source Cut-off
Voltage

vGS(OFF)(Nctc) VDS=10V, ID=0.1UA -0.5 - -3.3 V

Forward Transfer
Admittance |yfs| (Note) VDS=10V, VGS =0, f=lkHz 1500 - 6500 ys

Gate Capacitance cG VGS=-10V, VDS=0, f=lMHz - - 9.0 pF

Noise Voltage
(peak-peak)

VN(p-p)
VDS=5V, ID=450yA,
Rg=10kfi,

f=5^50Hz
- 1.7 4.0 yv

Noise Figure NF Vds=10V, ID=450yA,
Rg=100kQ, f=120Hz

- 0.5 5.0 dB

Drain Current Ratio IDSS(S) / IDSS(L) VDS=10V, vGS=o 0.9 - 1.0

Forward Transfer
Admittance Ratio |yfs|(s)/ |yfs|<L) VDS=10V, VGS=0, f=lkHz 0.9 - 1.0

Differential
Gate-Source Voltage

| VGS1-VGS2
1

VDG=10V, Io=400yA - -
10 mV

Vdg=10V, lD=200yA - - 10 mV
VDG=10V, ID=50uA - - 10 mV

Gate-Source Voltage
Differential Drift

j|vgsi-Vgs?I VDG-10V, ID=200]JA,
Ta=0^60°C

- 30 MV/°CJTa

Note: According to the value of lDSSl» VGS(0FF)i and l^fsll,

the 2SK72 is classified as follows.

CLASSIFICATION
IDSS 1

(mA)
VGS(0FF)1

(V)
Vfs
(US

ll

MIN. MAX. MIN. MAX. MIN. MAX.

2SK72-0 0.60 1.4 -0.50 -1.40 1500 3700

2SK72-Y 1.20 3.0 -0.70 -2.3 2000 5000

2SK72-GR 2.60 6.5 -1.0 -3.3 2600 6500
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2SK112
SILICON N CHANNEL JUNCTION TYPE

(INDUSTRIAL APPLICATIONS)

FOR LOW NOISE AMPLIFIER, DC~AC HIGH INPUT

IMPEDANCE CIRCUIT, CHOPPER AND

SWITCHING CIRCUIT APPLICATIONS.
FEATURES

:

. Ultra Low Noise, as well Low Source Impedance
: NF=10dB(Max.) (f=10Hz, Rg=lkQ)
: NF= 2dB(Max.) (f=lkHz, Rg=lkQ)

. High Forward Transfer Admittance
: lYfs I

= 7~34mS

. Low Gate-Source Cutoff Voltage
: VGS(OFF)=-0.75V(Max.) (2SK112-R)

: VGS(OFF)=-1.20V(Max.) (2SK112-0)

. High Breakdown Voltage: V(BR)GDS=-50V

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

058MAX.

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

-50

10

250

150

-65-150

UNIT

mA

mW

1. SOURCE
2. DRAIN
3. GATE ("CASE)

JEDEC TO-18

TC— 7, TB-8C
TOSHIBA 2-5A1C

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 0.31g

CHARACTERISTIC SYMBOL TEST CONCITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-30V, VDS=0 - - -0.1 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=-im -50 - - V

Drain Current IDSS
(Note)

VDS=15V, vgs=o 1.2 - 9.0 mA

Gate-Source Cut-off Voltage
VGS(OFF)
(Note)

VDS=15V, Id=0.L«A -0.25 -1.2 V

Forward Transfer Admittance
IYfs l

(Note)
VDS=15V, VGS=0, f=lkHz 7 - 34 mS

Input Capacitance Ciss VDS=15V, VGS=0, f=lMHz - 12 - pF

Reverse Transfer Capacitance Crss Vds=15V, Vgs=0, f=lMHz - 3 - PF

Noise Figure

NF(1)
VDS=15V, lD=lmA, Rg=lkQ,
f=10Hz

- 5 10

dB

NF(2)
VDS=15V, lD=lmA, Rg=lkfi,

f=lkHz
" 1 2

Note : InSS. Vgs(OFF) and IYfs I classification.

iDSS(mA)- R:1.2~3.6 0:3.0-9.0

VGS(OFF) (V)—R:-0.25~-0.75 O:-0.4-~-1.2
Yfs (ms)-R: 7-21 O: 10~34
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STATIC CHARACTERISTICS STATIC CHARACTERISTICS

E-"
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M
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n i

t /
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8
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1 1 1

6
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^ 1

- AH
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24
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|3
° p

M i

8
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1 1 1

6
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*- -— ^— —

—
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s / /,
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/4

5
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•y X. 2
£^ ~f
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3
-a 35
-a4

—Q8 —Q4
GATE-SOURCE
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4 8 12 16 20
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24
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g^8
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o P
* H

2 1

Ta=-5 5"C

1 1 1
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—0.15{/
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V<#/ *» —ns
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>^

:» b
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VOLTAGE
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DRAIN-SOURCE VOLTAGE

vDS Cv)

8

COMMON SOURCE

6
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-a: 5
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-a 25
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:^6
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DRAIN-SOURCE VOLTAGE VDS Cv)
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8
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6
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V3S=0V
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4 -f
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—0,2 5

-Q4
-04
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512 3 4 5
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«ID - IVOS (off)-Vq.s

- Ta

20
COMMON SOURCE

VDS= 15V

1 1
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-ai
-a 15
-0.2
-0.25
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-a 35
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-0.45
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> >

p ft,

2 >
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—5
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vds~ 15V
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—

1
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1 3 5 10

DRAIN CURRENT IDSS CmA)
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H M
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\
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// .flr
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VDS= 15V

Tal = 2 5°C

2 4 6 8

DRAIN CURRENT ID CmA)

I Yf 8 I
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R0N - IDSS I ass - VDG

RoN ;vDS =aiv, vQS=o

IDSS ! VDS = 15V, vos= o

1 3

drain current

Jqss "

5 10

IDSS (

^

mA )

Ta

102

: vDS -o

25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

NF - I-n
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<^
100kHz

~
112 3
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4 5
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V /
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V y&

<?Mrfr

1

r,
-\

t ^(v^s"" '
:
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^ 4

5 10
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- R
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1kHz

100 kH2
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TO
10 100 Ik 10k

FREQUENCY f (Hz)
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NF - R c
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y II
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1 00
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SILICON N CHANNEL JUNCTION TYPE

(INDUSTRIAL APPLICATIONS) 2SK113

FOR ANALOG SWITCH,, CHOPPER AMPLIFIER

AND SWITCHING CIRCUIT APPLICATIONS,

FEATURES

:

. High Breakdown Voltage : V(br)gdS=-50v

. Low ON Resistance : rDS(ON) = 30 Q(Max. ) (2SK113-Y)

. Low Leakage : ID (oFF)=100pA(Max. ) (VdS=20V)

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

-50

10

250

150

-65-150

UNIT

V

mA

mW

05.8MAX.

1. SOURCE

2. DRAIN

3. GATE ("CASE)

JEDEC TO-li

EIAJ TC— 7 , TB-8C

TOSHIBA

Weight : 0.31g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-20V, VDS=0 - - -0.1 nA

Drain Cutoff Current ID (OFF) VDS=20V, VGS=(Note 3) - - 0.1 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, IG=-1^A -50 - - V

Drain Current
IDSS
(Note 1)

VdS=20V, VGS=0,(Note 2) 5 - 150 mA

Gate-Source Cutoff Voltage VGS(OFF) VDS=20V,In=0.1M.(Note 2) -0.3 - -10 V

Drain-Source ON Voltage VDS(ON) Vgs=0 > ID= (Note4),(Note2) - - 0.4 V

Static Drain-Source
ON Resistance

rDS(0N) VGs=0,lD= lmA '(Note 2 )
- - 100 Q

Drain-Source
ON Resistance

rds(on)
Vgs=0, ID=0, f=lkHz

(Note 2)
- - 100 Q

Input Capacitance Ciss VDS=20V, VGS=0, f=lMHz - 10 14 PF

Reverse Transfer Capacitance Crss
VDS=0, VGS=(Note 3),

f=lMHz
- 3 5 pF

Note 1 : Pulse Test : Pulse Widths 100/ts, Duty Cycle ^0.1%
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Note 2:

According to the value of IDSS, VGs(OFF), VDS(0N), rDS (ON) and rds (on )

,

the 2SK113 is classified as follows.

CLASSIFICATION SYMBOL

IDSS (mA) vGS(0FF) (V) VDS(ON) (v)
rDS'(ON)

(Q)

rds (on)

(Q)

MIN. MAX, MIN. MAX. MAX, MAX. MAX.

2SK113-R R 5 30 -0.3 -3 0.4 100 100

2SK113-0 25 75 -1.2 -5 0.4 60 60

2SK113-Y Y 50 150 -2.5 -10 0.4 30 30

Note 3:

Note 4:

According to the classification, the 2SK113 is

supplied voltage as follows.

CLASSIFICATION SYMBOL vgs(v)

2SK113-R R -5

2SK113-0 -7

2SK113-Y Y -12

According to the classification, the 2SK113 is

supplied drain current Id as follows.

CLASSIFICATION SYMBOL ID (mA)

2SK113-R R 3

2SK113-0 6

2SK113-Y Y 12
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2SK113-R Id - Vds 2SK113-0 Id - VD s
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SILICON N CHANNEL JUNCTION TYPE 2SK117

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

Rg=lkfi)

) (VGS=-30V)

Unit in mm

FEATURES

:

5.1MAX

• High lyfs | : ]

y

fs l=15mS(Typ.)

(VDS=10V, VGS=0)

• High Breakdown Voltage : VGDS=-50V

<
S

0.5

04 5 LI

11

|

- z
2
C\J

H

• Low Noise : NF=1.0 dB (Typ.) 5 MAX. )

CD 00

(VdS=10V, ID=0.5mA, f=lkHz, 045

• High Input Impedance : I
GS

g=-lnA (Max.

1.27 1.27

( •
) 1

V 32 I

MAXIMUM RATINGS (Ta=25°C) \1

CHARACTERISTIC SYMBOL RATING UNIT
1. DRAIN

2. GATE
3. SOURCE

Gate-Drain Voltage VGDS -50 V

Gate-Current IG 10 mA

Drain Power Dissipation PD 300 mW
JEDEC T0-92

Junction Temperature T
J

125 °C EIAJ SC-43

Storage Temperature Range Tstg -55 ^125 °C TOSHIBA 2-5F1D

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-30V, VDS=0
- - -1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS VDS=°» lG=-l°°yA -50 - - V

Drain Current ^DSS,
(Note)

vDS=iov, vGS=o 0.6 - 14 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=10V, ID=0.1yA -0.2 - -1.5 V

Forward Transfer Admittance lYfs) VdS=1°V, VgS=0, f=lkHz 4.0 15 - mS

Input Capacitance ciss VDS=10V, VGs=0, f=lMHz - 13 - pF

Reverse Transfer Capacitance Crss VDG=10V, Id=0, f=lMHz - 3 - pF

Noise Figure

NF(1)
VDS=10V, Rg=lkfi

ID=0.5mA, f=10Hz
- 5 10

dB

NF(2)
VDS=10V, Rg=lkfi

lD=0.5mA, f=lkHz
- 1 2

Note : IdsS Classification ,0:

GR:
0.6 ^ 1.4,
2.6 ^ 6.5,

Y : 1.2 % 3.0

BL: 6.0 ^ 14.0
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STATIC CHARACTERISTICS
VDS (LOW VOLTAGE REGION)
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NF vDS
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2SK118
SILICON N CHANNEL JUNCTION TYPE

GENERAL PURPOSE AND IMPEDANCE CONVERTER

AND CONDENSER MICROPHONE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage

• High Input Impedance

: VGDS=-50V

: lGSS=-lnA(Max.)

(Vgs="30V)

. Low Noise : NF=0. 5dB(Typ. ) (Rg=100kQ)

(f=120Hz)

. Small Package.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage vgds -50 V

Gate Current IG 10 mA

Drain Power Dissipation Pd 100 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55 -125 °C

Unit in mm

Q55MAX.m
1J2 7 1.27

-S*B—&£&rn
1. SOURCE
2. QATE
H DRAIN

TOSHIBA

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS VDs=0, IG=-100>«A -50 - - V

Drain Current IDSS
(Note)

vDS=iov, vGs=o 0.3 - 6.5 mA

Pinch-off Voltage VP Vds=10V, In=0.1>"A -0.4 - -5.0 V

Forward Transfer Admittance lyfsi Vds=10V, Vgs=0, f=lkHz 1.2 - - mS

Input Capacitance ciss VGS=0, VDS=10V, f=lMHz - 8.2 - PF

Reverse Transfer Capacitance Crss VGD=-10V, Id=0, f=lMHz - 2.6 - pF

Noise Figure NF
VDS=15V, VGS=0,
Rg=100kn, f=120Hz

- 0.5 5.0 dB

Note: Inss Classification R : 0.30~0.75,
GR : 2.60-6.50

0.60 -1.40, Y : 1.20-3.00,
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STATIC CHARACTERISTICS
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SILICON N CHANNEL JUNCTION TYPE 2SK146

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES

:

• High 1 y f s 1

: iyf s l=40mS(Typ.) (VDS=10V, VGs=0, lDSS=5mA)

• Excellent Pair Characteristics

: |VGS1-VGS2|= 20mV (Max.) (VDS=10V, ID=5mA)

• High Breakdown Voltage : VGr)g=-40V

• Low Noise : NF=1.0dB (Typ.)

(VDS=10V, ID=5mA, R
g
=100n, f=lkHz)

• High Input Impedance : lQgg=-lnA(Max. ) (VGs=-30V)

• High Drain Power Dissipation : PD=600mW * 2

MAXIMUM RATINGS (Ta=25 Q
C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

L stg

RATING

-40

10

600x2

125

-55^125

UNIT

V

mA

Unit in mm

DRAIN MARK

6.4MAX.

mW

X d\

CO

d H

V 1 2 3 /

\\4 5 6JJ

1. DRAIN 1

2. GATE 1

3. SOURCE 1

4. DRAIN 2

5. GATE 2

6. SOURCE 2

JEDEC

EIAJ

TOSHIBA 2 — 6E1A

Weight

ELECTRICAL CHARACTERISTICS (Ta==25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current ^SS VGS=-30V, VDS=0
- - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, lG=-100yA -40 - - V

Drain Current lDSS nx(Notel)
vDs=iov, vGs=o 5.0 - 30 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, ID=0.1yA -0.3 - -1.2 V

Forward Transfer Admittance iyfs i

vDS=iov, vGS=o,
f=lkHz, IDSS=5mA

30 40 - mS

Differential Gate-Source Voltag VGS1-VGS2 VDS=10V, ID=5mA
- - 20 mV

Input Capacitance Ciss VDS=10V, VGS=0,f=lMHz
- 75 - PF

Reserve Transfer Capacitance Crss VDG=10V, ID=0, f=lMHz - 15 — pF

Noise Figure

(Note 2)

NF(1)
VDS=10V, R

g
=100ft

In=5mA, f=100Hz
- 5 10

dB

NF(2)
VDS=10V, Rg=100fi

ID=5mA, f=lkHz
- 1 2

Note 1 : IDSS Classification GR : 5.0^10, BL : 8.0VL6, V : 14.0^30

2 : When low noise audio amplifier, recommended Vds up to 15V.
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STATIC CHARACTERISTICS ID - VDS (LOW VOLTAGE REGION)
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SILICON N CHANNEL JUNCTION TYPE 2SK147

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

• High lyf s l

: )yfsl=40mS(Typ.) (VDS=10V, VGS=0, IDSS=5mA)

• High Breakdown Voltage : VGds=-40V

• Low Noise : NF=1.0dE (Typ .

)

(VDS=10V, ID=5mA, f=lkHz, R=100ft)

• High Input Impedance

: IGSS=-lnA (Max.) (vGS=-30V)

• High Drain Power Dissipation : Pn=600mW

• Complementary to 2SJ72.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -40 V

Gate Current IG 10 mA

Drain Power Dissipation ?D 600 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55U25 °C

Unit in mm

0.75MAX.

-if

1 DRAIN
2, 0ATE
a SOURCE

TO 92M0D

5 JIB

Weight : 0.36g

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current Igss VGS=-30V, Vds=0 - - -1.0 nA

Gate-Drain Breakdown Voltage ^(BR)GDS VdS=0, IG=-100UA -40 - - V

Drain Current Ttjss

(Note 1)
vDS=iov, VGS=0 5.0 - 30 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, ID=0.1yA -0.3 - -1.2 V

Forward Transfer Admittance lyfsl
vDS=iov, VGS=0,

f=lkHz, (Typ.:iDSS=5mA)
30 40 - mS

Input Capacitance Ciss VDS=10V,VGs=0,f=lMHz - 75 - PF

Reverse Transfer Capacitance Crss VDG=10V,lD=0,f=lMHz - 15 - pF

Noise Figure

(Note 2)

NF(1)
VDs=10V, Rg=100ft

ID=5mA, f=100Hz
- 5 10 dB

NF(2)
VDS=10V, R

g=100ft

ID=5mA, f=lkHz
- 1 2 dB

GR 5.0M.0.0, BL : 8.0VL6.0, V : 14.0^30.0Note 1 : IdSS Classification

2 : When low noise audio amplifier, recommended Vns up to 15V.

-689-



2SK147

STATIC CHARACTERISTICS ID - VDS (I£W VOLTAGE REGION)
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SILICON N CHANNEL JUNCTION TYPE 2SK161

FM TUNER APPLICATIONS.

VHF BAND AMPLIFIER APPLICATIONS.

FEATURES

:

• Low Noise Figure : NF=2.5dB (Typ. ) (f=100MHz)

• High Forward Transfer Admittance : |Yfs| =9mS (Typ.)

• Extremely Low Reverse Transfer Capacitance

: Crss=0-lpF (Typ.)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

vGDO

IG

PD

L stg

RATING

-18

10

200

125

-55VL25

UNIT

V

mA

mW

°C

Ahi

M

n

IS—BS—HB
\l 2 3 /

"

a..

25"

1. DRAIN.
2. SOURSE
3. QATE

Weight: 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-0.5V, VDS=0 - - -10 nA

Gate-Drain Breakdown Voltage V(BR)GD0 IG=-100uA -18 - - V

Drain Current IDSS
(Note)

vgs=o, vds=iov 1.0 - 10 mA

Gate-Source Cut-off Voltage vGS(0FF) vds=iov, lD=lyA -0.4 - -4.0 V

Eoward Transfer Admittance h/fsl VGS=0, VDS=10V, f=lkHz - 9
- - mS

Reverse Transfer Capacitance crss VGd=-10V, f-lMHz - 0.10 0.15 PF

Power Gain Gps Vdd=10V, f=100MHz (Fig. )
- 18 - dB

Noise Figure NF VDD=10V, f=100MHz (Fig.) - 2.5 3.5 dB

Note: IDSS Classification : 1.0^3.0, Y : 2.5^6.0, GR : 5.0^10.0
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2SK161

Fig 100MHz QPs , NF TEST CIRCUIT
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2SK161
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SILICON N CHANNEL JUNCTION TYPE 2SK170

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

• Recommended for first stages of EQ and

M.C. Head Amplifiers.

• High iyf s |

: iyfs ]=22mS(Typ.) (VDS=10V, VGS=0, IDSS=3mA)

• High Breakdown Voltage : VgDg=-40V

• Low Noise :
en= o. 95nV/v^lz (Typ.)

(Vds=10V, lD=lmA, f=lkHz)

• High Input Impedance : lGSS=-lnA (Max.) (Vgs=~30V)

• Complementary to 2SJ74

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -40 V

Gate Current IG 10 mA

Drain Power Dissipation PD 400 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55VL25 °C

Unit in mm

Q 55 MAX

1. DRAIN
2. GATE
3. SOURCE

EI AJ SC-43

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current XGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate Drain Breakdown Voltage V(BR)GDS vds=°> ig=-iooua -40 - - V

Drain Current ^SS
(Note)

vds=iov, vGS=o 1 - 20 mA

Gate-Source Cut-off Voltage VGS (OFF) vDs=iov, ID=0.1yA -0.2 - -1.5 V

Forward Transfer Admittance lyfsi Vds=10V, VGS=0, f=lkHz - 22 - mS

Input Capacitance Ciss VDS=10V, VgS=0, f=lMH2 - 30 - PF

Reverse Transfer Capacitance Crss Vdg=10V, Id=0, f=lMHz - 6 - pF

Noise Figure

NF(1)
VDs=10V, lD=1.0mA,

Rg=lkft, f=10Hz
- 1.0 10

dB

NF(2) VDg=10V, Ip=1.0mA,
Rg=lk^, f=lkHz

- 0.5 2

Note IDSS Classification Y : 1.0^3.0, GR : 2.6^6.5, BL : 6.0^12, V : 10^20
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2SK170

STATIC CHARACTERISTICS
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SILICON N CHANNEL JUNCTION TYPE 2SK184

LOW NOISE AUDIO AMPLIFIER APPLICATIONS

FEATURES

:

. HighlYfsl : |yf s)=15mS(Typ.) (VDS=10V, VGS=0)

• High Breakdown Voltage : Vgjjg=-50V

• Low Noise : NF=1.0dB (Typ.)

(VDS=10V, lD=0.5mA, f=lkHz, Rg=lkfi)

• High Input Impedance.

: IGSS=-lnA (Max.)(VGS=-30V)

• Small Package.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

-50

10

200

125

-55M.25

UNIT

V

mA

mW

Unit in mm

4.2MAX .

Q55MAX. ra ci

1.27 1.27
L_2..

2̂5°

1. DRAIN
2. GATE
a SOURCE

Weight : 0.13 g

ei<

ELECTRICAL CHARACTERISTICS (Ta=25 °C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS vGs=-30v, vDs=o - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=°. ig=-i°o^a -50 - - V

Drain Current Idss
x(Note)

VD=10V, vGS=o 0.6 - 14.0 mA

Gate-Source Cut-off Voltage VGS (OFF) VDs=10V, lD=0.1yA -0.2 - -1.5 V

Forward Transfer Admittance lYfsl VDS=10V, Vgs =0, f=lkHz 4.0 15 - mS

Input Capacitance Ciss VdS=10V, VGS=°» f=lMHz - 13 - pF

Reverse Transfer Capacitance Crss VDG=10V, ID =0, f-lMHz - 3 - PF

Noise Figure

NF(1)
VDS=10V, Rg-lkft,

ID=0.5mA, f=10Hz
- 5 10

dB

NG(2) VDS=10V, Rg=lkfi,

ID=0.5mA, f=lkHz
- 1 2

Note: IDSS Classification
GR

0.5^1.4, Y
2.6^6.5, BL

1.2^3.0,
6.0^ 14.0
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2SK184

STATIC CHARACTERISTICS
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2SK192A SILICON N CHANNEL JUNCTION TYPE

FM TUNER APPLICATIONS.

VHF BAND AMPLIFIER APPLICATIONS.

FEATURES

:

. High Power Gain : GPS=24dB(Typ . ) (f=100MHz)

. Low Noise Figure : NF=1 . 8dB(Typ . ) (f=100MHz)

. High Forward Transfer Admittance :

lyf s l=7mS(Typ.) (f=lkHz)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDO

IG

-stg

RATING

-18

10

200

125

-55 ~125

UNIT

mA

mW

°C

Unit in mm

4.2 MAX

.

1
1

i

i

XI

i

| 1 1

\3
-t

0.55MAX.

00

. M
s

p r!

a
H

a4

W L

lO r-
1.27 1.27

«?—*
V * V

1. DRAIN
2. SOURCE

& GATE

TOSHIBA

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta= 25 t)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current Jgss VGS=-1.0V, vDS=o - - -10 nA

Gate-Drain Breakdown Voltage V(BR)GDO ig=-ioo<«a -18 - - V

Drain Current
IDS.S

(Note)
vGs=°> vds=iov 3 - 24 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, Id=1aA -1.2 -3 - V

Forward Transfer Admittance lyfs' VGS=0, Vds=10V, f=lkHz - 7 - mS

Reverse Transfer Capacitance Crss Vgd=-10V, f=lMHz - 0.65 pF

Power Gain Gps VDD=10V,f=100MHz (Fig.) - 24 - dB

Noise Figure NF VDD=10V,f=100MHz (Fig.) 1.8 3.5 dB

Note : IDSS Classification 3.0-7.0, GR : 6.0-14.0, BL : 12.0-24.0

-704-



2SK192A

Fig. 100MHz GpS) NF TEST CIRCUIT
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2SK208 SILICON N CHANNEL JUNCTION TYPE

GENERAL PURPOSE AND IMPEDANCE CONVERTER

AND CONDENSER MICROPHONE APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : Vqqs=-50V

• high Input Impedance : Iggg—l.OnA (Max.)

(VGS=-30V)

. Low Noise : NF=0. 5dB(Typ. ) (R
g
=100kO, f=120Hz)

. Small Package.

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Ti

Tstg

RATING

-50

10

100

125

-55 ^125

UNIT

mA

mW

+ Q5
2.5—0.3

+ 0.2 5
1.5 -a 15

dcS
+ 1

^*

c3

,

1

5
o>

i

lO
1

2

' 1

1

to

rr
3 \

" 1

oo
+ 1

to
dO
c5d
+ 1

'.

J
1

1 t

•\ i. to

H
d

—

,

-

H '

c3

/

o

f

1. DRAIN

2. SOURCE

3. GATE

TOSHIBA 2-3F1B

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-30V, VDS=0
- - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDSI vds=°> ig=-ioom -50 - - V

Drain Current IDSS
(Note)

vds=iov, VGS=0 0.3 - 6.5 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, Id=0.L«A -0.4 - -5.0 V

Forward Transfer Admittance !*fs! VDS=10V, VGS=0, f=lkHz 1.2 - - mS

Input Capacitance Ciss VDS=10V, Vgs=0, f=lMHz - 8.2 - PF

Reverse Transfer Capacitance Crss Vgd=-10V,Id=0, f=lMHz - 2.6 - PF

Noise Figure NF VDS=15V, Vgs=0
.

Rg=100kQ, f=120Hz

- 0.5 dB

Note: Iqss Classification

R : 0.30^0.75, : 0.63^1.40
Y : 1.2% 3.0, G : 2.6% 6.5

Marking Type Name
*~\/

\̂

I DSS Rank

XFK
~B—

B
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SILICON N CHANNEL JUNCTION TYPE 2SK209

AUDIO FREQUENCY LOW NOISE AMPLIFIER
APPLICATIONS.

FEATURES

:

. High IYf s I :

IYfs l=15ms(Typ.) at VDS=10V, VGS=0

. High Breakdown Voltage : VGj)s=-50V

. Low Noise : NF=1. OdB(Typ.

)

at VDS=10V, ID=0.5mA, f=lkHz, R
g=lkO

. High Input Impedance : IGss=_ lnA (Max.

)

at VGS=-30V

. Small Package

MUXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

-50

10

150

125

-55-125

UNIT

mA

mW

+G5
2.5-0.3

+ C.2 5
1.5-C.ic

.o
-•o

+ !1

C5

m

1

2

, 1

rr

1

3 t

1

C5c5

+ 1

to
CO z,

a
. cicS

, I

1

1

*

L —

,

c5

I

o

=^_j_

1. DRAIN
2. SOURCE

3. GATE

TOSHIBA 2-3 F

ELECTRICAL CHARACTERISTICS (Ta=25 C)
Weight : 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-30V, vns=o - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, IG=-100M -50 - - V

Drain Current J-DSSOtote] VDS=10V, VGS=0 0.6 - 14.0 mA

Gate-Source Cut-off Voltage vcsrom VDS=10V, Id=0.1/aA -0.2 - -1.5 V

Forward Transfer Admittance 'Yfs 1 VDS=10V, VGS=0, f=lkHz 4.0 15 - ms

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 13 - pF

Reverse Transfer Capacitance Crss VDG=10V, ID=0, f=lMHz - 3 - pF

Noise Figure NF(1)
VDS=10V, Rg=lkQ
ID=0.5mA, f=10Hz

- 5 - dB

Noise Figure NF(2)
VDS=10V, Rg=lkQ
lD=0.5mA, f=lkHz

- 1 - dB

Note : IdSS Classification

0:0. 6-1. 4mA, Y :1. 2 ~ 3. 0mA,

GR(G): 2.6- 6.5mA, BL(L) :6. - 14mA

Marking
H.

X

Type Name

IDSS Rank

u 15
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2SK210 SILICON N CHANNEL JUNCTION TYPE

FM TUNER APPLICATIONS.

VHF BAND AMPLIFIER APPLICATIONS.

FEATURES

:

. High Power Gain : GPS=24dB(Typ. ) (f=100MHz)

. Low Noise Figure : NF=1. 8dB(Typ. ) (f=100MHz)

. High Forward Transfer Admitance :

iyfsl=7mS(Typ.) (f=lkHz)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

vGDO

IG

PD

L stg

RATING

-18

10

100

125

-55-125

UNIT

mA

mW

Unit in mm

+ Q5
2.5— a3

+Q25
1.5-Q15

3-

S

+ 1

dd
+ 1

CO

C5
HO
dd
+ 1

1

J
1 * H

C5

H
Ci

/

o

1. GATE
2. DRAIN

a SOURCE

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current !GSS vgs=-i.ov, vDs=o - - -10 nA

Gate-Drain Breakdown Voltage v (BR)GD0 IG=-100/<A -18 - - V

Drain Current iriss

(Note)
vgs=o, vds=iov 3 - 24 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, ID=1M -1.2 -3 - V

Forward Transfer Admittance iyfsi Vgs=0 » VDs=10V, f=lkHz - 7 - mS

Reverse Transfer Capacitance Crss Vgd=-10V, f=lMHz - - 0.65 PF

Power Gain GPS VDD=10V ,
f=100MHz (Fig

.

)

- 24 - dB

Noise Figure NF VDD=10V ,
f=100MHz (Fig

.

)

- 1.8 3.5 dB

Note : IdSS Classification Y : 3.0-7.0, GR(R) : 6.0-14.0, BL(L) : 12.0-24.0
Type Name

Marking n ^

Y G
IDSS Rank

"BT "B"
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Fig. 100MHz Gps NF TEST CIRCUIT
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^JS(OFF) - IDSS 'fs - I DSS

COMMON SOURCE
vGSfOFF) : VDS=10V

!£,= ! AtA

5 10
DRAIN CURRENT I DSS CmA)

c r se
— Vom

COMMON SOURCE

f = lMHz

Ta = 2 5°C

5

3

1

0.5

a?.0-2 -4-6 -8 -10 -12 -14 -16
GATE-DRAIN VOLTAGE VGD (V)

<iU

_„

COMMON SOURCE
Ta = 2 5°C

I DSS :VDS-iov
vos=o

3

1 L

•J± 3

_l

vos=o
f=llcHz

2 5 10 30
DRAIN CURRENT I DSS CmA)

30

U I s s V Q S

COMMON SOURCE
vDS=o
f-lMHz
Ta = 2 5°C

5

3

1

-1 -2

GATE—SOURCE VOLTAGE (V)

J is, ^os 1

COMMON SOURCE
VDS=10V

- VGS=°
; Ta = 2 5°C

10 >;'-

5

3

1

/bos
>

0.5 9 J a
1
/

03

0.1 / /
10 30 5 100 300 500 1000 3000

FREQUENCY f fMHz)

30
b fs, y rs f

1 1 COMMON SOURCE

10 *f8

T vD
Ta

3 = J

= 2

LO 1

3°C

'» vGS=0

--,

5
V

3
1

1

,'^bfe
1

j

0.5 X
0.3

^rsV urs ~

0.1 1
30 50 100 300 500 1000

FREQUENCY f CMHz)

-716-



2SK210
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2SK211 SILICON N CHANNEL JUNCTION TYPE

FM TUNER APPLICATIONS.

VHF BAND AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Noise Figure : NF=2. 5dB(Typ . ) (f=100MHz)

. High Forward Transfer Admittance : ! Yf s ] =9mS(Typ.)

. Extremely Low Reverse Transfer Capacitance

: CrSs=0.1pF(Typ.)

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

vGDO

IG

PD

stg

RATING

-18

10

150

125

-55- 125

UNIT

mA

mW

-t-0.5

2.5 -as

4-G25
1.0 -Q 15

in

HO
c!c5

+ 1
nr

N

Oi

LI
z

T~

i—

r

N i

.

l_L

C5c5

+ 1

CO

a HO
CSC)

' +1

\

"

f
i

1

Ci

/

o

\

1. GATE
2. DRAIN
3. SOURCE

TOSHIBA

Weight : 0.012g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current !gSS VGS=-0.5V, VDS=0 - - -10 nA

Gate-Drain Breakdown Voltage v (BR)GD0 ig=-ioom -18 - - V

Drain Current !dSS
(Note)

vGs=°. vds=iov 1.0 - 10 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=10V, ID=1«A -0.4 - -4.0 V

Forward Transfer Admittance I*fsl VGS=0 > VDs=10V, f=lkHz - 9 - mS

Reverse Transfer Capacitance Crss VGD=-10V, f=lMHz - 0.10 0.15 pF

Power Gain GPS VDd=10V, f=100MHz (Fig.) - 18 - dB

Noise Figure NF VDd=10V, f=100MHz (Fig.) - 2.5 3.5 dB

Note : loss Classification : 1.0-3.0, Y : 2.5-6.0, GR(G) : 5.0-10.0

Marking
n.

Type Name

K Y'
H B

iDSS Rank
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2SK211

Fig. : 100MHz Gps , NF TEST CIRCUIT

Rg=50Q

INPUT 10pp

@

—

-*£—

r

Ll

m
a.05£l~F

£
Rs

-/

10pF OUTPUT

-^- ©RL=50Q

L2

£

Ll : 0.8mm«5 Ag PLATED Cu WIRE, 3 TURNS, 10mm ID, 10mm LENGTH.

L2 : 0.8mm«5 Ag PLATED Cu WIRE, 3.5 TURNS, 10mm ID, 10mm LENGTH.

2SK211 is measured at each group by changing Rs .

GROUP Rs (o)

2SK211-0

2SK211-Y 18 Q ±5%

2SK211-GR 100 Q ±5%
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H
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-04

?
,

1

R 1 -o 6

-1.2 -1.0 -Q

—P*=k^12 3 4 5
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2SK211
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2SK240 SILICON N CHANNEL JUNCTION TYPE

LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

DIFFERENTIAL AMPLIFIER APPLICATIONS.

FEATURES

:

• Recommended for first stages of EQ Amplifiers.

• High |yfs l : lyf sl=22mS(Typ.)

(VDS=10V, VGS=0, IDSs=3mA)

• Excellent Pair Characteristics

:
I

VGS1 -VGS2|=20mV (Max.)

(VDS=10V, ID=lmA)

• High Breakdown Voltage
:

• Low Noise

• High Input Impedance :

• Complementary to 2SJ75.

MAXIMUM RATINGS (Ta=25°C)

'GDS=-40V (Min.)

en=0.95nV//Hz (Typ.)

(VDS=10V, lD=lmA, f=lkHz)

lGSS="lnA(Max.) (vGS=-30V)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -40 V

Gate Current IG 10 mA
Drain Power Dissipation PD 400x2 mW
Junction Temperature Ti 125 °C

Storage Temperature Range Tstg -55^125 °C

Unit : mm

S4MAX.

I

X
<
s
o

X
<
s

'

1

[ I

0.45 J J
t^

1 |
Oi

1 1 1

i-i

1.27
1 1.27

123
1. DRAIN 1

2. GATE 1

3. SOURCE 1

4. DRAIN 2

5. GATE 2

& SOURCE 2

Weight: 0.72 g

ELECTRICAL CHARACTERISTICS (Ta=25 3

c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS Vgs=_30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vDs=o. ig=-iooua -40 - - V

Drain Current IDS S (Note] VDS=10V, vGs=o 2.6 - 20 mA
Cate-Sourcc Cut-off Voltage VGS(OFF) VDS=10V, lD=0.1pA -0.2 - -1.5 V

Forward Transfer Admittance jyfsi VDS=10V, VgS=0, f=lkHz 15 22 - mS

Differential Gate-Source Voltage
|

VGS1_VGS2 VDS=10V, lD=lmA - - 20 mV

Input Capacitance Ciss VDS=10V, VgS=0, f=lMHz - 30 - pF

Reverse Transfer Capacitance Crss VDG=1'3V > I =0, f=lMHz - 6 - pF

Noise Figure
NF(1) VDS=10V, ID=1.0mA,

Rg=lkfi, f=I0Hz
- 1.0 10

dB
NF(2)

VDs=10V, lD=1.0mA,
Rg=lkfi, f=lkHz

- 0.5 2

Note: IDSS Classification GR : 2.6^6. 5, BL :6.0%12, V : 10 % 20
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2SK240

STATIC CHARACTERISTICS ID-

V
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2SK240
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2SK241 SILICON N CHANNEL MOS TYPE

FM TUNER, VHF AND RF AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Reverse Transfer Capacitance

: Crss=0.035pF (Typ.)

. Low Noise Figure : NF=1.7dB (Typ.)

. High Power Gain : Gps=28dB (Typ.)

. Recommend Operation Voltage : 5 —15V

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gate -Source Voltage

Drain Current

Drain Power Dissipation

Channel Temperature

Storage Temperature Range

SYMBOL

VDS

VGS

ID

pd

Teh

^stg

RATING

20

30

200

125

-55 -125

UNIT

mA

mW

4.2 max .

Q55MAX. h

12 3Z_ _£*

1. DRAIN
2. SOURCE
3. GATE

TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VDS=0, VGS=±5V - - ±50 nA

Drain-Source Voltage vdsx VGS=-4V, id=ioom 20 - - V

Drain Current IDSS VDS=10V, VGs=0 (Note) 1.5 - 14 mA

Gate-Source Cut-off Voltage VGS(OFF) vds=iov, Id=100M - - -2.5 V

Forward Transfer Admittance lYfs' VDS=10V, VGS=0, f=lkHz - 10 - mS

Input Capacitance Ciss
Vds-IOV, VGs=0, f=lMHz

- 3.0 -
PF

Reverse Transfer Capacitance Crss - 0.035 0.050 PF

Power Gain Gps VDS=10V, VGS=0, f=100MHz

(Fig.)

- 28 - dB

Noise Figure NF - 1.7 3.0 dB

Note : IDSS Classification 0:1.5-3.5 Y:3. 0-7.0 GR:6. 0-14.0

Fig. Gps, NF TEST CIRCUIT

Rg=50Q
@"

Li

.fft

rrr rrr

7P\ ^ OUTPUT

"PlOOOpI

a047^F

o »»

VDd 10V

Li: l.Ommtf SILVER PLATED COPPER WIRE

4.0T, 8mm«S ID

TAPAT LOT FROM COLD END

L£: 1.0mm«J SILVER PLATED COPPER

3.0T, 8mmrf IB, 10mm LENGTH

WIRE
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fs

30
COMMON
SOURCE
VDS=10V

a

CD 9fa

V

1

OS
a =

=

2

3

5*C

H
2 5

H
H 3
S
O
<
«
fe

1

-t fs

a
<
«

P
U&

£

O

Ql

60

CO

3.

" rs ~ :

COMMON
SOURCE
vDS=iov
vos=o
Ta = 2 5°C

J
1

CO

J* 40 /

o
<
£ 20
M

/<

1 °
CO

<
«
Eh

9ra
/

\
brs

y(

CO

«

K
-40l

30 50 300 500 1000

30 50 100 300 500

FREQUENCY f ("MHz)

FREQUENCY f (MHz)

Ta

H 200
<!

CM

50 100 150
AMBIENT TEMPERATURE Ta ("C)

-730



SILICON N CHANNEL JUNCTION TYPE 2SK246

FOR CONSTANT CURRENT , IMPEDANCE

CONVERTER AND DC-AC HIGH INPUT

IMPEDANCE AMPLIFIER CIRCUIT APPLICATIONS.

