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DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. It is made up of four series of handbooks:

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

The contents of each series are listed on pages iv to viii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application information is given it is advisory and does not
form part of the product specification.

Condensed data on the preferred products of Philips Electronic Components and Materials Division is
given in our Preferred Type Range catalogue (issued annually).

Information on current Data Handbooks and on how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.

February 1984
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T1

T2a

T2b

T3

T4

T5

T6

17

T8

T9

T10

T11

T12

T13

T14

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types
Transmitting tubes for communications, ceramic types
Klystrons

Magnetrons for microwave heating

Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Miiller tubes
Gas-filled tubes (will not be reprinted)

Colour display systems
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units

Photo and electron multipliers

Plumbicon camera tubes and accessories
Microwave semiconductors and components
Vidicon and Newvicon camera tubes

Image intensifiers

Data collations on these subjects are available now.
Data Handbooks will be published in 1985.

Infrared detectors
Dry reed switches

Monochrome tubes and deflection units

Black and white TV picture tubes, monochrome data graphic display tubes, deflection units

May 1985
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SEMICONDUCTORS (RED SERIES)

The red series of data handbocks comprises.

S1 Diodes
Small-signal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes,
tuner diodes, rectifier diodes

S2a  Power diodes

S2b  Thyristors and triacs

S3 Small-signal transistors

S4a Low-frequency power transistors and hybrid modules

S4b  High-voltage and switching power transistors

S5 Field-effect transistors

S6 R.F. power transistors and modules
Ss7 Surface mounted semiconductors
S8 Devices for optoelectronics

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

S9 Power MOS transistors

S10  Wideband transistors and wideband hybrid IC modules
S11  Microwave transistors

S$12  Surface acoustic wave devices

$13  Semiconductor sensors

October 1985



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks comprises:

EXISTING SERIES Superseded by:
IC1 Bipolar ICs for radio and audio equipment ICOTN
1C2 Bipolar ICs for video equipment 1C02Na and ICO2Nb
IC3 ICs for digital systems in radio, audio and video equipment ICO1N, IC02Na and 1CO2Nb
[o7:} Digital integrated circuits
CMOS HE4000B family
1C5 Digital integrated circuits — ECL 1CO8N
ECL10000 (GX family), ECL100000 (HX family), dedicated designs
1C6 Professional analogue integrated circuits
1C7 Signetics bipolar memories
IC8 Signetics analogue circuits IC11N
1C9 Signetics TTL logic ICO9N and IC15N
IC10 Signetics Integrated Fuse Logic (IFL) ' IC13N
IC11 Microprocessors, microcomputers and peripheral circuitry IC14N

vi

June 1985



NEW SERIES

ICOIN

ICO2Na

1CO2Nb

ICO3N

1C04N

1CO5N

ICO6N

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS
Types MABBO31AH to TDA1524A

Video and associated systems
Bipolar, MOS
Types TDA2501 to TEA1002

Integrated circuits for telephony

HEA4000B logic family
CMOS

HE4000B logic family — uncased ICs
CMOS

High-speed CMOS; PC54/74HC/HCT/HCU
Logic family

Supplement High-speed CMOS; PC74HC/HCT/HCU

to ICO6N

ICO7N

1IC08N

ICO9N

IC10N

ICT1IN

IC12N

IC13N

IC14N

IC15N

Note

Books available in the new series are shown with their date of publication.

Logic family

High-speed CMOS; PC54/74HC/HCT/HCU — uncased ICs
Logic family

ECL 10K and 100K logic families
TTL logic series

Memories
MOS, TTL, ECL

Linear LSI

Semi-custom gate arrays & cell libraries
ISL, ECL, CMOS

Semi-custom
Integrated Fuse Logic

Microprocessors, microcontrollers & peripherals
Bipolar, MOS

FAST TTL logic series

(published 1985)

(published 1985)

(published 1985)

(published 1985)

(published 1984)

{published 1985)

(published 1985)

(published 1984)

(published 1984)

(published 1985)

(published 1985)

(published 1985)

(published 1984)

October 1985
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

c1 Programmable controller modules
PLC modules, PC20 modules

Cc2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters
Cc3 Loudspeakers

c4 Ferroxcube potcores, square cores and cross cores
C5 Ferroxcube for power, audio/video and accelerators
C6 Synchronous motors and gearboxes

Cc7 Variable capacitors

Cc8 Variable mains transformers

Cc9 Piezoelectric quartz devices

C10  Connectors

C11  Varistors, thermistors and sensors

C12 Potentiometers, encoders and switches

C13  Fixed resistors

C14  Electrolytic and solid capacitors

C15 Ceramic capacitors

C16  Permanent magnet materials

C17  Stepping motors and associated electronics

C18 Direct current motors

C19  Piezoelectric ceramics

C20 Wire-wound components for TVs and monitors

C21* Assemblies for industrial use
HNIL FZ/30 series, NORDbits 60-, 61-, 90-series, input devices

C22 Film capacitors

* To be issued shortly.

viii
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GENERAL PURPOSE DARLINGTON TRANSISTORS

I pol. collector-emitter voltage (open base) Vcgq (V) Piot case
A 45 60 80 100 120 130 150 200 375 400 w
0,5 N BUS24 T0-202
1 N BDX42* BDX43* | BDX44* 5 TO-126
P BDX45* | BDX46* | BDX47*
4 N BD675 BD677 | BD679 BD681 | BD683 40 TO-126
P BD676 BD678 | BD680 BD682 | BD684
N BDT61 BDT61A BDT61B | BDT61C 50 T0-220
P BDT60 BDT60A BDT60B | BDT60C
N TIP110 | TIP111 | TIP112 50 T0-220
P TIP115 | TIP116 TIP117
5 N TIP120 | TIP121 | TIP122 65 T0-220
P TIP125 | TIP126 | TIP127
6 N BUB26 125 S0T-93
N BD331 | BD333 BD335 |BD337 60 SOT-82
P BD332 BD334 BD336 BD338
8 N BD645 | BD647 BD649 | BD651 62,5 T0-220
P BD646 | BD648 BD650 | BD652
N BU8O7 BU80O6 60 T0-220
N BDT21 62,5 TO-220
P BDT20
N BDX63 BDX63A BDX63B | BDX63C 90 T0-3
P BDX62 BDX62A BDX62B | BDX62C
N TIP130 | TIP131 | TIP132 70 T0-220
P TIP135 | TIP136 | TIP137
10 N BDT63 | BDT63A | BDT63B | BDT63C 90 T0-220
P BDT62 BDT62A | BDT62B |BDT62C
N TIP140 | TIP141 | TIP142 125 SOT-93
P TIP145 | TIP146 | TIP147

* VCER:

3aino
NOILOF13S
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Ic pol. collector-emitter voltage (open base) Vogq (V) Ptot case

A 45 60 80 100 120 130 150 200 375 400 w

12 N BDT65 | BDT65A | BDT65B | BDT65C 125 T0-220
P BDT6é4 | BDT64A | BDT64B | BDT64C
N BDV65 | BDV65A | BDV65B | BDV65C BUV90;A[125 S0T-93
P BDV64 | BDV64A | BDV64B | BDV64C
N BDX65 | BDX65A | BDX65B | BDX65C 117 T0-3
P BDX64 | BDX64A | BDX64B | BDX64C
N BUX90 |125 TO-3

16 N BDV67 | BDV67A | BDV6TB | BDV67C 200 SOT-93
P BDV66 | BDV66A | BDV66B | BDV66C
N BDX67 | BDX67A | BDX67B | BDX67C 150 T0-3
P BDX66 | BDX66A | BDX66B | BDX66C

25 N BDX69 | BDX69A | BDX69B | BDX69C 200 TO-3
P BDX68 | BDX68A | BDX68B | BDX68C

GENERAL PURPOSE POWER TRANSISTORS

Ic pol. collector-emitter voltage (open base) Vcgq (V) Piot case

A 20 22 32 40 45 60 80 100 120 140 w

1 N BD135 [BD137 | BD139 8 TO-126
P BD136 |BD138 | BD140
N BD825 | BD827 | BD829 T0-202
P BD826 | BD828 | BD830
N BDW55 | BDW57 | BDW59 TO-126
P BDWS6 | BDW58 | BDW60O
N BDT29 BDT29A | BDT29B | BDT29C 30 T0-220
P BDT30 BDT30A | BDT30B | BDT30C
N TIP29 TIP29A | TIP29B | TIP29C 30 T0-220
P TIP30 TIP30A | TIP30B | TIP30C
1,5 N BD226 | BD228 | BD230 12,5 TO-126

P BD227 |BD229 | BD231
N BD839 |BD841 | BD843 BD845 BD847 |BD849 10 T0-202
P BD840 | BD842 | BD844 BD846 BD848 | BD850

3aiNS
NOILO313S
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GENERAL PURPOSE POWER TRANSISTORS (continued)

ic pol. collector-emitter voltage {open base) Vggg (V) Prot case

A 20 22 32 40 45 60 80 100 120 140 w
N BD233 BD235 BD237 25 TO-126
|4 BD234 BD236 BD238
N BD813 BD815 BD817 12,5 T0-202
P BD814 | BD816 BD818