FEATURES:

. High Breakdown Voltage : Vgds=-50V

. High Input Impedance : iGSS^ln^Max. )

(VGS=-30V)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

SYMBOL

VGDS

IG

RATING

-50

10

UNIT

mA

Unit in mm

1.2 7 1.2 7

ZL
UlMl Ut« IM> 1 S

1. SOURCE
2. QATE
3. DRAIN

SC-43

Drain Power Dissipation PD 300 mV TOSHIBA 2- 5 P 1 C

Junction Temperature 125

Storage Temperature Range Tstg -55-125 °C

Weight |tt21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current JGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate -Drain Breakdown
Voltage

V (BR)GDS vds=o, ig=-ioom -50 - - V

Drain Current
(Note)

VDS=10V, vGS=o 1.2 - 14 mA

Gate-Source Cut-off Voltage vGS(0FF) VDS=10V, ID=0.1M -0.7 - -6.0 V

Forward Transfer Admittance Hfsl VDS=10V, VGS=0, f=lkHz 1.5 - - mS

Input Capacitance Ciss VDs=10V, VGS=0, f=lMHz - 9.0 - pF

Reverse Transfer Capacitance Crss VDG=1°V, Id=°» f=lMHz - 2.5 - PF

Note : IDSS Classification Y:1.2~3.0mA, GR:2.6~6. 5mA, BL:6~14mA
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2SK246

STATIC CHARACTERISTICS
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Ta = 25°C

b

try /
// /

4

/ "6

V>1

^

GATE-SOURCE VOLTAGE VQS (v)

Yfs' - Id

COMMON SOURCE
vDS = iov

f = lkHz

Ta = 25 °C 1DSS == 6. OmA

3.0

1.5^

2 4

DRAIN CURRENT ID (mA)

c r s s ~ VGD

COMMON SOURCE

: iD=o
- f= 1MHz

- Ta- 25°C

_l_i.1 . 1 .

DRAIN SOURCE VOLTAGE VDg (V) GATE DRAIN VOLTAGE VaD (V)
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l

Y fs 1- I DSS
2U

10

COMMON SOURCE

Jdss :
vds =1 o v
vGS = o

:;YfB i: vDS = iov
- Vog = 0, f = lkH z
" Ta = 25 °G ^*

5

3

vas(oFF) - ir>ss

3 5 30

DRAIN CURRENT Ineg (mA)

30

-20

COMMOJ*

I DSS :

SOURCE

Vds = 10V

VQS -

.

vas(opF^
• vDS = iov

Ta= 25 °C

1 3 5 10

DRAIN CURRENT loss (niA)

400

PD -- T a.

300

50 100 150 200 250

AMBIENT TEMPERATURE Ta (°C

)
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2SK270 SILICON MONOLITHIC N CHANNEL JUNCTION TYPE

LOW NOISE AUDIO AND DIFFERENTIAL

AMPLIFIER APPLICATIONS.

FEATURES

:

. 1 Chip Dual Type.

. Recommended for First Differential Stages of
DC Amplifiers.

. Very High I Yf s 1 : iYf s l=20mS(Typ.)
(VDS=10V, Vgs=0, f=lkHz, IDSS=3mA)

. Good Pair Characteristics :

lVGSl-VGS2l=30mV(Max.)(VDS=10V, lD=lmA)
. High Breakdown Voltage : VGDS=_40(Min.

)

. Very Low Noise : NF=0. 5dB(Typ.

)

(VDS=10V, lD=lmA, Rg=lkQ, f=lkHz)
. High Input Impedance : lGSS=-10nA(Max.

)

(Vgs=- 30V)

. Complementary to 2SJ90 .

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range Tstg -55^125

SYMBOL

VGDS

IG

PD

RATING

-40

10

300

125

UNIT

mA

iiWT"
UNIT

C1.0

2.54±Q25

03

H

ty

X\i 2 3 4 5 6 7

1. DRAIN 1

2. GATE 1

3. SOURCE 1

4. SUBSTRATE

5. SOURCE 2

a GATE 2

7. DRAIN 2

TOSHIBA 2-18A1A

Weight : 0.7g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-30V, VDS=0 - - -10 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDs=0, Ig=-100M -40 - - V

Drain Current IDSS(Not« iVDS=10V, vGs=o 1 - 20 mA

Gate-Source Cut-off Voltage vGS(0FF) VDS=10V, ID=0.1^A -0.2 - -2.0 V

Forward Transfer Admittance lY fs l

VDS=10V, VGS=0, f=lkHz,

lDSS= 3mA
8 20 - mS

Forward Transfer Admittance
Ratio

Wfs (/JO 1/

lYfs(*)l
VDs=10V, VGs=0, f=lkHz 0.9 - - -

Differential Gate Voltage iVgsi -
Vgs?I

VDs=10V, ID=lmA
- - 30 mV

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 25 - pF

Reverse Transfer Capacitance Crss VDG=10V, ID=0, f=lMHz - 5.5 - pF

Noise Figure

NF(1)
VDS=10V, Rg=lkQ, Id=1ttiA

f=10Hz
- - 11

dB

NF(2)
VDS=10V, Rg=lkQ, lD=lmA
f=lkHz

- - 2

Note : •'-DSS
Classification Y:1.0~3.0mA, GR: 2. 6 - 6. 5mA, BL:6~12mA, V:10~20mA
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2SK270

STATIC CHARACTERISTICS I D-VDg (LOW VOLTAGE REGION)
1

COMMON SOURCE

a a 20

S «
o 16
z
M
< TO

Ta = 2 5°C

Vos-0V

ft /
"^

-ai .

8 -0.2 '

1- A
O
> 4

^ -o.4_

-a 5
kV>

-Q6

-0.6 -0.4 -02 10 20 30 40

GATE-SOURCE DRAIN-SOURCE VOLTAGE
VOLTAGE Vos (V) VDS Cv)

id - vQ s

COMMON SOURCE

VDS=10V
Ta=2 5"C

c

<&
\

*>

16
COMMON SOURCE

12

Ta = 2 5'C
Vas=0V

1

-ai

8

-Q2

4

1

-0.3 .

-fl*

-a 5

DRAIN-SOURCE VOLTAGE VDS Cv)

*f e l - J D

40

p s
<!

H
z

CO

z O
<!

K
R 3

6.1

VD^

4.0

2.0,

COMMON SOURCE

VDS-10V
f=lkHz

Ta = 2 5°C

i ._

-1.6 —1.2 —0.8 — 0.4

GATE-SOURCE VOLTAGE VQS Cv)

4 8 12

DRAIN CURRENT ID CmA)

Yf £ Idss

^DMMON SOURCE

VOS=0

lYfs l: VDS = 10V

Vqs=o
f =lkHz

Ta = 2 5°C

3 5 10

DRAIN CURRENT IDSS CmA)

fr o

VGS((DPP) 2 DSS

lit)

COMMON SOURCE

Idss •* vDS=iov
vos=o

Vnar r\v>w\ :V-no=l OV

0.3

Ta =-2

l I

5 C

i D=ai

i

tlA

3 5 10 30

DRAIN CURRENT IDSS CmA)
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2SK270

c rss — VGD

-3 -5 -10

GATE-DRAIN VOLTAGE VGD Cv)

12 16 20 24 28 32

DRAIN-SOURCE VOLTAGE VDS (V)

NF - In

COMMON SOURCE

VDS=10V
Rg=lkQ
T a = 2 5'C

1

10Hz—
r—i

—

f=lkHz
...

1
!

300
Ciss — V DS

COMMON SOURCE

VGS=
f = lMHz

Ta-2 5°C
100

50

30

10

0.3 Q5 1 3 5 10 30 50

DRAIN-SOURCE VOLTAGE VDS Cv)

Q3 0.5 1
'

3 5

DRAIN CURRENT ID CmA)

NF - VDS

2 4 6 8

DRAIN CURRENT Ij) CmA)

8

COMMON SOURCE

6

lD=lmA
Rg=HcQ
Ta = 2 5°C

4

2 10 Hz
1

f-11cHz^

r\
1

10 20 30 40

DRAIN-SOURCE VOLTAGE VDS Cv)
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NF NF

III
COMMON SOURCE

VDS=10V
lD=lmA
Ta = 2 5"C

<">
'l|

^
>fe> -1**,0

\

•?

/<t
I -^^

?

100 Ik 10k 100k

SIGNAL SOURCE RESISTANCE Ra

II COMMON SOURCE

VDS=10V
lD=lmA
Ta-2 5°C

1 S^
^o

- ^o.n
fc

"4^2

10kf

en)

100 Ik

FREQUENCY f ("Hz)
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2SK302 SILICON N CHANNEL MOS TYPE

Unit in mm
FM TUNER, VHF RF AMPLIFIER APPLICATIONS.

FEATURES

:

. Low Reverse Transfer Capacitance: Crss=0.035pF(Typ .

)

. Low Noise Figure : NF=1.7dB (Typ.)

. High Power Gain : Gps=28dB(Typ .

)

. Recommend Operation Voltage : 5 -15V

MAXIMUM RATINGS (Ta=25 °C)

CHARACTERISTIC

Drain-Source Voltage

Gate-Source Voltage

Drain Current

Drain Power Dissipation

Channel Temperature

Storage Temperature

SYMBOL

VDS

'GS

id

Pd

Teh

rstg

RATING

20

±5

30

150

125

-55-125

UNIT

mA

mW

°C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

+ 0.5
2.5-0.3

+ 0.25
1.5—ai 5

HO
dd
+ 1

a
1

H

r

C5
J

in

1

2

T~

j-

r

l

3

1_L
1

NH
CJC5

+ 1

CO

d
HO
dd
+ 1

to

\ H
d

1

. J
^

d
I

o

1

1. GATE
2. DRAIN
3. SOURCE

TO—2 36

TOSHIBA 2-3F1C

Weight: 0.012g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VDS=0, VGS=±5V _ _ 150 nA

Drain-Source Voltage VDSX VGS=-4V, ID=100M 20 _ _ V

Drain Current idss
(Note)

VDS=10V, vGS=o 1.5 - 14 mA

Gate-Source Cut-off Voltage ^GS(OFF) VDS=10V, ID=100AA - - -2.5 V

Forward Transfer Admittance I^fs" VDS=10V, VGS=0, f=lkHz - 10 - mS

Input Capacitance Ciss VDS=10V, Vgs=0, f=lMHz
- 3.0 - pF

Reverse Transfer Capacitance Crss - 0.035 0.050 PF

Power Gain Gps VDS=10V, VGS=0,

f=100MHz (Fig. 1)

- 28 - dB

Noise Figure NF - 1.7 3.0 dB

Note : Inss Classification

Fig. 1 Gps , NF TEST CIRCUIT

INPUT

1.5 -3.5

R
g=5on

®- iFT—tC3J I

—

v, .fp, \^_^' p, t A

7pF_ OUTPUT

.1*

llOOOp]

'

hi

3.0-7.0

Ll

GR(G) 6.0-14.0

L2

0.047AF

vDD 10V

1.0mm«5 SILVER PLATED COPPER WIRE
4.0T, 8mm«S ID
TAPAT LOT FROM COLD END

l.OmmtfS SILVER PLATED COPPER WIRE
3.0T, 8mm«5 ID, 10mm LENGTH
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2SK302

id - VDS

1 COMMON SOURCE

Ta = 2 5°C

M^\

^gs- L.0 V

1.0

16
/
'

-

I
Q5

8 V
V -0.5

w- -1.0

V-qq { LOW VC UJS REGION )

"0 5 10 15 2

DRAIN—SOURCE VOLTAGE VDS (V)

COMMON
SOURCE

v cTa = 2 5°C
lg=15V

1.0

0.5

1

1

1

-0.5

-1.0
1

2 4 6

DRAIN-SOURCE VOLTAGE VDS CV)

- VGS

24

COMMON SOURCE

VDS-10V

Ta=2 5°C
t

/
/
/ s

*

M.j-2-1 12
GATE - SOURCE VOLTAGE Vos CV)

5 6

J/f; VGS

COMMON
SOURCE

vDS=iov
f=lkHz ,

Ta=2 5t /
V

\
A

8

( t/

Co/ fN7
/

"V

'
4
/

SOURCE VOLTAGE CV)

30
yf S i DSS

COMMON SOURCE
Ta=2 5°C

Idss :vds=iov
Vqs= °

lyfsi :vDS=iov
VQS=
f= lkHz

CO

S

- 10
<H

5

3

•'gs^off: -DSS

3 5 10
DRAIN CURRENT I DSS CmA)

20

COMMON SOURCE
Ta = 2 5°C

Idss :vds=iov
vGS=o

vGSfOPF) : VES=1° V

I D=100^A

3 5

DRAIN CURRENT
10

Idss CmA)
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yts - vDS

COMMON SOURCE

vos = o

f=licHz

Ta = 2 5°C

k a

4 8 12 16
DRAIN-SOURCE VOLTAGE VDS (V)

; s i
C r - VDS

COMMON SOURCE

f=IMHz
Ta= 2 5°C

cise

^'"rse

T

O 4 8 12 16

DRAIN-SOURCE VOLTAGE VDg (V)

3/fs - VDS

V3S-0

f=10 0MHz

Ta= 2 5°C

9,p s

-7^
r

-bfs

4 8 12 16
DRAIN-SOURCE VOLTAGE VDS (V)

o «
U5 w
< Ix,

H <n
M -3
n <
< ir,

m H
<
o H

fn

H K
El W
Hn >
a w

0.1
2 i 8 s > "I'SiJ vas

. COMMOM SOURCE
vDS=iov

" f=lMHz
" Ta = 2 5 °CQ05

ljrss

*"""
C iss

0.01

i-H ca

n ^>
<

0.5

E--

3 U.3

GATE—SOURCE VOLTAGE fV)

.Vis,V c
7 DS

\ Hs

f -__ bos
-v— "1 ~
\ 1

\ COMMON SOURCE
vGS=0
f= 10 MHz

Ta = 2 5°C

\
\
1

\
^X *is

N ^06

4 8
DRAIN-SOURCE VOLTAGE rv)

300
"r s

— V DS

V
COMMON SOURCE

vag=o

f = 10 MHz

Ta=2 5'C
100 \

1
I

\
\

50 V
>

30 —

b

rs

10
4 8 12 16

DRAIN—SOURCE VOLTAGE VDS (V)
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2SK302

10
J^is , J/Ofc - Vqs

COMMON SOURCE
VDS=10V
f-lOOMHz
Ta=2 5°C

5

3

b is

1 t0R

0.5
J

03
-''"

^is

0.1

>"^,

s

*

Q05
7^ 9q

ao3

Ml
-2 -1

GATE—SOURCE VOLTAGE
1

Vqs fv)

-Vrs - VG£

COMMON SOURCE
VDS=10V
f-lOOMHz
Ta-2 5°C

-^TB,

COMMON SOURCE

vDS-iov
- f= 10 MHz

Ta=2 5°C 9f 8

N
V.

s-b f S

X
X
S ^.

GATE—SOURCE VOLTAGE Vr fV)

-10 1

GATE—SOURCE VOLTAGE VQg CV)

10

1

/:; s ,
yos - f

- COMMON SOURCE
'. VDS=10V
- vos=o

Ta=2 5°C

1
H.3>

05 b0£

Q3
°is /

ai

/ '9
9

003

aoi'
30 50 100 300 500

FREQUENCY f (MHz)
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50
.Vf s x

30
COMMON SOURCE

vDs= 10V

9 fs

"" vos-
Ta = i 5'C

5

3

1
-"bfs

0.5

20

H -20

Vrs - f

COMMON SOURCE
/vDS=iov

.
vas=o
Ta = 2 5°C

1

/
>

/

/
*rs /—^

•>

br
>1

30 50 100 300 500 1000

FREQUENCY f (MHz)

30 5 100 300 500

FREQUENCY f (MHz)

S 225

50 100 150

AMBIENT TEMPERATURE Ta CC

)

Marking Type Name
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SILICON N CHANNEL JUNCTION TYPE 2SK330

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VgdS=-50V

. High Input Impedance : IgsS=- 1tiA (Max.) (VGS=-30V)

. Low RdS(ON) : RDS(ON)=320 Q (Typ . ) (IDss=5mA)

. Complementary to 2SJ105

. Small Package

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

SYMBOL

VGDS

IG

RATING

-50

10

UNIT

mA

Unit in mm

4.2 MAX

.

0.5 5 MAX.

I"

1.27 1.27

=Q| Eel ^N~ <
-r s

I to

oj.,

1. SOURCE

2. QATE
Z. DRAIN

J EDEC

EIAJ

Drain Power Dissipation PD

Junction Temperature Tj

Storage Temperature Range Tstg

200 mW

125 Weight : 0.13g

-55-125

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Gate-Source Cut-off Current

Gate-Drain Breakdown Voltage

Drain Current

Gate-Source Cut-off Voltage

Forward Transfer Admittance

Drain-Source ON Resistance

Input Capacitance

Reverse Transfer Capacitance

SYMBOL

IGSS

V(BR)GDS

IDSS
(Note)

VGS(OFF)

lYf<

Rds(on)

Cis

TEST CONDITION

VGS=-30V, VDS=0

vds=o, ig=-ioom

vds=iov, vgs=o

VDS=10V, Id=0.1M

VDS=10V, VGS=0, f=lkHz

VDS=10mV, VGS=0

lDSS=5mA

Vds=10V, VgS=0, f=lMHz

VDG=10V, Id=0, f=lMHz

MIN.

-50

1.2

-0.7

1.5

TYP.

-1.0

320

9.0

2.5

MAX.

14

-6.0

Note : IdSS Classification 1.2 -3.0mA, GR : 2.6- 6. 5mA, BL 6 -14mA

UNIT

nA

V

mA

mS

PF

P F
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2SK330

STATIC CHARACTERISTIC T-D - V GS

6

COMMON SOURCE

» a

K
« P
D M
o
a
i—

i

<

Q

vos =0V

vos = ov,

r
-Q5 ,

A ' 2

'

—

1

-1.0 ,Ji
// /

&<$>

'

-2.0
,-4-2 2 4 6

GATE-SOURCE DRAIN-SOURCE VOLTAGE
VOLTAGE Vog (V) V DS (V)

J D - V DS ( L0W VOLTAGE REGION)

COMMON SOURCE

Ta=25°C

1

^ --" VQ£ = -0. 2 V

//
S -~~-

-0.4

,^- -Q6 -

J& -0.8

/
x" -1.0

r. " -1.2

(/P . -1.4 -K^
P" 12 3 4 5

DRAIN-SOURCE VOLTAGE VDS (V)

- VDS

COMMON SOURCE "

VQ-S = o

f=lMHz
Ta= 25°C

0.5 1 3 10 30

DRAIN-SOURCE VOLTAGE VDS (V)

COMMON SOURCE

VDS -10V
Ta= 25°C

vl

-3 -2 -1

GATE-SOURCE VOLTAGE Vos (V)

6

IYfs l
- I D

COMMON SOURCE

VDS = 10V
f = 1 kHz

Ta= 2 5°C
4 o^.,

3.0
i-pe

2

1.5 .

n
2 4 6

DRAIN CURRENT ID ( mA

)

c rss — VGD
30

ft
W CD

5
a CO

< U
K o r

<H
H
CO
K
H
H 1

« -

COMMON SOURCE

ID =0
f= 1MHz

Ta=25°C

-05 -1 -3 -10 -30

GATE-DRAIN VOLTAGE VQD (V)
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2SK330

id 'DS 'OS
1.0

COMMON
SOURCE

1*
O 1

# /
' ,*

Ta=25°C A
J

^^ .<b

-2.0

-2.5

|

Ql 0.2 G3 Q4 Q5
DRAIN-SOURCE VOLTAGE VDS (V)

nm
Rds( ON ) " !DSS

son

snn
COMMON SOURCE

Jdss : vds-iov
Vqs-o

100

RDS(ON

Ta = 25

)
: v

i

v
c

"C

)8 —

}S
=

i-

lOraV

100 p

10p

5p

3 10

DRAIN CURRENT IDSS ( mA

)

lOSS ~ Ta

- VGS = -30V

vDs = o

20 40 60

AMBIENT TEMPERATURE

COMMON SOURCE
VDS =10V t//

**/
0,0.

r v^ 2 tl

-2.0 -1.6 -1.2 -0.8 -0.4

GATE-SOURCE VOLTAGE VQg (V)

RDS(ON) - Ta

5 500

«g 300

S3
o -^

H o 100
o ^
PS CO

D R 50O ft;

°? 30

IDSS == 1.45 mA

5.7

common source:

vDS=10mV
Vno-n

-20 20 40 60 80 100

AMBIENT TEMPERATURE Ta (°C)

LGSX - VDS

E loop

10 p

IP;

: COMMON SOURCE

Ta = 25°C

iqsXt
r vds :

, A

<*>

—i— i . _ j

Ta CO
10 20 30 40 50

DRAIN -SOURCE VOLTAGE VDS (V)
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2SK330

Yf s Jdss

COMMON SOURCE
I DBS : Vds = 1»V

vos = o

- l^fs' : VDS =107

f= 1kHz
^^

5
T a = 25°C ^

3

1

a co
o c5
K >

Vqs (OFF )
— IDS3

20

COMMON SOURCE

IDSS : vDS =iov
- vos =o
'- v QS(0PH') : VDS= 10V

Ij3 = 0.1/iA

" Ta=25°C-5

-3

-1

3 10

DRAIN CURRENT IDSS ( mA

)

3 10

DRAIN CURRENT I Dgg (mA)

PD -- Ta
400

300

1

P
Pm

100

n
50 100 150 200

AMBIENT TEMPERATURE Ta CO
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SILICON N CHANNEL JUNCTION TYPE 2SK362

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES:

. High Breakdown Voltage : VgdS=-50V

. High Input Impedance

: lGSS=-l-0t»A (Max.) (Vgs="30V)

. Low RdS(ON) : RdS(ON)=80Q (Typ . ) (IDSS=5mA)

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

L stg

RATING

-50

10

300

125

-55~125

UNIT

mA

mW

Unit in mm

0.5 5 MAX.II

1. DRAIN
2. GATE
3. SOURCE

JEDEC

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Note 1 : IDss Classification Y : 1.2-3.0, GR : 2.6-6.5,

2 : Condition of the typical value I^ss^mA

BL 6-14

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDs=0, Ig=-100^A -50 - - V

Drain Current IDSS
(Note 1)

vDs=iov, vGs=o 1.2 - 14 mA

Gate-Source Cut-off Voltage Vgs(off) vds=iov, Id=0.1M -0.25 - -1.5 V

Forward Transfer Admittance lYfs l

VDS=10V, VGS=0, f=lkHz

(Note 2)

5.0 19 - mS

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 13 - PF

Reverse Transfer Capacitance ^rss VDG=10V, ID=0, f=lMHz - 3 - PF

Drain-Source ON Resistance RDS(ON) VDS=10mV,VGS= (Note 2) - 80 - Q
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2SK362

i]D -- vDS

COMMON SOURCE
T a = 25°C

1 1 1

Vn.Q =OV
1

y
3

j~
-ai

1

o -02

1

-?~

-0.3

-0 4

1

ID- VDS (LOW VOLTAGE REGION)
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SILICON N CHANNEL JUNCTION TYPE 2SK363

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VgdS=_40V

. High Input Impedance

: lGSS=~1.0nA (Max.) (VGS=-30V)

. Low RdS(ON)

: RDS(ON) =20Q(Typ.) (IDSS=15mA)

. Complementary to 2SJ110

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Gate Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

?D

stg

RATING

-40

10

400

125

-55-125

UNIT

mA

mW

(145

0.5 5 MAX.IflFF?
0.4 5

1. DRAIN
2. GATE
3. SOURCE

JEDEC

TOSHIBA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note 1 : IdSS Classification

2 : Condition of the typi

GR : 5.0-10.0, BL : 8.0-16.0, V

cal value lDSS=15mA

14.0-30.0

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=-ioom -40 - - V

Drain Current IDSS
(Note 1)

vDs=iov, vGs=o 5.0 - 30 mA

Gate-Source Cut-off Voltage vGS(0FF) VDS=10V, Id=0.L"A -0.3 - -1.2 V

Forward Transfer Admittance lYfsl
vds=iov, vGs=o

f=lkHz (Note 2)
25 60 - mS

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 75 - pF

Reverse Transfer Capacitance Crss Vdg=10V, Id=0, f=lMHz - 15 - pF

Drain-Source ON Resistance Rds(on) VDs=10mV, Vgs=0 (Note 2] - 20 - Q
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SILICON N CHANNEL JUNCTION TYPE 2SK364

FOR AUDIO AMPLIFIER, ANALOG SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VGDS=_40V

. High Input Impedance

: lGSS=~1.0nA (Max.) (VGS=-30V)

. Low RdS(ON) : RDS(ON)=50 O (Typ . ) (IDSS=5mA)

. Complementary to 2SJ104

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

L stg

RATING

-40

10

400

125

-55~125

UNIT

mA

mW

1. DRAIN

2. GATE
3. SOURCE

TOSH1 BA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

Note 1 : IDss Classification GR : 2.6-6.5, BL

2 : Condition of the typical value lDSS=5mA

6-12, 10-20

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS Vds=o» Ig="100aA -40 - - V

Drain Current
Idss
(Note 1)

vds=iov, vGs=o 2.6 - 20 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, Id=0.1aA -0.2 - -1.5 V

Forward Transfer Admittance lYfsl
VDS=10V, VGS=0, f=lkHz

(Note 2)
12 28 - mS

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 30 - pF

Reverse Transfer Capacitance Crss VDG=10V, Id=0, f=lMHz - 6 - pF

Drain-Source ON Resistance Rds(on) VDS=10mA,VGs= (Note 2) - 50 - a
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SILICON N CHANNEL JUNCTION TYPE 2SK365

FOR AUDIO AMPLIFIER, ANALOG-SWITCH, CONSTANT CURRENT

AND IMPEDANCE COfiVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : Vqds=-50V

. High Input Impedance : IgSS=_1 • OnA(Max. ) (Vgs=_30v )

. Low RdS(ON) : RdS(ON)=80Q (Typ.) (IDSS=5mA)

. Small Package

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

-50

10

200

125

-55~125

UNIT

V

mA

mW

Unit in mm

4.2 MAX.

0.55MAX,

1.27 1.27

alf g^g—»(n-

25°

_c^

1. DRAIN

2. GATE
3. SOURCE

J EDEC

El A J

TOSHIBA 2-4E1C

Weight : 0.1 3g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Gate-Source Cut-off Current

Gate-Drain Breakdown Voltage

Drain Current

Gate-Source Cut-off Voltage

Forward Transfer Admittance

Input Capacitance

Reverse Transfer Capacitance

Drain-Source ON Resistance

SYMBOL

IGSS

V(BR)GDS

IDSS
(Note 1)

VGS(OFF)

lYfsl

Cis;

Rds(on)

TEST CONDITION

VGS=-30V, VDS=0

VdS=0, Ig=-100aA

vds=iov, vGs=o

VDs=10V, Id=0.1M

vDS=iov, vGs=o
f=lkHz (Note 2)

VDS=10V, VGS=0, f=lMHz

VDG=10V, ID=0, f=lMHz

VDs=10mV,VGs=0 (Note 2)

MIN.

-50

1.2

-0.25

5.0

TYP

19

13

80

MAX.

-1.0

14

-1.5

Note 1 : IdSS Classification Y : 1.2- 3.0mA, GR

2 : Condition of the typical value InsS=5mA

2.6- 6.5mA, BL 6 ~14mA

UNIT

nA

V

mA

V

mS

pF

PF
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SILICON N CHANNEL JUNCTION TYPE 2SK366

FOR AUDIO AMPLIFIER, ANALOG-SWITCH, CONSTANT CURRENT

AND IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Voltage : VGDS=-40V

. High Input Impedance : IgsS=~1 • OnA(Max. ) (Vgs=~30V)

. Low RDS(ON) : RDS (ON)=50Q(Typ . ) (I DS s=5mA)

. Small Package

. Complementary to 2SJ107.

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -40 V

Gate Current IG 10 mA

Drain Power Dissipation PD 200 mW

Junction Temperature Tj 125 °C

Storage Temperature Range Tstg -55-125 °C

Unit in mm

25°
1. DRA I N

2. QATE
a SOURCE

TOSHIBA

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS vds=o, Ic=-100AA -40 - - V

Drain Current
IDSS
(Note 1)

vds=iov, vGs=o 2.6 - 20 mA

Gate-Source Cut-off Voltage VGS(OFF) vds=iov, In=0.L«A -0.2 - -1.5 V

Forward Transfer Admittance lY fs l

vDs=iov, vGs=o,
f=lkHz (Note 2)

12 28 - mS

Input Capacitance Ciss Vds=10V, VGS=0, f=lMHz - 30 - pF

Reverse Transfer Capacitance Crss Vdg=10V, Id=0, f=lMHz - 6 - pF

Drain-Source ON Resistance Rds(on) VDS=10mV, Vgs=0 (Note 2) 50 - Q

Note 1 : IDSS Classification GR : 2. 6 ~ 6.5mA, BL : 6 ~ 12mA, V :
10 ~ 20mA

2 : Condition of the typical value lDSS=5mA
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SILICON N CHANNEL JUNCTION TYPE 2SK367

FOR AUDIO, HIGH VOLTAGE AMPLIFIER AND CONSTANT

CURRENT APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VgdS=_1°OV (Min.)

. High Input Impedance : lGSS=-l- OnA(Max. ) (Vgs=~80V)

. Small Package

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

•stg

RATING

-100

10

200

125

-55~125

UNIT

mA

mW

Unit in mm

0.55 MAX.

1

n

1.2 7 1.27

"

gpl fffo ftCT-

25°

Z
1. SOURCE

2. QATE
a DRAIN

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=_80V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS Vds=0 > ig=-iooaa -100 - - V

Drain Current IDSS
(Note)

vds=iov, vGS=o 0.6 - 6.5 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, Id=0.L«A -0.4 - -3.5 V

Forward Transfer Admittance lYfsl VDs=10V, Vgs=0, f=lkHz 1.5 4.6 - mS

Input Capacitance Ciss VDs=10V, VGS=0, f=lMHz - 13 - pF

Reverse Transfer Capacitance Crss VDs=10V, lD=0, f=lMHz - 3 - pF

Noise Figure NF
VDS=10V, vGS=o

Rg=100kQ, f=100Hz
- 0.5 - dB

Note : IDSS Classification O : 0.6 ~1. 4, 1.2-3.0, GR 2.6-6.5
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2SK367

J D - VDS (LOW VOLTAGE REGION)
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2SK368 SILICON N CHANNEL JUNCTION TYPE

AUDIO FREQUENCY AND HIGH VOLTAGE AMPLIFIER APPLICATIONS.

CONSTANT CURRENT APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VgdS=_100v (Min -)

. High Input Impedance

: lGSS=-l-OnA (Max.) (VGS=-80V)

. Small Package

Unit in mm

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Gate Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Tstg

RATING

-100

10

150

125

-55-125

UNIT

+ 0.5
2.5-0.3

+ 0.25
1.5—a 1 5

EE-

€E-

Hi

HO
CicS

+ 1

+ 1ULLEJ
<0

— c

+ 1

mA

mW

1. DRAIN
2. OATE
3. SOURCE

T0-236M0D

Weight : 0.012g

Marking

*m
Type Name

IDSS Rank

ELECTRICAL CHARACTERISTICS (Ta =25
U
C)

i_i

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current IGSS VGS=-80V, VDS=0
- - -1.0 nA

Gate Drain Breakdown Voltage V(BR)GDS VDs=0, Ig=-100M -100 - - V

Drain Current
IDSS

(Note)
vDS=iov, vGs=o 0.6 - 6.5 mA

Gate-Source Cut-off Voltage VGS(OFF) VdS=10V, ID=0.1/iA -0.4 - -3.5 V

Forward Transfer Admittance lYf s |
Vds=10V, VGS=0, f=lkHz 1.5 4.6 - mS

Input Capacitance Ciss VdS=10V, Vgs=0, f=lMHz - 13 - PF

Reverse Transfer Capacitance Crss VDS=10V, Id=0, f=lMHz - 3 - pF

Noise Figure NF vDs=iov, vGs=o

Rg=100kn, f=100Hz

- 0.5 - dB

Note : IDSS Classification 0.6- 1.4mA, Y : 1.2 -3.0mA, GR(G) : 2. 6 -6. 5mA
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2SK368

- vDS asx v D s

COMMON snrTRCR

- vgs -0

Hi o

00 M
V. O
W <
> Fh
H <
K o

3n

In

300 p

^100p

m 30 p
CQ

H 10 P

3p

IP

3 10

DRAIN-SOURCE VOLTAGE

OD

30

VDS (V)

COMMON SOURCE

I D =0
f = IMHz
Ta = 25°C

-1 -3 -10 -30 -100

GATE-DRAIN VOLTAGE VQD (V)

I OS: - Ta

VGS = "80V

vDs-o

40 80 120 160

AMBIENT TEMPERATURE Ta (°C)

NF _ f

COMMON SOURCE

VDS = 10V

Ip = lmA
Ta=2 5°C

1 Mill 1 1

il
e
— 5UUIJ

lkXl

10 kfl

100 300

FREQUENCY
Ik

f (Hz)

100 n

< 30n

IX
r± 10 n

h 3n

lOOp

30 p

10p

3p

!pfe

0.3p

: COMMON EMITTER

Ta = 25°C

!0SX
i

r-

4r

7ds;

(a)

777 T.7 >

10 20 30 40 50 60

DRAIN-SOURCE VOLTAGE VDS (V)

NF - R„

1 1

1

COMMON SOURCE

D

\ w

\ ^c
1

II

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

SIGNAL SOURCE RESISTANCE R_ (ft)

200
PD - Ta

150

100

20 40 60 80 100 120

AMBIENT TEMPERATURE Ta (°C)

-772



SILICON N CHANNEL JUNCTION TYPE 2SK369

FOR LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES:
. Suitable for Use as First Stage for Equalizer and

MC Head Amplifiers.

. High lYfsl

: lYf s | =40mS(Typ.)(VDS=10V,VGS=0,lDSS=5niA)
. High Breakdown Voltage : VGDS=-40V(Min.

)

. Super Low Noise : NF=1 . OdB(Typ.

)

(Vds=10V, lD=5mA, f=lkHz, Rg=100O)

. High Input Impedance : lGSS=_lnA (Max - )

(

VDG= 30V)

MAX I riUf1 RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

L stg

RATING

-40

10

400

125

-55-125

UNIT

5.1 MAX.

mA

mW

1. DRAIN

2. GATE
a SOURCE

JEDEC TO-92

EI A J 8C-43

TOSHIBA 2 - 5 «" 1 1)

ELECTRICAL CHARACTERISTICS (Ta =25°C)
Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0
- - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, Ig=-100M -40 - - V

Drain Current
IDSS

(Note 1)
VDS=10V, vGs=o 5.0 - 30 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=10V, ID=0.1M -0.3 - -1.2 V

Forward Transfer Admittance lYfsl
vDS=iov, vGs=o,

f=lkHz (lDSS=5mA )

25 40 - mS

Input Capacitance Ciss VDS=10V, Vgs=0, f=lMHz - 75 - pF

Reverse Transfer Capacitance Crss VDG=10V, Id=0, f=lMHz - 15 - pF

Noise Figure (Note 2)

NF(1)
VDs=10v » Rg=100Q

ID=5mA, f=100Hz

- 5 10

dB

NF(2)
VDs=10V, Rg=100Q

ID=5mA, f=lkHz
- 1 2

Note 1 : IDSS Classification GR : 5. 0-10. 0mA, BL : 8. 0-16. 0mA, V : 14. 0-30. 0mA

2 : Use this in the low voltage region (VDS <15V) for low noise applications.
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SILICON N CHANNEL JUNCTION TYPE 2SK370

FOR LOW NOISE AUDIO AMPLIFIER APPLICATIONS.

FEATURES

:

. Suitable for Use as First Stage for Equalizer and
MC Head Amplifiers.

. High lYf s | : |Yfsl=22mS (Typ.)
(VDS=10V, VGS=0, IDSS=3mA)

. High Breakdown Voltage : Vgds=-40v

. Super Low Noise : En=0.95nVA/Bz (Typ.)
(VDS=10V, ID=lmA, f=lkHz)

. High Input Impedance : lGSS=- lnA (Max.) (Vdg=30V)

. Complementary to 2SJ108

. Small Package

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

[ stg

RATING

-40

10

200

125

-55-125

UNIT

V

mA

mW

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

4.2 MAX.
; -

<
2
CN?

i j M
.-~l

M 1

0.4

00

cS
2

H

''

m
1.27 1.27 oi

-,

'

f^Hrh^

U
1. DRAIN

2. GATE
3. SOURCE

JEDEC

EIA.T

TOSHIBA 2-4E1G
Weight : 0.13g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V (BR)GDS Vds=o, ig=-ioo^a -40 - - V

Drain Current XDSS
(Note)

vds=iov, vGS=o 2.6 - 20 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, Id=0.1aA -0.2 - -1.5 V

Forward Transfer Admittance lYfsl
VDS=10V, VGS=0, f=lkHz,

lDSS=3mA
8 22 - mS

Input Capacitance Ciss VDS=10V, VGs=0, f=lMHz - 30 -
PF

Reverse Transfer Capacitance Crss VDG=10V, ID=0, f=lMHz - 6 -
PF

Noise Figure

NF(1)
VDS=10V, ID=1.0mA,

R
g
=lkQ , f=10Hz

- 1.0 10

dB

NF(2)
VDS=10V, ID=1.0mA,

Rg=lkQ , f=lkHz
- 0.5 2

Note IDSS Classification GR : 2. 6-6. 5mA, BL : 6.0~12mA, V : 10~20mA
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2SK370

STATIC CHARACTERISTICS J D - VDS ( L0W VOLTAGE REGION)
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SILICON N CHANNEL JUNCTION TYPE 2SK371

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.13g

FOR LOW NOISE AUDIO AMPLIFIER APPLICATIONS.
Unit in mm

FEATURES

:

0.55 MAX

4.2 MAX

.

• Suitable for Use as First Stage for Equalizer and

MC Head Amplifiers.

. High |Yfs |

i

l

I

X
<
2

c6

: |Yf s l =40mS(Typ.) (VDS=10V, Vgs=0, lDSS=5mA)

IT
|j

•

M
s

d

1

. High Breakdown Voltage : Vgds =~40V

. Super Low Noise : NF=1 . OdB(Typ
.

)

(VDS=10V, ID=5mA, f=lkHz, R
g=100O)

CO

. High Input Impedance : lGSS ="lnA(Max. ) (Vdg=30V)

. Small Package

%
1.27 1.27

lO

a
c5

to

. .{. .

r

<
SMAXIMUM RATINGS (Ta=25°CA \ 1 2 r

CHARACTERISTIC SYMBOL RATING UNIT «-•X

DRAIN

JATE

30URCI

Gate-Drain Voltage vgds -40 V
25"

1. ]

2. C

3. £

Gate Current IG 10 mA

Drain Power Dissipation Pd 200 mW JEDEC -

Junction Temperature T
j 125

u
c EIAJ -

Storage Temperature Range Tstg -55-125 °C TOSHIBA 2-4E1C

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current !GSS VGS=-30V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=o, ig=-ioom -40 - - V

Drain Current !dSS
(Note 1)

vDs=iov, vGs=o 5.0 - 30 mA

Gate-Source Cut-off Voltage vGS(0FF) VDS=10V, ID=0.1M -0.3 - -1.2 V

Forward Transfer Admittance lYf s l

VDS=10V, VGS=0, f=lkHz

(TYP:IDSS=5mA)
25 40 - mS

Input Capacitance Ciss VDs=10V, VGS=0, f=lMHz - 75 -
PF

Reverse Transfer Capacitance Crss Vdg=10V, Id=0, f=lMHz - 15 - pF

Noise Figure

NF(1)
VDS=10V, Rg=100Q

lD=5mA, f=100Hz
- 5 10

dB

NF(2)
Vds=10V, Rg=100Q

lD=5mA, f=lkHz
- 1 2

Note 1 : IDss Classification GR : 5. 0-10. 0mA, BL : 8.0 -16.0mA, V : 14.0 -30.0mA

2 : Use this in the low voltage region (Vns <15V) for low noise applications.
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2SK371

STAT IC nHARACTERIST IC

H "lO

COMMON SOURCE

Ta = 2 5°C Vas - .