3 N BD239 BD239A | BD239B | BD239C 30 T0-220
P BD240 BD240A | BD240B BD240C
N BD131 15 TO-126
P BD132
N BD329
P BD330
N BD933 BD935 BD937 BD939 BD941 30 TO-220
P BD934 BD936 BD938 BD940 BD942
N BDT31 BDT31A | BDT31B |BDT31C
P BDT32 BDT32A | BDT32B BDT32C
N TIP31 TIP31A | TIP31B | TIP31C 40 T0-220
P TIP32 TIP32A | TIP32B TIP32C

4 N BD433 | BD435 BD437 36 TO-126
P BD434 | BD436 BD438

5 N BD241 BD241A |{BD241B |BD241C 40 T0-220
P BD242 BD242A | BD242B BD242C
N BDX35 BDX37 15 TO-126
N BDX36
N BD943 | BDY945 BD947 |BD949 |BD951 BD953 BD955 40 T0-220
P BD944 | BD946 BD948 |BD950 |BDI952 BD954 BD956

6 N BD243 | BD243A |BD243B |BD243C 65 T0-220
P BD244 BD244A | BD244B |BD244C
N BDT41 BDT41A |BDT41B |BDT41C 65 TO-220
P BDT42 BDT42A |BDT42B BDT42C
N TIP41 TIP41A |TIP41B TIP41C 80 SOT-93
P TIP42 TIP42A |TIP42B TIP42C

3diN9
NOILO3T3S
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Ic pol. collector-emitter voltage (open base) Vcgqg (V) Ptot case
A 20 22 32 40 45 60 80 100 120 140 w
8 N BD201 | BD203 |BDX77 60 T0-220

P BD202 | BD204 |BDX78
N BDX91 |BDX93 BDX95 90 TO-3
P BDX92 |BDX94 BDX96

10 N PH3055T 75 T0-220
P PH2955T
N BDT91 BDT93 BDT95 30 T0-220
P BDT92 |BDT94 BDT96
N BDV91 |BDV93 BDV95 100 S0T-93
P BDV92 BDV94 BDVI6
N TIP33 TIP33A |TIP33B | TIP33C 80 S0T-93
P TIP34 TIP34A |TIP34B | TIP34C

15 N BDT51 |BDT53 BDT55 BDT57 90 T0-220
P BDT52 |BDT54 BDT56 BDT58
N BDT81 |BDTS83 BDT85S BDT87 125 T0-220
P BDT82 |BDT84 BDT86 BDT88
N TIP3055 100 SOT-93
P TIP2955

Special: TIP47; 48; 49; 50 with Vg, of 250, 300, 350,

400 V respectively at Ic

1 A and Pio¢ = 40 W in TO-220.

LOW-VOLTAGE SWITCHING TRANSISTORS

I pol. collector-emitter voltage {open base) Vggo (V) Piot case
A 60 80 100 w

10 N BDY92 BDY91 BDY90 40 TO-3
12 N BDY90A 40 TO-3

)

3aino
NOILO3T3S




J kgsst saquierdag 9

HIGH-VOLTAGE TRANSISTORS video output - deflection - SMPS - motor control

Ic pol. collector-emitter voltage (open base) Vogg (V) Piot case

A 160 250 300 350 375 400 450 700 800 w

0,05 | N BF469 | BF471* 1,8 TO-126
P BF470 | BF472*
N BF583 | BF585 BF587 1,6 T0-202
N BF869 | BF871* 5 T0-202
P BF870 | BF872*

0,1 N BF419 6 TO-126
N BF457 BF458 | BF459
N BF819 6 T0-202
N BF857 BF858 | BF859

0,15 | N BF591 BF593 1,3 T0-202

0,5 N BUX86 |BUX87 20 T0-126

1,5 N BUX99 28 TO-126

PH13002 PH13003

2 N BUW84 |BUWS5 50 SOT-82
N BUX84 |BUX85 40 T0-220
N BUX84F |BUX85F 18 S0T-186

2,5 N BU705 75 SOT-93

3,5 N BUX46 (BUX46A 85 TO-3

5 N BUT11 |[BUT11A |BU506;D 100 T0-220
N BUT11F |BUT11AF 20 SOT-186
N BUW11 |BUW11A |BU706;D 100 SO0T-93
N BUS11 |BUS11A 100 TO-3
N BUS21 BUS21A BUS21B |BUS21C

6 N BU426 | BU426A 70 50T-93
N BU433 70 S0T-93
N BUX82 |BUX83 60 TO-3
N BUV82 |BUVS3 70 SO0T-93
N BUY89 80 TO-3

* VCER:

3ainNo
NOILO3T3S
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collector-emitter voltage (open base) Vcgg (V)