«
o
aM
<

nl
-aos "

la
-G10P J

4
1 1

_UiO
i

oV

2
-0.2

*\V
7"

A3 -0.25

f
S~~ £ 1 1s 1 1

-0.4 -a 2

GATE-SOURCE
VOLTAGE

10 20 30 40

DRAIN-SOURCE VOLTAGE
vDs Cv;

Id - Vos

COMMON SOURCE
VDS = 10V
Ta = 2 5°C

\§

H 1 Oil \rt/

c

/ /

12 *

<.<?

id - v^3S (LOW VOLTAGE RE31 ON)

COMMON SOURCE

Ta-2 5°C
in vos = o

R _/_
^

-0.0 5L
^
^ 1 1

-0.10

4

1 1

-0.15

?.

P" -0.2

P
53

,-0.30 -025
; z_
1

2 4 6 8 10 12 14

DRAIN-SOURCE VOLTAGE VDS (V)

^n
f s i D

t*.

14 6 ias

fin

V o

fsn r

<o
tf

J

40 <?A

sji

30

?n COMMON SOURCE

VDS = 10V
f = 1 kHzin

n

-1.0 -a 8 -G6 -0.4= -0 2

GATE-SOURCE VOLTAGE VQg

4 8 12 16 20 24 28 32

DRAIN CURRENT ID (mA}

<; ra

E
« ^-

rod

! Y f s - Idss

" COMMON SOURCE
" X DSS VDS- 10V

vos = o

l^fs! : vDS =iov
v s=o
f-lkHz

- Ta = 2 5°C

300

ino

50

.V)

3 10

DRAIN CURRENT
30

[ DSS ( raA )

g -5,0
V(JS( OFF) - I DSS

O
^-3.0

- COMMON SOURCE
_
Idss : vDS =iov

VGS = °

vGS(OFP; •'
VDS =10V
ij) = aiAA

Ta - 25°C

O ""

H w -1.0

K *
O
T 05
H

rt -0.3

DRAIN CURRENT

30

IDSS (roA)
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2SK371

Vds

1 COMMON SOURCE
<
n
O
<
< -',

f = 1MHz
Ta = 2 5°C

« ..

k-
ro

« 2

H
CO
«
>
Kl

3

DRlVIN

1

-SOURC

2

E V DL1 ACJE V

13

ds i'v.;

30

E n - Id

COMMON SOURCE

vDS =iov
f = 1 kHz

1 a = 25°C

1

J

DRAIN CURRENT

30

mA)

ft

NF — vDs

COMMON SOURCE .

lD=3.0mA

Rg =100i2

Ta=25°C

s

/i

3
f = 10.Hz

?

120

1
1

1

1 k

10 20 30 40 50 60

DRAIN-SOURCE VOLTAGE Vds (V)

LOO
rss V D

COMMON SOURCE -

ID =0
f = 1 MHz
Ta = 25"C

50

30

10

«i

j
- 1 -3 -10 -^50

QATE-DRAIN VOLTAOE Vqd (V)

R
NF -- id

COMMON SOURCE

P,

vDS = iov

Rg = 100X2

Ta = 25 °C

4

\ f = 10 Hz

? \ 1

120<^
I

\^ Ik

2 4 6 8

DRAIN CURRENT ID (mA)

100 Ik 10k 100k

SIGNAL SOURCE RESISTANCE Rg (fl)
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2SK371

NT" — f

1 COMMON SOURCE

VDS = 1 V

I p = 3. m A
8

6

Ta~ 25°C

I

^?
J

2
^x^'o

<^£c

n _Li
LOO Ik 10 k

FREQUENCY f i Hz

^D " a

/|ni

300

200

.1

r as x - vD g

• COMMON SOURCE

- Ta = 25°C
^

5<<fCs*Q
-

inn

In

loop

J-G-SX J 1

vssI0p l'-r
A

J-P

4 8 12 16 20 24

DRAIN-SOURCE VOLTAUE VDS (v;

25 50 75 100 125 150 175

AMBIENT TEMPERATURE Ta ;'C'i
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SILICON N CHANNEL JUNCTION TYPE 2SK372

FOR AUDIO AMPLIFIER, ANALOG-SWITCH,

CONSTANT CURRENT AMD IMPEDANCE CONVERTER APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : Vg])g=-40V

. High Input Impedance : lGSS=_ l • OnA(Max. ) (Vgs=-30V)

. Low RDS (ON) : RDS(ON)=20Q (Typ.) (IDS s=15mA)

. Small Package

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC SYMBOL RATING UNIT

Gate-Drain Voltage VGDS -40 V

Gate Current IG 10 mA

Drain Power Dissipation Pd 200 mW

Junction Temperature T
J

125 °C

Storage Temperature Range Tstg -55-125 °C

Unit in mm

4.2 MAX

.

1. DRAIN
2. GATE
a SOURCE

TOSHIBA

Weight : 0.13g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, Vds=0
- - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS vds=°> ig=-ioom -40 - - V

Drain Current
Idss
(Note 1)

vds=iov, vgs=o 5.0 - 30 mA

Gate-Source Cut-off Voltage VGS(OFF) VDs=10V, Id=0.1aA -0.3 - -1.2 V

Forward Transfer Admittance lYfsl
VDS=10V, VGS=0, f=lkHz

(Note 2)
25 60 - mS

Input Capacitance Ciss VDs=10V, Vgs=0, f=lMHz - 75 - pF

Reverse Transfer Capacitance Crss Vdg=10V, Id=0, f=lMHz - 15 - pF

Drain-Source ON Resistance RDS(ON) VDS=10mV, VgS=0 (Note 2] 20 - a

Note 1 : IDss Classification GR : 5.0 -10.0mA, BL : 8.0~16.0mA,

2 : Condition of the typical value Ii)SS=15mA

14. 0-30. 0mA
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2SK372

id - vD s

12
COMMON SOURCE

Ta = 25°C

V,3S = ov
.

1

-0.05

1

-aio

-0.15

^~ -a 20

S~' ,-aso -0.25

*
1

i
1

4 8 12

DRAIN-SOURCE VOLTAGE VDS (V)

I B - VQS

COMMON SOURCE

VDS =10V

Ta= 25°C

s/ * /

c

°3 1 /ft
1 1 1^1

)/ f vsr

J_ <nj

5 y^y *

500

300

"0.8 -a 6 -a4 -02 o

GATE-SOURCE VOLTAGE VQS (V)

1Yfs'
_ I DSS

COMMON b'UUKOE

" I DSS : VDS = 10V

Vqs = o

lYfB l : VDS =10V
vQS = o

f=lkHz
" Ta=25°C

id - vDS , LOW VOLTAGE REQT ON)

8

6

4

2

COMMON SOURCE

Ta=25°C

VGS- ov

e
-aos

w

Z -a 10

-a 15
1

—

O

1-4

K
-020

M

ta >
o *-•

H -»

» ta
O Ik

(

)

lx|

(> m
« o
3 >

ai 02 03 0.4 G5
DRAIN-SOURCE VOLTAGE VDS (V)

T „ (TEMPERATURE
J-D- V QS DEPENDENCY)

-Q5 -G5 -G4 -0.3 -0.2 -a.l

GATE-SOURCE VOLTAGE VQS (V)

vG S(OFF) I DSS

" COMMON SOURCE

T DSS :VDS = 10V

"%c,=

^GS(OFK): VDS = 10 V

I D=aiAA
- Ta = 25°C

-3

-1

as

a 3

DRAIN CURRENT (mA) DRAIN CURRENT (mA)
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2SK372

500

c iss 7DS

COMMON SOURCE "

''OS =°

100

T a-= 2 5"C

50

r-fi

100

c rse - VGD

0.3 1 3 .10 30

DRAIN-SOURCE VOLTAGE VDS (V)

Yfs 1 -- I D
w 80
a |

1

25.3
—

— 70
CO

ft

~~ 60
\

V>
*>

o
< 50
E-i

E-i

S 40

o«

^

. V^
1 30
CO

<
K 2D
E-i

COMMON SOURCE

VDS =10V
f^lkHz

FORWARD

o

o

T a =

_j
at C

DRAIN CURRENT I D ( mA

)

Rd 3(cn) - Idss

common source

Idss : vds -iov
vGS =

RDS(0N) : VDg = 10mV

Vqs =
Ta = 25'C

50

o
CO
p

in

< 50
Ph

<
o -^

« P.
M

H —
fc
CO 03

a m
< t-

« o

COMMON SOURCE '.

ID =
f=lMHz

Ta-=25°C

-a3 -1 -3 -10

GATE-DRAIN VOLTAGE VaD (V)

I QSX - VDS

lOOp

10 p

IP

aip

: COMMOh SOURCE

. Ta=25°C ^t^
s.^^x^^

I GSX J\

^vDSr

4 8 12 16 20 24 28

DRAIN-SOURCE VOLTAGE VDS (V)

10

DRAIN CURRENT (mA)
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2SK372

G

R DS(ON) - Ta

50

COMMON SOURCE

VDS =10mV

30
^DSS = 5.8mA

11.2

20

15

23•.6

I QSS — Ta

COMMON SOURCE

.
VOS = -30V

:
vDS -o

lOOp

10 p

lp

-15 15 45 75

AMBIENT TEMPERATURE Ta ( "C )

20 40 60

AMBIENT TEMPERATURE

80 100 120

Ta CO

f D ~- T a

luo

50

n
25 50 75 100 125

AMBIENT TEMPERATURE Ta CO
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SILICON N CHANNEL JUNCTION TYPE 2SK373

FOR AUDIO, HIGH VOLTAGE AMPLIFIER AND CONSTANT

CURRENT APPLICATIONS.

FEATURES

:

. High Breakdown Voltage : VGDS=-100V (Min.)

. High Input Impedance : IgsS=-1 • OnA(Max. ) (VGs=-80V)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

Lstg

RATING

-100

10

400

125

-55~125

UNIT

mA

mW

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Unit in mm

1. SOURCE
2. GATE-

3. DRAIN

JEDEC TO-92

EIAJ SC-43

TOSHI BA 2-5P1C

Weight : 0.21g

Note : Iqss Classification 0.6 -1.4, 1.2-3.0, GR : 2.6-6.5

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-80V, VDS=0 - - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS Vds=o, ig=-iooaa -100 - - V

Drain Current idss
(Note)

vds=iov, vGs=o 0.6 - 6.5 mA

Gate-Source Cut-off Voltage VGS(OFF) VDS=10V, Id=0.L«A -0.4 _ -3.5 V

Forward Transfer Admittance lYfsl VDS=10V, Vgs=0, f=lkHz 1.5 4.6 - mS

Input Capacitance Ciss VDs=10V, Vgs=0, f=lMHz - 13 - pF

Reverse Transfer Capacitance Crss VDS=10V, ID=0, f=lMHz - 3 -
PF

Noise Figure NF
VDS=10V, vGS=o

Rg=100kQ, f=100Hz
- 0.5 - dB
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id — Vds

COMMON SOURCE

Ta = 2 5°C

VGS = u

5*

4 -a 2

i

3
-0.4

f
1 1

-ae
r

-as

-1.0
r~ -1.2

n i i

I D - VDS (LOW VOLTAGE REGION)

10 20 30 40 50 60 70

DRAIN-SOURCE VOLTAGE Vpg (V)

—

1

1—

I

1

COMMON S.OTTP rw
vas = o

Ta = 2 5'C

| |

-G.2

-0.4

—i—r—

-0.6

-0.8

-1.0

-1.2
1 112 3 4 5 6

DRAIN-SOURCE VOLTAGE VD3 (v)

id - Vqs

COMMON SOURCE

VDg=10V

•Cj

1/V

w// /

^//

50

V f S ' - I DSS

' COMMON SOURCE
idss : vDS =iov

vas =o
|Yfs ! : vDS =iov

vas =o
f = 1kHz

- Ta = 25°C

30

B
1U

~i 5

>H 3

1

0.5
-3.2 -2.4 -1.6 -G8

GATE-SOURCE VOLTAGE Vos (V)
0.3 1 3 10

DRAIN CURRENT I DSS (mA)

K O

30
^QS(OFF) — !dSS

. COMMON SOURCE

x dss : vDS =iov

;
vgs-o

;
vgsCoff): vDS = iov

i D = aiAA
. Ta = 2 5°C

in

T

1

3

5000

3000

H Q 1000

fDs(oN) - Idss

«

8 300

COMMON SOURCE

rDss : VDS = 10V

..
RD£

VOS =0

(ON): VDS =10mV
vGS =o :

"' Ta == 25°C

DRAIN CURRENT (mA)

0,3 1 3 10

DRAIN CURRENT IDSS (mA)
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2SK373

100

50

<» 30
CO

•H
o

'iss
_ VDS

p<

. C0MJ/0N SOIIFCR

. VG8 ==

f - 1MH?

25 °C

CO

< a
a; o

CO M
« o
w <
> 0,

H <
« O

ralOOp

:oP

Ip.

3 10 30 . 100

DRAIN-SOURCE VOLTAGE VDS (V;

C rss — V0D

I COMMON SOURCE

: lD=0
. f — 1 MHz

. Ta = 2 5°C

--3 -10 -30 -100

GATE-DRAIN VOLTAGE VaD (V.)

I QSS - Ta

VOS =-80V

—

20 40 60 80 100 120 140 160 180

AMBIENT TEMPERATURE Ta CC)

NF - f

COMMON SOURCE

VDS = 1 V

I j)-- 1mA

Ta = 2 5'C

nun
i

i

ef.„— o uun
Tn

ika•3—
1

10kXl

100 300

FREQUENCY

Ik 3k

f (Hz)

lOOn
[GSX VDS

COMMON SOURCE

lOn

In

lOOp

-3SXJIGp
IAI'BS

Ov

10 20 30 40 50 60 70 i

DRAIN-SOURCE VOLTAGE VDg (V ;

NF - R„
III

COMMON SOURCE

VDS =10V
Iq= 1mA

Ta = 2 5°C

L\\

~\ o.

100 300 Ik 3k 10k 30k 100k 300k

SIGNAL SOURCE RESISTANCE RH {&)

500
PD — Ta

400

% 300

P
^ 200

100

n
20 40 60 80 100 120 140

AMBIENT TEMPERATURE Ta (°C)
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2SK389 SILICON MONOLITHIC N CHANNEL JUNCTION TYPE

LOU NOISE AUDIO AND DIFFERENTIAL AMPLIFIER

APPLICATIONS.

FEATURES

:

. 1 Chip Dual Type.

. Recommended for First Differential Stages of
DC Amplifiers.

. Very High |Y fs ] : lYf s l =20mS(Typ.)
(VDS=10V,VGs=0,f=lkHz,IDSS=3mA)

. Good Pair Characteristics
: I VGS1-VGS2 1 =20mV(Max.)(VDS=10V, lD=lmA)

. High Breakdown Voltage : VGDS=_50V(Min.

)

. Very Low Noise : NF=0. 5dB(Typ .

)

(VDS=10V,

I

D=lmA,

R

g=lkQ,
f=lkHz)

. High Input Impedance : IGSS=-1 • OnA(Max.

)

(Vgd=-30V)
. Complementary to 2SJ109

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VGDS

IG

PD

-stg

RATING

-50

10

200

125

-55-125

UNIT

mA

mW/UNIT

12 3 4 5 6 7

1. DRAIN 1

2. GATE 1

a SOURCE 1

4. SUBSTRATE

5. SOURCE 2

fi GATE 2

7. DRAIN 2

J EDEC

Note : IdsS Classification GR : 2.6~6.5mA, BL 12mA, V : 10~20mA

ELECTRICAL CHARACTERISTICS (Ta=25°C) Weight : 0. 37g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate-Source Cut-off Current IGSS VGS=-30V, VDS=0
- - -1.0 nA

Gate-Drain Breakdown Voltage V(BR)GDS VDS=0, IG=-100aA -50 - - V

Drian Current iDSS(Note) vDs=iov, vGs=o 2.6 - 20 mA

Drain Current Ratio idss(s)/
IDSS(L)

vds=iov, vGs=o 0.9 - - -

Gate-Source Cut-off Voltage VGS(OFF) VDs=10V, ID=0.1M -0.2 - -2.0 V

Forward Transfer Admittance lYfsl
VDS=10V, VGs=0, f=lkHz

lDSS=3mA
8 20 - mS

Forward Transfer Admittance
Ratio

l?fs(S)'/
lYf s (L)l

VDs=10V, VgS=0, f=lkHz 0.9 - - -

Differential Gate-Source
Voltage

IVgsi -

VGS2]
VDs=10V, lD=lmA - - 20 mV

Input Capacitance Ciss VDS=10V, VGS=0, f=lMHz - 25 - PF

Reverse Transfer Capacitance Crss VDG=10V, ID=0, f=lMHz - 5.5 - pF

Noise Figure

NF(1) VDS=10V, Rg=lkQ,

lD=lmA, f=10Hz
- - 10

dB

NF(2) VDS=10V, Rg=lkQ,
lD=lmA, f=lkllz

- - 2
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3TATIC CHARACTERISTI CS

H <
2 s

«
K Q
D w
O
ss
H
<
K
P

20

16

12/

Ta-25°C

vos = ov -

/
*—

-0.1

8 I'
——

-a 2 -

A
,*

4
S -a 4

_ A<?' -Q5

,

-0.6
i i ;

-0.6 -0.4 -Q 2 10 20 30 40
GATE-SOURCE DRAIN-SOURCE VOLTAGE
VOLTAGE Vos (V) vDS (V)

16

I o
- VDS (LOW VOLTAGE REGION)

COMMON SOURCE

Ta = 25°C

12

vos = ov

1

-Ql
1

-0.2

4

i

—
-0.3

-0.4

0'

-Q5
l

2 4 6 8 10

DRAIN-SOURCE VOLTAGE VDS (V)

Id -- vGS

COMMON SOURCE

VDg = 10V

Ta= 25°C

Of /

N
5l

/ <c

/<&

Yf
£ id

-1.2 -as

^N

6>,

v^s

/9-^'
e-

'

"Vl

COMMON SOURCE

VDS =10V
f= 1kHz

Ta = 2 5°C

1__ i

GATE-SOURCE VOLTAGE Vr (V)

4 8

DRAIN CURRENT
12

ID (mA)

lYfs I
- I DS£

so

c OMMON SOURCE
X DSS •

V DS - J-UV -

vGS-=0
' Yfsl : VDS -=10V

Vqs-o
f = 1kHz -

ft

vGS(OFF) - IDSS

1 3 io
DRAIN CURRENT I DSS ( mA )

3 10 30
DRAIN CURRENT I Dsg ( mA

)
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Vqd Vds

UUMMON SOUKUK '

ID =0
f = 1 MHz

Ta= 25°C

-Q3 -1 -3 -10 -30

GATE-DRAIN VOLTAGE VQD (V)

lOOn

IQx -- VDS

1 COMMON SOURCE

Ta=25"C
I D= 10mA

7

lOn

b ' 6

^n 1

(a)
1

* VDS
'l =

100p

10p

12 16 20 24 28 32

DRAIN-SOURCE VOLTAGE VDS (V)

NF id

COMMON SOURCE

VDS = 10V

Rg
= lkjQ

Ta^= 25°C

1

10Hz
.
B^

1

f=lkHz
l

1

2 4 6 8

DRAIN CURRENT I D (mA)

100

50

£ 30

Sfc

nnVTMON PrnTTRPT?'

f=lMHz
Ta=25°C

1.0

1 3 10 30

DRAIN -SOURCE VOLTAGE VDS (V)

En - ll

COMMON SOURCE

VDS = 10V

f -= 1kHz

Ta = 25 "C

as i

DRAIN CURRENT

NF

(mA)

DS

COMMON SOURCE

Ip = 1 mA

Rg-=1W1
Ta ^=25°C

10 Hz

Hzf=lk

1

10 20 30 40 50
DRAIN-SOURCE VOLTAGE VDS (V)
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NF - R NF - f

100 lk 10k 100k

SIGNAL SOURCE RESISTANCE R„ CO)

100 lk 10k

FREQUENCY f (Hz)

100k
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SILICON N CHANNEL JUNCTION TYPE 3SK22

FM TUNER APPLICATIONS.

VHF BAND AMPLIFIER APPLICATIONS.

FEATURES

:

• High Power Gain : Gps=20dB (Typ. ) (f=100MHz)

• Low Noise Figure : NF=2dB (Typ. ) (f=100MHz)

• High Forward Transfer Admittance

: |yfs |

= 7ms (Typ.) (f=lkHz)

• High Input Impedance

: Riss = 12kfi (Typ.) (f=100MHz)

• Low Reverse Transfer Capacitance

: Crss=0 - 6PF (Max.)

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Gate-Drain Voltage

Gate Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL
^CIDO,

lGl,lG2

Pd

stg

RATING

-18

10

200

150

-65^150

UNIT

mA

mW

Unit in

05.8UAX.

_L DRAIN
2. SOURCE
a GATE 1

4, GATE 2 (CASE)

— 72

— 7 , TB — 9C

TOSHIBA 2 -5C1C
Weight : 0.35g

ELECTRICAL CHARACTERISTICS

CHARACTERISTIC

Gate Leakage Current

Gate-Drain Voltage

Drain Current

(Ta=25°C)

Gate.l-Source Cut-off Voltage

Gate.2-Source Cut-off Voltage

Forward Transfer Admittance

Reverse Transfer Capacitance

Power Gain

Noise Figure

SYMBOL

^SS

V (BR)GD0

IDSS
(Note)

VG1S(0FF)
VG2S(0FF)

|yf£

*ps

NF

TEST CONDITION

vGS=-iov, VDS=0,

G1.G2 Connection

MIN.

IG=-100 A,
Gi,G2 Connection

VDS=10V

VG1S=VG2S=0
VDS=10V,ID=lyA,VG2s=0
VDS=10V,ID=lyA,VGi S=0

VDS=10V, f=lkHz
VG1S=VG2S=0

VGlD^iOV, f=lMHz
VDD=10V, VG2S=0,
f=100MHz (Fig.

)

VDD=10V, VG2S=0,
f=100MHz (Fig,)

-18

•1.2

TYP.

-3

20

MAX.

-100

2.0

Note : IDSS Classification Y : 3.0^7.0, GR : 6.0M.4.0, BL : 12.0^24.0

24

-20

0.6

3.5

UNIT

nA

mA

pF

dB

dB
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3SK22

Fig. 100MHz G ps AND NF TEST CIRCUIT

INPUT 8 PF

Rg =50fi@ 1|-

-rfr

8pF
., _OUTPUT

"—I' §RL =50n

Ljl I 0.8mm£> SILVER PLATED COPPER WIRE, 3T, 10 ID, 10 LENGTH

L2 I 0.8mm^ SILVER PLATED COPPER WIRE, 3.5 T , 10 ID, 10 LENGTH

3SK22 is measured at each group by changing Rg ,

GROUP R s (ft)

3 S K 2 2 - Y 33{] =5$
3 S K 2 2 — OR 82(1 ± 5$

3 S K 2 2 — BL 180n ± 5 9g
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SILICON N CHANNEL JUNCTION TYPE

(INDUSTRIAL APPLICATIONS) 3SK28

VIDEO PRE-AMPLIFIER APPLICATIONS.

VHF BAND AMPLIFIER APPLICATIONS.

FEATURES

:

• High Gain
: |yf

s

| =4. 5<L3mS

• High Power Gain : Gps=17dB (Min.) at f=100MHz

• Low Reverse Transfer Capacitance : Crss=0.6pF (Max.)

• Low Noise : NF=2.5dB (Max.) at f=100MHz

NF=3.0dB (Max.) at f=30Hz

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Gate.l-Drain Voltage

Gate.2-Drain Voltage

Gate.l Current

Gate. 2 Current

Drain Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL
VC1DS

VG2DS

IG]

*G2

Tstg

RATING

-18

-18

10

10

200

150

-65VL50

UNIT

mA

mA

mW

Unit in mm
05.8MAX

1. DRAIN
2. SOURCE
3. QATE 1

4. GATE 2 (CASE)

TO 72

2 — 5C 1 C

Weight : 0.35g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC

Gate Leakage Current

Gate.l-Drain
Breakdown Voltage

Gate. 2-Drain
Breakdown Voltage

Drain Current

Gate.l-Source
Cut-off Voltage

V (BR)G1DS

SYMBOL

IGSS

V (BR)C2DS

JDSS
(Note 1)

vGlS(OFF)

TEST CONDITION

VG1S=-15V, VciS =0,VDS=0

Id =-100yA, IG2=0,

VDS=0 (Note 2)
IG2 =-100yA, IG1=0,

VpS=0 (Note 3)

VDS=10V,VG1S=VG2S=0

VDS=10V, lD=lyA,

VG2S=0 (Note 2)

MIN.

-18

-18

3.7

-1.2

TYP. MAX.

-10

22

-5.5

UNIT

nA

mA
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3SK28

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate. 2-Source
Cut-off Voltage

VG2S(0FF)
VDS=10V, ID=luA.

Vg1S =0 (Note 3)

-3 - -20 V

Forward

Transfer Admittance l

y fsl|
VDS=10V,f=lkHz

Vr,is=VG2S=0
4.5 - 13 ms

Forward

Transfer Admittance l

y fsl|
VDS=10V,f=100MHz

VG1S=VG2S=0

4.5 - .- ms

Input Capacitance ^iss
VDs=10V,f=lMHz
VG2S=0 (Fig. 1)

- - 6.0 pF

Reverse

Transfer Capacitance
r
^rss

vgid=-iov,

f=lMHz (Fig. 2)

- - 0.6 PF

Power Gain GPS

VDD=10V, vG2s=o,

f=100MHz (Fig. 3)

17 - - dB

Noise Figure NF

VDD=10V, vc2s=o,

f=100MHz (Fig. 3)

- - 2.5 dB

vDS=iov, vGls=vG2s=o

f=lkHz , Re=lM Q
- - 2.5 dB

vDS=iov, vGls«vG2s
-o

f=30Hz, Rg=lM Q
- - 3.0 dB

Note 1 : IDSS Classification Y : 3.7^7.5, GR : 6.5vL3.0, BL : 11.0^22.0

Note 2: VG^s should not exceed VGis(Qpp) when gate 2 connected to source.

Note 3: VG2 s
should not exceed VG2g(0FF)

when gate 1 connected to source.
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3SK28

Fig.l C iss TEST CIRCUIT

C BRIDGE

9VDS

0.01/1F ( \—
' V8

-"
I

'vfi/1
C BRIDGE • BOCNTON C BRIDGE

Fig.2 C rss TEST CIRCUIT

r—

O

C BRIDGE I

r-i ail

GUARD VGID
-O f »

0.05j«F

C BRIDGE ;

BOCNTON BRIDGE

Pig. 3 IOC MHz OpS & NF TEST CIRCUIT

D
8pP

INPUT
RC=50C@ U-

% / J 0.005AP, , -pd

x^.

8pP OUTPUT
—II ©Rl^ 50^

»f 3

r
til

VDD
Li I 0.8mm^ SILVER PLATED WIRE.3T, 10 ID, 10 LiENGTH

L2 .' 0.8mm^ SILVER PLATED WIRE, 3.5 T, 10 ID, 10 LENGTH

In the test Rg must be selected

according to the Ipgy

classification.

ifr

CLASSIPICAT ION Rs

3 S K 2 8 - Y 33Q ±5$
3 S K 2 8 — GR 820 - 5#

3 S K 2 8 — BL 18 on ± 5 <jb
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3SK28

id -- Vq 1S

- vDS = iov

- %2S =0 T

Ta =

a = 0,

=-25°C

50 ^i
75 ^M

lOO^Jffl

ittMr/i

-5 -4 -3 -2 -1 0'

GATE 1- SOURCE VOLTAGE Vals ( V)

alv -
I
VQ1S (oFF) - Vqis|

Ta== 25°C
COMMON SOURCE
VDS = 10V
VG2S =0

«I D =
"
tD dT

0.8 1.6 2.4 a 2 4.0

GATE VOLTAGE
|
VQl s ( 0F F

) -V&1 S I

( V

)

I G-SS " T a

-10
- vGlS --J.&V

" %1G2 —0

:
VDg=0-io

2

10

-1

1

-TO |

"26 25 50 75 100 150

AMBIENT TEMPERATURE Ta (°C)

1

0.5

0.3

C.05

CO 3

fa
1

is = o

-0.2V
^-0.4

--1.0
•-1.2
*-1.4
*-1.6

V-1.8
w- 2.0
Z-Z.Z
^-2.4
- 2.6

u

m
t

..

1

COMMON

SOURCE

VDg=10V
VG2S=0

L I J1
11

-20 40 80 120 160 200

AMBIENT TEMPERATURE Ta (°C)

7fel - id

COMMON SOURCE

12
^=0

f— IK Hz

8
12

Ta=25°C^^

7
IB3S= 20nlA

4

4 .

DRAIN CURRENT
12 16

Id (oia)

STATIC CHARACTERISTICS (1)

1
Vais =0.6V ,

SOURCE

[Ol INPUT

- Vq2S =0

-Ta=25°C

§ 14 r
1

J

'

0.3
/

k
"-

1 i

l
**

< Iq u
-U.3

i

R V
**

-0.6

6
V i

A i -0.9
~y

4

2

-1.2

/ -1.8

\,A~y
"2,

IV /
{ -y.b

i

-3.2-2.4-1.6-0.8

GATE l-SOURCE VOLTAGE
VG1S (V)

4 8 12 16 20 24
DRAIN-SOURCE VOLTAGE

vDS (v)
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3SK28

STATIC CHARACTERISTICS (2)

COMMON
SOURCE

12-

VG2 3=a7v

Vai3 -^0 M T as
J

Ta=25°C zjj

Gg INPUT<j;
5

I
-0.7

Y -1.4

«\ J

"4
y

-2.1
JO / / -ss

" / T -35
7-4.2

^y
V

-f4.y

K 7.

2

-8 -4 0+14 12 16
GATE2- SOURCE VOLTAGE DRAIN- SOURCE VOIT4GE

VG2S m Vj3s ( V )

lD-VDS (LOW VOLTAGE REGION)

vGlS =0.6V
1 COMMON SOURCE

G x INPUT
VG2S=0
Ta—25 °C

0.3

1

o

1

-0.3

1

-0.6

-0.9

-1.2
-1.5

.- 18^ O -,

r" -53.5

1.6 3.2 4.8 6 4 7> g
DRAIN-SOURCE VOLTAGE VDg (v)

I T>
~ VDS (LOW VOLTAGE REGION)

Vas = o.6V

-0.6

-I—
^8_

COMMON
SOURCE

o1 ,a 2

COMMON

Ta=25'C

G1+ G2
INPUT

lfi 3.2 4.3 6.4

DRAIN-SOURCE VOLTAGE VDS (V)

STATIC CHARACTERISTICS (3)

COMMON <j" vGs = o.6v

SOURCE — xu

G a> G2 >?

COMMON h
» 12

Ta = 25°C H

G l+Q2 <g
INPUT § C

/

0.4

0.2

-G.2

/

-0.4
1

-0.6

L_ 4 ^ -0.8

)
f

f
-1.0.

/ -1.2,

-1.6,

-2.4 -1.6 24-C.8 8 16
4

GATE-SOURCE VOLTAGE DRAIN -SOURCE VOLTAGE
VGS IVJ VDS (V)

T D"VDS (LOW VOLTAGE REGION)

If

%2 3 =QW COMMON
SOURCE

a 2 INPUT

VG1 S -

Ta = 25°C

a.:

-0.7

8

-1.4

-2.1
^-^" ,-2.8

-4.9

/-5.6
• -7.2

-3.5
-4.5

i.6 3.2

DRAIN-SOURCE VOLTAGE

Vqis

vDs (v)

-3.2 -2.4 -1.6 -0.8 0~

GATE 1 -SOURCE VOLTAGE VQjS (V)
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3SK28

VQlS(OFF) . VQ2s(OPF) ~ I'DSS

l^f£ V02S

COMMON SOURCE ^
VDS = 10V

- f = IKilz

Ta = 25 °C Oy

-V3

<w

/

/ '
i

/ y
GATE 2 -SOURCE VOLTAGE Vq2S (v)

l
y fsl ~ IDSS

10

5 ^.
Ta = 25°C

COMMON SOURCE

*DSS : VDS = iOV
vais= Va? s=o

T

1

|7fg y.vD3

i

1C

= 1

V

K

ID= ID3S

Iz

5 10 30 50 100

DRAIN CURRENT IDSg (mA)

TT j
5.0

1 • J
3.0 </

~\

1 / .

i n
OiHVs/C

/

~y~~s
brs IMONQ5 / ','•-' 1/

f t

^rs SOI0.3 / .' JRCE
4
*~

-- VDC3 = 10V,

0.1 /
-

,^2 Id-= IDSS

?rs=0
:: Ta=25"G::: &i •

ao5 - Oi +a2
9~

4
ao3 A

n | 1

100 300 1000 3000

FREQUENCY f (MHz)

V01S vDs = 10V, v02 3

(OFF) =0 , I D= 1AA

Y02a :Vnq=10V,
(OFF) VaiS=0
: iD— littA

"IDSS : VDS— 10v

V 2 S (OFF) V

•
v0l S (OFF)

>

1 3 5 10

DRAIN CURRENT

7fs -

30 50 100

IDSS (mA)

K !"

i

Lfll 1

./"Ol + Ojj

1+G2 /-
01~

7

<
.

" 1

"
—

*fs
X '

&:'
u^

^ ^

c 1

MMON

URCE
q=10V

f— £?:
' J?

Gl
]

*~~~ CO

so

?y-- ^:: vD
J2l 1^— T™„

~V ^JL JL.. D
= 25 °C.r//

/ iL
'fa

I \
30 50 100 300 1000 3000

FREQUENCY f (MHz)

Yi - f

50 4-4
COMMON SOURCE
VDg = 10V,Ta = 25°C

JD=IDSS
01 : Q1 INPUT

,

WHEN 02 CON-

NECTED TO

30
1

10 _0i+0 3
TT

5 - ? n
-Qj

1^ 'Tl

05
1 1

I Q1+0
1 if

02 : a z INPUT,

WHEN Ox CON-

NECTED TO

Hfl
ig

/^

lj

0.1
9 .

41 *fffV SOURCE

Ol+02 :Q lt 20.0 3 M
C.0 1

1

f I

10 30 100 300 1000

FREQUENCY f (MHz)
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3SK28

Fos - f

. vDS = 10V,

5°C

in

ID= IDSS' Ta = 2

Q l. Q 2.- »a+ 2

: SAME CHARACTE-

- RISTIC
5

""" b osy

?0 s

-.

0.5 ,

•

03

ai /
/

50 100

FREQUENCY

300 500

f (MHz)

1000

30

7is 70S - VDS

COMMON SOURCE

f = 200 MHz

Ta = 25 "C

—— 10
CO CO
S 6 ID(ID3s)~10m!V

bis

m m d

- ° 5 7 .

2-
3

a
a o 3

boe y U
f

^5

ADMITT

ADMIT

H

^ ?

^
0S

10-

t\5 "

Oi H
13 S 0.5 ^= gg;

'•^z:-~~ ^~~ " — i« ™»

a3 T\^ 2
\7 10

V
.
2

'lail i

DRjMN-

9 11 13 15

-SOURCE VOLTAGE VDS (V)

17

_ Pd - Ta

DRAIN -SOURCE VOLTAGE VDS (V)

400

300

200

50 100 150

AMBIENT TEMPERATURE Ta (°C)
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3SK38A

SILICON N CHANNEL MOS TYPE

(INDUSTRIAL APPLICATIONS)

CHOPPER CIRCUIT APPLICATIONS.

SWITCHING CIRCUIT APPLICATIONS.

IMPEDANCE CONVERTER APPLICATIONS.

FEATURES :

Ultra Small Drain-Source Thermoelectromotive Force

: Vemf = 1.3 uV/°C (Typ
.

)

High Resistance Ratio
: rDS (ON) = 50ffi(Max.) at. Vg1S=3V
: rDS (OFF)= 100WQ(Min.) at. Vc i S=OV

Low Gate Capacitance and Offset

: CD = 2.5pF(Max.), J

C

G=0. 3pF(Max.

)

Contains Gates Protection Diode.

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Drain-Source Voltage

SYMBOL
VDSS

RATING

20

UNIT

V

0S .39! 1AX

^Zfe.45MAX.

1O
in

01.3
1

f

I I

S5

00.50
f
H T

19.01/

1
1

4

nz>o.4t>

l| P l r~

URCE

ATE 1

3. DRA IN

4. GATE 2 (CASE)

Gate 1-Source Voltage VC1SS ±12

Gate 2-Source Voltage VG2SS -20

Drain-Source Current LDS 10 mA
Drain Power Dissipation PD 200 mW
Channel Temperature Tch 125 °C

Weight : l.lg

Storage Temperature Range Tstg -65^ 125 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate Leakage Current
XG1SS VG1S=12V, VG2S-0, VDS=0 - - 25 nA
IG1SS VG13=12V,VG2S=0,VDS=o - - -25 nA

Drain Current rDSS vGlS=0,Vc2 s=0, vDS=6V _ _ 50 nA
Gate-Source Cut-off Voltage VGS(0FF) VC2S=0, VDS=6V, lD=50nA _ 3 V

Forward Transfer Admittance
l

y fs| VG1S=3V,VG2S=0,YdS=6V,
f=lkHz

0.35 - - mS

Gate-Drain Capacitance cgid Fig. 1 - - 2.5 pF

Gate-Source Capacitance CC1S Fig. 2 - - 2.5 pF
Differential Gate Capacitance CD |Cgid-cgis| - - 0.3 pF

Drain-Source ON Resistance rDS(ON) VG1S=3V, Vc2S=0,VDS=10mV - - 500 n

Drain-Source OFF Resistance rDS(OFF) VG1S=0, vG2S=0,VDS=±i0mV 100 - - m
Drain-Source
Thermoelectromotive Force

vemf VG1S=3V, VG23=0,Ta=0^55°C
- 1.3 2 Uv/°C

Switching
Time

Turn- on Time ton
Fig. 3

- 50 -
ns

Turn-off Time toff - 900 -



Fig.l Cq 1d TEST CIRCUIT

3SK38A

^*w-
h

CAPACITAxNCE BRIDGE

f =1MHZ

VG1S -0

Fig. 2 Cghq TEST CIRCUIT

IX, Ih

>M-

CAPACITANCE BRIDGE

f = 1MHz

-°Hi

Pig. 3 SWITCHING TIME TEST CIRCUIT

a

a- m-

rtr rtr OVnn=5V

OUTPUT

'ds^on)
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3SK38A

I D - VDS
STATIC CHARACTERISTICS

"^ 14

^ 12

PM
10

£ 8

« 6

S 4

Vq2S -o

Ta = 25"C
)

k A --1—«'6.0 N
'

\

X /
<* ,5.5

-

'
5.0

•4.5 "/ /^

// * —- »—

1 ;/
4.0

i •
«-

3.5 .

"So

£5

a?

/
»

*-

£ r -— .-——

isl i

6 4 2

GATE -1- SOURCE
VOLTAGE 70Ig (V)

2 4 6 8 10 12

DRAIN-SOURCE
VOLTAGE VDS (V)

12 3 4

DRAIN-SOURCE VOLTAGE

ID - VOtS I7f £
- I-

7 6 5 4 3

GATE-1-SOURCE VOLTAGE

4

VDS = 6V

VG2S =0
, Ta-25°C3

0.5 1.0 1.5 2.0

DRAIN CURRENT
2.5 3.0 3.5

ID (mA)
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r DS( OFF) I'a

VDS = 10 mV

%1 s = o

VQ2S =0
10000

1000

100

10

1

3SK38A

v&i

I :)
-u

f = 1MHz

Ta = 25°C

^ 5

ft

^- 3

o

S 1

C01D ,
c0l 3

H
O 0.5
<
PM

g 0.3

<

0.1 0.3 0.5 1 3 & 1

OATE-l REVERSE VOLTAGE V0l ( V )

25 50 75 100 125

AMBIENT TEMPERATURE Ta (~C)

sg

r"DS(0N)
PD Ta

VDS - 10 mv

Vq iS =3V

Vo 2 S=°

—25 25 50 75 100

AMBIENT TEMPERATURE Ta (V)

200

S

pflOO

50

25 50 75

AMBIENT TEMPERATURE
100

Ta

125

CC)
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3SK73

SILICON N CHANNEL DEPLETION DUAL INSULATED

GATE MOS TYPE

FM TUNER, VHF AMPLIFIER APPLICATIONS.

FEATURES :

Wide AGC Range and Few Changes of Response

Extremely Low Reverse Transfer Capcitance

: Crss=0.03pF (Typ.)

Low Noise Figure

: NF=2.2dB (Typ.) (f=100MHz)

Possibility Low Operation Voltage.

Superior Cross Modulation Performance.

Contains Cate Protection Diodes.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Drain-Source Voltage

Gate 1-Source Voltage

Gate 2-Source Voltaee

Drain Current

Drain Power Dissipation

Channel Temperature

Storage Temperature Range

SYMBOL

VDS

'G1S

VG2S

T ch

RATING UNIT

20

±9

±9

30

300

125

stg -55^125 °C

V

mA

mW

Unit in mm

3.0

.4.2MAX b

4V4

-B-

1. SOURCE

2. DRAIN

3. GATE 2

4. GATE 1

4 D 2 A

Weight : 0.13^

ELECTRICAL CHARACTERISTICS (COMMON SOURCE, Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate 1 Cut-off Current IG1SS VDS=0,VGlS=±7v,VG2S^o - - ±50 nA

Gate 2 Cut-off Current IG2SS VDS=0,VG1S=0,VG2S.±7V - - ±50 nA

Drain-Source Voltage VDSX VG1S=-4V.VG2S=-4V,
ID=100uA 20 - - V

Drain Current IDSS
(Note)

VDS=15V, VG1S=0, VG2S=4V 3 - 14 mA

Gatel-Source Cut-off Voltage VGls(OFF) VDS=15V,VG2S=4V, ID=100yA - - -2.5 V

Gate2-Source Cut-off Voltage VG2S(OFF) VDS=15Vr
VGlS=0,ID=100yA - - -2.5 V

Forward Transfer Admittance |Yfs|
VDS=15V VG2S=^V, lD=10mA,
f=lkHz, Gl INPUT

- 20 - mS

Input Capacitance Cics
VDS=15V, VC2S=4V,
In=10mA. f=lMHz

- 5.0 - PF

Reverse Transfer Capacitance Crss
VDS=15V, VG2S =4V,
ID=10mA. f=lMHz

- 0.03 0.05 PF

Power Gain Gps VDD=15V,f=100MHz(Fig.) 20 25 - dB

Noise Figure NF VDD=15V,f=100MHz(Fig.) - 2.2 3.5 dB

Note : IDSS Classification Y : 3^7 GR 6-^ 14
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3SK73

IOC MHz Ops NF TEST CIRCUIT

OUTPUT
RL = 5o£}

3>

ovDD

hx '. l.OmnyzC SILVER PLATED COPPER WIRE
4.0T, 8 ID, TAPAT 10T PROM COLD END

L 2 1 1.0mm^ SILVER PLATED COPPER WIRE
&0T, 8 ID, 10 LENaTH
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3SK73

TD " VDS 1B ~ VQ1S

r 20

S is

12

va2s - 4V

Ta = 25 °C
/
VG1S== 1.2V

/
1.U

/̂ a tt_

c
1

/ y
a

[>
r

I
<"

J

**
1

Q2__V
v

_ _
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SILICON N CHANNEL DUAL GATE MOS TYPE 3SK77

VHF TV TUNER RF AMPLIFIER APPLICATIONS.

FEATURES

:

• Extremely Low Reverse Transfer Capacitance.

: Crss=0.03pF (Typ.)

• Low Noise Figure : NF=2.2dB (Typ.) at f =200MHz

• Superior Cross Modulation Performance.

• Contains Gate Protection Diodes.

MAXIMUM RATINGS (Ta=25°c)

CHARACTERISTIC

Drain-Source Voltage

Gatel-Source Voltage

Gate2-Source Voltage

Drain Current

Drain Power Dissipation

Channel Temperature

Storage Temperature Range

SYMBOL

VD S

'G1S

VG2S

PD

Teh

L stg

RATING

20

±9

±9

30

300

125

-55^125

UNIT

V

mA

mW

Unit in mm

SOURCE

DRAIN

:>ATE 2

GATE 1

TOSHI BA

Weight : 0.12g

ELECTRICAL CHARACTERISTICS (Ta=25°c)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Gatel Leakage Current IG1SS VDS=0,VGis=±7V,VG2S=0 - _ ±50 nA
Gate2 Leakage Current IG2SS VdS=0»Vg1s=0,Vg2s=±7V - - ±50 nA

Drain-Source Breakdown Voltage V (BR)DSX VG1S=-4V,VG2S=-4V,
TD=T00uA

20 - - V

Drain Current (Note) IDSS VDS=15V,VG1S=0,VG2S=4V 3 - 24 mA
Gatel-Source Cut-off Voltage VGlS(off) VDS=15V,VG2s=4V,ID=100yA-0.3 - -2.5 V

Gate2-Source Cut-off Voltage VG2S(off) VDS=15V,VGis=0,ID=100yA -0.3 - -2.5 V

Forward Transfer
Admittance |yf S

|

VDS=15V, VG2S=4V
lD=10mA, f=lkHz

- 20 - ms

Input Capacitance Ciss
VDS=15V,VG2S=4V
ID=10mA, f=lMHz

- 4.25 - pF

Reverse Transfer Capacitance ^rss
VDS=15V,VG2S=4V
ID=10mA, f=lMHz

- 0.03 0.05 pF

Power Gain GPS VDD=15V, f=200MHz(Fig.) 16 20 _ dB
Noise Figure NF VDD=15V, f=200MHz(Fig.) - 2.2 3.2 dB

Note : IDss Classification Y : 3^7, GR : 6^14, BL : 12^24
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3SK77

Fig. 200MHz GPS , NF TEST CIRCUIT
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3SK77
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3SK101 SILICON N CHANNEL DUAL GATE MOS TYPE

Unit in mm

TV TUNER, VHF RF AMPLIFIER APPLICATIONS

TV TUNER VHF MIXER APPLICATIONS.

FEATURES

:

e.

ss=0.03PF(Typ.)

s
01

r-. ((

4

1
1

J

0.6

0.3

"t=%J
"

1 .s

. Superior Cross Modulation Performanc
+4- 0.3 |

3
jf

0.75
asMiis .

. Low Reverse Transfer Capacitance :C r

. Low Noise Figure : NF=2. 2dB(Typ.

)

If 0.6 5

2
<
S

- c5

I
s-f

1 "1
•1AXIMUT1 RATINGS (Ta=25 C)

4.2 MAX.CHARACTERISTIC SYMBOL RATING UNIT

Drain-Source Voltage VDS 20 V

1. GATE] 1

2. SOURCE
3. DRAIN
4. GATE 2

Gatel-Source Voltage VG1S ±9 V

Gate2-Source Voltage VG2S ±9 V

Drain Current id 30 mA

Drain Power Dissipation pd 200 mW
J F.DEC -

Channel Temperature Teh 125
u
c

EIAJ -
Storage Temperature Range Tstg -55- +125 °c 2-4P1A

Weight 0 8g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gatel Leakage Current IG1SS VDS=0, VG1S=±7V, VG2S=0 - - ±50 nA

Gate2 Leakage Current IG2SS VDS=0, VG1S=0, VG2 S
=± 7V - - ±50 nA

Drain-Source Voltage V (BR)DSX
VG1S=-^V, VG2S=-4V

ID=100/iA
20 - - V

Drain Current IDS r (Note) VDS=15V, VG1S=0, VG2S=4V 3 - 24 mA

Gatel-Source Cut-off Voltage VG1S(0FF) VDS=15V, VG2 s=^V,ID=100AA
- -2.5 V

Gate2-Source Cut-off Voltage vG2S(OFF; VDS=15V, VG1S=0, ID=100M - -2.5 V

Forward Transfer Admittance lYfsl
VDS=15V, VG2S=4V,

ID=10mA, f=lkllz
- 20 - mS

Input Capacitance Ciss VDS=15V, VG2S=4V,

ID=10mA, f=lMHz

'- 4.25 - pF

Reverse Transfer Capacitance Crss
- 0.03 0.05 pF

Power Gain Gps VDd=15V, f=200MHz

(Fig. )

16 20 - dB

Noise Figure NF - 2.2 3.2 dB

Note : IDSS Classification: Y:3. 0-7.0 G r:6. 0-14.0 BL:12. 0-24.0 (mA)

820-



Fig- Gps , NF TEST CIRCUIT

3SK101

INPUT
R g=50Q

© *t-

LOOOpF OUTPUT

<§) r£= 5 on

= o VT

Ll
: 1.0mm«5 SILVER PLATED COPPER WIRE LOT lOnrni ID

L2
: l.Ommrf SILVER PLATED COPPER WIRE 1.5T lOmtn ID
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3SK101
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3SK101

REVERSE TRANSFER CONDUCTANCE <^ re (,
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SILICON N CHANNEL DUAL GATE MOS TYPE 3SK102

TV TUNER, UHF RF AMPLIFIER APPLICATIONS.

TV TUNER, UHF MIXER APPLICATIONS.

FEATURES

:

. Superior Cross Modulation Performance.

. Low Reverse Transfer Capacitance : C rs s=0. 03pF(Max.

)

. Low Noise Figure : NF=4. 0dB(Typ.

)

MAXIMUN RATINGS (Ta=25°c)

Unit in mm

CHARACTERISTIC

Drain-Source Voltage

Gatel-Source Voltage

Gate2-Source Voltage

Drain Current

Drain Power Dissipation

Channel Temperature

Storage Temperature Range

SYMBOL

VDS

V.GlS

VG2S

ID

~

PD

Teh

Lstg

RATING

20

30

200

125

-55-+125

UNIT

mA

mW

4.2 MAX

.

1. GATE 1

2. SOURCE
3. DRAIN
4. GATE 2

JEDEC

EI AJ

TOSHIBA 2-4 F 1

A

We i gh t QO.

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Gatel Leakage Current Jgiss VDS=0,VG1S=±7V, VG2S=0 - - ±50 nA
Gate2 Leakage Current !g2SS VDS=0,VG1S=0, VG2S=±7V - - ±50 nA

Drain-Source Voltage V (BR)DSX
VG 1S=-4V, VG2S=-4V,
lD=100/iA

20 - - V

Drain Current
(Note)

VDS=15V,VG1S=0, VG2S=4V 3 - 24 mA
Gatel-Source Cut-off Voltage ^G IS (OFF) VDS=15V , VG 2S=4V , ID=100/xA - -3.5 V

Gate2-Source Cut-off Voltage /G2S(0FF) VDS=15V , VG 1S=0 , ID=100M - -3.5 V

Forward Transfer Admittance lYfsl
VDS=15V, VG2S=4V,

lD=10mA, f=lkHz 8 - - mS

Input Capacitance Ciss VDS=15V, VG2S=4V,

ID=10mA, f=lMKz

- 1.7 - PF

Reverse Transfer Capacitance Crss - - 0.03 PF

Power Gain Gps VDS=15V, VG2S=4V,

lD=10mA, f= 800MHz
(Fig. )

- 16 - dB

Noise Figure NF - 4.0 5.0 dB

Note : IdSS Classification: Y: 3. 0-7.0 GR: 6. 0-14.0 BL : 12. 0-24.0 (mA)
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3SK102

Fig. Gps, NF TEST CIRCUIT

INPUT
Rg=5 0fi-0—
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)F.C.
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vD s

J^C2

1~ 2 pF
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C3

V c.

1.0mm«5 SILVER PLATED COPPER WIRE

0.35iW COPPER WIRE 7.0T 3mm ID

0.35mm(rf COPPER WIRE 10. OT 3mm ID

AIR TRIMMER TTA25A200A MURATA MFG. CO.

lOOOpF DISC CAPACITOR

FERRITE CORE

LTD. or EQUIVALENT
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3SK102
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3SK102
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3SK102
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Vag3 =4V
ID -- 1 mA

Ta = 2 5'C

10

8
*Q8

6
^0.6

4
^0.4

/a 3

2
io.2

[ 0.1

J 1 11234567
INPUT CONDUCTANCE ^ is ^mS)

FORWARD TRANSFER CONDUCTANCE
,4 56 7 3 910

lf B m S )

11 12
' 1 1

—

COMMON SOURCE ,0.1

Vrs = 15V

' VG2S = * V

!£)— 10mA

Ta = 25 C

0.2

>0.3

'C.4

u. d

f = 1GHz

—

1

UJ

ynR - f

1 l~
f = 1GHz

**

^ 0.8

m
*u 6

COMMON
SOURCE

VDg =15V
VG2S = 4V
lD= 10mA

3fix

Ta = 2£ V

0.1 02 0.3 0.4 0.5 0.6 0.7 o!s

OUTPUT CONDUCTANCE g-QB (mS)
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3SK114 SILICON N CHANNEL DUAL GATE MOS TYPE

TV TUNER, VHF RF AMPLIFIER APPLICATIONS.

TV TUNER VHF MIXER APPLICATIONS.

FEATURES:

. Superior Cross Modulation Performance.

. Low Reverse Transfer Capacitance : Crss=Q-03pF (Typ.)

. Low Noise Figure : NF=1 ,4dB(Typ.

)

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Drain-Source Voltage

Gate 1 - Source Voltage

Gate 2 - Source Voltage

Drain Current

Drain Power Dissipation

Channel Temperature

Storage Temperature Range

SYMBOL

VDS

VG1S

VG2S

Id

Pd

Teh

Tstg

RATING

15

±9

±9

30

200

125

-55~ +125

UNIT

mA

mW

°C

°C

2 IX
<
s

3
c!

' "TT?r
.

4.2 MAX . ci
|

1. GATE 1

2. SOURCE
3. DRAIN
4. GATE 2

JEDEC

EI A J

TOSHIBA 2-4F1A

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.08g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gate 1 Leakage Current IG1SS VDS=0, VG1S=±7V, VG2S=0 - - ±50 nA

Gate 2 Leakage Current IG2SS VDS=0, VG1S=0, VG2S=±7V
- - ±50 nA

Drain-Source Voltage V(BR)DSX
VG1S= -4V > Vg2S="^V

ID=100M
15 - - V

Drain Current
J-DSS VDS=6V, VG1S=0, VG2S=3V

- 6 mA

Gatel-Source Cut-off Voltage VG1S(0FF) VDs=6V,VG2S=3V, ID=100aA -1 - 1 V

Gate2-Source Cut-off Voltage VG2S(0FF) VDS=6V,VGis=3V, Id=100aA -0.5 - 1 V

Forward Transfer Admittance lYfsl
VDS=6V, VG2S=3V,

lD=10mA, f=lkHz
13 20 - mS

Input Capacitance Ciss VDS=6V, Vg2S=3V

ID=10mA, f=lMHz

- 4.25 5.5 pF

Reverse Transfer Capacitance Crss
- 0.03 0.05 pF

Power Gain Gps VDS=6V, VG2S=3V

ID=10mA, f=200MHz

20 25 - dB

Noise Figure NF
- 1.4 2.8 dB

Note : IdSS Classification : 0~2mA, Y : 1 ~ 6mA Marking
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20pP

INPUT (5) XC T

R„=50flvg"

£4*

VG2S

1

3SK114

3L2 p,:

IjlOOOpP
/ in

r W TIT

§1 i|

O rh- TTT T

lOpP
.. _ OUTPUT
*^>RL= 5oa

vais vDS

LI : lmm$ Ag Plated Copper Wire, 2 Turns, 8mm ID

L2 : lmm^ Ag Plated Copper Wire, 2.5 Turns, 8mm ID

I D - VDS

- -- IDSS = 4.2mA COMMON
' lDSS = 0mA SOURCE

V31S = 3JL _ - VQ2S = 3V

Ta=25°C
• '«,' -- - ""

2.5

'

- c

2
1

VftTR

1.5

'

= 3V
2.5

1
2

.1.5

0.5

•1

0.2
•Q5,

lit

vk
^ 1-^

i$
*

1 f^.

f'

2 4 6 8 10 12 14

DRAIN-SOURCE VOLTAGE VDS (V)

id -- V DS

48
COMMON IDSg =4.2mA
SOURCE T _„„,IDSg =0mA

40

V<jls =3V
Ta= 25°C

V ?.s= 2.5 V

32
— - h -

• "
"

2.0i ^ .

24
"^

1

J

V02S-° V

2.5

16 ,

'/ s—
1.5

l 2

1

1.5

0.5
1

.

2 4 6 8 10 12

DRAIN-SOURCE VOLTAGE VDS (V)
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3SK114

1 D ~ VaiS l^fE VG1S
481 -

I DS£ 1.2 mA
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I DSvS
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-
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SOURCE
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0mA
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•*
' ^3 \

Ta=25°C /^ •

2

*

\ j N \4

//
3 \

V s
\ \ \

v \ \

&
1

-N
4 \ 2 \ N

,\™ \
\ V

—
S
S>

k
r .

'\ ^^

i 1S s^

./ f--!->S^ 5- auu
QATE1-S0URCE VOLTAGE (V)

-0.5 0.5 1.0 1.5 2.0 2.5 30
GATE1 -SOURCE VOLTAOE VQlg (V)

lY fs l - ID
-- -

j[DSS^ 4.2 mA
Vno A V

I DSS = 0mA
\ ~1~t"- "
1 1

<» V4
3^J

2^
COMMON >

SOURCE

VDS =6V
v Ta= 25°C

V
\

v\
1 \

\ 0.5
\ \ \

S

L\^ \ N
s.

v »

4 8 12 16

DRAIN CURRENT I

20 24 28

D (mA)

m 28
PS , NF DS

Ope3 ^
—

r V
COMMON
SOURCE

ID = 10 mA
f =200MHz
Ta— 25°C

3 /
/ 1

G2S~ 4V

4

I DSS = 4-2mA

I 1
DSS = 0mA

hi
VQ2S = 3V

\ ^* 4
3
4

1

N P
r •

1.8 «

2 4 6 8

DRAIN -SOURCE VOLTAGE
10

(V)

28
Gps , NF - IE

G„„

24

?n COMMON
SOURCE

VDS = 6V
V02S =3V
f = 200MHz
Ta= 25°C

I DSS= 4- 2mA

I DSS = 0mA

v \

\
> NF

"
* -N

2 4 6 8 10 12 14

DRAIN CURRENT I D ( mA

)

30]

aps - VQ2S

I DSS = 4-2mA

IDSS -0mA
m 20

• " \

>

to 10
ft

a

is

/

/
/

? VDD

p 5 R( =200.0.)

/ /
<

-10 :

'

/
/

'

1

|

1

J

P4 1

VDD= 6V (= VDS ) + 200il(=R)X10mA
at VQ2S = 3V

f = 200 MHz, Ta = 25°C-10123456
GATE2-SOURCB VOLTAGE VQ2S (V)
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3SK114

c,-, G2S Y^ - f

COMMON SOURCE
VDS = R V

VG18 V02s=3V,
I D = 10mA

f = 1 MH:j

Ta - 25°C

. COMMON
SOURCE

VDg = 6V
V02S = 3V
I c= 10mA

. Ta = 25°C

450
400

>n

3c

f^p

^•7200
~7r

ieo

/'100

_ 1

= 50 MHz

QATE2-S0URCE VOLTAGE Vn (V)

0.5 1.0 1.5 2.0 2.5 3.C

INPUT CONDUCTANCE fc e C mS

)

REVERSE TRANSFER CONDUCTANCE #rs ( mS )

~Q05 Q05 a I
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Ta= 25°C

r

/
f 400

50o
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—
,
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I50ft

ii i

200

Y fs - f

FORWARD TRANSFER CONDUCTANCE frf e ( mS )

„0 4 8 12 16 20 24 28
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1

-4
SOURCE
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Ta= 25"C

, 50

1

-P.
/lOO
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12
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350
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-16 j
500
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[y 400

20
f = 4J30MIIz

o450
SOURCE

VDS =6V
VQ2S = 3V
I D = 10mA

Ta= 25°C

y
> ^400

^350

^300

/250

200

£150

/lOO

/
'

f }UMHz
i ii

a2 a4 a6 as
OUTPUT CONDUCTANCE

1.0 1.2
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240

200

160

120

80

40

r D ~- 1 a

%

p

a
H
H
<
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M
03
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P

o
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35
M
<

25 50 75 100 125

AMBIENT TEMPERATURE Ta

150
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3SK115 SILICON N CHANNEL DUAL GATE MOS TYPE

LICATION.

rformance

Unit in mm

TV TUNER, UHF RF AMPLIFIER APP

FEATURES

:

. Superior Cross Modulation Pe

•S

4

Q6

0.3

. Low Crss : Crss=0.03pF U

3

CO'

1
4

M£LaJ
9.8 MI N.

. Low Noise : NF=3.2dB

MAXIMUM RATINGS (Ta=25°C)

y^O.75

"||."0-6 5

2

S|
c>

CHARACTERISTIC SYMBOL RATING UNIT J-\

Drain-Source Voltage VDS 15 V
1

c5.2 MA>

Gatel-Source Voltage vgis ±8 V

1. QATK I

2. SOURCE
3. DRA I N

4. GATE 2

Gate2-Source Voltage VG2S ±8 V

Drain Current id 30 mA

Power Dissipation Pd 200 mW
.1 KDBIO -

Channel Temperature Teh 125 °C
E J A ."f

-

Storage Temperature Range Tstg -55- +125 °C TOb'HJ B h 2-4 VI A

Weight : 0.08g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX, UNIT

Gatel Leakage Current IG1SS VDS=0, VG1S=±6V, VG2S=0 - - ±50 nA

Gate2 Leakage Current IG2SS VdS=0, VG1S=0, VG2S=i6V - - ±50 nA

Drain Source Voltage V(BR)DSX
VG1S=-4V, VG2S=-4V

id=ioom
15 - - V

Drain Current J-DSS
(Note)

VDS=6V, VG1S=0, VG2S=3V - 6 mA

Gatel-Source Cut-off Voltage VGIS(OFF) VDs=6V,Vg2S=3V,

I

d=100aA -1.5 - +1 V

Gate2-Source Cut-off Voltage VG2S(0FF) VDS=6V,VGlS= 3V,ID=100/iA -1.0 - +1 V

Forward Transfer Admittance lYfsl
VDS=6V, VG2S=3V

I D=10mA, f=lkHz
- 17 - mS

Input Capacitance Ciss VDS=6V, VG2S=3V

lD=10mA, f=lMHz

- 2.0 - P F

Reverse Transfer Capacitance Crss - 0.02 0.03 P F

Power Gain Gps VDS=6V, VG2S=3V

ID=10mA, f=800MHz

13 16 - dB

Noise Figure NF - 3.2 4.5 dB

Note : IpsS Classification O : 0~2mA, 6mA Marking
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Fig. 1 800MHz Gps , NF TEST CIRCUIT

3SK115

Copper Case

100 kil

Ll~ L4 : l.Ommtf SILVER PLATED COPPER WIRE

RFC1 : 0.35mm«5 COPPER WIRE 7.0T 3mm ID

RFC2 : 0.35mm«5 COPPER WIRE 10. OT 3mm ID

C1.C2 : AIR TRIMMER TTA25A200A(MURATA MFG. Co., LTD.) OR EQUIVALENT

C3 : lOOOpF DISC CAPACITOR

F.C : FERRATE CORE

J-D VQ1S

COMMON SOURCE

VDS = 6 V

Ta= 25 "C

0.5 1.5 2.5 3.5

QATE1-SOURCE VOLTAGE Vols (V) GATE1 -SOURCE VOLTAGE Vr (V)
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3SK115

"P 3' NF - V DS

,*-"

p.

* 16 y
/

< 14

'°ps

COMMON SOURCE

I p — 10 mA

f ----- 800MHz
Ta =25°C

% 12
o

NF

2 4 6 8 10 12

DRAIN-SOURCE VOLTAGE V Dg (V)

2 o

COMMON sr r]RCE

V DS =6 V

VQ2S-3V
I j)— 10mA

- Ta=25°C
0.9^

i ghz

0.8

1 . >°Q7
0.b.dT

n 4/1
/fo.3

/o. 2

'ai

INPUT CONDUCTANCE £; s ( mS

)

Yf
£

f

FORWARD TRANSFER CONDUCTANCE ^f ., (mSl

D 8 12 i 20 2 28

COMMON SOURCE

.
VDS = 6V

VG2S = 3V

I D = 10mA

Ta= 25°C

0.1

|o.2
/

9 a 3

30.4

/
0.5

3i6

12
/a 7

/ 08

16 rf
'"a 9

1 GHz

20 1

-0.0
C.04

REVFRSE TRANSFER CONDUOTRANCE $-re (mS:

0. 05 0. i

COMMON SC URC E

_
V Dg -=6V

V& 2S = 3V
I D= 10mA

Ta=25°C

'iOHz

/a 9
i^0.1 /
< 0.2 /
V 0.3 0-8

V - 4 ae j 0.7

o.5't°f
|

- f

COMMON SOURCE

VDS = 6V

VG2S=3V
I D = 10 mA

Ta = 25°C

5 lGHz

^.8
a 9

/ a7

,,

/0.6
J
0.5

/a
a4
3

~i 0.2

°'a:
|

Q2 0.4 0.6 0.8 1.0 1.2

OUTPUT CONDUCTANCE $-Qe ( mS )

— 240
Pd -- T s.

ft 200

2 160

PM

TO
TO

Q
K 80

o
* 40

<!

5
25 50 75 100 125 150

AMBIENT TEMPERATURE Ta (°C)
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GaAs N- CHANNEL DUAL GATE MES TYPE 3SK121

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 0.08g

Note : IdSS Classification Y : 20- 35mA, GR : 30 -45mA Marking

TV TUNER, UHF RF AMPLIFIER APPLICATIONS.

s=20fF (Typ

1.5dB (Typ.

.)

)

Unit in mm

FEATURES: A
g

CO'

4
—
n

0.6

3

. Superior Cross Modulation Performance 0.3

. Low Reverse Transfer Capacitance : Crs

. Low Noise Figure : NF=

MAXIMUM RATINGS (Ta=25°C)

i=c<nft

1

44i. \$ as*—
9.8 MIN.

Jlj.0.7 5

.11., 0.65

2

<D

ci

X
<
s

C5

CHARACTERISTIC SYMBOL RATING UNIT ^ :

-r-r.

'

Drain-Source Voltage VDS 10 V J
r-.2 MAX. £;

Gatel-Source Voltage vgis -6 V

1. GATE 1

2. SOURCE!
3. DRAIN
4. GATE 2

Gate2-Source Voltage VG2S -6 V

Drain Current Id 50 mA

Power Dissipation pd 200 mW
J ED EC -

Channel Temperature T ch 125 °C
E I A J

Storage Temperature Range Tstg -55- +125 °C TOSHIBA 2 - 4 E i A

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Gatel Leakage Current Igiss VDS=0, VG1S=-5V, VG2S=0 - - 20 fik

Gate2 Leakage Current IG2SS VDS=0, VG1S=0, VG2S=-5V - - 20 ft A

Drain-Source Current IDSX
VGls=-5v, VG2S=-5V

vDs=iov

- - 100 ft A

Drain Current IDSS,
(Note) VdS=5V, VGIS=0, VG2S=0 20 - 45 mA

Gatel-Source Cut-off Voltage vGlS(OFF) VdS=5v >
vG2S=0 > id=ioom - -2.5 -4 V

Gate2-Source Cut-off Voltage VG2S(0FF) VdS=5V,Vg1S=0, ID=100M - -2.5 -4 V

Forward Transfer Admittance |Y fs |

VDS=5V, Vg2S=0

lD=10mA, f=lkHz

- 17 - mS

Input Capacitance Ciss VDS=5V, VG2S=0

ID=10mA, f=lMHz

- 0.9 2.0 pF

Reverse Transfer Capacitance Crss - 0.02 0.05 pF

Power Gain Gps VDS=5V, VG2S=1V,
lD=10mA, f=800MHz

Fie.l

16 20.5 - dB

Noise Figure NF - 1.5 2.5 dB
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3SK121

Fig. 1 800MHz Gps , NF TEST CIRCUIT

INPUT

R
ff=5oa
#

C L2

1 ~20pF

1000 pF

OUTPUT

—

®

r =3 ^f-
L4 c

l~20pF

1000pF

5'HHioooopF

1000"?
I

ilOOOpF

O -p
f-1 I

—

-I- p. T

LI -L4 : l.Ommtf SILVER PLATED COPPER WIRE

C : AIR TRIMMER TTA25A200A (MURATA MFG. Co., LTD.)

RFC1 : 0.35mm«S COPPER WIRE 3mm ID, 7T

RFC2 : 0.35mm«5 COPPER WIRE 3mm ID, 10T

40

-il — yds

1 1

VQig=OV
COMMON
SOURCE

V02S = OV

Ta=25°C
30 -0.5

1

-1.0

?n

1.5

10

- 2.0

-2.5

1 s

I D - VDS

2

BRAIN-S
4 6 8

OURCE VOLTAQE VDg (V)

1 1 COMMON
SOURCE

vQls = ov

Ta = 25°C

v02s =ov

30 f
/

'

-a 5

/
"^ ~

1

-1.0

i
/>""

1

10 /
/

-1.5

/
+—"

1

-2.0
If

n C- .

-2.5

2 4 6

DRAIN-SOURCE VOLTAGE VDS (V)
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3SK121

rps NF J-B

_ 20

pa

/
^

/
'

8

/ COMMON SOURCE

VQ2S-^V
f = 800MHz
Ta=25°C

/

e

MP ^

20 25

DRAIN CURRENT Ip ( mA )

Y, - f
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*°0l 6

f
0.6

*V
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I])— 10 mA

*0.4
5

/c. 2
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a 5 1.0 1.5

INPUT CONDUCTANCE
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BIAS CIRCUIT
1—° Vr-.-n

Vq2
r 1

** r
-30 j

_L i R

V]}j)=fV(= Vt,<?
V'-RxlOmA
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Ah Ii

P
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40

REVERSE

-20 i
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AMB I ENT TEMPERATURE Ta (°C)

03 CO
=3. S
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CONDUCTANCE £fa ( mS ;
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°- l
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I E =10mA
Ta-25°C
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SOURCE

l_ G.9 Vps - 5V
VG2S = °

Id= 10mA
Ta = 25°C

o~
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3SK121

I D ~ VG1S
35

Ta = 25*C

C
30

A^,f-0.5 25

-.1 20

-1.5
'

"^

10
1

-2

n
-3.0 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5

OAT El -SOURCE VOLTAGE Vais (V)

l
Y f 8 l - vGls

COMMON
1 1

SOURCE
• V DS = 5V
f = I kHz
Ta = 25°C

VG2S^ V

^-Q^S

INPUT

U
1 \

GATE

-1^

-2 ^

16 «

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0"
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E

c
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Ta = 25°C
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SOURCE VOLTAGE VDS (V)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N3903

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: ICEV=50nA(Max.), I BEV=-50nA(Max.

)

@ VCE=30V, VBE=-3V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: VcE(sat)=0.3V(Max.) @ Ic=50mA, lB=5mA

. Low Collector Output Capacitance

: Cob=4pF(Max.) @ VCB=5V

. Complementary to 2N3905 '

flAXIMUn RATINGS (Ta=25°C)

Unit in mm

1. EMITTER
2. BASE
3. COLLECTOR

TOSHIBA

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 60 V

Collector-Emitter Voltage VCEO 40 V

Emitter-Base Voltage VEBO 6 V

Collector Current ic 200 mA

Base Current IB 50 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mV7

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient) Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °C

•^In accordance with JEDEC registration data.
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2N3903

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current !CEV VCE=30V, VBE=-3V - - 50 nA

Base Cut-off Current IBEV VCE=30V, VBE=-3V - - -50 nA

Collector-Base
Breakdown Voltage

v (BR)CBO I c=10aA, i e=o 60 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO I C=lmA, IB=0 40 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO ie=iom, i c=o 6 - - V

DC Current Gain

hFE(l) VCE=1V, Ic=0.1mA 20 - -

hFE(2) VCE=1V, IC=lmA 35 - -

hFE(3) VCE=1V, Ic=10mA 50 - 150

hFE(4) VCE=1V, Ic=50mA 30 - -

hFE(5) VCE=1V, Ic=100mA 15 - -

Collector-Emitter
Saturation Voltage

vCE(sat)l IC=10mA, lB=lmA - - 0.2
V

vCE(sat)2 IC=50mA, lB=5mA - - 0.3

Base-Emitter
Saturation Voltage

VBE(sat)l IC=10mA, lB=lmA 0.65 - 0.85
V

vBE(sat)2 IC=50mA, lB=5mA - - 0.95

Transition Frequency f T
VCE=20V, I c=10mA
f=100MHz

250 - - MHz

Collector Output Capacitance Cob VCB=5V, IE=0, f=lMHz - - 4 pF

Input Capacitance Cib VEB=0.5V,I C=0, f=lMHz - - 8 P F

Input Impedance hie

VCE=10V, Ic=lmA

f=lkHz

0.5 - 8 kQ

Voltage Feedback Ratio hre 0.1 - 5 xlO-4

Small-Signal Current Gain hfe 50 - 200

Collector Output Admittance hoe 1 - 40 nS

Noise Figure NF VCE=5V ' Ic=0 - lmA

Rg=lkQ, f=10Hz ~15.7kHz
- - 6 dB

Switching Time

Delay Time td v-
10kiV ^ ' ° Vqutv mo-—w—r CI i

300ns | R f C total<ipF

_Q 5j-L-0
VCC= 3.0V

t r ,t f <lns, DU = 2%

- - 35

ns

Rise Time tr - - 35

Storage Time tstg

lOkQ^
T
__

1-^V UTvin° *» T kG i n

1N916JK 1 "°i
j-°total<4pF

or equivj 1

N ^

1Q9VJ=| VCC = 3.0V

-9.1U L t r , t f<lns , Du=2%

- - 175

Fall Time tf - 50

JS In accordance with JEDEC registration data.
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N3904

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS. .

FEATURES

:

. Low Leakage Current

: ICEV=50nA(Max.), IBEV=-50nA(Max.

)

@ VCE=30V, Vbe=-3V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: VCE(sat)=0.3V(Max.) @ I c=50mA, lB=5mA

. Low Collector Output Capacitance

: C b=4pF(Max.) @ VCB=5V

. Complementary to 2N3906

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

1. EMITTER
2. BASE
3. COLLECTOR

TOSHIBA

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 60 V

Collector-Emitter Voltage VCEO 40 V

Emitter-Base Voltage VEBO 6 V

Collector Current ic 200 mA

Base Current IB 50 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature TJ 150 °C

Storage Temperature Range Tstg -55- 150 °C

*In accordance with JEDEC registration data.
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2N3904

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

ifc Collector Cut-off Current ICEV VCE=30V, VBE="3V - - 50 nA

&• Base Cut-off Current Jbev VCE=30V, VBE=-3V - - -50 nA
* Collector-Base
Breakdown Voltage v (BR)CBO IC=10M, Ie=0 60 - - V

* Collector-Emitter
Breakdown Voltage v (BR)CEO IC=lmA, IB=0 40 - - V

•* Emitter-Base
Breakdown Voltage v (BR)EBO IE=10M, lc=0 6 - - V

DC Current Gain

hFE(l) VCE=1V, Ic=0.1mA 40 - -

hFE(2) VCE=1V, Ic=lmA 70 - -

* hFE(3) VCE=1V, Ic=10mA 100 - 300

hFE(4) VCE=1V, Ic=50mA 60 - -

hFE(5) VCE=1V, IC=100mA 30 - -

•&• Collector-Emitter
Saturation Voltage

vCE(sat)l IC=10mA, lB=lmA - - 0.2
V

vCE(sat)2 IC=50mA, Ig=5mA - - 0.3
*• Base-Emitter
Saturation Voltage

VBE(sat)l IC=10mA, Ig=lmA 0.65 0.85
V

vBE(sat)2 IC=50mA, Ig=5mA - - 0.95

X Transition Frequency f T
VCE=20V, Ic=10mA
f=100MHz 300 - - MHz

jS Collector Output Capacitance Cob VCB=5V, I E=0, f=lMHz - - 4 pF

•)K Input Capacitance Cib VEb=0.5V,IC=0, f=lMHz - - 8 pF

»• Input Impedance hie

VCE=10V, Ic=lmA

f=lkHz

1.0 - 10 kn
* Voltage Feedback Ratio hre 0.5 _ 8 xlO-4

& Small-Signal Current Gain hf e 100 - 400

Collector Output Admittance hoe 1.0 - 40 MS

*• Noise Figure NF
VCE=5V, Ic=0.1mA
RR=lkQ, f =10Hz~15.7kHz

- - 5 dB

Switching Time

Delay Time td
1 DlrD r

- U„.._
- - 35

ns

V- - ... v^ r*v ln o—w*—r <^i

300ns £ ; ± c total<4pF

•X

Rise Time tr
.n. VCC = 3,0V

-asvJ u

t ri tf <lns, Du =2%

- - 35

Storage Time fc stg

„ lOkQ ^ *——oVouT
vin °—w » JT q| '

1N916±
|
£i f

C total<*PP

or equiv. X N
]

***

- - 200

Fall Time tf

20As i

ia9Vp=j v

-9.1vJ L t r ,t f
-

3C = 3.0V

cane , Du =2% |

- 50

•& In accordance with JEDEC registration dat£
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N3905

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: ICEV=-50nA(Max.), T-BEV= 50nA(Max.

)

@ VCE=-30V, Vbe=3V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: VCE ( sat) =-0.4V(Max.) @ IC=-50mA, IB=-5mA

. Low Collector Output Capacitance

: C b=4.5pF(Max.) @ VCB=-5V

. Complementary to 2N3903

Unit in mm

1. EMITTER
2. BASE
3. COLLECTOR

J EDEC

TOSHIBA 2-5 P1F

MAXIMUM RATINGS (Ta=25°C) Wei

CHARACTERISTIC SYMBOL RATING UNIT
&• Collector-Base Voltage VCBO -40 V

•X Collector-Emitter Voltage VCEO -40 V

* Emitter-Base Voltage vebo -5 V

* Collector Current ic -200 mA

Base Current IB -50 mA

* Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 m\$

2.8 mW/ ° C

* Collector Power Dissipation
(Tc=25°C) Detate Linearly 25°C ?C

1.0 W

8 mW/°C
•* Thermal Resistance

(Junction to Ambient)
Rth(j-a) 357 °C/W

•X Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

•X Junction Temperature T
J 150 °C

•;*• Storage Temperature Range Tstg -55-150 °C

0.21g

*In Accordance with JEDEC registration data.
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2N3905

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

« Collector Cut-off Current !CEV VCE=-30V, VBE=3V - - -50 nA

& Base Cut-off Current Ibev VCE=-30V, VBE=3V - - 50 nA

% Collector-Base
Breakdown Voltage

v (BR)CBO I C=-10aA, i e=o -40 - - V

X Collector-Emitter
Breakdown Voltage

v (BR)CEO IC=-lmA, Ib=0 -40 - - V

%. Emitter-Base
Breakdown Voltage V(BR)EBO I E=-10M, lc=0 -5 - - V

DC Current Gain

hFE(l) VCE=-1V, Ic=-0.1mA 30 - -

hFE(2) VCE=-1V, I C=-lmA 40 - -

* hFE(3) VCE=-1V, Ic=-10mA 50 - 150

hFEf4) VCE=-1V, Ic=-50mA 30 - -

hFE(5) VCE=-1V, Ic=-100mA 15 - -

•X Collector-Emitter
Saturation Voltage

vCE(sat)l IC=-10mA, lB=~lmA - - -0.25
V

vCE(sat)2 IC=-50mA, lB=-5mA - - -0.4

* Base-Emitter
Saturation Voltage

vBE(sat)l IC=-10mA, lB=-lmA -0.65 - -0.85
V

VBE(sat)2 IC=-50mA, lB=-5mA - - -0.95

•* Transition Frequency f T
VCE=-20V, Ic=-10mA
f=100MHz

200 - - MHz

* Collector Output Capacitance Cob VcB=-5V, I E=0, f=lMHz - - 4.5 P F

* Input Capacitance Cib
VEB=-0.5V, lc=0
f=IMHz - - 10 pF

* Input Impedance hie

VcE="10V, IC=-lmA

f=lkHz

0.5 - 8 kQ

•* Voltage Feedback Ratio hre 0.1 - 5 xlO-4

•* Small-Signal Current Gain hf e 50 - 200

/.i Collector Output Admittance hoe 1.0 - 40 ^s

* Noise Figure NF VCE=-5V, Ic=-0.1mA
Rg=lkQ, f =10Hz -15.7kHz

- - 5 dB

Switching Time

Delay Time td(ON) v:n° H^ - - 35

ns

q|T
J

° v0UT

£i iC total<4pP

«

Rise Time tr

0.5^ r ^ 6

]"[ VCC =-3.0V
-10.6VL_| tr>tf<ine

300ns Du= 2%>

- - 35

Storage Time tstg
„ lOkQ

1N9161 1

Or equiv. Z
9.1V-. r-^ '

-10.9V LJ t

20^s D

Tr

- - 200
T !

° V UUT
CJl ^C totai<4pF
lOS

l

ivcc =-aov

u =2% j

Fall Time tf - - 60

In accordance with JEDEC registration data.
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N3906

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES:

. Low Leakage Current

: ICEV=-50nA(Max.), lBEV=50nA(Max .

)

@ VcE=-30V, VBE=3V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: vCE(sat)=-0.4V(Max.) @ Ic=-50mA, I B=-5mA

. Low Collector Output Capacitance

: C b=4.5pF(Max.) @ Vcb=-5V

. Complementary to 2N3904

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

5.1 MAX.

1. EMITTER
2. BASE
3. COLLECTOR

EIA J SC-43

TOSHIBA

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -40 V

Collector-Emitter Voltage VCEO -40 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -200 mA

Base Current IB -50 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/ ° C

Thermal Resistance
(Junction to Ambient) Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
J 150 °c

Storage Temperature Range Tcto -55-150 °c

Weight : 0.21g

*In accordance with JEDEC registration data.
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2N3906

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

* Collector Cut-off Current ICEV VCE=-30V, VBE=3V
- - -50 nA

* Base Cut-off Current IBEV VCE=-30V, VBE=3V
- - 50 nA

B: Collector-Base
Breakdown Voltage

v (BR)CBO IC=-10M, Ie=0 -40 - - V

•* Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-lmA, Ib=0 -40 - - V

•* Emitter-Base
Breakdown Voltage

v (BR)EBO I E=-10/»A, Ic=0 -5 - - V

DC Current Gain

hFE(l) VfE=-lV, Ic=-0.1mA 60 - _

hFE(2) VfE=-lV, Ir=-lmA 80 - -

h-FE(3) VcE—lV, IC=-10mA 100 - 300

hFE(4) VCE=-1V, IC=-50mA 60 - -

hFE(5) VcE=-lV, Ic=-100mA 30 - -

X Collector-Emitter
Saturation Voltage

VcE(sat)l IC=-10mA, lB=-lmA - - -0.25
V

vCE(sat)2 IC=-50mA, lB=-5mA - - -0.4

*• Base-Emitter
Saturation Voltage

VfiE(sat)l IC=-10mA, lB=-lmA -0.65 - -0.85
V

vBE(sat)2 IC=-50mA, lB=-5mA - - -0.95

3K Transition Frequency f T
VCE=-20V, Ic=-10mA
f=100MHz

250 - - MHz

•x Collector Output Capacitance Cob VcB=-5V, lE=0, f=lMHz - - 4.5 pF

•X- Input Capacitance Cib VEB=-0-5V,IC=0, f=lMHz - - 10 pF

* Input Impedance hie

VCE=-10V, Ic=-lmA

f=lkHz

2.0 - 12 kQ

* Voltage Feedback Ratio hre
1.0 - 10 xlO-4

100 - 400
*• Small-Signal Current Gain hfe

* Collector Output Admittance hoe 3.0 - 60 ft S

•* Noise Figure NF
VCE=-5V, Ic=-0.1mA
RK=lkQ, f=10Hz~15.7kHz

- - 4 dB

Switching Time

Delay Time td
- - 35

ns

Vin o 'w*—1 v-<

, ±Ctotal<±pF
I

Rise Time tr

a5Vn..p i>vcc =-s.ov

-ia6Vy t r ,t f <lns
300ns Du=2%

- - 35

w

Storage Time tstg

10kO is 1

or equiv. * 1 cs?

—;— Vqut

.

^Ctotal<4pF
At

- 225

Fall Time tf

aiv.. * ^

-IO.9VJ-5J *r

'

20/ia Du=

Lvcc= -3.0V

tf<lns
2%

- - 75

* In accordance with JEDEC registration data,
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N4123

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: ICBO=50nA(Max.) @ VCB=20V

lEBO=50nA(Max.) @ V£B=3V

. Low Saturation Voltage

: VCE(sat)=0.3V(Max.) @ Ic=50mA, lB=5mA

. Low Collector Output Capacitance

•• Cob=4pF(Max.) @ VcB=5V

. Complementary to 2N4125

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

5.1 MAX.
"

1 X
<
s

:

:

Q4 5 jn
' .,"

-
C.5 5MAX. i

1

II

00

0.45
s
t-

1

w

1.2 7
x .

-2 7

-O

i

T r

' ^
1. EMI TTER
2. BASE
3. COLLECTOR

JEI'EC TO-9 2

EIAJ 3 0-4 3

TOSHIBA 2-5 KIP

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 40 V

Collector-Emitter Voltage VCEO 30 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 200 mA

Base Current IB 50 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/°C

Thermal Reisstance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg -55^150 °C

•*In accordance with JEDEC registration data.
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2N4123

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=20V, I E=0 - - 50 nA

Emitter Cut-off Current lEBO VEB=3V, I C=0 - - 50 nA
Collector-Base
Breakdown Voltage v (BR)CBO IC=10M, Ie=0 40 - - V

Collector-Emitter
Breakdown Voltage V(BR)CEO IC=lmA, IB=0 30 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO ie=iom, Ic=0 5 - - V

DC Current Gain hFE(l) VCE=1V, I c=2mA 50 - 150

hFE(2) VCE=1V, Ic=50mA 25 - -

Collector-Emitter
Saturation Voltage VCE(sat) IC=50mA, lB=5mA - - 0.3 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=50mA, lB=5mA - - 0.95 V

Small Signal Forward
Current Transfer Ratio Ihfel Vce=20V, Ic=10mA,

f=100MHz
2.5 - -

Transition Frequency f T
Vce=20V, I c=10mA
f=100MHz

250 - - MHz

Collector Output Capacitance Cob VCB=5V, IE=0, f=lMHz - - 4 pF

Input Capacitance Cib VEb=0.5V, lc=0, f=lMHz - - 8 pF

Small Siganl Current Gain hfe VCE=10V, Ic=2mA, f=lkHz 50 - 200

Noise Figure NF
VCE=5V, Ic=100aA,

Rg=lkQ, f =10Hz~15.7kHz
- 6 dB

* In accordance with JEDEC registration data,
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N4124

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES:

. Low Leakage Current

: ICBO=50nA(Max.) @ VCB=20V

lEBO=50nA(Max.) @ V£B=3V

. Low Saturation Voltage

: vCE(sat)=0.3V(Max.) @ IC=50mA, IB=5mA

. Low Collector Output Capacitance

: C b=4pF(Max.) @ VCB=5V

. Complementary to 2N4126

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

5
1—

I MAXH
X
<

Q46

1

-1

,

C.5 6MAX.
J

1

CD

0.4 5

1

5

1.27 i.27
10

' 1

"I J 1

j

i 2 3 /

X
<
s
r~

t

•J^

1. EMITTER
2. BASE
3. COLLECTOR

'OSKI BA 2-5FIF
Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 30 V

Collector-Emitter Voltage VCEO 25 V

Emitter-Base Voltage VEBO 5 V

Collector Current ic 200 mA

Base Current IB 50 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/ d
C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C PC

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient) Rth(j-a) 357 °C/W

Thermal Reisstance
(Junction to Case) Rth(j-c) 125 °C/W

Junction Temperature TJ 150 °C

Storage Temperature Range Tstg -55~150 °C

*In accordance with JEDEC registration data.
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2N4124

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=20V, I E=0
- - 50 nA

Emitter Cut-off Current lEBO VEB=3V, IC=0
- - 50 nA

Collector-Base
Breakdwon Voltage V(BR)CBO IC=10A, Ie=0 30 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO I c=lmA, IB=0 25 - - V

Emitter-Base
Breakdown Voltage

V(BR)EBO lE=10/<A, lc=0 5 - - V

DC Current Gain
hFE(l) VCE=1V, I C=2mA 120 - 360

hFE(2) VCE=1V, Ic=50mA 60 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=50mA, lB=5mA - - 0.3 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=50mA, Is=5mA - - 0.95 V

Small Signal Forward
Current Transfer Ratio

lhfe l

VCE=20V, IC=10mA,

f=100MHz
3.0 - -

Transition Frequency fT
VCE=20V, I C=10mA,

f=100MHz
300 - - MHz

Collector Output Capacitance Cob VcB=5V, Ie=0, f=lMHz - - 4 pF

Input Capacitance Cib Veb=0-5V,Ic=0, f=lMHz - - 8 pF

Small Signal Current Gain hf e VCE=10V, Ic=2mA, f=lkHz 120 - 480

Noise Figure NF
VCE=5V, Ic=100M

R
g
=lkQ, f=10Hz~15.7kHz

- - 5 dB

* In accordance with JEDEC registration data.
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SILICON PNP EPITAXIAL TYPE (PGT PROCESS) 2N4125

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: IcBO=-50nA(Max.) @ VCB=-20V

lEBO=-50nA(Max.) @ Veb=~3V

. Low Saturation Voltage

: VcE(sat)=-O.AV(Max.) @ Ic=-50mA, lB=-5mA

. Low Collector Output Capacitance

: C b=4-5pF(Max.) @ Vcb=-5V

. Complementary to 2N4123

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

1.2 7 1.2 7

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO-92

E1A. SC-43

TOSHIBA 2-5 F1F

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -30 V

Collector-Emitter Voltage VCEO -30 V

Emitter-Base Voltage VEBO -4 V

Collector Current ic -200 mA

Base Current IB -50 mA

Collector Power Dissipation

(Ta=25°C) Derate Linearly 25°C
PC

350 mW

2.8 mW/°C

Collector Power Dissipation

(Tc=25°C) Derate Linearly 25°C
PC

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55~150 °C

X-In accordance with JEDEC registration data.
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2N4125

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
* Collector Cut-off Current ICBO VCB=-20V, IE=0 - _ -50 nA
* Emitter Cut-off Current lEBO VeB=~3V, I C=0 - _ -50 nA
X Collector-Base
Breakdown Voltage v (BR)CBO I'C=-10M, IE=0 -30 - - V

•* Collector-Emitter
Breakdown Voltage v (BR) CEO IC=-lmA, Ib=0 -30 - - V
Emitter-Base
Breakdown Voltage v (BR)EBO IE=-10M, lc=0 -4 - - V

•* DC Current Gain hFE(l) Vce=-1V, Ic=-2mA 50 _ 150

hFE(2) Vce=-1V, Ic=-50mA 25 _ _
•A- Collector-Emitter

Saturation Voltage vCE(sat) IC=-50mA, lB=-5mA - - -0.4 V
*• Base-Emitter

Saturation Voltage vBE(sat) IC=-50mA, lB=-5mA - - -0.95 V

•* Small Signal Forward
Current Transfer Ratio lhfe l

VCE=-20V, IC=-10mA,

f=100MHz
2.0 - -

•X Transition Frequency fT
VCE=-20V, Ic=-10mA,

f=100MHz
200 - - MHz

•X Collector Output Capacitance Cob VCB=-5V,IE=0, f=lMHz - _ 4.5 pF
*• Input Capacitance Cib VEB=-0.5V,IC=0, f=lMHz - _ 10 pF
* Small Signal Current Gain hf e VcE=-10V,Ic=-2mA,f=lkHz 50 _ 200

*• foise Figure NF VcE=-5V, ic=-ioo«a

Rg=lkQ, f=10Hz~15.7kHz
- - 5 dB

* In accordance with JEDEC registration data
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N4126

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: IcBO=-50nA(Max.) @ VcB=-20V

lEBO=-50nA(Max.) @ Veb=-3V

. Low Saturation Voltage

•' vCE(sat)=-0-4V(Max.) @ IC=-50mA, IB=-5mA

. Low Collector Output Capacitance

: C b=4.5pF(Max.) @ vCB=-5V

. Complementary to 2N4124

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO-92

SC-43

TOSHIBA 2-5F1F
Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -25 V

Collector-Emitter Voltage VCEO -25 V

Emitter-Base Voltage VEBO -4 V

Collector Current ic -200 mA

Base Current IB -50 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C PC

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
J 150 °C

Storage Temperature Range TStR -55 ~150 °C

*In accordance with JEDEC registration data.
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2N4126

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-20V, I E=0
- - -50 nA

Emitter Cut-off Current lEBO VEB=-3V, IC=0
- - -50 nA

Collector-Base
Breakdown Voltage

V(BR)CBO IC=-10M, Ie=0 -25 - - V

Collector-Emitter

Breakdown Voltage
V(BR)CEO Ic=-lmA, Ib=0 -25 - - V

Emitter-Base
Breakdown Voltage

V(BR)EBO IE=-10M, lc=0 -4 - - V

DC Current Gain
hFE(l) VCE=-1V, I G=-2mA 120 - 360

hFE(2) VCE=-1V, Ic=-50mA 60 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-50mA, lB=~5mA - - -0.4 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=-50mA, lB=-5mA - -
.

-0.95 V

Small Signal Forward

Current Transfer Ratio
hf e

VCE=-20V, Ic=-10mA,

f=100MHz
2.5 - -

Transition Frequency f T
VCE=-20V » IC=-10mA,

f=100MHz
250 - - MHz

Collector Output Capacitance Cob VcB=-5V,lE=0, f=lMHz - - 4.5 PF

Input Capacitance Cib VEB=-0.5V,Ic=0, f=lMHz - - 10 PF

Small Signal Current Gain hfe VcE=-10v » IC=-2mA,f=lkHz 120 - 480

Noise Figure NF VCE=-5V > IC=-100/iA

Rg=lkQ,
f=10Hz~15.7kHz

- - 4 dB

& In accordance with JEDEC registration data.
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N4400

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: IcEV=100nA (Max -)' lBEV=-100nA(Max.)

@ VCE=35V, VBE=-0.4V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: VcE(sat)=0-4V(Max.) @ Ic=150mA, lB=15mA

. Low Collector Output Capacitance

: C b=6.5pF(Max.) @ VCB=5V

. Complementary to 2N4402

Unit in mm

1. EMITTER
2. BASE
3. COLLECTOR

MAXIMUM RATINGS (Ta=25°C)
wei

CHARACTERISTIC SYMBOL RATING UNIT

% Collector-Base Voltage VCBO 60 V

* Collector-Emitter Voltage VCEO 40 V

•X- Emitter-Base Voltage VEBO 6 V

* Collector Current ic 600 mA

Base Current IB 100 mA

* Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

*• Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/°C

*• Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

* Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

% Junction Temperature Tj
150 °C

* Storage Temperature Range Tstg -55-150 °C

Weight : 0.21g

*In accordance with JEDEC registration data.
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2N4400

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
* Collector Cut-off Current !CEV VCE=35V, VBE=-0.4V - - 100 nA
% Base Cut-off Current Ibev VCE=35V, VBE=-0.4V - - -100 nA
% Collector-Base
Breakdown Voltage v (BR)CBO IC=0.1mA, Ie=0 60 - - V

X Collector-Emitter
Breakdown Voltage v (BR) CEO Ic=lmA, IB=0 40 - - V

* Emitter-Base
Breakdown Voltage v (BR)EBO lE=0.1mA, lc=0 6 - - V

DC Current Gain

hFE(l) VCE=1V, I C=lmA 20 - -

•& »FE(2) Vce=1V, IC=10mA 40 - -

hFE(3) VCE=1V, Ic=150mA 50 - 150

hFE(4) VCE=2V, Ic=500mA 20 - -

* Collector-Emitter
Saturation Voltage

vCE(sat)l IC=150mA, IB=15mA - - 0.4
V

VcE(sat)2 IC=500mA, IB=50mA - - 0.75
•* Base-Emitter
Saturation Voltage

vBE(sat)l IC=150mA, IB=15mA 0.75 - 0.95
V

vBE(sat)2 IC=500mA, IB=50mA - - 1.2

* Transition Frequency f T
VCE=10V, Ic=20mA

f=100MHz
200 - - MHz

J*5 Collector Output Capacitance Cob VCB=5V, I E=0, f=lMHz - - 6.5 pF

*• Input Capacitance Cib VEB=0.5V,IC=0, f=lMHz - - 30 PF

* Input Impedance hi e

VCE=10V, Ic=lmA

f=lkHz

0.5 - 7.5 kQ

* Voltage Feedback Ratio hre 0.1 - 8 xlO-4

*• Small-Signal Current Gain hf e 20 - 250

« Collector Output Admittance hoe 1.0 - 30 /iS

Switching Time

Delay Time td - - 15

ns

'in"—**—C G

ZOfie *
;
^ C total<10pF
7j,"t r-( scope)<4ns

*

Rise Time tr
16Vt=j VCC =30V

t r <2ns, Du<2%

- - 20

Storage Time tstg
ll'Q - "---

- - 225

v - JU«vBB-"4/ i

20UB
V

16v
Fi-o *f

-14V J L Du

^C total<10pP
^' t r(ecope) <4ns

Fall Time tf
3C =30V

<20ns
<2%

- - 30

* In accordance with JEDEC registration data,
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SILICON NPN EPITAXIAL PLANAR (PCT PROCESS) 2N4401

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: ICEV=100nA(Max.), lBEV=-100nA(Max.

)

<a VCE=35V, VBE=-0.4V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: vCE(sat)=0.4V(Max.) @ I C=150mA, IB=15mA

. Low Collector Output Capacitance

: C b=6.5pF(Max.) @ VCB=5V

. Complementary to 2N4403

Unit in mm

MAXIMUM RATINGS (Ta=25°C)

(

5. i MAX

.

1

1

<
s

J- 45 JL
25u*v 'Lit"

00

ciQ45
5

T»
1.2 7

L
1.2 7

'O _l:

J

/"
1 l\

/ ; \ *
- L_Jip U

i 2J
s

1. EMITTER
2. BASE
3. COLLECTOR

J EDEC

TOSHIBA 2-5 PI V

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VcBO 60 V

Collector-Emitter Voltage VCEO 40 V

Emitter-Base Voltage VEBO 6 V

Collector Current ic 600 mA

Base Current IB 100 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Detate Linearly 25°C Pc

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
J

150 °C

Storage Temperature Range Tstg -55~150 °C

*In accordance with JEDEC registration data.



2N4401

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICEV VCE=35V, VBE=-0.4V - - 100 nA

Base Cut-off Current IBEV VCE=35V, VBE=-0.4V - - -100 nA

Collector-Base
Breakdown Voltage

v (BR)CBO IC=0.1mA, lg=0 60 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=lmA, IB=0 40 - - V

Emitter-Base
Breakdown Voltage

v (BR)EBO I E=0.1mA, lc=0 6 - - V

DC Current Gain

hFE(l) VCE=1V, Ic=0.1mA 20 - -

hFE(2) VCE=1V, IC=lmA 40 - -

hFE(3) Vce=1V, Ic=10mA 80 - -

hFE(4) VCE=1V, IC=150mA 100 - 300

hFE(5) VCE=2V, IC=500mA 40 - -

Collector-Emitter
Saturation Voltage

VcE(sat)l Ic=150mA, lB=15mA - - 0.4
V

VcE~(sat)2 Ic=500mA, lB=50mA - - 0.75

Base-Emitter
Saturation Voltage

VBE(sat)l IC=150mA, lB=15mA 0.75 - 0.95
V

VBE(sat)2 IC=500mA, lB=50mA - - 1.2

Transition Frequency fT
Vce=10V, Ic=20mA

f=100MHz
250 - - MHz

Collector Output Capacitance Cob VCB=5V, IE=0, f=lMHz - - 6.5 pF

Input Capacitance Cib VEB=0.5V,Ic=0, f=lMHz - - 30 pF

Input Impedance hie
Vce=10V, Ic=lmA

f=lkHz

1.0 - 15 kQ

Voltage Feedback Ratio hre 0.1 - 8 xl0-4

Small-Signal Current Gain hf e 40 - 500

Collector Output Admittance hoe 1.0 - 30 ttS

Switching Time

Delay Time td - - 15

ns

yin°
"" EC

20 X;4Ctotal<10pF
'" t r ( scope ) <4- n n

Rise Time tr

16VF=j VCC =30V

t r <2ns, Du<2%

- - 20

Storage Time c stg
- - 225

VBB=-4V
J'
N

<

20/ie v

16V pn
t

-I4Vj L Du

^C total<10pP
* t r (scope)<4ne

Fall Time tf

CC=30V

<4i0ns
<2%

- - 30

* In accordance with JEDEC registration data.
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N4402

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: ICE^-iOOnACMax.), lBEV=100nA(Max.

)

@ VCE=-35V, VBE=0.4V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: VcE(sat)=-°-4V(Max.) @ Ic=-150mA, lB=-15mA

. Low Collector Output Capacitance

: C b=8.5pF(Max.) @ VCB=-10V

. Complementary to 2N4400

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

5.1 MAX.
,

t-

4

i

0.45 4f[71

I) \\ 3 a
0.5 5 MAX.

1

)|

00

d

M

G45
s

1.2 7

i-i

1.2 7

•>*

C5
.

i r
! !\ x

1

1 4» ( ) S12 3/ *

.

V
1.

2.

3.

EMITTER
BASE
COLLECTOR

JEDEC TO-92

EIA.T SC-43

TOSHIBA 2-5P1P

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -40 V

Collector-Emitter Voltage VcEO -40 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -600 mA

Base Current IB -100 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C

PC
350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Detate Linearly 25°C

PC
1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -55-150 °C

•*In accordance with JEDEC registration data.
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2N4402

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
*• Collector Cut-off Current ICEV VCE=-35V, VBE=0.4V - - -100 nA

* Base Cut-off Current IBEV VCE=-35V, VBE=0.4V - - 100 nA
* Collector-Base

Breakdown Voltage v (BR)CBO IC=-0.1mA, I E=0 -40 - - V

* Collector-Emitter
Breakdown Voltage V (BR) CEO IC=-lmA, Ib=0 -40 - - V

* Emitter-Base
Breakdown Voltage v (BR)EBO I E=-0.1mA, I c

=0 -5 - - V

DC Current Gain

hFE(l) VCE=-1V, IC=-lmA 30 - -

•X hFE(2) Vce=-1V, Ic=-10mA 50 - -

hFE(3) VCE=-1V, I c=-150mA 50 - 150

hFE(4) VCE=-2V, IC=-500mA 20 - -

•X Collector-Emitter
Saturation Voltage

vCE(sat)l I c=-150mA, IB=-15mA - - -0.4
V

VCE(sat)2 I C=-500mA, IB=-50mA - - -0.75

* Base-Emitter
Saturation Voltage

vBE(sat)l IC=-150mA, IB=-15mA -0.75 - -0.95
V

vBE(sat)2 IC=-500mA, IB=-50mA - - -1.3

•« Transition Frequency fT
VCE=-10V, Ic=-20mA

f=100MHz
150 - - MHz

* Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMH z - - 8.5 P F

X Input Capacitance Cib VEB=-0.5V,IC=0, f=lMHz - - 30 pF

* Input Impedance hie
VCE=-10V, Ic=-lmA

f-lkHz

0.75 - 7.5 kn
* Voltage Feedback Ratio hre 0.1 - 8 xlO-4

•X Small-Signal Current Gain hf e 30 - 250

« Collector Output Admittance hoe 1.0 - 100 uS

Switching Time

Delay Time td - - 15

ns

tJtN
i.

!

^C total<10pF
^ t r(scope)<4-ns

*

Rise Time tr

2V=j-r- VCC =-30V

-16v|_J t r<2ns
20Ue Du£j2%

- - 20

Storage Time tstg
1 kO

f
.-it

- - 225
fin a—wvrc

Vun— 4V ,

4=Ctcjtal<i:ipF
'* t r(scope)<4 ns

Fall Time tf
i4v

u°

:

-16VU t
<

20MB Dl

CC=-30V

'<«ii)ns
" - 30

* In accordance with JEDEC registration data.
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N4403

FOR GENERAL PURPOSE USE SWITCHING AND AMPLIFIER

APPLICATIONS.

FEATURES

:

. Low Leakage Current

: ICEV=_100nA (Max.), IBEv=100nA(Max.)

@ VCE=-35V, VBE=0.4V

. Excellent DC Current Gain Linearity

. Low Saturation Voltage

: VCE(sat)=-0.4V(Max.) @ I c=-150mA, IB=-15mA

. Low Collector Output Capacitance

: Cob=8.5pF(Max.) @ VcB=-10V

. Complementary to 2N4401

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

0.5 5 MAX

5 TlC

0.45

1. EMITTER
2. BASE
3. COLLECTOR

EIAJ

TOSHIBA 2-5P1F
Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -40 V

Collector-Emitter Voltage VCEO -40 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -600 mA

Base Current IB -100 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C PC

350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C ?C

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient) Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg
|

-55-150 °C

^•In accordance with JEDEC registration data.

865



2N4403

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
|

Collector Cut-off Current ICEV VCE=-35V, VBE=0.4V - - -100 nA

Base Cut-off Current IBEV VCE=-35V, VBE=0.4V - - 100 nA

Collector-Base
Breakdown Voltage V(BR)CBO IC=-0.1mA, I E=0 -40 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO IC=-lmA, Ib=0 -40 - - V

Emitter-Base
Breakdown Voltage

v (BR)EBO I E=-0.1mA, lc=0 -5 - - V

DC Current Gain

hFE(l) VCE=-1V, IC=-0.1mA 30 - -

hFE(2) VCE=-1V, IC=-lmA 60 - -

hFE(3) VcE="lV, Ic=-10mA 100 - -

hFE(4) VCE=-1V, I c=-150mA 100 - 300

hFE(5) VcE=-2V, Ic=-500mA 20 - -

Collector-Emitter
Saturation Voltage

VcE(sat)l IC=-150mA, lB=-15mA - - -0.4
V

VCE(sat)2 IC=-500mA, lB=-50mA - - -0.75

Base-Emitter
Saturation Voltage

VBE(sat)l IC=-150mA, lB=-15mA -0.75 - -0.95
V

vBE(sat)2 IC=-500mA, IB=-50mA - - -1.3

Transition Frequency fT
VcE=-10V, Ic=-20mA

f=100MHz
200 - - MHz

Collector Output Capacitance Cob VCB="10V, I E=0, f=lMHz - - 8.5 pF

Input Capacitance Cib VEB=-0.5V,Ic=0, f=lMHz - - 30 pF

Input Impedance hie
VcE=-10V, IC=-lmA

f=lkHz

1.5 - 15 kQ

Voltage Feedback Ratio hre 0.1 - 8 xlO-4

Small-Signal Current Gain hfe 60 - 500

Collector Output Admittance hoe 1.0 - 100 MS

Switching Time

Delay Time td - - 15

ns

vinO—«^-Cc

18,
:
±Ctotal<10pF
"»'t

T. (scope )
<~-* ns

Rise Time t r

m Vpr'=-30V

-16VkJ t r<2ns
20/J8 Du^2%

- - 20

Storage Time tstg - - 225

Vbb^V* I

14V
l-Fo

v

-16VL_j t f

;^Gtotal<10pP
"> t r ( scope )^^ n s

Fall Time ff
CC =-30V

<20ns
^2%

- - 30

* In accordance with JEDEC registration data.



SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N5400

FOR GENERAL PURPOSE USE HIGH VOLTAGE

AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Breakdown Voltage

: VCBO=-130V, VCEO=-120V

. Low Leakage Current

: ICBO=-100nA(Max.) @ VCB=-100V

. Low Saturation Voltage

: VCE(sat)=-0.5V(Max.) @ IC=-50mA, IB=-5mA

. Low Noise : NF=8dB(Max.)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

1. EMITTER
2. BASE
3. COLLECTOR

TO-9 2

TOSHIBA
Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -130 V

Collector-Emitter Voltage VCEO -120 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -600 mA

Base Current IB -100 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C PC

350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C PC

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature Tj 150 °C

Storage Temperature Range T stg -55-150 °C

•^In accordance with JEDEC registration data.
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2N5400

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX. UNIT

Collector Cut-off Current ICBO
VCB=-100V, IE=0 - - -100 nA

VCB=-100V, IE=0,Ta=100°C - - -100 fj-k

Emitter Cut-off Current IEBO VEB=-3V, lc=0 - - -50 nA

Collector-Base
Breakdown Voltage V(BR)CBO IC=-0.1mA, IE=0 -130 - - V

Collector-Emitter
Breakdown Voltage V(BR)CEO IC=-lmA, IB=0 -120 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO IE=-10^A, I C=0 -5 - - V

DC Current Gain

hFE(l) VCE=~5V, I C=-lmA 30 - -

hFE(2) VCE=-5V, I C=-10mA 40 - 180

hFE(3) VcE=-5V, Ic=-50mA 40 - -

Collector-Emitter
Saturation Voltage

VcE(sat) 1 IC=-10mA, lB=-lmA - - -0.2
V

VcE(sat) 2 IC=-50mA, lB=-5mA - - -0.5

Base-Emitter
Saturation Voltage

vBE(sat) 1 IC=-10mA, Ig=-lmA - - -1.0
V

VBE(sat) 2 IC=-50mA, lB=-5mA - - -1.0

Transition Frequency fT
VCE=-10V, Ic=-10mA,

f=100MHz
100 - 400 MHz

Collector Output Capacitance Cob VcB="10V, IE=0, f=lMHz - - 6 P F

Small Siganl Current Gain hfe VCE=-10V,

I

c=-lmA, f=lkHz 30 - 200

Noise Figure NF
VcE="5V, Ic=-250^A

Rg=lkQ, f=10Hz~15.7kHz
- - 8 dB

s& In accordance with JEDEC registration data.



SILICON PNP EPITAXIAL TYPE (PCT PROCESS) 2N5401

FOR GENERAL PURPOSE USE HIGH VOLTAGE

AMPLIFIER APPLICATIONS.

FEATURES:

. High Collector Breakdown Voltage

: VCBO=-160V, VCEO=-150V

. Low Leakage Current

: ICBO=-50nA(Max.) @ Vcb="120V

. Low Saturation Voltage

: VCE ( sat )=-0.5V(Max.) @ IC=-50mA, IB=-5mA

. Low Noise : NF=8dB(Max.

)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

5.1 MAX.

1
,

<

t~

*

Q45 —I-W1 1'l
00

-»•Q5 5MAX.
J

1

CO 5
0.45 _ d| i-

imS

1.2-7
a |

1.2 7

in

d—C
1

;
! \ x

H"»- i- f i s
\ 1 2 3/
^ ^y *

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO-92

EIAJ SC-43

TOSHIBA 2-5F1F

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO -160 V

Collector-Emitter Voltage VCEO -150 V

Emitter-Base Voltage VEBO -5 V

Collector Current ic -600 mA

Base Current IB -100 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25 C

C
PC

350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/°C

Thermal Resistance

(Junction to Ambient)
Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case) Rth(j-c) 125 °C/W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °C

>KIn accordance with JEDEC registration data.
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2N5401

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNII

Collector Cut-off Current !CBO
VCB=-120V, IE=0 - - -50 nA

VcB=-120V,IE=0, Ta=100°C - - -50 M
Emitter Cut-off Current lEBO VEB=-3V, IC=0 - - -50 nA

Collector-Base
Breakdown Voltage

v (BR)CBO IC=-0.1mA, IE=0 -160 - - V

Collector-Emitter
Breakdown Voltage

v (BR) CEO I C=-lmA, IB=0 -150 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO ie=-iom, Ic=0 -5 - - V

DC Current Gain

hFE(l) VCE="5V, IC=-lmA 50 - -

hFE(2) VcE=-5V, Ic=-10mA 60 - 240

hFE(3) VCE=-5V, Ic=-50mA 50 - -

Collector-Emitter
Saturation Voltage

vCE(sat) 1 IC=-10mA, lB=-lmA - - -0.2
V

vCE(sat) 2 IC=-50mA, Ig=-5mA - - -0.5

Base-Emitter
Saturation Voltage

VBE(sat) 1 IC=-10mA, lB=-lmA - - -1.0
V

VBE(sat) 2 IC=-50mA, lB=-5mA - - -1.0

Transition Frequency f T
VCE=-10V, I C=-10mA,

f=100MHz
100 - 300 MHz

Collector Output Capacitance Cob VcB=-10V, IE=0, f=lMHz - - 6 pF

Small Siganl Current Gain hfe VCE=-10V,

I

c=-lmA, f=lkHz 40 - 200

Noise Figure NF
VCE=-5V, IC=-250fiA

R
g
=lkQ, f=10Hz~15.7kHz

- - 8 dB

* In accordance with JEDEC registration data.
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N5550

FOR GENERAL PURPOSE USE HIGH VOLTAGE

AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Breakdown Voltage

: VCBO=160V, VCEO=140V

. Low Leakage Current

: ICBO=100nA(Max. ) @VcB=100V

. Low Saturation Voltage

: VcE(sat)=0.25V(Max.) @ Ic=50mA, I B=5mA

. Low Noise : NF=10dB(Max.

)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

5.1 MAX.
' ; 1

1

.

"

!

X

!>

<*

0.45 iT"]

IJI -1 •
[ ji

0.55MAX. 1

1 f

CO s
0.45 a r-

•

I r.[

-i

T T 1
.

L2 7
L f

1.2 7

r \
C5 ( ! ! \ x

i_H. *»)* 1 ^
\l 2 3 J *

'

1. EMITTER
2. BAS E
3. COLLECTOR

JEDEC TO-92

E I A J SC-43

TOSHIBA 2-5F1F

Weight : 0.21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 160 V

Collector-Emitter Voltage VCEO 140 V

Emitter-Base Voltage Vebo 6 V

Collector Current ic 600 mA

Base Current IB 100 mA

Collector Power Dissipation
(Ta=25°C) Derate Linearly 25°C ?C

350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C PC

1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case) Rth(j-c) 125 °C/W

Junction Temperature T
j

150 °C

Storage Temperature Range Tstg -55-150 °C

5* In accordance with JEDEC registration data.
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2N5550

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO
VCB=100V, Ie=0 - - 100 nA

VCB=100V,lE=0, Ta=100°C - - 100 MA

Emitter Cut-off Current lEBO VEB=4V, Ic=0 - - 50 nA

Collector-Base
Breakdown Voltage V(BR)CBO IC=0.1mA, l£=0 160 - - V

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA, IB=0 140 - - V

Emitter-Base
Breakdown Voltage V(BR)EBO ie=iom, ic=o 6 - - V

DC Current Gain

hFE(l) VCE=5V, IC=lmA 60 - -

hFE(2) VCE=5V, Ic=10mA 60 - 250

hFE(3) VcE=5V, Ic=50mA 20 - -

Collector-Emitter
Saturation Voltage

vCE(sat) 1 IC=10mA, lB=lmA - - 0.15
V

VcE(sat) 2 IC=50mA, lB=5mA - - 0.25

Base-Emitter
Saturation Voltage

VBE(sat) 1 IC=10mA, lB=lmA - - 1.0
V

vBE(sat) 2 IC=50mA, lB=5mA - - 1.2

Transition Frequency f T
Vce=10V, Ic=10mA,

f=100MHz
100 - 300 MFiz

Collector Output Capacitance Cob VcB=10V, Ie=0, f=lMHz - - 6 pF

Input Capacitance Cib VEB=0.5V, Ic=0, f=lMHz - - 30 pF

Small Signal Current Gain hfe VcE=10V,Ic=lmA, f=lkHz 50 - 200

Noise Figure NF VCE=5V, I C=250M
Rg=lkQ, f=loHz~15.7kHz

- - 10 dB

* In accordance with JEDEC registration data.
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) 2N5551

FOR GENERAL PURPOSE USE HIGH VOLTAGE

AMPLIFIER APPLICATIONS.

FEATURES

:

. High Collector Breakdown Voltage

: VCBO=180V, VCEO=160V

. Low Leakage Current

: ICBO=50nA(Max.) @ VcB=120V

. Low Saturation Voltage

: VCE ( sat) = 0.2V(Max.) @ I c=50mA, IB=5mA

. Low Noise : NF=8dB(Max.)

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

1. EMITTER
2. BASE
a COLLECTOR

TOSHIBA 2-5P1F
Weight : 0. 21g

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base Voltage VCBO 180 V

Collector-Emitter Voltage VCEO 160 V

Emitter-Base Voltage VEBO 6 V

Collector Current ic 600 mA

Base Current IB 100 mA

Collector Power Dissipation
(Ta=25°C) Detate Linearly 25°C PC

350 mW

2.8 mW/°C

Collector Power Dissipation
(Tc=25°C) Derate Linearly 25°C

PC
1.0 W

8 mW/°C

Thermal Resistance
(Junction to Ambient)

Rth(j-a) 357 °C/W

Thermal Resistance
(Junction to Case)

Rth(j-c) 125 °C/W

Junction Temperature T
j 150 °C

Storage Temperature Range T stg -55 ~150 °C

X In accordance with JEDEC registration data.
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2N5551

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

*• Collector Cut-off Current !CBO
VCB=120V, I E=0 - - 50 nA

VCB=120V, l£=0, Ta=100°C - - 50 fik

» Emitter Cut-off Current lEBO Veb=^v, ic=o - -
- 50 nA

* Collector-Base
Breakdown Voltage V(BR)CBO IC=0.1mA, Ie=0 180 - - V

*• Collector-Emitter
Breakdown Voltage V(BR)CEO IC=lmA, Ib=0 160 - - V

•X Emitter-Base
Breakdown Voltage V(BR)EBO ie=iom, Ic=0 6 - - V

DC Current Gain

hFE(l) VCE=5V, Ic=lmA 80 - -

* hFE(2) VCE=5V, I C=10mA 80 - 250

hFE(3) VCE=5V, Ic=50mA 30 - -

•*;• Collector-Emitter
Saturation Voltage

VCE(sat) 1 IC=10mA, lB=lmA - - 0.15
V

vCE(sat) 2 IC=50mA, Ig=5mA - - 0.2

* Base-Emitter
Saturation Voltage

vBE(sat) 1 IC=10mA, lB=lmA - - 1.0
V

VBE(sat) 2 IC=50mA, lB=5mA - - 1.0

« Transition Frequency fT
VCE=10V, IC=10mA,

f=100MHz
100 - 300 MHz

* Collector Output Capacitance Cob VCB=10V, Ie=0, f=lMHz - - 6 pF

* Input Capacitance Cib Veb=0.5V, Ic=0, f=lMHz - - 20 pF

•* Small Signal Current Gain hf e VCE=10V, Ic=lmA, f=lkHz 50 - • 200

•* Noise Figure NF
VCE=5V, Ic=250>«A

Rg=lkQ, f=10Hz -15. 7kHz
- - 8 dB

%i In accordance with JEDEC registration data.
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) BF422

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIONS.

COLOR TV CHROMA OUTPUT APPLICATIONS.

FEATURES

:

. PNP Complements are BF423

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current
DC

Peak

Total Power Dissipation

Base Current

Junction Temperature

Storage Temperature Range

Solder Temperature, 1.5mm
from Case for 10 Seconds.

SYMBOL

VCBO

VCEO

VEBO

Icp

'tot

IB

Tstg

RATING

250

250

50

100

830

20

150

-65-150

350

UNIT

mA

mW

mA

5.1MAX.

1.2 7
i

L2 7
lO

|

a 1 \ C\J

ll 3 /

X

4
\ l

\y
1. EMITTER
2. COLLECTOR
a BASE

Weight : 0.21g
THERMAL CHARACTERISTICS

CHARACTERISTIC SYMBOL RATING UNIT

Thermal Resistance (Junction to Ambient) R0JA 151 °C/W

ELECTRICAL CHARACTERISTICS (Ta=25 C Unless otherwise specified)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=200V, l£=0 - - 0.1 fik

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 10 fik

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=lmA, IB=0 250 - - V

High Temperature
Collector Cut-off Current !CER

VCE=200V, RBE=2.7kQ
Tj=150°C

- - 10 tik

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 f T VCE=10V, Ic=10mA 60 100 - MHz

Reverse Transfer Capacitance Ore VCB=30V, IE=0, f=lMHz - - 1.6 pF
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BF422

V CE (^OW VOLTAGE REGION)
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BF422
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BF423 SILICON PNP TRIPLE DIFFUSED TYPE (PGT PROCESS)

HIGH VOLTAGE SWITCHING AND AMPLIFIER APPLICATIOMS. Unit in mm

COLOR TV CHROMA OUTPUT APPLICATIONS. 5.1 MAX.

FEATURES

:

. NPN Complements are BF422
i

X
<
s

J

z,

s

0,4 5 1

ft
[i

i

r

z,

o
J

i

n a55
.j

c5

.

MAXIMUM RATINGS (Ta=25 C) Q45

CHARACTERISTIC SYMBOL RATING UNIT o

Collector-Base Voltage VCBO -250 V

Collector-Emitter Voltage VCEO -250 V
1.2 7

i
1.27

'

Emitter-Base Voltage Vebo -5 V
10

d r 1 \ X
<
5Collector Current

DC ic -50
mA

—u.
i I

s J1

Peak ICP -100 z^y I «

Total Power Dissipation Ptot 830 mW
1. EMITTER
2. COLLECTOR
3. BASE

Base Current IB -20 mA

Junction Temperature Tj 150 °C

Storage Temperature Range Tstg -65 ~150 °C J ED EC TO-92

Solder Temperature, 1.5mm
350 °c

E I A J -

from Case for 10 Secc nds. TOSHIBA 2-5F103

Weight : 0.21g
THERMAL CHARACTERISTICS

CHARACTERISTIC SYMBOL RATING UNIT

Thermal Resistance (Junction to Ambient) R0JA 151 °C/W

ELECTRICAL CHARACTERISTICS (Ta=25 C Unless otherwise specified)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCb=-200V, Ie=0 - - -0.1 Hk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -10 MA

Collector-Emitter
Breakdown Voltage

V (BR) CEO Ic=-lmA, IB=0 -250 - - V

High Temperature
Collector Cut-off Current ICER

VCE=-200V, RBE=2.7kQ

Tj=150°C

- - -10 MA

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 - - 1.6 pF



BF423
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BF423
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
TBC327

TBC328

PRIMARILY INTENDED FOR USE IN DRIVER

AND OUTPUT STAGE OF AUDIO AMPLIFIERS.

NPN COMPLEMENTS ARE TBC337 AND TBC338.

FEATURES

:

. High VCEO : -45V (TBC327)
-25V (TBC328)

. Low Saturation Voltage
: VCE(sat)=-0.7V (Max.) at Ic=-500mA

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Breakdown Voltage

Collector-Emitter
Breakdown Voltage

TBC327

TBC328
v (BR)CBO

TBC327

TBC328
v (BR) CEO

Emitter-Base
Breakdown Voltage

Collector Current
DC

Peak

Base Current (DC)

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

v (BR)EBO

ic

ICP

IB

PC

Lstg

RATING

-50

-30

-45

-25

-500

-1000

-100

625

150

-65-150

ELECTRICAL CHARACTERISTICS (Ta=25 C)

UNIT

mA

mA

mW

Unit in mm

1. COLLECTOR

2. EASE

3. EMITTER

EI A J

Weight : 0.21g

Note: hpg(^) Classification 327-A
327-B

328-A : 100^250
328-B : 160^400

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-20V, I E=0 - - -100 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -10 AA

Collector-Emitter
Breakdown Voltage

TBC327
v (BR) CEO Ic=-10mA, IB=0

-45 - -
V

TBC328 -25 - -

DC Current Gain

hFE(l)
(Note)

VCE=-1V, Ic=-100mA 100 - 400

hFE(2) VcE=-lv » Ic=-500mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=-500mA, lB=-50mA - - -0.7 V

Base-Emitter Voltage VBE VCE=-1V, Ic=-500mA
- - -1.2 V

Transition Frequency fT VCE=-5V,I c=-10mA,f=35MHz
- 100 - MHz

Collector Output Capacitance Cob VCB=-10V, f=lMHz - 22 - pF
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TBC337

TBC338
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

PRIMARILY INTENDED FOR USE IN DRIVER AND OUTPUT

STAGE OF AUDIO AMPLIFIERS.

PNP COMPLEMENTS ARE TBC327 AND TBC328.

FEATURES

:

. High VCEO : 45V (TBC337)
25V (TBC338)

. Low Saturation Voltage
: VCE ( sat )=0.7V (Max.) at IC=500mA

Unit in mm

MAXIMUM RATINGS (Ta= 25 °C)

CHARACTERISTIC SYMBOL RATING UNIT

Collector-Base
Breakdown Voltage

TBC337
V (BR)CBO

50
V

TBC338 30

Collector-Emitter
Breakdown Voltage

TBC337
v (BR) CEO

45
V

TBC338 25

Emitter-Base
Breakdown Voltage

V (BR)EBO 5 V

Collector Current
DC ic 500 mA

Peak ICP 1000

Base Current (DC) IB 100 mA

Collector Power Dissipation PC 625 mW

Junction Temperature Ti 150 °C

Storage Temperature Range Tstg -65-150 °C

'

r^
<

o.4 54n„H z
a
r-

55 MAX.
| J 00 00

r-iC.4 5

y-

(.
X

^KL 2 Z J
^-U==—

>*

1. GOLLEGTOK

2. BASE

3. EMITTER

2-5E1G

Weight : 0.21g

Note: b-FE(l) Classification 337-A ,

337-B ,

338-A
338-B

100 ^250
160 ^400

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=20V, IE=0
- - 100 nA

Emitter Cut-off Current IEB0 VEB=5V, I C=0
- - 10 fik

Collector-Emitter
Breakdown Voltage

TBC337
V (BR) CEO IC=10mA, Ib=0

45 - -
V

TBC338 25 - -

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=100mA 100 - 400

hFE(2) VCE=1V, Ic=500mA 40 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=500mA, lB=50mA - - 0.7 V

Base-Emitter Voltage vBe VCE=1V, I c=500mA - - 1.2 V

Transition Frequency f T VCE=5V, Ic=10mA, f=35MHz - 100 - MHz

Collector Output Capacitance Cob VCB=10V, f=lMHz - 12 - pF



SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

PRIMARILY INTENDED FOR USE IN DRIVER STAGE OF

AUDIO AMPLIFIERS.

FEATURES

:

. High VqeO

High hpE

Low Noise

65V (TBC546)

45V (TBC547)

30V (TBC548)

110-800

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base
Breakdown Voltage

Collector-Emitter
Breakdown Voltage

Emitter-Base
Breakdown Voltage

Collector Current

TBC546

TBC547 v (BR)CBO

TBC548

TBC546

TBC547 V (BR) CEO

TBC548

TBC546

TBC547

TBC548

DC

Peak

Base Current (Peak)

Collector Power Dissipation

SYMBOL

V (BR)EBO

ic

ICP

IBP

Junction Temperature

Storage Temperature Range

?C

RATING

80

50

30

65

45

30

100

200

200

500

Ti

L stg

150

-65-150

TBC546

TBC547

TBC548

UNIT

mA

mA

mW

Unit in mm

5.1 MAX.

r . -i

1. COLLECTOR

2. BASE

3. EMITTER

Weight : 0.21g
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TBC546

TBC547

TBC548

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=30V, IE=0
- - 15 nA

Emitter Cut-off
Current

TBC546
TBC547

!eBO

VEB=6V, I C=0 - - 1

uA

TBC548 VEB=5V, lc=0
- - 1

Collector-Emitter
Breakdown Voltage

TBC546

V(BR)CEO Ic=lmA, IB=0

65 - -

VTBC547 45 - -

TBC548 30 - -

DC Current Gain
hFE
(Note)

VCE=5V, Ic=2mA 110 - 800

Small Signal Current Gain h fe
VCE=5V, I c=2mA,
f=lkHz

120 - 900

Base-Emitter Voltage VfiE
VCE=5V, Ic=2mA 580 660 700

mV
VCE=5V, Ic=10mA

- - 770

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=10mA, IB=0.5mA - - 250

mV
IC=100mA, IB=5mA - - 600

Base-Emitter
Saturation Voltage

vBE(sat)
Ic=10mA, IB=0.5mA - 720 -

mV
IC=100mA, IB=5mA - 900 -

Knee Voltage VCEK
IC=10mA, IB=Value,
for Which
IC=HmA, at VCE=1V

- 400 600 mV

Transition Frequency f T VCE=5V, Ic=10mA - 300 - MHz

Collector Output Capacitance Cob VCB=10V, f=lMHz - 3.5 4.5 PF

Noise Figure NF
VCE=5V, IC=0.2mA,
f=lkHz, Re=2kQ8

- 2 10 dB

Note: hFE Classification 546-A , 547-A , 548-A : 110-220

546-B , 547-B , 548-B : 200^450

546-C , 547- C, 548-C : 420-800



SILICON NPN EPITAXIAL TYPE (PCT PROCESS)
TBC549

TBC550

PRIMARILY INTENDED FOR LOW NOISE STAGE OF AUDIO

AMPLIFIERS.

FEATURES

:

. Low Noise : 4dB Max. (TBC549)

3dB Max. (TBC550)

. High VCEo : 30V (TBC549)

45V (TBC550)

. High hpE : 200 ~800

MAXIMUM RATINGS (Ta=25 C)

CHARACTERISTIC

Collector-Base
Breakdown Voltage

Collector-Emitter
Breakdown Voltage

TBC549

TBC550

TBC549

TBC550

SYMBOL

V(BR)CBO

v (BR)CEO

RATING

30

50

30

45

UNIT

Unit in mm

5MAX. jiil

1. COLLECTOR

2. BASE

3. EMITTER

Emitter-Base
Breakdown Voltage

v (BR)EBO

Collector Current
DC ic

Peak ICP

Base Current (Peak) IBP

Collector Power Dissipation

Junction Temperature Ti

Storage Temperature Range L stg

100

200

200

500

150

-65-150

mA

mA

mW

Weight : 0.21g



TBC549

TBC550

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=30V, I E=0
- - 15 nA

Emitter Cut-off Current lEBO VEB=5V, lc=0 - - 1 M
Collector-Emitter
Breakdown Voltage

TBC549
v (BR)CEO IC=lmA, IB=0

45 - -
V

TBC550 30 - -

DC Current Gain

TBC549-B
TBC550-B

hFE VCE=5V, Ic=2mA

200 - 450

TBC549-C
TBC550-C

420 - 800

Small Signal Current Gain hf e
VCE=5V, IC=2mA,
f=lkHz

240 - 900

Base-Emitter Voltage VBE
VCE=5V, IC=2mA 580 660 ,700 mV

VcE=5V, Ic=10mA - - 770

Collector-Emitter
Saturation Voltage

vCE(sat)
Ic=10mA, lB=0.5mA - - 250

mV

IC=100mA, lB=5mA - - 600

Base-Emitter
Saturation Voltage

vBE(sat)
Ic=10mA, IB=0.5mA

- 720 -
mV

IC=100mA, lB=5mA - 900 -

Knee Voltage VCEK

IC=10mA, lB=Value
for which
IC=llmA, at Vce=1V

- 400 600 mV

Transition Frequency f T VCE=5V, IC=10mA
- 300 - MHz

Collector Output Capacitance Cob VCB=10V, f=lMHz - 3.5 4.5 PF

Noise Figure
TBC549

NF
VCE=5V, Ic=0.2mA,
Rg=2kQ, f=30Hz~ 15kHz

- 1.4 4
dB

TBC550 - 1.4 3

Noise Figure
TBC549

NF VcE=5V » Ic=0 - 2mA

Rg=2kn, f=lkHz

- 1 4
dB

TBC550 - 1 4

Equivalent Noise
Voltage

TBC550 Vn
VCE=5V, Ic=0.2mA
Rg=2kQ, f=10~50Hz

- - 0.135 tiM
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

TBC556

TBC557

TBC558

PRIMARILY INTENDED FOR USE DRIVER STAGE OF AUDIO

AMPLIFIERS.

FEATURES

:

. High VcEO

. Low Noise

-65V (TBC556)
-45V (TBC557)
-30V (TBC558)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base
Breakdown Voltage

Collector-Emitter
Breakdown Voltage

TBC556

TBC557

TBC558

TBC556

TBC557

TBC558

Emitter-Base
Breakdown Voltage

Collector Current
DC

Peak

Base Current (Peak)

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

v (BR)CBO

v (BR)CE0

V (BR)EB0

ic

ICP

IBP

PC

L stg

RATING

-80

-50

-30

-65

-45

-30

-100

-200

-200

500

150

-65-150

UNIT

mA

mA

mW

Unit in mm

0.45

11

1.27 1.27

f \ X

H^j/ 3

1. COLLECTOR

2. BASE

3. EMITTER

TOSHIBA 2-5P1Q

Weight : 0.21g
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TBC556

TBC557

TBC558

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-30V, i E=o
- - -15 nA

Emitter Cut-off Current lEBO VEB=-5V, i c=0
- - -1 fik

Collector-Emitter
Breakdown Voltage

TBC556

v (BR)CEO IC=-lmA, IB=0

-65 - -

VTBC557 -45 - -

TBC558 -30 - -

DC Current Gain hFE
(Note)

VCE=-5V, Ic=-2mA 75 - 475

Small Signal Current Gain hfe
VCE=-5V, IC=-2mA
f=lkHz

75 - 500

Base-Emitter Voltage VBE
VCE="5V, Ic=-2mA -600 -650 -750

mV
VCE=-5V, Ic=-10mA - - -820

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=-10mA, lB=-0.5mA - - -300

mV
IC=-100mA, lB=-5mA - - -650

Base-Emitter
Saturation Voltage

VBE(sat)
IC=-10mA, lB=-0.5mA - -700 -

mV
IC=-100mA, lB=-5mA - -850 -

Knee Voltage VCEK

Ic=-10mA, I B=Value

for Which

Ic=-llmA, at VcE=-lV

- -250 -600 mV

Transition Frequency f T VCE=-5V, Ic=-10mA - 300 - MHz

Collector Output Capacitance Cob VCB=-10V, f=lMHz - 4.5 - pF

Noise Figure NF VCE=-5V, I c=-0.2mA

Rg=2kQ, f=lkHz
- 2 10 dB

Note: hEE Classification 556, 557, 558,

556-A, 557-A, 558-A

556-B, 557-B, 558-B

75- 250

125~ 250

220-475
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS)
TBC559

TBC560

PRIMARILY INTENDED FOR USE IN DRIVER ST

AMPLIFIERS.

AGE OF AUDIO

FOR INPUT

Unit in mm

O.E

m

5. 1 MAX.
,

1

THE TBC559 AND TBC560 IS LOW NOISE TYPE

STAGE OF AUDIO AMPLIFIERS.

<
S
t-

:

0.45
I']

1!

r m
s
r-

r-t

35 MAX.
J

1

r

CO

c!

00

A
FEATURES

:

C.45

. High VCE0 : -45V (TBC560)
-25V (TBC559)

. High hFE = 125-475
1.27 1.27

/

\ X

I.

2 3 J

MAXIMUM RATINGS (Ta=25°C) COLLECTOR

CHARACTERISTIC SYMBOL RATING UNIT
2. BASE

3. EMITTER
Collector-Base
Breakdown Voltage

TBC559
v (BR)CBO

-30
V

TBC560 -50
JEDEC TO-92

EI A J SC-43
Collector-Emitter
Breakdown Voltage

TBC559
v (BR) CEO

-25
V

TOSH IBA 2-5F10-

TBC560 -45 Weight : 0.21g

Emitter-Base
Breakdown Voltage v (BR)EBO -5 V

Collector Current
DC ic -100

mA
Peak lCP -200

Base Current (Peak) IBP -200 mA

Collector Power Dissipation PC 500 mW

Junction Temperature T
J 150 °C

Storage Temperature Range Tstg -65-150 °C
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TBC559

TBC560

ELECTRICAL CHARACTERISTICS (Ta-25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-30V, IE=0
- - -15 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -1 tik

Collector-Emitter
Breakdown Voltage

TBC559
V (BR) CEO I c=-lmA, IB=0

-30 - -
V

TBC560 -45 - -

DC Current Gain hFE
(Note)

VCE=-5V, Ic=-2mA 125 - 475

Small Signal Current Gain hfe
VCE=-5V, IC=-2mA
f=lkHz

130 - 500

Base-Emitter Voltage VBE
VcE=-5V, IC=-2mA -600 -650 -750

V
VcE="5V, Ic=-10mA - - -820

Collector-Emitter
Saturation Voltage

vCE(sat)
IC=-10mA, IB=-0.5mA - - -300

mV
IC=-100mA, IB=-5mA - - -650

Base-Emitter
Saturation Voltage

vBE(sat)
IC=-10mA, IB=-0.5mA - -700 -

mV
IC=-100mA, IB=-5mA - -850 -

Knee Voltage VCEK

IC=-10mA, IB=Value

for Which

I c=-llmA, at VCE=-1V

- -250 -600 mV

Transition Frequency fT VCE=-5V, IC=-10mA - 300 - MHz

Collector Output Capacitance Cob VCB=-10V, f=lMHz - 4.5 - pF

Noise Figure

TBC559

NF

VCE=-5V, Ic=-0.2mA

Rg=2kQ, f=lkHz

- 1 4

dB
TBC560 - 1 4

TBC559 VcE=-5V, Ic=-0.2mA
Rg=2kQ, f=30Hz ~15kHz

- 1.2 4

TBC560 - 1.2 2

Note: hFE Classification 559-A , 560-A : 125^ 250

559-B , 560-B : 220^ 475
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) TEC8012

DRIVER STAGE AMPLIFIER APPLICATIONS.

=-lV, IC=-400mA

Unit in mm

SWITCHING APPLICATIONS. 51 MAX.
: -\

FEATURES

:

. Excellent hFE Linearity
: hFE(2)=23(Min.) at VCE

00

M
1

<
S

'

CL45
1it

S

r-i

. 1 Watt Amplifier Application
j

,|

1

Q55MAX.
30

C5
. Complementary to TEC8013

Q45
'

MAXIMUM RATINGS (Ta=25°C)

.

CHARACTERISTIC SYMBOL RATING UNIT
1.27

, x ,
1.27

in

c5Collector-Base Voltage VCBO -40 V (\ n\-^>
Collector-Emitter Voltage VCEO -30 V

Imp ipip l jg

\ 1 2 3/ ,-,

Emitter-Base Voltage VEBO -5 V
^ ^y

Collector Current ic -500 mA 1. EMITTER
2. BASE
3. COLLECTOR

Base Current IB -100 mA

Collector Power Dissipation PC 625 mW
JEDEC TO-92

Junction Temperature Tj 150 °C E I A J S C - 4 3

Storage Temperature Range Tstg -55-150 °C TOSHi BA .2-5F1 P

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-35V, Ie=0 - - -0.1 nk

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -0.1 nk

DC Current Gain
hFE(l)
(Note)

VCE=-1V, Ic=-50mA 64 - 202
-

hFE(2) VcE="lV, Ic=-400mA 23 - -

Collector-Emitter
Saturation Voltage

vCE(sat) IC=-100mA, lB=-50mA - -0.1 -0.25 V

Base-Emitter Voltage VBE IC=-50mA, VcE=-lV -0.65 -0.72 -0.80 V

Transition Frequency fT VCE=-6V, Ic=-20mA 150 200 - MHz

Collector Output Capacitance Cob VCB=-6V, Ie=0, f=lMHz - 7 - pF

Collector-Emitter
Breakdwon Voltage v (BR) CEO Ic=-lmA, IB=0 -30 - - V

Base-Emitter
Saturation Voltage VBE(sat) IC=-100mA, lB=-50mA - - -1.2 V

Note: hpE(l) Classification D

H
: 64-91, E

: 144-202
73-112. 96-135, 118-166,
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TEC8012

IC — VCE iFE ic

-7 COMMON EMITTER

-8^ /,-6 -5 Ta-25r

-4

-3

-2

Ig=— 1mA
r-

C

-1 -2 -3 -4 -5 -6 -7

COLLECTOR-EMITTER VOLTAJE VCE (V)

VCE(sat) - IC

u oa <

o o
u >

-as
-a3

-ai

-0.05

-Q03

-aoi
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Ta=10 0*C
,

2
>-

5

_J
25

1 1

-0.5-1 -3 -10 -30 -100 -300
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500

300

100

50

30

Hi
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-25
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COMMON EMITTER

VCE=-6V

Vce- IV-4-

|
_, LU
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^ -300
<

"
-100

W
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f-
-30
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•x, -10
: 3

o -5
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-1000

COMMON EM] TTER
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—
3 i «jH")

T 1

k i

04 0.8 1.2

BASE-EMITTER VOLTAGE Vr (V)

PC - T*

400

25 50 75 100 125 150

AMBIENT TEMPERATURE Ta (°C)
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) TEC8013

AUDIO FREQUENCY LOW POWER AMPLIFIER APPLICATIONS,

DRIVER STAGE AMPLIFIER APPLICATIONS.

SWITCHING APPLICATIONS.

FEATURES

:

. Excellent hpg Linearity

: hFE (2)=23(Min.) at VcE=lV, Ic=400mA

. 1 Watt Amplifier Applications

. Complementary to TEC8012

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VEBO

IC

IB

PC

Tstg

RATING

40

30

500

100

625

150

-55-150

UNIT

mA

mA

mW

5.1 MAX.

1.27

1. EMITTER
2. BASE
3. COLLECTOR

EIAJ SC-43

TOSHIBA 2-5 Pi V

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.21g

Note : hpg(x) Classification D : 64 ~

G : 118-
91, E : 78 -112, F
- 166, H : 144-202

96-135,

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=35V, l£=0 - - 0.1 M
Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 0.1 M
DC Current Gain

hFE(l)
(Note)

VCE=1V, Ic=50mA 64 - 202

hFE(2) VCE=1V, IC=400mA 23 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=100mA, lB=50raA - 0.1 0.25 V

Base-Emitter Voltage VBE IC=50mA, VcE=lV 0.65 0.73 0.80 V

Transition Frequency fT VcE=6V, Ic=20mA 140 300 - MHz

Collector Output Capacitance Cob VCB=6V, Ie=0, f=lMHz - 7 - pF

Collector-Emitter
Breakdown Voltage v (BR) CEO IC=lmA, IB=0 30 - - V

Base-Emitter
Saturation Voltage VBE(sat) IC=100mA, lB=50mA - - 1.2 V
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TEC8013

i c - v CE hpE ic

COMMON EMI rFTER
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) TEC9011

FM IF, OSC AND AM CONV, IF AMPLIFIER APPLICATIONS Unit in mm

FEATURES

:

. Excellent Noise Figure NF=2.0dB(Typ.)

MAXIMUM RATINGS (Ta=25°C)

Collector-Base Voltage

CHARACTERISTIC

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

VeBO

ic

IB

PC

Cstg

RATING

50

30

50

400

150

-55-150

UNIT

51 MAX.

mA

mA

mW

1. EMITTER
2. BASE
& COLLECTOR

TO-92

EI AJ SC-43

TOSHIBA 2-5F1F

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

Collector Output Capacitance

SYMBOL

ICBO

lEBO

hFE
(Note)

VcE(sat)

VBE

fT

Noise Figure

Cob

NF

TEST CONDITION

VCB=50V, IE=0

VEB=4V, IC=0

VCE=5V, Ic=lmA

Ic=10mA, lB=lmA

IC=5mA, lB=lmA

VCE=5V, Ic=lmA

VCB=10V, lE=0, f=lMHz

VcC=5V '
IE=-lmA >

Rg=500n , f=lkHz

MIN.

39

0.65

100

TYP.

0.70

1.5

2.0

MAX.

0.1

0.1

198

0.3

0.75

4.0

UNIT

aA

MHz

pF

dB

Note : hpg Classification 39-60, F

132-198
54-80, 72-108, 97-146
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TEC9011

PARAMETERS (Typ.)

(1) COMMON EMITTER (f=455kHz, VcE=6V, lE=-lmA, Ta=25°C)

CHARACTERISTIC SYMBOL TEC9011-E,F TEC9011-G,H TEC9011-I UNIT

Input Conductance 9ie 0.58 0.41 0.26 m

Input Capacitance Cie 53 46 38 pF

Output Conductance ^oe 1.9 2.7 4.8 y

Output Capacitance Coe 2.6 2.8 3.6 pF

Forward Transfer Admittance *fe 38 38 38 m

Forward Transfer Admittance
Phase Angle

Ofe -0.79 -0.83 -0.92 °C

Reverse Transfer Admittance yre 5.7 5.7 6.2 y

Reverse Transfer Admittance
Phase Angle "re -90 -90 -90 °c

(2) COMMON EMITTER (f=10.7MHz, VCE=6V, lE=-lmA, Ta=25°C)

CHARACTERISTIC SYMBOL TEC9011-E,F TEC9011-G.H TEC9011-I UNIT

Input Conductance *ie 1.04 0.85 0.65 m

Input Capacitance Cie 49 43 36 pF

Output Conductance •?oe 10 15 28 y

Output Capacitance Coe 2.7 2.9 3.6 pF

Forward Transfer Admittance »fe 37 37 37 m

Forward Transfer Admittance
Phase Angle Ofe -9.6 -10.4 -11.5 °C

Reverse Transfer Admittance yre 120 120 140 u

Reverse Transfer Admittance
Phase Angle *re -90 -90 -90 °c
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TEC9011

STA' CHARACTERISTICS
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TEC9011
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TEC9011
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TEC9011
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) TEC9012

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High hFE : hFE=96 - 300

. 1W Output Applications

. Complementary to TEC9013

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

PC

stg

RATING

-30

-25

-5

-800

80

625

150

-55-150

UNIT

mA

mA

mW

Unit in mm

5.1 MAX.

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

TOSHIBA 2-5F1F
Weight : 0.21g

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

Base-Emitter
Saturation Voltage

SYMBOL

ICBO

lEBO

v (BR) CEO

hFE(l)
(Note)

hFE(2)

vCE(sat)

VBE

VBE(sat)

TEST CONDITION

VCB=-30V, IE=0

VEB=-5V, IC=0

IC=-lmA

VcE=-lV, Ic=-50mA

VcE=-lV, Ic=-500mA

IC=-500mA, lB=20mA

VCE=-1V, Ic=-50mA

IC=-500mA, lB=-20mA

Note : hFE(l) Classification

MIN. TYP

-30

96

40

-0.6

70

-0.19

-0.91

MAX.

-100

-100

300

-0.7

-0.75

-1.20

96-
176

135, G : 118-166, H : 144-202
-246, J : 214- 300

UNIT

nA

nA

V
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TEC9012
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) TEC9013

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High hpE = hFE=96-300

. 1 Watts Amplifier Applications

. Complementary to TEC9012

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

PC

L stg

RATING

30

800

-80

625

150

-55-150

UNIT

mA

mA

mW

Unit in mm

r^
5.1 MAX

.

-i

CO

r-H

i

<
s

0,45 j|l

j

"i

s
||

|

0.55 MAX.
oo

0.45
5

1 1

1. EMITTER
2. BASE
3. COLLECTOR

EI AT

2-5P1F

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VcB=30V, Ie=0 - - 100 nA

Emitter Cut-off Current lEBO VEB=5V, IC=0
- - 100 nA

Collector-Emitter
Breakdown Voltage

V (BR) CEO IC=lmA 30 - - V

DC Current Gain
hFE(l)
(Note)

VCE=1V, Ic=50mA 96 - 300

hFE(2) VC£-1V, Ic=500mA 40 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=500mA, IB=20mA - 0.15 0.5 V

Base-Emitter Voltage VBE VcE=lV, Ic=50mA 0.6 - 0.75 V

Base-Emitter
Saturation Voltage

vBE(sat) IC=500mA, lB=20mA - 0.91 1.20 V

Note : hpg(i) Classification F : 96-135, G : 118-166, H

I : 176-246, J : 214- 300

144 - 202,
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TEC9013

ic — Vc E

COMMON EMITTER

Ta = 2 5'C

800
8

7

6 J

5

4

3

600

400

2 .

I g-lmA

f
J
c 1 2 3 4 E 6

500

300

hPE ~ Ic
;1

COMMON EMITTER

ca=ivI V

Ta-.L0 0"C

25

=^3 = - = ! = !!

-25 rl

3 10 30 100 300 1000

COLLECTOR CURRENT I c (mA) •

COLLECTOR-EMITTER VOLTAGE VCE (V)

VBE

as

0.3

M O

I Z H 0-1
« O
O M
O <
J D
J E->

O <
O CO

a 05

a 03

vCE(sat) - Ic

I C/I B=2 5

r^Tr;:

<*?*'

>° 5p

^25 ::

-25 :

-V2— in 0"C -

1 II
3 10 30 100 300

COLLECTOR CURRENT I c ( mA)

E 500

„ 300

100

:

- CUMMUN EMITTER

I VCE=1V

- c
J ^=

~v # Oil CV/

II / /

*" 1

.J

BASE-EMITTER VOLTAGE VBE (V)

PC - Ta

20 40 60 80 100 120 140 160 180

AMBIENT TEMPERATURE Ta ("C)

910



SILICON NPN EPITAXIAL TYPE (PCT PROCESS) TEC9014

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIE R APPLICATIONS.
Unit in mm

DRIVER STAGE AMPLIFIER APPLICATIONS.

,

51 MAX.
r^

FEATURES

:

. High Voltage and High Current

: VcEO=50V(Min.), Ic=150mA(Max.

)

ao

X

L

0.45
|||

IPi

\ 5
. Low Noise : NF=0. 9dB(Typ. ) at f=lkHz

0.55 MAX. .

CD
cs. Complementary to TEC9015 a45

1

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT

Ci

1.27

-4
rrr^

1

Collector-Base Voltage VCBO 60 V M K *•

•Jd tto ip
) ^12 3/ 5Collector-Emitter Voltage VcEO 50 V h t

Emitter-Base Voltage VEBO 5 V

Collector Current ic 150 mA 1. EMITTER
2. BASE
& COLLECTOR

Base Current Range IB 50 mA

Collector Power Dissipation PC 625 mW
JEDEC TO-92

Junction Temperature T
j

150 °C E1AJ SC-43

Storage Temperature Range Tstg -55~150 °C TOSHIBA 2-5F1F

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta= 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=50V, IE=0 - - 50 nA

Emitter Cut;-off Current lEBO VEB=5V, IC=0 - - 50 nA

DC Current Gain hFE
(Note)

VCE=5V, Ic-lmA 60 1000 -

Collector-Emitter
Breakdown Voltage V (BR) CEO IC=lmA, Ib=0 50 - - V

Collector-Emitter
Saturation Voltage

vCE(sat) Ic=100mA, lB=10mA - 0.1 0.25 V

Base-Emitter
Saturation Voltage VBE(sat) IC=100mA, IB=10mA - - 1.0 V

Transition Frequency fT VCE=5V, lE=10mA 150 - - MHz

Collector Output Capacitance Cob VcB=10V, lE=0, f=lMHz - 2.0 3.5 pF

Base-Emitter Voltage VBE VCE=5V, Ic=2mA 0.58 0.63 0.70 V

Noise Figure NF
VCE=5V, Ic=0.2mA,
Rg=2kQ, f=lkHz

- 0.9 10 dB

Note : hpE Classification A : 60-150, B : 100-300, 200-600 D : 400-1000
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TEC9014
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TEC9014
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TEC9015 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATK

DRIVER STAGE AMPLIFIER APPLICATIONS.

DNS.

Unit. in mm

0.55

5.1 MAX.

FEATURES

:

. High Voltage and High Current

: VcEO=-50V(Min.), Ic=-1 50mA (Max.

)

X
•

i
^

0.45 . \ 1

1

. Low Noise : NF=0. 7dB(Typ . ) at f=lkHz
MAX. r

0.45

ji

. Complementary to TEC9014
1

II

03 a

1

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT 1.27 1.27

(
Collector-Base Voltage VCBO -50 V I

K X

Collector-Emitter Voltage VCEO -50 V ^

\rV
Emitter-Base Voltage Vebo -5 V

Collector Current ic -150 mA 1. EMITTER
2. BASE
3. COLLECTORBase Current IB -50 mA

Collector Power Dissipation PC 625 mW
JEDEC TO-92

Junction Temperature Tj 150 °C
E I A J S C:-43

Storage Temperature Range Tstg -55-150 u
c TOSHIBA 2--5F1 F

Weight :
0.'ilg

ELECTRICAL CHARACTERISTICS (Ta==25
U
C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=-50V, IE=0 - - -50 nA

Emitter Cut-off Current lEBO VEB=-5V, IC=0
- - -0.1 ak

DC Current Gain
hFE
(Note)

VCE="5V, Ic=-lmA 60 - 600 -

Collector-Emitter
Breakdown Voltage

v (BR) CEO Ic=-lmA, IB=0 -50 - - V

Collector-Emitter
Saturation Voltage

VcE(sat) IC=-100mA, lB=-10mA - -0.1 -0.3 V

Base-Emitter
Saturation Voltage

VBE(sat) IC=-100mA, lB=-10mA - - -1.1 V

Transition Frequency fT VCE=-5V, lE=10mA 100 - - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 4 7 pF

Base-Emitter Voltage VBE VCE=-5V, IC=-2mA -0.60 -0.6S -0.75 V

Noise Figure NF
VGE=-5V, Ic=-0.2mA
Rg

=2kn, f=lkHz
- 0.7 10 dB

Note : hpE Classification 60-150, B : 100- 300, 200-600
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TEC9016 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HGIH FREQUENCY AMPLIFIER APPLICATIONS.

b=1.2pF(Typ.)

00MHz)

Unit in mm

FM, RF, MIX, IF AMPLIFIER APPLICATIONS.
5.1 MAX.

"

FEATURES

:

. Small Collector Output Capacitance : C CO

<
5
!^

L

. Low Noise Figure : NF=2. 5dB(Typ. ) (f=l (14 5

VJ 1

F -
s

0.55 MAX.

u

in

CO

cS0.45 .

r

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT 1.27
,

1-27

fCollector-Base Voltage VCBO 40 V
. 1 <

Collector-Emitter Voltage VCEO 30 V \
T *V 3

Emitter-Base Voltage VeBO 4 V

i. EMITTER
2. BASE
3. COLLECTOR

Collector Current ic 25 mA

Base Current IB 2.5 mA

Collector Power Dissipation PC 400 mW
.IBID EC TO-9 2

Junction Temperature T
i

150 °C E I A J 8C-43

Storage Temperature Range Tstg -55-150 °C TOSHIBA 2 - 5 P J f

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=40V, I E=0
- - 0.1 fik

Emitter Cut-off Current lEBO vEb=^v, ic=o
- - 0.1 ah

DC Current Gain
hFE
(Note)

VCE=5V, Ic=lmA 54 - 198

Collector Output Capacitance Cob VcE=10V, f=lMHz, Ie=0 - 1.2 1.6 P F

Transition Frequency fT VCE=5V, Ic=lmA 400 620 - MHz

Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=lmA, Ib=0 30 - - V

Noise Figure NF VCE=6V, lE=-lmA

f=100MHz, Fig.

- 2.5 5.0 dB

Power Gain Gpe 15 18 - dB

Base-Emitter Voltage VBE VCe=5V, Ic=lmA - 0.72 - V

Collector-Emitter
Saturation Voltage

VcE(sat) IC=10mA, lB=lmA - 0.1 0.3 V

Note : hFE Classification F : 54 — 80, 72-108, 97- 146, 132-198
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Fig. NF, Gpe TEST CIRCUIT

0.01 /IP Dr -i.

INPUT @ | h

5 on

c JT~~"

aoiw

JT'

iOOCpK

6pF
-^ ® uu-rruT

-OQ

r
luOCpP

a01;/-£F

"1

+6V
i f E

----' mA)

Li : 0.8mm«5 SILVER PLATED COPPER WIRE, 4T, 10ID, 8 LENGTH

v PARAMETER (Typ.)

(1) COMMON EMITTER (VcE=6V, IE=-lmA, f=100MHz)

(2) COMMON BASE (VcE=6V, IE=-lmA, f=100MHz)

TEC9016

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance He 2.9 mU

Input Capacitance Cie 10.2 pF

Reverse Transfer Admittance
• ^re i 0.33 mU

Phase Angle of Reverse Transfer Admittance "re -90 o

Forward Transfer Admittance lyfe < 40 my

Phase Angle of Forward Transfer Admittance He -20 o

Output Conductance Q7oe 45 mU

Output Capacitance Coe 1.1 pF

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance 9 ib 34 mU

Input Capacitance Cib -10 pF

Reverse Transfer Admittance "*rbi 0.27 mU

Phase Angle of Reverse Transfer Admittance "rb -105 o

Forward Transfer Admittance l^fbl 34 mU

Phase Angle of Forward Transfer Admittance Hb 165 o

Output Conductance ?ob 45 mU

Output Capacitance Cob 1.1 pF
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TEC9016

STATIC CHARACTERISTICS
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TEC9016
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TEC9016
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) TED1402

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Voltage and High Current
: VCEO=50V(Min.), I c=150mA(Max.

)

. Excellent hp£ Linearity
: hFE(IC=0.1mA)/hFE (Ic=2mA)=0.95(Typ.)

. Low Noise : NF=ld3(Typ. ) at f=lkHz

. Complementary to TED1602.

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

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

vEBO

ic

IB

PC

L stg

RATING

60

50

150

50

400

125

-65-125

UNIT

mA

mA

mW

1. COLLECTOR
Z. BASE
3. EMITTER

2-5F20

ELECTRICAL CHARACTERISTICS (Ta=25°C)
Weight : 0.21g

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current
ICBO(l) VCB=60V, I E=0 - - 0.1 mA

!CBO(2) Vcb=60V,Ie=0, Ta=125°C - - 10 M
Emitter Cut-off Current IEBO VEB=5V, I C=0 - - 0.1 tik

DC Current Gain hFE
(Note)

VCE=5V, Ic=2mA 110 - 810

Collector-Emitter
Saturation Voltage

VcE(sat)(l) IC=10mA, IB=lmA - 0.04 0.25
V

VcE(sat)(2) IC=100mA, IB=5mA - 0.2 -

Base-Emitter Voltage VBE VCE=5V, IG=lmA 0.53 0.60 0.68 V

Transition Frequency f T Vce=10V, I E=-lmA - 175 - MHz

Collector Output Capacitance Cob Vcb=10V, I E=0, f=lMHz - 1.9 - PF

Noise Figure

NF(1) VCE=5V, IE=-0.2mA

Rg=2kQ, f=lkHz
- 1.0 10

dB

NF(2)
VCE=5V, IE=-lmA

Rg=800Q, f=lMHz

- 2.0 -

Note : hpE Classification A:110 -165,
E:414 -810

B:150~225, C:202~31£ D:290~450,
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TED1402
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TED1402
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TED1502
SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

HIGH FREQUENCY AMPLIFIER APPLICATIONS.

FM, RF, MIX, IF AMPLIFIER APPLICATIONS.

FEATURES

:

. Small Reverse Transfer Capacitance : Cre=0.7pF (Typ.)

. Low Noise Figure : NF=2.5dB (Typ.) (f=100MHz)

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

Tstj

RATING

40

30

30

-30

250

125

-65-125

UNIT

mA

mA

mW

°C

Unit in mm

.5.1 MAX

1. COLLECTOR
Z. BASE
3. EMITTER

JEDEC TO-92

TOSHIBA
Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO VCB=15V, IE=0 - - 50 nA

Base-Emitter Voltage vbe VCE=10V, Ic=lmA 0.65 - 0.75 V

DC Current Gain
hFE
(Note)

VCE=10V, Ic=lmA 36 - 210

Reverse Transfer Capacitance Cre VCE=6V, f=lMHz - 0.70 - pF

Transition Frequency fT Vce=10V, Ic=lmA - 550 - MHz

Noise Figure

NF(1) VCE=10V, I E=-lmA

Rg=650O, f=lMHz
- 1.2 -

dB

NF(2) VCE=6V, IE=-lmA

f=100MHz, Fig.

- 2.5 5.0

Power Gain Gpe 15 18 - dB

Note : hFE Classification A:36~55, B:48~~75, C:66~~100, D:84~-127, E:105~210

928



TED1502

Fig. NF(2), Gpe TEST CIRCUIT
6 pC

artiuv dut

iOQ
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n
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r
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|
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0.0 2/ip1

>0Q

+6V-vE
(l E=-lmA)

LI : 0.8mm(*S SILVER PLATED COPPER WIRE, AT, 10ID, 8 LENGTH

y PARAMETER (Typ.)

(1) COMMON EMITTER (Vce=6V, I E=-lmA, f=100MHz)

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance gie 2.9 mS

Input Capacitance Cie 10.2 P F

Reverse Transfer Admittance l-Vrel 0.33 mS

Phase Angle of Reverse Transfer Admittance 6 re -90 -

Forward Transfer Admittance l*fel 40 mS

Phase Angle of Forward Transfer Admittance 6 fe -20 »

Output Conductance Soe 45 //S

Output Capacitance Coe 1.1 pF

(2) COMMON BASE (VCE=6V, I E=-lmA, f=100MHz)

CHARACTERISTIC SYMBOL TYP. UNIT

Input Conductance Sib 34 mS

Input Capacitance Cib -10 pF

Reverse Transfer Admittance l*rbl 0.27 mS

Phase Angle of Reverse Transfer Admittance e rb -105 °

Forward Transfer Admittance lyfbi 34 mS

Phase Angle of Forward Transfer Admittance »fb 165 °

Output Conductance gob 45 /iS

Output Capacitance Cob 1.1 pF
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TED1502
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TED1602 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO FREQUENCY GENERAL PURPOSE AMPLIFIER APPLICATIONS.

DRIVER STAGE AMPLIFIER APPLICATIONS.

FEATURES

:

. High Voltage and High Current

: VcEO=-50V(Min.), I c=-150mA(Max.

)

. Excellent hpE Linearity

: hFE (Ic=0.1mA)/hFE (Ic=2mA)=0.95(Typ.)

. Low Noise : NF=1.8dB(Typ . ) at f=lkHz

. Complementary to TED1402

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

Junction Temperature

Storage Temperature Range

SYMBOL

VcBO

VCEO

VEBO

ic

IB

PC

L stg

RATING

-50

-50

-5

-150

-50

400

125

-65-125

UNIT

V

mA

mA

mW

^

1. COLLECTOR
2. BASE
3. EMITTER

TO-92

SC-43

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO(l) VCB=-50V, IE=0
- - -0.1

dk

ICB0(2) VCB=-50V,lE=0, Ta=125°C - - -10

Emitter Cut-off Current lEBO VEB=-5V, I C=0
- - -0.1 uk

DC Current Gain
hFE
(Note)

VCE=-5V, I C=-2mA 70 - 475

Collector-Emitter
Saturation Voltage

VcE(sat)(l) IC=-10mA, lB=-lmA - -0.03 -0.3
V

VcE(sat)(2) I c=-100mA, IB=-5mA
- -0.25 -

Base-Emitter Voltage vbe VCE=-5V, IC=-2mA -0.6 -0.69 -0.75 V

Transition Frequency fT VCE=-10V, lE=lmA - 150 - MHz

Collector Output Capacitance Cob VCB=-10V, Ie=0, f=lMHz - 3.5 - pF

Noise Figure NF Vce=-5V, lE=0.2mA

Rg=2kfl, f=lkHz
- 1.8 - dB

Note : hFE Classification A:70~105, B:90~~140, C:125~190, D:176~260, E:223~475
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TED1602
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TED1702 SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

AUDIO POWER AMPLIFIER APPLICATIONS.

FEATURES

:

. High hFE : hFE=106~300

. 1 Watts Amplifier Applications.

. Complementary to TED1802

MAXIMUM RATINGS (Ta=25°C)

Unit in mm

5.1 MAX.

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

IE

PC

rs tg

RATING

35

30

800

-800

600

150

-65-150

UNIT

mA

mA

mW

^

1. COLLECTOR
2. BASES

3. KMITTEK

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0(1) VCB=30V, I E=0 - - 0.1 M
ICB0(2) VCB=30V,I E=0, Ta=150°C - - 5

Emitter Cut-off Current lEBO VEB=5V, IC=0 - - 100 nA

DC Current Gain
hFE(l)
(Note)

VCE=1V, IC=100mA 106 - 300

hFE(2) VCE=1V, I C=500mA 40 -

Collector-Emitter
Saturation Voltage VCE(sat) IC=500mA, lB=20mA - 0.15 0.5 V

Base-Emitter Voltage vbe VCE=1V, Ic=500mA - - 1.2 V

Transition Frequency f T VcE=5V, I c=10mA - 120 - MHz

Collector Output Capacitance Cob VCB=10V, f=lMHz, IE=0 - 13 - pF

Note
: hFE (x) Classification K.-106-150, L:132~188, M:170~230, N:213~300
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TED1702
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TED1802 SILICON PNP EPITAXIAL TYPE (PCT PROCESS)

AUDIO POWER AMPLIFIAER APPLICATIONS.

FEATURES

:

. High hpE : hFE=106~300

. 1W Output Applications.

. Complementary to TED1702.

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

Junction Temperature

Storage Temperature Range

SYMBOL

VCBO

VCEO

vEBO

ic

IE

PC

L stg

RATING

-35

-30

-5

-800

800

600

150

-65-150

UNIT

mA

mA

mW

°C

1. COLLECTOR
2. BASF,

a EMITTER

EI AJ

TOSHIBA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

Note : hFE (i) Classification K:106~150, L:132~188, M:170~230, N:213~300

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICBO(l) VCB=-30V, IE=0 - -0.1
tik

ICBO(2) VCB=-30V,I E=0, Ta=150°C - - -5

Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 nA

DC Current Gain
hFE(l)
(Note)

VCE=-1V, Ic=-100mA 106 - 300

hFE(2) Vce=-1V, Ic=-500mA 40 - -

Collector-Emitter
Saturation Voltage VcE(sat) IC=-500mA, lB=-20mA - -0.19 -0.7 V

Base-Emitter Voltage VBE VCE=-1V, Ic=-500mA - - -1.2 V

Transition Frequency fT VcE=-5V, Ic=-10mA - 120 - MHz

Collector Output Capacitance Cob VcB=-10V, f=lMHz, IE=0 - 19 - pF
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TED1802
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GaAs ION IMPLANTED PLANAR TYPE THS102A

HIGH STABILITY MOTOR CONTROL.

ENERGY SAVING FOR COOLING FAN MOTOR.

DIGITAL TACHOMETER.

CRANK SHAFT POSITION SENSOR.

FEATURES:

. Excellent Temperature Characteristics.

. Wide Operating Temperature Range Capability.

(; -55°C~+125°C)

. Excellent Output Voltage Linearity.

(; up to 15k Gausses)

MAXIMUM RATINGS (Ta=25 C)

Unit in mm

CHARACTERISTIC

Control Current (DC)

Control Current (Peak)

Operating Temperature Range

Storage Temperature Range

SYMBOL

ic

IC

Top

Tstg

RATING

10

15

-55~ +125

-55~ +150

UNIT

mA

mA

o.4±ai
i i

3±ai 4 3

01.8
\ 1 I

1

C5

-H

CO

t\ 1

o

0.6 MAX. _ 1

1

1

c

1 2

*TI

lOfMir

1.6 MAX

.

1W-3H I C (INPUT)

2-4 VH ( OUTPUT )

TOSHIBA 10-3B1A

Weight : 0.045g

ELECTRICAL CHARACTERISTICS (Ta=25 C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Internal Resistance Rd 1(3=1mA 450 - 900 a

Residual Voltage Ratio Vho/Vh IC=lmA, B=0/B=1KG - - ±10 %

Hall Voltage (Note 1) vh IC=lmA, B=1KG 10 - 30 mV

Temperature Coefficient
(Note 2)

Vht
Ic=lmA, B=5KG

T1=25°C, T2=125°C
- - -0.06 %/°C

Linearity (Note 3) ^kh IC=lmA, Bl=lKG, B2=5KG - - 2 %

Note 1 : Vjj=VhM-VhO (Vhm is meter indication)

v , o u - 1 Vh(T2)-VH (T1)
Note 2 : VHT- -^^ T2^Tl

Note 3 : ^Kh=
KH (B2)-KH (B1)

1/2{Kh(B1)+KH (B2)I

x 100 (%/ C)

100 (%), Kh'-i^b-

Vho : Residual Voltage

Kh : Product Sensitivity
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THS102A
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GaAs ION IMPLANTED PLANAR TYPE THS103A

HIGH STABILITY MOTOR CONTROL.

ENERGY SAVING FOR COOLING FAN MOTOR.

DIGITAL TACHOMETER.

CRANK SHAT POSITION SENSOR.

FEATURES

:

• Excellent Temperature Characteristics.

.
Wide Operating Temperature Range Capability

(; -55°C~+125°C)

. Excellent Output Voltage Linearity.

(; up to 15k Gausses)

MAXIMUM RATINGS (Ta=25°n
CHARACTERISTIC

Unit in mm

Control Current (DC)

Control Current (Peak)

Operating Temperature Range

| Storage Temperature Range

ELECTRICAL CHARACTERISTICS (Ta=?5°rM

Weight : 0.085g

CHARACTERISTIC

Internal Resistance

SYMBOL

Residual Voltage Ratio

Hall Voltage (Note 1)

Temperature Coefficient
(Note 2)

Linearity (Note 3)

Rd

TEST CONDITION MIN.

Vho/vh

vh

VHT

IKH

IC=5mA

IC=5mA, B=0/B=1KG

IC=5mA, B=1KG

IC=5mA, B=5KG

T1=25°C, T2=125°C

Note 1 : Vh=Vhm-VHo (Vrm is meter indication)

Note 2 : VHT= -~ VH (T2)-VH (T1)Hi
VH (T1) f2^Tl 10° (%/ C >

IC=5mA, Bi=lKG, B 2=5KG

450

TYP,

50

MAX.

900

80

±10

UNIT

Q

120

-0.06

mV

%/ C

No te 3 : JKH=
-^-^^)-Kh(B1)_ vH lV2TKH7BiTi^7(B2)T X 10 ° ^)» KH

=
T^B~

VH0 : Residual Voltage

% : Product Sensitivity
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THS103A
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GaAs ION IMPLANTED PLANAR TYPE THS105

HIGH STABILITY MOTOR CONTROL.

ENERGY SAVING FOR COOLING FAN MOTOR.
DIGITAL TACHOMETER.

CRANK SHAFT POSITION SENSOR.

FEATURES

:

. Excellent Temperature Characteristics.

•
Wide Operating Temperature Range Capabilitv,

(; -55°C~+125°C)

. Excellent Output Voltage Linearity.

(; up to 15k Gausses)

Unit in

2.9:•:Q2

o
OS

o:

_ J

4 »

1 z
¥=

3

0.55
I 4<\Z5

.
r
|i.50-ajfi ass

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Control Current

Control Current (peak)

Operating Temperature Range

Storage Temperature Range

1{+I- 3(-J ' I C (INFUT;
2-4 v H

(' OUTPUT)

•T ED EC
" ~

_ ElA.

TOSHIBA 10-3C1A

ELECTRICAL CHARACTERISTICS (Ta=25°c)

Weight : 0.013g

Note 1

Note 2 : Vht

Note 3 : ^Kh=

Vh-Vrm-Vho (Vhm is meter indication)

.
1 VH (T2)-VH (T1) ,

VH(Tl) T2^TT
~ X 10° (%/ C)

KH (B2)-KH (B1)
1/2{KH (B1)+KH (B2))

x 100 (%), KH=-AIC'B

VHo : Residual Voltage

Kh : Product Sensitivity
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THS105
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) S1420

GENERAL PURPOSE AMPLIFIER AND LOW NOISE
AMPLIFIER APPLICATIONS.

FEATURES

:

. Excellent hpE Linearity : hKE (0. lmA)/hFE (2mA)

=0.95(Typ.)

.
Designed for Complementary Use with S1423(hFE=70~400;

. Small Collector Output Capacitance: C ob=3. 5pF(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

PC

Tstg

RATING

60

60

200

200

625

150

-55-150

I.NIT

V

mA

mA

mW

°C

l Tnit in mm

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO—9 8

EIAJ SC-43
TOSHIBA 2-5F1

P

Weight : 0.21g

ELECTRICAL CHARACTERISTICS ( Ta=25 °C

CHARACTERISTIC

Collector Cut-off Current

Emitter Cu t-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

SYMBOL

TCB0

Base-Emitter Voltage

Collector Output Capacitance

Transition Frequency

xEB0

V (BR)CE0

CONDITION

VCB=40V, l£=0

VEB=6V, lc=0

hFE

VCE(sat

VBE

Cob

fT

IC=lmA, IB=0

VCE=5V, IC=2mA

IC=50mA, IB=10mA

VCE="5V, Ic=2mA

VCB=10V, lE=0, f=lMHz

VCE=5V, Ic=10mA

MIN

.

60

TYP.

70

150

MAX.

50

100

0.65

400

700

0.22

3.5

UNIT

nA

nA

MHz
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S1420
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) S1423

GENERAL PURPOSE AMPLIFIER AND LOW NOISE
AMPLIFIER APPLICATIONS.

FEATURES:

- Excellent hFE Linearity : hFE (0.1mA) hFE (2mA)

=0.95(Typ.)

.
Designed for Complementary Use with S1420(hFE=70 700

;

. Small Collector Output Capacitance: C ob =4. 5pF(Max.

)

MAXIMUM RATINGS (Ta=25°C

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VCBO

vCEO

Base Current

Collect or Power Dissipation

Junction Temperature

Storage Temperature Range

VEBi.

RATING

-40

-40

Jc

IB

PC

stg

UNIT

-200

-200

625

150

-55-150

mA

mA

mV

~°C~

Unit in

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

2 —5 F 1 P

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cutoff Current

Emitter Cutoff Current

Collector-Emitter
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

SYMBOL

xCBO

TEBO

v (BR)CEO

CONDITION

VCb=-30V, Ie=0

VEB=-6V, IC=0

MIN.

hFE

vCE(sat,

Base-Emitter Voltage

Collector Output Capacitance

Transition Frequency

VBE

Cob

fT

IC=-lmA, IB=0

VCE=~5V, Ic=-2rrL4

Ic=-50mA, IB=-10mA

VCE=~5V, I c=-2mA

VCB=-10V, lE=0, f=lMHz

TYP.

-40

70

VCE=-5V, Ic=-10mA

MAX.

-50

-100

-0.65

150 300

400

-0.22

4.5

UNIT

nA

nA

pP

MHz
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S1423
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) S1805

DESIGNED FOR USE IN AUDIO STAGE MEDIUM
POWER AMPLIFIERS.
RECOMMENDED FOR OUTPUT AMPLIFIER STAGE
IN CLASS B PUSH-PULL OPERATION.

HIGH RELIABILITY.

LOW FREQUENCY MEDIUM POWER AMPLIFIERS-
DRIVER STAGE AMPLIFIERS.

FEATURES

:

. Excellent hFE vs. Collector Current Characteristics
hFE ( 2 )=23Min. at VCE=1V, rC=400mA

. Complementary to S1806.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

VCBO

'CEO

Base Current

Collector Power Dissipation

Junction Temperature Range

Storage Temperature

vEBO

RATING

40

30

UNIT

IB

[stg

500

250

625

150

-55-150

V

mA

mA

mV

Unit in mm

5.1 MAX.

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO—98
EIAJ SC-43
TOSHI BA 2—5P1P

°C

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

DC Current Gain (1)

DC Current Gain (2)

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

SYMBOL

hFEU

)

"FE(2)

VCE(sat)

ABE(sat)

CONDITION

VCE=1V, Ic=50mA

VCE=1V, Ic=400mA

IC=100mA, IB=5mA

Base-Emitter Voltage

Collector-Base
Breakdown Voltage

Collector-Emitter
Breakdown Voltage

Collector Cut-off Current

Emitter Cut-off Current

VBE

V (BR) CBO

v (BR) CEO

xCBO

lEBO

IC=100mA, IB=5mA

MIN.

70

23

VCE=1V, Ic=50mA

Ic=0.1mA, IE=0

Ic=lmA, IB=0

VCB=35V, lE=o

VEB=5V, IC=0

TYP. MAX. UNIT

240

0.65

40

30

0.73

0.25

1.20

0.80

100

100

nA

nA
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S1805
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SILICON PHP EPITAXIAL TYPE (PCT PROCESS) S1806

DESIGNED FOR USE IN AUDIO STAGE MEDIUM
POWER AMPLIFIER.
RECOMMENDED FOR OUTPUT AMPLIFIER STAGE
IN CLASS B PUSH-PULL OPERATION.

LOW FREQUENCY, MEDIUM POWER AMPLIFIERS-
DRIVER STAGE AMPLIFIERS.

FEATIT?ES:

. Excellent hFE vs. Collector Current Characteristics,

hFE(2)=23Min. at VCE=-1V, I c=-400mA

. Complementary to S1805.

MAXIMl'M RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

SYMBOL

VCBO
Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

vCE0

RATING

-40

vEB0

T,stg

-30

-500

-250

625

150

-55 150

UNIT

mA

mA

mW

°C

Unit in mm

5.1 MAX.

1. .EMITTER

2. BASE
3. COLLECTOR

JEDEC TO-9 2

EI AJ SC-43
TOSHIBA 2-5 PI

F

Weight : 0.21g

bUMJTRJCAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL CONDITION MIN. TYP

.

RAX. UNIT
DC Current Gain (1) hFE(l) VCE =1V, I c=-50mA 70 _ 240
DC Current Gain (2) hFE(2) VCE=-1V, Ic =-400mA 23 - _
Collector-Emitter
Saturation Voltage VCE(sat) Ic=-100mA, TB=-5mA - - -0.25 V
Base-Emitter
Saturation Voltage vBE(sat) IC=-100mA, IB=-5mA - - -1.2 V

Base-Emitter Voltage VBE Vce=-1V, I c=-50mA -0.65 -0.72 -0.80 V
Collector-Base
Breakdown Voltage v (BR) CBO l"C=-0.1mA, IE=0 -40 - _ V
Collector-Emitter
Breakdown Voltage v (BR) CEO IC=-lmA, IB=0 -30 - - V

Collector Cut-off Current :CB0 VCB—35V, IE=0 - - -100 nA
Emitter Cut-off Current rEB0 VEB=-5V, IC=0 - - -100 nA
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S1806

Ic - VCE
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS) S1807

PRIMARILY INTENDED FOR USE IN DRIVER AND
OUTPUT STAGE OF AUDIO AMPLIFIERS-

DESIGNED FOR COMPLEMENTARY USE WITH S1808-

FEATURES:

. Low Saturation Voltage : VCE ( sat )=0. 5V(Max.

)

at Ic=500mA

. Complementary to S1808.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipation

SYMBOL

vCBO

RATING

vCEO

vEBO

IB

Junction Temperature

Storage Temperature Range

PC

[ stg

35

30

800

200

625

150

-55-150

UNIT

mA

mA

mV

Unit in mm

5.1 MAX.

a 55 MAX

1. EMITTER
2. BASE
a COLLECTOR

TO-92

SC-43
TOSHIBA

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

DC Current Gain (l)

DC Current Gain (2)

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

SYMBOL

rCB0

Collector Output Capacitance

IEB0

v (BR)CE0

hFE(i;

hFE ( 2

)

VCE(sat)

^BE

fT

c ob

CONDITION

VCB=20V, Ie=0

VEB=5V, IC=0

IC=10mA, Ib=0

VCE=1V, IC=100mA

VCE=1V, Ic=700mA

IC=500mA, IB=20mA

VCE=1V > Ic=10mA

VCE=5V, Ic=10mA

VCB=10V, Ie=0, f=lMHz

MIN. TYP.

30

100

35

0.5

MAX.

100

100

120

13

320

0.5

0.8

UNIT

nA

nA

V

MHz

PF
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S1807
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) S1808

PRIMARILY INTENDED FOR USE IN DRIVER AND
OUTPUT STAGE OF AUDIO AMPLIFIERS.
DESIGNED FOR COMPLEMENTARY USE WITH S1807

FEATURES:

•

Low Sat«ation Voltage
: VfEfsst )==-0.7V(Max.

)

at J (>-500mA

. Complement aty to SI 807

nit in mm

MAXIMUM RATINGS (Ta=25°C

_ CHARACTERISTIC

Co llector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Base Current

Collector Power Dissipatioxi

Junction Temperature

Storage Temperature Range

ELECTR ICAL CHARACTER I ST ICS (Ta=25°C

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Emitter
Breakdown Voltage

SYMBOL

ICBO

DC Current Gain (1)

DC Current Gain (2)

rEB0

v (BH)CE0

CONDITION

V
r

CB=-20V, 1 E=0

VEB=-5V, J C=0

IC=-10mA, IB=0

Jl^iulj^E^-j^Tc^-lOOmA

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

hFE(2)

VCE(sat)

VfiE

Collector Output Capacitance C ob

VCE=-1V, I c=-700mA

I

c=-500mA, l B=-20mA

VCE=-1V, J c=-10mA

VCE="5V, I c=-10mA

VCB=-10V, iE=0 , f=lMHz
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S1808
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SILICON NPN TRIPLE DIFFUSED TYPE (PCT PROCESS) S1836

FOR HIGH VOLTAGE AMPLIFIER APPLICATIONS
PLASMA DISPLAY, NIXIE TUBE DRIVER APPLICATIONS
COLOR TV VIDEO OUTPUT APPLICATIONS

FEATURES:

. Complementary to S1837.

. 300V Minimum V(br)cEO

. Low Saturation Voltage : VcE(sat )=°- 5V(Max.

. Small Collector Output Capacitance.

Unit in mm

5.1 MAX.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

SYMBOL

vCBO

vCEO

vEBO

PC

T-i

rstg

RATING

300

300

100

62;

150

-55-150

UNIT

mA

mV

i. EMITTER
2. BASE
a COLLECTOR

JEDEC TO-92

EIAJ SC-43
TOSIBA 2—5Fi

F

We i^ht

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL CONDITION MIN. TYP. MAX. UNIT

Collector Cut-off Current ICB0 VCB=300V, IE=0 - - 0.1 jx\

Emitter Cut-off Current rEB0 VEB=6V, IC=0 - - 0.1 MA
Collector-Emitter
Breakdown Voltage

v (BR)CE0 IC=lmA, IB=0 300 - - V

Collector—Base
Breakdown Voltage v (BR)CB0 IC=0.1mA, IE=0 300 - - V

DC Current Gain
hFE ( 1

)

VCE=10V, lc
=lmA 20 - -

hFE ( 2

)

VCE=10V, Ic-20mA 30 - 150
Collector-Emitter
Saturation Voltage VCE(sat) IC=20mA, Ig=2mA - - 0.5 V

Base-Emitter
Saturation Voltage

VBE(sat) Ic=20mA, Ig=2mA - - 1.2 V

Transition Frequency f
T VCE=10V, Ic=20mA 50 80 - MHz

Collector Output Capacitance Cob VCB=20V, IE=0, f=lMHz - 3 4 PF
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S1836

Ic _VCE (LOW VOLTAGE REGION) I C-VCE (LOW CURRENT REGION)

12 14

COLLECTOR-EMITTER VOLTAGE VCE Cv)

Ic _VCE (LOW VOLTAGE REGION)

COLLECTOR-EMITTER VOLTAGE VCE (v)

I C-VCE (LOW VOLTAGE REGION)

120 160 200 240 280

COLLECTOR-EMITTER VOLTAGE VCE (V)

I C
- vc E (LOW CURRENT REGION )

12
COMMON EMITTI

Ta-100'C

!R

80 70
1U

60
8

50

40
-16

30
4

20

2

9P

COLLECTOR-EMITTER VOLTAQE V CE (V)

1 c~ «c E <^

COMMON EMITTER

Ta=-5 5°C

100

90
80
70
60
50
40

1

30
20—

\
IB= 1 Ofli\

COLLECTOR-EMITTER VOLTAGE VCE (V) COLLECTOR-EMITTER VOLTAGE VCE (V)

-964-



S1836

500
hFE ~ ic

300

J.
Ta = ioo°C

1UU
tt i

" =

50

30

1

10

COMMON EMITTER
VCE=10V

.

0.1 0.3 0.5 1 3
-.1

=>
1

1 ::::;

COLLECTOR CURRENT I c { mA )

°' 3 °- 5 X 3 5 10 30 50 100

COLLECTOR CURRENT I c ("mA)

vCE(sat)

Ql °- 3Q5 1 3 5 10 30 50 100

COLLECTOR CURRENT l c fmA )

3 £
Eh ^
Eh
M

0.1

BE(sat) ~ Iq

°' 3 Q5 ! 3 5 10 30 50

COLLECTOR CURRENT I c fmA)

100

f T - I
(

Q3 °- 5 1 3 5 10 30 50

COLLECTOR CURRENT I c fmA)

; ib, C ob - VR

Ph 3U —

0-1 0.30.5 1 3 5 10 30 50 100 300

REVERSE VOLTAG-E VR fV)

-965



S1837 SILICON PNP TRIPLE DIFFUSED TYPE (PCT PROCESS)

Unit in mm

FOR HIGH VOLTAGE AMPLIFIER APPLICATIONS-

PLASMA DISPLAY, NIXIE TUBE DRIVER APPLICATIONS-

COLOR TV VIDEO OUTPUT APPLICATIONS-

FEATURES:

Complementary to S1836

. 300V Minimum V(BR )cEO.

. Lov Saturation Voltage : VCE (sat )=-<>. 5V(Max. )

Small Collector Output Capacitance.

MAXIMUM EATINGS (Ta=25°C)

Collector Cut-off Current

Collector-Emitter
Breakdovn Voltage

Collector-Base
Breakdown Voltage

DC Current Gain

Collector-Emitter
Saturation Voltage

Base-Emitter
Saturation Voltage

Transition Frequency

Collector Output Capacitance
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S1837
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S1837
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SILICON NPN EPITAXIAL TYPE (PCT PROCESS)

DRIVER STAGE AMPLIFIER APPLICATIONS-
VOLTAGE AMPLIFIER APPLICATIONS-

FEAT [-RES':

• Complementary to S1839.

•
Driver Stage Application of 20 to 25 Watts
Amplifiers

.

I nit in mm

I

Storage Temperature Range

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Emitter Cut-off Current

Collector-Emitter
Brrakdovn Voltage

DC Current Gain

CONDITION

VCB=50V, IE=o

MIN. TYP. MAX. UNIT

rEB0 VEB=5V, Ic=o

Collector-Emitter
Saturation Voltage

Base-Emitter Voltage

Transition Frequency

Collector Output Capacitance

V (BR)CE0 Ic=5mA, Ib=0

JFE(l) VCE=2V, I c=50mA

hFE(2) VCE=2V, I c=200mA

VCE(sat)

VBE

fT

Cob

70

40

100

240

Ic=200mA, IB=10mA

VCE=2V, Ic=5mA

Vce=10V, Ic=10mA

VCB=10V, IE=Q, f=lMHz

0.55

100

10

0.5

0.8

MHz

pF



S1838

ic — v c E

3.5 5.0 COMMON EMITTER

Ta=2 5t//
2.5

280
h 2.0

240

1.5

200

160
1.0

120

80
-

—

/40

J 1° _J_

IC _ VBE

2 3 4 5

COLLECTOR-EMITTER VOLTAGE VGE (V)

3 100

COMMON EMITTER

VCE--2V

Q2 0.4 0.6 0.8 1.0 1.2

BASE-EMITTER VOLTAGE VBE (V)

hPE — I C

30 50 100

COLLECTOR CURRENT I c CmA)

VcE(sat) ~ I C

X, O
o M

o <
3 5 10 30 50 100

COLLECTOR CURRENT I c CmA)

SAFE OPERATING AREA

CURVES MUST BE DERATED
LINEARLY WITH INCREASE
IN TEMPERATURE.

1.5 1 3 5 10 30 50

COLLECTOR-EMITTER VOLTAGE VCE Cv)

100
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SILICON PNP EPITAXIAL TYPE (PCT PROCESS) S1839

DRIVER STAGE AMPLIFIER APPLICATIONS

VOLTAGE AMPLIFIER APPLICATIONS-

FEATURES:

. Complementary to S1838.

. Driver Stage Application of 20 to 25 Watts

Amplifiers.

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

PC

RATING

-80

-80

-5

-300

-100

625

150

^stg
I

-55-150

UNIT

mA

mA

mW

°C

Unit in

1.2 7 1.2 7

LO

*
^ f

^K:'V I

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC

TOSHIBA 2—5F1F

Weight : 0.21g

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL CONDITION MIN. TYP. MAX. UNIT
Collector Cut-off Current JCB0 VCB=-50V, IE=0 - - -100 nA
Emitter Cut-off Current lEBO VEB=-5V, IC=0 - - -100 nA
Collector-Emitter
Breakdown Voltage v"(BR)CE0 I C=-5mA, IB=0 -80 - - V

DC Current Gain hFE ( 1

)

VCE=-2V, IC=-50mA 70 - 240

hFE(2) VCE=-2V, Ic=-200mA 40 - _

Collector-Emitter
Saturation Voltage VCE(sat) I c=-200mA, lB=-20mA - - -0.4 V

Base-Emitter Voltage VBE VCE=-2V, I c=-5mA -0.55 - -0.8 V
Transition Frequency fT VCE=-10V, Ic=-10mA 70 100 - MHz
Collector Output Capacitance Cob VCB=-10V, IE=0, f=lMHz - 14 - pF
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S1839

« -ISO

VcE

COMMON ^MT TTER
-3.5

-3.0 T a = 2 5

1

/^ 1

-2.5V
/

r >

-2.0

, U-—

1

-1.5If

-1.0

1

I B=—0.5mA

-1 -2 -3 -4 -5 -6 -'

COLLECTOR—EMITTER VOLTAGE VCE Cv)

IC - yBI
-300

COMMON EM TTB1R

<2
.
VCE=- 2 V

a —«50

o
—2 00

S-> I <o| o|

&q o
o /

W
J r

ft 150

K
g -100

K

CO
u c

-0.2 -0.4 -0.6 -0.8 -1.0 -1.2

BASE-EMITTER VOLTAGE V BE CV)

hFE - Ic
1000

500

300

VCE=-2V

1

Ta = 10 or

2 5

—25

SAFE OPERATING AREA

-3 -5 -10 -30-50 -100 -300

COLLECTOR CURRENT I c (mA)

vCE(sat) - Ic

g -0.3
COMMON EMITTER

"l c/I B=10

Ta-100°C

- ,_
-

"T\

5

\'« t

-2

-3 -5 -10 -30 -50 -100 -300

COLLECTOR CURRENT I c (mA)

1000 pTTT r 1 III-
- I c MAX (PULSED)"--

<<1
| Ml | 1 Ml!! k

-500
" I

c;
MAX ( CONTINUOUS)^^C

Xn \<i>.

%
1-300

-100

<i>

C>

o
«.

&̂>, -

-V^-50 >w °JiX
^—30 V^s^

-10

c

- * SINGLE NONREPETITIVE
PULSE Ta = 2 5

=

C
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X
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-3

L

I
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i
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>
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SILICON NPN TRIPLE DIFFUSED (PCT PROCESS) S1840

VIDEO OUTPUT STAGE FOR BAN TV.
HIGH VOLTAGE SWITCHING APPLICATONS-

FEATURES

:

• Hi §h Voltage : VCB0=150V, VCE0=150V

• Low Saturation Voltage : VCE(sat )=0 . 5V(Max.

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC

Collector-Base Voltage

Collector-Emitter Voltage

Emitter-Base Voltage

Collector Current

SYMBOL

vCBO

vCEO

Base Current

Collector Power Dissipation

Junction Temperature

Storage Temperature Range

VEBO

RATING

150

150

ic

IB

PC

rstg

30

10

625

150

-55-150

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC

Collector Cut-off Current

Emitter Cut-off Current

Collector-Base
Breakdown Voltage

Collector-Emitter
Breakdown Voltage

DC Current Gain

SYMBOL

ICBO

JEB0

v (BR)CB0

Collector-Emitter
Saturation Voltage
Base-Emitter
Saturation Voltage

Transition Frequency

Collecotr Output Capacitance

V (BR)CE0

Unit in

UNIT

V

mA

mA

mW

1. EMITTER
2. BASE
3. COLLECTOR

JEDEC TO-92
EIAJ SC-43

TOSHIBA 2-5F1P

J
Weight : 0.21g

CONDITION

VCB=150V, IE=0

VEB^5V, lc=o

IC=0-lmA, IE=0

IC=lmA, IR=0

hFE

VCE(sat)

VBE(sat)

Cob

VCE=3V, I C=10mA

Ic=10mA, lB=lmA

MIN. TYP.

150

150

40

MAX.

0.1

0.1

IC=10mA, lB=lmA

VCE=10V, Ic=2mA

VCB=10V, I E=0, f=lMHz

50 100

240

0.5

1.5

2.5

UNIT

M
M
V

V

MHz

PF
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S1840

I C-VCE (LOW VOLTAGE REQION) I C-VCE (LOW CURRENT REGION)

01234567
COLLECTOR-EMITTER VOLTAGE VCE ^ v )

COLLECTOR-EMITTER VOLTAGE VCE (V)

hFE ~ 1 C
FE

— I C

Ql 03 0.5 1 3 5 10 30 50

COLLECTOR CURRENT I c CmA)

1000

OL 05 01 0.3 0.5 1 3 5 10

COLLECTOR CURRENT I c CmA)

30 50

o O
o >

Q5

0.3

Ql

0.05,

VcE(sa1 )
-- I c

I C/I B=10

N Ta = 100 "C

x<r^25
X-55

pz —
0.3 a5 1 3 5 10 30 50

COLLECTOR CURRENT Ic CmA)

0.05 Ql Q3 Q5 1 3 5 10 30 50

COLLECTOR CURRENT I c CmA)
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S1840

f T - i<
! ib, c ob — Vr

ai Q3 Q5 1 3 5 10 30 50

COLLECTOR CURRENT I c CmA)

0-3 a5 1 3 5 10 30 50 100

REVERSE VOLTAGE VR (v)
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APPLICATION CIRCUIT



Radio

1

.

9-transistor FM/AM radio circuit 933

2. 10-transistor FM/AM radio circuit 934

3. 6-transistor car radio circuit 935

4. 5-transistor line operate radio circuit 93g

FM Stereo unit

1. FM tuner circuit (1) 937

2. FM tuner circuit (2) 983

3. FM electonic tuner . . . . 983

4. Hi-Fi FM tuner 939

5. Electronic tuning AM tuner (for Hi-Fi) 939

6. Electronic tuning AM tuner (for automotive use) 990

7. FM IF amplifier circuit 990

8. FM multiplex circuit 991

Audio amplifier circuit

1. Preamplifier circuit

(1) MC head amplifier using 2SK 147 992

2. Preamplifier circuit

(2) First-stage equalizer amplifier using 2SK1 17 992

3. Preamplifier circuit

(3) First-stage equalizer amplifier using 25SK147 or 2SK146 992

4. Preamplifier circuit

(4) Ceramic crystal cartridge application 993

5. Preamplifer circuit

(5) CR-type tone control circuit 993

6. Power amplifier circuit for 1 ,5W power 994

7. Power amplifier circuit for 5W power 994

8. Power amplifier circuit for 35 ~ 80W 995

9. Power amplifier circuit for 120W power 995

10. Power amplifier circuit for 120W power (using power MOS FET)
9<j6

Switching circuit

1. Inverter circuit (1) 997

2. Inverter circuit (2) 993

3. Monostable multivibrator circuit 999
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4. Astable multivibrator circuit 999

5. Fixed bias-type flip-flop circuit
1 ooo

6. Self-bias-type flip-flop circuit 1000

7. Schmidt circuit 1001

8. Positive pulse amplifier circuit 1001

9. Negative pulse amplifier circuit 1001

10. Indication tube driving circuit 10Q2

11. UJ T appl ication circuit 1 qqo

Dropper Regulator Circuit

1. High-stability reference regulator circuit 1004

2. Constant-voltage regulator circusit

(1) 12V, 50mA 1004

3. Constant-voltage regulator circuit

(2) 12V, 1A 1004

4. Constant-voltage regulator circuit

(3) 24V, 1.5A 1004

5. Constant-voltage regulator circuit

(4) 24V, 2A 1005

6. Constant-voltage regulator circuit

(5) ~ 30V, 1.5A IO05

7. Constant-voltage regulator circuit 1006

8. Multivibrator-type DC-DC converter circuit

(1) 50V, 3W (Vi = 12V) 1006

9. Multivibrator-type DC-DC converter circuit

(2) 300V, 40W (Vi = 12V) 1006

10. Multivibrator-type DC-DC converter circuit

(3) 300V, 40W (Vi = 24V) 1007

1 1

.

Multivibrator-type DC-DC converter circuit

(4) 300V, 80W (Vi = 24V) 1007

12. Multivibrator-type DC-DC convertercircuit

(5) 5V, 150W (Vi = 100V)
1008

13. Multivibrator-type DC-DC inverter circuit, 100V, 80W (Vi = 24V)
1008

14. Example circuit incorporating aringing choke circuit innq

15. 20V, 2A Output dropper regulator, dropper regulator circuit
100g

1 6. 1 2V, 1 A Output dropper regulator
1 01

17. ±15V, 2A Output dropper regulator shown below is applied

incroporating transistor 2N3771 and 2N4398 1010
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Circuit incroporating FET's

1. Amplifier circuit with direct-coupled FET, voltage gain 62dB,

mim. sensing signal ~ 1mV
1011

2. FET differential amplifier circuit

(1

)

Voltage gain 26dB
1 01 1

3. FET differential amplifier circuit

(3) Voltage gain 26dB
-j 01 1

4. FET differential amplifier circuit

(2) Voltage gain 16dB
1011

5. FET2-stage differential amplifier circuit, voltage gain 34dB
(openloop gain: 53dB) 1012

6. FET3-stage differential amplifier circuit, open loop gain 98 dB 1012

7. Digital switch 1013

8. Analog switch 1013

9. Sample hold circuit
-j qi 3

10. FET chopper amplifier circuit 1014

11. FET flip-flop circuit 1014

12. FET timer circuit (1) 1014

13. FET timer circuit (2), operating time: 10 min 1014

Low-frequency amplifier circuit

1

.

RC coupled amplifier circuit
1 01 c

2. Class A single amplifier circuit (1), Po = 55mA IO15

3. Class A single amplifier circuit (2), Po = 75mA
1 01

5

4. Class B push-pull amplifier circuit (1), Po = 200mW 1016

5. Class B push-pull amplifier circuit (2), Po = 400mW 1016

6. Transformer-coupled Class A power amplifier circuit, Po = 5W (Vi = 0.4V) 1016

7. Transformer-coupled Class B power amplifier circuit, P = 7W (Vi = 0.6V) 101

7

8. SEPP power amplifier circuit with imput tranformer, Po = 200W (Vi = 1 .5V) 1 01

7

High-frequency power amplifier circuit

1. Couble-multiplier power amplifier circuit (112.5 MHz ~ 450 MHz) 1018

2. Triple-multiplier 2-stage amplifier circuit (1 56.6 MHz ~ 470 MHz)
1 01 g

3. Power amplifier circuit (175 MHz, FM 70W) IO19

4. Power amplifier circuit (470 MHz, FM 40W) IO19

5. Power amplifier circuit (430 ~ 450 MHz) 1Q1o
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Applied circuit of large-power transistor and transistor modules (motor drive circuit)

1. DC motor control (1) 1020

2. DC motor control (2) 1 020

3. AC motor control
1 020

Application of low-saturation voltage transistors

1. Various inductance and lamp drives 1021

2. Wiper control
1 Q21

3. Flasher ^q21

4. Ignitor 1021

(1

)

Battery drive
1 021

(2) Magnet drive
1 021

5. Electronic fuel injection control 1021

GaAs Hall sensor

1 . Example circuit using GaAs Hall sensor (Hall motor) 1022
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Radio
1. 9-transistor FM/AM radio circuit
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2. 10-transistor FM/AM radio circuit

+W\- -8*o-

A6 J*0«
i—7&1

ter^l

U1 E£ »9 i^OC

uow U9Sr^/j urn

e
at-

s ^

13
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1
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fr

E

<
a.

CQ CQ ? m
-o -o S -o
in co O in
co CO O <M

in
CM

^
a.

CQ
a.

CQ CQ CQ
Eta -a -e -o -c

CM t-~ to o o
1

«5 in o
in
CM

O)
3

-»->

> 3
TS u

cS m CJ

'a
+J

o
©
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o
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c

Selectivity

(±10k

e
s
S
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Quieting

sensitivity

o
'3
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3. 6-transistor car radio circuit



4. 5-transistor line operate radio circuit
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FM stereo unit
1. FM tuner circuit (1)

X
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<v / T3 -o o CM
3 00 in oj o a>
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>
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3 s O
cr C o &
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s

g
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>
c

T3

O
> a! eS

CD 3
a
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1
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c8 '3

XQ « £ b COo
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2. FM tuner circuit (2)

ANT L J |_2

VC;
3o«CBfc

¥lV ?r ic;

C2

HI—
lOOp

2SK161-Y,

25p

AGC

©[^
TRi

:;5 1C3
* ~ "r

0.02
>u

Receiving frequency

(domestic band)

f = 76~90MHz

Power gain : 30dB

Image rejection : 68dB

S/N ratio : 77dB

3p

2SC2668-R

in
iku :

;
»:^°nooD fe 3

.C-i

0.02//

ioon

AFC°-

2SC2955-0

Cl3

Ah-

IFT IF

3oon

^+12V

3. FM electronic tuner Circuit

75n

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-Fi FM tuner Circuit

777

LOCAL BAFFER

2SK241-GR

Receiving frequency

Power gain

Image rejection

S/N ratio

f= 76~90MHz
33dB

85dB

80dB

5. Electronic tuningAM tuner Circuit (for Hi-Fi)

1SV 2SC2669

102 ANT. 1.8K-20P;, t,

2SC2669

o det: ol't

Receiving frequency f = 535~ 1605kHz

Timing voltage Vt=2-25V
Maximum sensitivity 33dB^
S/N ratio 48dB
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6. Electronic tuning AM tuner Circuit (for automotive use)

2SK184-0, 2SK184-BL 2SK161-0 2SC2669-0 2SC2669-0 2SC2669-0

Vr

(1.5-8V)

56K

f—

w

a. J.

2J 2I

>DET 0U1

Receiving frequency

Tuning voltage

Maximum sensitivity

S/N ratio

f=535~1605kH

Vt= 1.5~8.0V

23dB/i

40dB

7. FM IF amplifier circuit

2SC380TM 2SC380TM 2SC380TM

T 2
Tj

2SC380TM

ir-rs^i*
-*^ lOkfi

,10/«.

10VW

68k il
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8. FM multiplex circuit

2SC1815 2SC1815 2SC1815

SCA TRAP
Input Li

\Qji

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
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Audio amplifier

circuits 1. Preamplifier circuit

(1) MC head amplifier using 2SK147

2SK147-BLX2

,135V

Example of

equalizer

amplifier , (3)

O OUT

Characteristics

Voltage gain : f=lkHz (head) 27dB

Equivalent input : Input open — 158.5dBV

noise voltage

S/n : Vi=0.2mV 84.5dB

2. Preamplifier circuit

(2) First-stage equalizer amplifier using 2SK117
2SK117-GRX2 2SA97Q-BLX 2

' -O+20V

200
Q—w-

a
JJB h) °Jl °?8' F

9100 I2k0

Characteristics

Input impedance

Voltage gain

Equivalent input

noise voltage

S/N

O-20V

f=lkHz 47k ft

f=lkHz 35.0dB

Input Short-circuited,

IHF A curve - 140.2dBV

Vi=2mV 86.2dB

2SC2240-BL 2SC2240-GR

3. Preamplifier circuit

(3) First-stage equalizer amplifier using 2SK147 or 2SK146

2SK147X2 or 2SK146

2SC2240X2 2SA970-BLX2 2SC2240-GR

470

1.5k fl

-*v<

:47n

2SC2240-BL 2SA970-GR

- 992 -

-o+40V

Characteristics

Input impedance : f=lkHz 50k ft

Voltage gain f=lkHz 35dB

Equivalent input

noise voltage input, IHF A curve — 143.8dBV

short-circuited

S/N : Vi=2mV, 89.9dB

-40V



4. Preamplifier circuit

(4) Ceramic crystal cartridge application

2SK30ATM - Y 2SK30ATM-GR

Input 0.01/*

Output

Item
Level adjustment

Conditions

Min. Max.

Gain 14dB 28dB Frequency response:

flat, volume max.

S/N 470dB 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 <s 100Hz

Treble : ± 12dB (slOkHz

5. Preamplifier circuit

(5) CR-type tone control circuit

2SK30ATM-O.Y

Input

0.01/iF

ll-T €>.
imq:

2SK30ATM-GR

30V
15kQ

lOOkQ 0.002//F 0.05a«F
-JWV—V\A/ 1 \t f

»200pF I—

—

2.2kQf ±200pF
I IMQ

mq|.imq:

47ka

*m,ni0 0O2L l0.002^iF

,5*F/TV
5aiF

-H o

output

;:1MQ |2.2kQ

Input impedance : 10k.fi (MIN)

Gain reduction : -8.9dB (f = lkHz)

Maximum output voltage : 5V(f = lkHz)
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6. Power amplifier circuit for 1.5W output.power

10/<F

0-0—

Input

a
+ oi
T CM'

47kO

2SA1015

8? 3l

M8513AX2

220O

r
5A1015 4.3k

( 1
AV *

2SC1959

€>
2SC2120

SI
470//F

"-©.
RL=8n

2SA950

GND

Supply voltage ..13V

Load impedance 8 o

Input impedance 17k.o

Voltage gain 38dB

Negative feedback 28dB

Output power 1.5W («KF= 5 %, f =lkHz
Idle current 10mA
Frequency response 20Hz- 50kHz f - 3 dB
T.H.D. 0.6% ("P«i = 0.1W f=lkHz

1.5% («P„=1W f=lkHz

7. Power amplifier circuit for 5W output power

*«tf

o—
Input

GND

10^F

3.9k n

2SA1015 2.2kfi

cn

i2on—^/v>

—

r E

Hh
2SC2120

€>

200pF M8513AX2

in:;

o

2SC3297

1000//F

*

2S1305

1
Ri. = 8n

Supply voltage

Load impedance

Input impedance

Voltage gain

Negative feedback

Output power

Idle current

Freguency Response

T.H.D.

20 V
8.Q

15k.o c«f=lkHz
40dB c«f=lkHz
27.5dB («f=lkHz
5W ("KF-5%, f=lkHz
7 mA
20Hz~ 50kHz C«-3dB
0.3% («0.1W, f =lkHz
0.2% (" 1 W, f = lkHz

0.5% <e 4W, f=lkHz
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8. Power amplifier circuit for 35—80W output power

1S1583X2 2SA1145 110
O+Vcc

Fig.l

Output
power
Po(W)

Supply
voltage

±Vcc(V)

Transistors

Q, Q2 Qs Q4

35 ±31 2SC1627A 2SA817 2SC3180 2SA1263

50 ±36 2SC2235 2SA965 2SC3181 2SA1264

70 ±41 2SC2824 2SA1184 2SC3182 2SA1265

80 ±45 2S03298 2SA1306 2SC3280 2SA1301

Load impedance

Input impedance

Voltage gain

Output power

Idle current

8Q

51k Q C«f = lkHz

29.7dB («f = lkHz

Po(See Fig. 1) («f = 20~ 20kHz THD=0.02%

30mA

Frequency response : 20~ 100kHz <& — 1 dB

T.H.D. : 0.002% C«Po = 30W f = lkHz
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9. Power amplifier circuit for 120W output power

Supply voltage

Load impedance

Input impedance

Voltage gain

Output power
Idle current

: +Bi=+70V, ±B 2 =±62V(No Signal) Frequency Response : 20-lOOkHz c-ldB
•" 8Q
: 32kQ («f = lkHz T.H.D. : 0.0054?,, «>Po=lW f = lkHz

: 31dB C«f = lkHz 0.0022% <°P«,= 10W f = lkHz

: 120W (af=20~20kHz THD= 0.01% 0.0016% CPo=30W f = lkHz

:50mA 0.0015% (« P„=60W f = lkHz

0.0015",, OPo=120W f = lkHz

10. Power amplifier circuit for 120W output power (using POWER MOS FET)

+ Vcn(+70V) 1S1555

a o.i//i:txz

2SA1360' X2 2SC 3423 t
• V,,. (+65V)

r
\
oui

i-^WV—

•

°

1S1555 2SC3423 X2 V, , (-65V)

Supply voltage : ±Vcci = ±70V, ±Vcc* = ± 65V (No Signal) Frequency response : 20~l00kHz («-idB

Load impedance 8Q. T.H.D. 0.0015 (°P,.= 120W f = ikHz

Input impedance : 56kQ r°f = lkHz 0.0025 («R,= 120W f=20kHz

Voltage gain '• 30dB fcf = ikHz 0.007 C«P<,= 120W f = 100kHz

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

IVansistor Qj

Q.

Circuit constant Switching time (standard value)

'V)

V,

'V)

R. Rb

(k/>

Rk

(V.Q)

R»

(ii)

Ck

(pF)

U
(ns)

t r

(ns) (ns)

t/

(ns)

2SA4S5 TM -
- Y

-12 3 -6 l k 8.2

15

5.6

10

50 100 4 4 20 35

2SA499 ~
f,

2SA500 _"
-12 3 - 6 1 E 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 "
^

- GR

12 - 3 6 1 k 6.8

12

18

5.1

8.2

12

50 100 4 4 20 35

- R
2SC752 % 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
2SC752tiTM -

- 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

r

R

15 3 6 100 2.2

3.9

7.5

0.39

0.68

1.5

50 470

560

680

20 10 25 30

2SC372'S/TM
2SC372'S/TM -Y
2SC373t^TM

12 3 6 Ik 8.2

15

22

5.6

10

15

50 100 4 4 20 35

2SC980'G/ TM,

A^TM-0
2SC980€,TM-Y

24 3 6 2.2k 6.8

12

22

3.9

6.8

12

50 100 5 10 40 70
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2. Inverter circuit (2)

For NPN transistors

C R—Ih"

Input

i"

-Wr* t
Rk

:Rb

»Vbb

Q.

VT

Vot For PNP transistors

Output

Input

Diode Dx

1S15I8 t

Ck

Rk

;r.«

hVc«

j

R i
L? Vdo
N •

@" Output

Transistor

Q.

Circuit constant Switching time

Vcc

(V)

v..

(V)

Vdd
(V)

Rl
03)

Rb
(k£)

Rk
(kfl)

R,
03)

Ck
(pF)

V,

(V)

u
(»m)

t,

(>) Us)
t/

(...)

2SA495©TM -0
- Y

-12 3 -6 1 k 8.2

IS

5.6

10

50 loo -6 4 4 15 10

2SA499 ~ *

2SA500 _
^

-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 6 390 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

50 20 6 3 4 3 4

2SC372©TM -0
2SC3720TM -Y
2SC373QTM

12 -3 6 1 k 8.2

15

22

5.6

10

15

50 100 6 4 4 15 10

2SC400 Z°
-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

Input

For PNP transistors

Output Input

Cm
-II-

put D2
LJ.

i=Cki-TO«F) YL7Ck
T=operatingtime

4r° Diode T>lf D2 : 1S15M i/r

Output

Transistor

Q., Q=

Circuit constant

Vcc
(V)

Vkk

(V) (V)

V,

(V)

Ri.i

(ii)

R...

(ii)

Rk.

(ii)

RK2'

(k<2)

Rb
(VQ)

R T

( k ii )

C'ki

( PF> _;

Ct

(pF)

2SA495©TM -0
-Y

-12 ' -12 12 6 1 k 1 k 22

33

22

33

68

120

10 66

44

50 200

2SA499 ~ {*

2SA500 _y

-12 -12 12 6 1 k 1 k 8.2

15

27

8.2

15

27

1

27

56

100

10 177

97

54

50

„

200

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

44

26

50 200

2SC395A -
-Y

12 12 -12 -6 390 390 6.8

12

6.8

12

68

120

3.9 214

121

20 50

-R
2SC400 ~

^
-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

Ci = C'i •TiX10-« (F)

C2= Ci -TaXlO" 6 (F)

o Diodes Dx,D2 : 1S1588

T^operating time ofQx

T 2 = Operating time of Q2

Transistors

Qi. Q*

Circuit constant

(V)

V„R
(V>

R,

1 ii '

Rb

'k Q
c; C-

2SA495©TM -O
-Y

-12 -12 1 k 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

12

214

*121

214

121

-R
2SC752©TM -O

-Y

12 12 390 5.1

8.2

15

284

177

97

284

177

97

2SC372©TM -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©TM-Y

24 24 2.2k 33

56

100

44

26

15

44

26

15
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5. Fixed-bias type flip-flop circuit

For NPN transistors

Transistors

Q>. Q-.

Circuit constant

Vu
'V)

Vhb

'V)

V-i

'V)

R,

'

i

Rk Rp. R,
'

PF;

C,

pF

2SA495CQTM -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
2SC752liTM -0

- Y

12 -12 - 6 390 5.1

8.2

15

56

82

150

10 15 50

2SC372UTM -0
2SC372^,TM - Y
2SC373^ TM

12 -12 - 6 1 k 22

39

68

100

180

270

10 50 200

2SC400 Zy
-GR

12 -12 - 6 1 k 18

33

56

82

150

220

10 50 200

2SC980S TM,

A€ TM-0
2SC980?s TM-Y

24

"

-12 "~ ° 2.2k 27

39

75

68

100

180

22 30 250

Cri c T o mo Diodes D lt D2 , D3 , and D4 : 1 SI 588

6. Self-bias type flip-flop circuit

For NPN transistors

5Cn, p. b. 7

X4t f
C>i CT

VT
For PNP transistors

Transistors

Qi, Q..

Circuit constant

V,

(V
Ri.

! k <>

Rn

k <_> •

Rk Rt

k <J

Ck

pF
Ct
pF

2SA495>£TM -O
-Y

-12 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 -0
-Y

12 - 6 330 4.7

8.2

2.7

5.6

47

56

10 20 50

2SC752ijT.M
R

-O
- Y

12 - 6 330 3.3

6.8

10

1.8

5.6

6.8

33

51

56

}0 20 50

2SC372 4TTM
2SC372CTM
2SC3734JTM

-0
- Y

12 6 1 k 15

27

47

8.2

18

27

120

150

180

10 50 200

2SC400
-O
- Y
- GR

12 - 6 1 k 12

18

33

5.6

10

18

120

150

180

10 50 200

2SC980 £ TM,

A S- TM
2SC980#TM

-0

-Y

24 - 6 2.2k 27

39

68

18

33

56

220 22 30 300

Vt
o Diodes D lt D2,D3r and D4 : 1S1588
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7. Schmidt circuit

For NPN transistors

Input
J

Transistors

Q.. Q->

Circuit constant
Switching time
(standard value)'

(V!

V,

(V;

Rm
( U)

Ri

in)
Rk

(kU)
Rt

(Si)

Rem

(k£)

R B 2 Ck

(pF)

to.

fnsl (ns)

V„ *

2SA195CDTM -

Y
12 3 1 k 1 k 15

27

180 10

18

10

18

50 60 120 -1.0

2SA499
2SA5O0

2SC372IJ TM
2SC372i£TM
2SC373© TM

2SC395A

2SC40O

R

Y

Y

-

Y

-0
- Y
-c;r

12

12

3

3

1 k

1 k

1 k

lkk

330

1 k

6.8

15

22

180 5.6

12

15

10

18

33

5.6

12

15

10

18

33

50

50

60

60

120 - 1.0

15

27

47

4.7

6.8

15

22

39

180 120 1.0

12

12

3

3

330

Ik

68

180

3.9

5.6

3.9

5.6

20 20 20 |
-0.5

"
i

"

12

15

22

3.3

3.9

5.6

12

15

22

3.3

3.9

5.6

50

20

60

20

120 |
1.0

2SC752©TM
R

- Y

12 3 330 330 1 3.3

5.1

8.2

68 25 |
0.5

* Hysterisis voltage

8. Positive pulse amplifier circuit

2SC400 2SA499

or2SA495©TM

Input

6V I2k<>

•rrr

®^i7\-®~' Output

frr

V CC =12V

9. Negative pulse amplifier circuit

2SA499

or 2SA495©TM

2SC400

Output

Input/Output switching time, (standard value) unit:ns

Input

-6V l2k.Q ®_Sr]-®

7TT 7TT

m^j «d t
r t stg tf

Positive pulse 1 1 5 6 4 5

Negative pulse 1 2 5 70 6 4 5

V«= — 12V
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10. Indication tube driving circuit

(a) Nixie tube driving circuit

Matrix diode

Operating temperature
range

-10°C~ + 55°C

Minimum input voltage for
lighting on

4 V

Maximum input voltage for

lighting off
2.5V

si
MM

Discharge sustain-

ing voltage
-140V

Allowable
average
cathode DC
current

Figure pole 1.5-3. 0mA

Decimal
point pole 1

0.6-1. 5mA

(b ) Indication tube driving circuit (Digitron or others)

Q-55V

-24V

1S1588

Input
^-M

Input 1S1588

Q-55V

Anode (segment) drive circuit -3v6 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 ,
on

III

Max./min. fluorescent segment voltage ±20~+30Vdc
Average current for

fluorescent: segment

Pole l~3mA
Figure 0.1-0. 2mA

( c ) Neon tube driving circuit
( d ) Pilot lamp driving circuit

Vccl00±10V
i ^ o Vcc 6V

V,

2SC780A©TM
or

, 2SC2551,

*S)Nl-6

6V 15 kn

6 trr fir
Vbb-3V

Transistors used : 2SC780A©TM

Supply voltage : Vcc= 100±10V
Input drive voltage : V,•

= 6 V
Base bias current '• Vbb= — 3 V

Neon lamp lighting characteristics

Rated voltage : V.- = 100V

Rated current : I v= . 3A
Discharge starting voltage :VN= 85V

Discharge stopping voltage : VK= 55V

External series resistance :R5=220k.<2

Transistors used : 2SC367©TM

Supply voltage : Vcc= 6 V
Input drive voltage : v, = 6 V

Lamp characteristics

Rated voltage : VP = 6 . 3V
Rated current. : I P= 150mA
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11. UJT application circuits

( | ) Synchronous circuit with AC power source

r^^r\
1 SI 886 /
-w- -*

AC100V §

50V

'50V

10k Q

02Z16JL

1 SI 886

/ 2SH20 or 2SH21

(o) Square-wave oscillating circuit

2SH20 or 2SH21

J220Q

iiooka

io.u
Output

47Q

rir

+20V

Output

( 3 ) SCR igniting phase controlling circuit

1S1886X 3 2SH20 or 2SH21

O20V
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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)

2SC504 2SC372©TM

2SKII3-F

J Id ^_
Rs|li*.6mA-^-Tr^ «ro

-o Vout

QSZB.\-X^re=0.03%/°C(Typ.)
eIz=5mA

trr

V =12V
(0~50mA)

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)

4. Constant-voltage regulator circuit

(3) 24V,1.5A
2SD867 2SC372©TM 2SC372©TM X 2

r V =24V
(0-1.5A)

2SC372©TM

Use a heat sink with thermal resistance of 2°C/W (for

example, aluminum plate of 200 x 200 x2 mm)
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5. Constant-voltage regulator circuit 2SC521A*

(4)24V,2A "TT

28-38V

I

Zr 0.5O SI

2SC372©TMX2

2SC521A*^*

2SC504

2SC372©TM

2SC372©TMJ=0.01//F

V =24V
(0~2A)

Use a heat sink with thermal resistance of

2°C/W (for example, aluminum plate of 200 x

200 x 2 mm)
Ambient temperature Tsl - —20 ~ 70°C

6. Constant-voltage regulator circuit (5) ~ 30V, 1.5

A

AC100V

2SA495©TM X 2 2SC3 72©TMx 2

.

Use a heat sink with thermal resistance of 2°C/W (for example, aluminum plate of 200

X200 x2mm)
Use a heat sink with thermal resistance of 6"C/W (for example, aluminum plate of 100

x 100 x 2 mm)
Internal resistance ro > 5m fl

Ripple voltage : V0r < 1.5mV (p-p)

Output voltage fluctuation (±10%) caused by supply

voltage fluctuation aVo< 2.5mV
Ambient temperature Ta = —20 — 70°C
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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 9. Multivibrator-type DC-DC converter
circuit (1) , 50V, 3W (VL- 12V) circuit (2) , 300V, 40W (Vi - 12V)

1 SI 886

is-*-
o
1 N2

+
2

,
v°=

4 5ov

8
ooo
8 "2o
8

1 SI 886

-4 Vi= 12V 6 +

2SC521A*

1 SI 886

—w—
I

V,= 12V

f-l-r-j

500fi

ji 1G4B42

Ni2

2SC521A*

h
1 N '

i V

1-
i +

a el-o

. I o

T : Toshiba RNE (Rectalloy) Core R-60 1

N
, .
N i : 20T <t> 1 .0mm TDK ferrite core:H5AP30/i9

10T«5 0.32mm Oscillating frequency:f = 1kHz N 2 : 550T# i> 32mm Oscillating frequency* = 10kHz
43T0 0.28mm Efficiency \r\ = 70% N 3 , N3 : 6T0 0.32mm Efficiency.-*} = 80%
2T <t> 0.25mm Ambient temperature:Ta 20 ~ 70°C * : loOmmxloOmmx 2«m Ambient temperature :Ta 20 ~ 70°C

(Aluminum heat sink) T: Toshiba RNE (Rectalloy) Core R-60
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T : TDK ferrite core H5AP30/19
N,,Ni

N 2 , Ni

N 3 , Ni



lO.Multivibrator-type DC-DC converter circuit (3) , 300V, 40W (Vi = 24V)

T : Toshiba RNE (Rectalloy) core R-45 Oscillating frequency.f = 1kHz

N, , N't : 52T 0.8bb Efficiency: tj = 80%

Nt : 71 5T <f> 0.32«n Ambient temperature:Ta = — 20 ~ 70°C

Nj.Ni : 5T0 0.32mn

* : lOOnm x 100mm x 2 ma (Alminumi heat sink)

11. Multivibrator-type DC-DC converter circuit (4) , 300V, 80W (Vi = 24V)

2SC520AJK 5n

®
1S1886 Vi=24V—

M

—*hh-

j

,

lkfl

®
2SC520AJK 50

Hi

1G4B42

T : Toshiba RNE (Rectalloy) core R-60 Oscillating frequency.f = 1kHz
N , , N'i : 39T <t> 1 .Om Efficiency:"*) = 80%
N 2 : 55OT0 0.5» Ambient temperature:Ta 20 ~ 70°C
Ns.Ni: 5T0 o.32«u>

* :l0OanXi00uix 2 m (Alminum heat sink)
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12.- Multivibrator-type DC-DC converter circuit (5) , 5V, 150W (Vi=100V)

?Vi=100V

Cbi

0.05AF 25W

Npi

Np2

Tp

Rf 3.5W

vW

rb2 & ia Q' D2,

2SC2914 1S1835-

Rs 10K 5W
I
—«/W

D81S1834

"~m—t

—

y f
>aa

ngw 01

RB2 6
l

/> N

Ri 50k 3W
f-WAA t

500W

Q2 Di-

2SC2914 1S1835'

2SC2914 : (with heat sink, 0f=£2.8°C7W)

Tp; TDK H6AT10-20-5 Ferrite core

Ts; TDK EI60 H3C
Np^ 75T00.2mm
Np2 ; 8T 00.5mm

/ :

Nsi

h:

Nsi

Ds-De

15B615

H 03 2 k D4

Ns2

ltDs ICDe

~_L Cd

-t ioo r *1
?

TS

Ns
x ; 21T<f> 1.2mm

Ns2;4T0 2.5mm
Oscillating frequency; f= 20kHz
Efficiency: T? = 80%
Ambient temperature-Ta = —20~60°C

13. Multivibrator-type DC-AC inverter circuit(6) 100V, 80W, (Vi=24V)

Q 1) Q2 :2SC2913
or 2SC2555

Output

Tp; TDK H7A EE12
Npr, 29T 00.35mm
Np2 ; 12T 0.52mm
Ns^ 6T 01.8mm
Ns2;25T 0.17mm

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

(D © r;

2ic4 y

D2

Vout

Specifications:

Supply voltage: Vo=AC100V
Output voltage: Vout=2.0V
Output current: Iout=1.0A
Oscillating frequency: f=22kHz

Oscillating cycle: T=45/tsec

On-time: ton=10A<.sec

Off-time: t ff=35/i.sec

Tr: 2SC2552 Ci: 4.7/aF 250V
SR: 1D4B41 C2 : 0.001/af

A
x : 1S1834 C3 : 0.022/tF

D2 : 1S1834 C4 : 220/aF 35V
R i: 220ft 1W
Tj: EE- 12.8, TDK H3s
R2 : 68ftV4W
R3 : 1.5kQXW
Note 1: C4 is not required if used
for battery charger circuit Application

15. 20V, 2A Output dropper regulator, ( Dropper regulator circuit application)

ovou

OGND

Specifications

Output voltage : 20V
Output current : 2A
Input voltage fluctuation : 25~30V
(Operating temperature) : (—20~60°C)

Q 2 : 2N3055

Q2 : 2SD234©
Q3 , Q4 : 2SC372©TM
ZD

X
: 05Z6.2

R6 : 330ft, VR
R6 : 560 ft, ViW
Ca : 470/xF, 25V

Ri : 1.2k ft, VaW
R2 : 0.3ft, 2W
R3 : 2.8k ft, MW
R4 : 1.2k ft, WW
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16. 1 2V, 1A Output dropper regulator

VinO-

Q' R2

-***—t

—

yf

D.1C
4/

R3 $

ZZZC

iVout

:;R 5

ZD,

©@
I*

iGND

Specifications: Qx : 2SD234©(or 2SD880)

Output voltage: 12V Q2 , Q3 : 2SC372©TM
Output current: 1A ZDi : 05Z5.1

Input voltage fluctuation: 15~18V D! : TLR10&
D2 : 1S1885

d : lOfiF, 25V

1^:4700, WW
R2

:20ft,2W
R3 : 1.5k ft, HW
R4 : 330 ft, WW
R6 : 680ft, WW
R6 : 100ft, VR
R7 : 470 ft, WW

17. ±15V, 2A Output dropper regulator

Shown below is applied circuit incorporating transistors 2N3771 and 2N4398.

VinO

GND»

C41I

oGND

-OVout

H

Specifications

Output voltage : ±15V q |

.

2N3771
Output current :2A .

Input voltage fluctuation

: 18~24V Q^ : 2SC2240

Q 4 : 2SC2240

Q 5 : 2N4398

Q6 : 2SA1012

Q 7 ,Q 8 : 2SA970

ZD. : 05Z5.6

R. : 330Q , KW
R2 : 2kQ , KW
R3 : 220Q , KW
R4 : 680Q , KW
R5 : 500Q , VR

R6 : 560Q , KW

R; : 330Q , ^W
R, : lkQ , KW
R9 : 560Q, >^W

R,o,Ri2 : lkQ, J^W

Ru : lkQ, VR

Ci, C3 : 10m F, 25V

C2,C4:470//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

o 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«l |30kU

Output

D

Input 1 q (\ P) A-TV Input

3oon

7*r

lOOkQ nookii

: 30k<.2

Vss
.-15V

3. FET differential amplifier circuit (2)

,

voltage gain 16 dB

Input

2SK12® or 2SK18 • 2SK18A

-°VDD= + 12V

v^© Input 2

4. FET differential amplifier circuit (3)

,

voltage gain 26 dB

2SK1Z-R® or 2SK18 - 2SK18A

30k"5 output
****

Input 1

1MQ

in
Equivalent input temperature ..

,A , .
.,_

drift voltage
VoIta«e dnft

(VD/AT):40^V/-C (V D/Vss) 0.9%

Voltage drift Vd : Equivalent input temperature

(Vd/Vdd) :o.04% drift voltage (V)

V oo 15V

Input 2

Common mode rejection ratio CMft^ 76dB (A I u s s / 1 o s, s = 10% )
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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
o » A»l i

Input 2

Output

•100k2

2SA500- GR

or

2SA495©TM-GR

V 2

-15V
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7. -Digital switch

Specifications

Supply voltage : Vdd=20V
Input drive voltage '-Vgs<on>=0V

Vgsioff) =— 15 V
Input impedance : 10MQ,

Example

INPUT

o Vdd

oOUTPUT

oCOH

8. Analog switch

FET used 2SK113-Y

Operating temperature Ta= -20°C ~ + 100"C

Specifications

Supply voltage : Von= 1 5

V

Voff=-15V
Input voltage

: V. n= ~ 10

V

Control voltage
. Vctl=ON : 3V, OFF : 0V

Control input voltage

v °

(6V)

VlN
(0~10V)o-

1M

FET 2SK113-Y

&
Di

1S1588? <-> g
t—i I\5

—i—^Mr
lri Rs /7\

2SC400-0^—vO, ,_(K )
Tr 2

2kQ

2SA500-0

Voir—o-

Rl

-oVoff(-15V)

-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
VfN=0~5V
VcTL=2V

Vrst=2V

10ms

10s

-20°C~50°C

* R7 = R8 = 2~3kG

R 7 : OP Amp For input protection

R8 : For offsetting output and reducing 2V

drift

Transistors used : FET : 2SK113-

Y

Tr. : 2SC400-O

Tr 2 : 2SA500-O

Voui
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.10. FET chopper amplifier circuit 11. FET flip-flop circuit

2SK113 2SK12 2SK12

•nr

Equivalent input temperature

drift voltage 0.3 /xV/°C

(Operating temperature

range 0°C ~ 60°C)

30kG

Output

Output

30kQ

-o + 6V

-° Output

50k2

50p -6V 50p

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: lOmin.)

2SC400 or

2SC372©TM

2SC400 or

2SK112 2SC372©TM

12V

15k a Output waveform

Kt-output
11¥pd

0.8V-

t=K-C-R

K= 0.8

2SC372©TM 2SA495©TM

2SK113-R or 2SC400-R or 2SA500

:i50k(2

-©
:200

i
Q.

J 6
N.O.

3133^

150kQ| $300Q

|l00MQ

:i2kQ

«t^T®

•300Q

22 a

1S1588

12V=

I
N.C.C-

1
'

»
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Low-frequency

amplifier circuit

1. RC coupled amplifier circuit

2SC372©TM 2SC372©TM

:8kQ

: 56kS

Vi <^
3*

Vccl2V

:4kfl

•47kfi

12kQ^' 2 | _2p200// |
12ks

50Q5

3/< ®
Voltage gain : 48dB (f - 8Hz ~ 2MHz Rg = 1kfl)

R
Negative feedback : 15dB

1 9ki2>
'>2kQ

2£g £820
Q

-oQ

2. Class A single amplifier circuit (1)

,

Po = 55mW

2SC372©TM

3kQ

11

1W iff 7T7

*fr

Frequency: f= 1kHz
Operating current'15mA
Max. power gain:44dB

T.H.D.:4.9% (at maximum output)

nr
—°VCC=12V

3. Class A single amplifier circuit (2)

,

Po - 75mW

2SC366©TM

Vi ^
2SC367©TM

ilkfi
:250Q

2tS

iff rrr irr

a- %25Q
150Q<

VCC=6V

Frequency: f=lkH
Operating current"22mA

Max. power gain:31dB

T.H.D. 5.1% :(at maximum output power)
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4. Class B push-pull amplifier circuit

(D,Po = 200mW

2SC372©TM X 2

.;;

mi

Vi (%)

7—W"

50U 5Q—wa^-

r~x

®
lkU

V«=-12V

Frequency ?f= 1kHz

Operating current-20mA
(average value of the two)

Max. power gain-30.1dB

T.H.D. 2.8% (at maximum output power)

5. Class B push-pull amplifier circuit

(2),Po = 400mW

mi

Vii©

2SC367©TM or 2SC366©TM X 2

50U 5£2

-V\A< j WV

lkU

-«-

©

6 VCC=6V

Frequency :f=ikHz
Operating current140mA

R L
> (average value of the two)

80q f
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

3.3kS2

5/«

Vi o £_

2K«if 2 t
|
250 " -

1.5ki2

2SC520A

750
©150

500S2
V.R.

40

L
0l2

-jr5°" 3312 1 J 1500*

:3.3i2

Ambient temperature Ta = —20 ~ 60°C "^2

Vcc—

o

28V

10Q
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7. Transformer-coupled Class B power amplifier circuit, Po = 7W (Vi = 0.6V)

2SC372©TM 2SC524 X 2

Vi c^-fl

Ambient temperature'.Ta = —20 ~ 60°C

8. SEPP power amplifier circuit with input transformer, Po = 200W (Vi = 1.5V)

2SC524 2SC520AX2

Vi o

Vcc=46V

idle current
= 30 ~ 50mA

J oQ

0.005a

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=112.5MHr

P,=30mW

L, L.
Input @-Jj»r^pup^jA.
'"'*

30p

r 1"^^
<t> 0.8mm Silver-

4> 0.8mm Silver-

<t> 0.8mm Silver-

# 0.8mm Silver-

<t> 0.8mm Silver-

0.8mm Silver-

#;0.8mm Silver-

1
0.8mm Silver

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

*F+-^-\

RFC,
RFC2

RFC3

RFC4

B.P.F

4. 0.8mm Enamel-coated copper wire, 2T, 7ID, 2P
<fr 0.8mm Enamel-coated copper wire, 2T, 7ID, 2P
(j> 0.6mm Enamel-coated copper wire, 2T, 7ID, 2P
# 0.6mm Enamel-coated copper wire, 2T, 7ID, 2P

<t> 0.6mm Enamel-coated copper wire, 2T, 7ID, 2P

<t>
1.0mmEnamel-coated copper.wire, 10T, 5ID,

BAND PASS FILTER

© Output
f„=450MHz
P„=1.2W

Vt-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 (°) XT j
^^

Input

*±
?7T

•fir

W
Ls,L4 :

L6 :

L8 :

2SC1165 2SC1001
B.P.F

(3xf,)^ ^1UU1

L.

~T 1000p
Ji_

RFC3

I

—1|—^uo-^-i
ir7

0.02// RFC 4

f„=470MHB
P„ = 1.3W
Z L = 50n

<§> Output

Vcc=12.6V

,8mm Silver-plated copper wire, 2T, 10ID, 2P
2mm Silver-plated copper wire, IT, 10ID

,8mm Silver-plated copper wire, IT, 8ID

2mm Silver-plated copper wire, 2T, 10ID, 2P
,2mm Silver-plated copper wire, IT, 8ID

L7 : <t> 1.2mm Silver-plated copper wire, 2T, 8ID, 2P

RFC„RFC2 : 4> 0.6mm Enamel-coated copper wire, 15T, 3.5ID

RFC3 : <t> 1.0mm Enamel-coated copper wire, 20T, 8ID

RFC4 : <t> 1.0m Enamel-coated copper wire, 17T, 8ID

B.P.F: BAND PASS FILTER

-1018-



3. Power amplifier circuit (175 MHz,FM 70W)

-20pFj£

2SC998 2SC2639 2SC2782

RF ~20pF

INPUT (5) JDf t nnr-
R(.= 50Q

~20pF^"-20pF |RF

|F.B.

39p
0.01// F Jt_

10

/<F

:,r^v/ OUTPUT

20pF

Rl = 50Q
Po = 80W

Vcc = 13.5V

01mm 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 lF RFC2 : 00.5mm enamel wire closely wound around 220fl solid resistance

RFC3 : 01mm enamel-coated wire 10T, 6ID

RFC4 , RFC6 : 01mm enamel-coated wire 10T, 6ID

RFC„: 01.5mm enamel-coated wire 10T, 6ID

4. Power amplifier circuit (470 MHz,FM 40W)
2SC2641 2SC2642 2SC2783

RF
INPUT &#*+
(R«. = 50L>)

Pi = 0.6W

. . C8 RF
—J Z, t JP® OUTPUT

1 '

(Ri. = 502)

12.5V

C„ C2 , C3) C4 , C5> C„: ~8pF Ceramic trimmer capacitor

C„ C8
: ~20pF Air trimmer capacitor

C„ Cu, C16 : lOOOpF Feedthrough capacitor

C10 , C1S , C„: 0.05aiF Ceramic capacitor

Cn , C14 , C„: IOmF Electrolytic capacitor

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^Zj.Z,: 4x10mm Board pattern

Board: paper epoxy board

5. Power amplifier circuit (430~450MHz)

RF
INPUT <

(R,. 50 ii
1

P, lOOmW

S-AU3

"II

11 Umrv II lc,

:?r

C RF
r—@ OUTPUT

(Rl = 50S^

Po= 40W

rrr m
12.5V*

C„ C4 , C16 : 10^F

C* C8 , C1S , C14 : 0.05/u.F

CB , C7 , C10 , Cu : 5pF Ceramic chip capacitor

Cg: 240pF Ceramic chip capacitor

Ce , C»: 50pF (10pFx5) Ceramic chip capacitor

C12 : 660pF Ceramic chip capacitor

LI, L2, L4: 00.5mm copper wire 02ID, 5T

L3 : 00.5mm copper wire 02ID, 3T

F.B: Ferrite bead

Z,: 5xllmm Microstrip line

Z2 : 5x29mm Microstrip line

Z8 : 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)

^
dsl

<M>

Fig. 1

Hjh

L>
i

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

transistors) *

Q x and Q2 : MG30G2CL 3, MG50G2CL 3,

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 r-

°^<

-X

^

4K

<

•iK>

-j—*—*—=—i—»

—

*——i—•—
i

I I 1 I L !

Qi Q2 Q:

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 x and Q2
= MG30G2CL2, MG50G2CL2
MG75H2CL1, MG100H2CL1
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Application of low-saturation voltage transistors

1. Various inductance and lamp drives 2. Wiper control

$ 3 Relay

solenoid

valve

-\ ^

0--0-

TtT rrr

Lamp

3. Flasher 4. Ignitor
Recommended Darlington transistors (Q 2)

Method (1): 2SD685, 2SD799
Method (2): 2SD798, 2SD1088

(1) Battery drive

2SC1815 2SC1815 2SC1627

5. Electronic fuel injection control

Recommended Darlington transistors (Qj): 2SD1087
2SD1500'
2SD633'

Air flow rate.

|Vdd U 1

Control

CPU

S"

bo
e

Fuel valve

t)

A

PQ

R2 ? >

SW

Li
O 1

spark plug

Qi: 2SA503

(2) Magnet drive

Qi. 2SC503

spark plug
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GaAs Hall sensor

Example circuit using GaAs Hall
sensor (Hall motor control)

Vc= 12V

33//

F

Hall sensor :THS103A

Li, L 2, L3 : Field coil

-o5V
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