'C pOl. PtOt case
A 160 250 300 350 375 400 450 700 800 w
8 N BUV89 125 S0T-93
N BUW12 | BUW12A 125 SO0T-93
N BUS12 |BUS12A 125 TO-3
N BUS22 BUS22A BUS22B | BUS22C
N BUP22 BUP22A BUP22B | BUP22C | BU508A 125 SOT-93
9 ‘N BUX47 | BUX47A 125 TO-3
10 N BUX80 | BUX81 100 TO-3
12 N BU80S8 BUX88 160 TO-3
15 N BUW13 | BUW13A 175 S0T-93
N BUS13 | BUS13A 175 TO-3
N BUX48 |BUX48A 175 TO-3
N BUP23 BUP23A BUP23B | BUP23C 175 S0T-93
N BUS23 BUS23A BUS23B | BUS23C 175 TO-3
30 N BUS14 |BUS14A 250 TO-3
N BUX98 | BUX98A 250 TO-3

3ainNo
NOILO3T3S
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CLIP MOUNTING

ACCESSORIES

direct mounting insulated mounting
envelope
clip mica alumina clip

TO-126 56353 56354 56353

(S0T-32)
SOT-82 56353 56354 56353
T0-220 56363 56369 or 56367 56364

(S0T-78)
S0T-93 56379 56378 56379
SCREW MOUNTING

direct mounting insulated mounting
envelope metal mounting mica insul. metal mounting
washer material washer bush washer material

TO-126 56326 M3

(S0T-32)

up to 300 V 56387a 56387b 56326 M2,5
T0-220

(S0T-78) 56360a M3

up to 800 V 56359b 56359¢ 56360a M3

up to 1000 V 56359b 563594 56360a M3
S0T-93 - M4 56368a 56368b M3
TO-3 - M4

(soT-3)

up to 500 V 56201d 562013 or M3

56261a
up to 2000 V 56339 56352 M3

The accessories mentioned can be supplied on request.

See also chapter Mounting Instructions.

September 1985
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TO-126 SOT-186
(SOT-32) (TO-220F)
type number Ptot | VCEO type number Ptot VGeEO
NPN PNP A NPN PNP w v
BF469 BF470 1,8 | 250, BUX84F 18 | 400
BF471 BF472 300 BUX85F 450
BDX42 BDX45 5 | a5, BUT11F 20 | 400
BDX43 BDX46 60, BUT11AF 150
BDX44 BDX47 80
BF419 6 | 250
BF457 160
BF458 250
BF459 300 TO-202
BD135 BD136 8 a5 (SOT-128)
BD137 BD138 60
BD139 BD140 80
BDWS5 BDW56 a5
BDWS7 BDW58 60 type number Ptot | VCEO
BDW59 BDW60 80 W v
NPN PNP
BD226 BD227 12,5 | 45
BD228 BD229 60 BF583 5(1,6) | 250
D220 BD231 80 BF585 300
BD131 BD132 15 15 gf.gg; 870 328
BD329 BD330 20 BF871 ng72 300"
BDX35 60
BDX36 60 BF591 (1,3) | 170
BDX37 80 BF593 210
BUX86 20 | 400 BF819 6(1,2) | 250
BUX87 A 450 BF857 6(2) | 160
BD233 BD234 25 a5 BF858 250
BD235 BD236 60 BF859 300
BD237 BD238 80 BD825 BD826 8(2) | 45
BUX99 28 | 300 BD827 BD828 60
PH13002 300 BD829 BD830 80
PH13003 400 BD839 BD840 | 10(2) | 45
BD433 BD434 36 22 BD841 BD842 60
BD435 BD436 32 BD843 BD844 80
BD437 BD438 45 BD845 BD846 100
BD675 BD676 40 a5 BD847 BD843 120
D677 BDET8 ¢ BD849 BD850 140
BD679 BD680O 80 BD813 BD814 12,5 | 45
BD681 BD682 | 100 BD815 BD816 60
BD683 BD684 120 BD817 BD818 80
VCER- * VCER-

() free air dissipation.

September 1985 9
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TO-220
(SOT-78)

type number Ptot | VCEO

NPN PNP w v
BD239 BD240 30 45
BD239A BD240A 60
BD239B BD240B 80
BD239C BD240C 100
BD933 BD934 45
BDI35 BD936 60
BD937 BD938 80
BD939 BD940 100
BD941 BD942 120
BDT29 BDT30 40
BDT29A BDT30A 60
BDT29B BDT30B 80
BDT29C BDT30C 100
TIP29 TIP30 40
TIP29A TIP30A 60
TIP29B TIP30B 80
TIP29C TIP30C 100
BD241 BD242 40 45
BD241A BD242A 60
BD241B BD242B 80
BD241C BD242C 100
TIP47 250
TIP48 300
TIP49 350
TIP50 400
BD943 BD944 22
BD945 BD946 32
BD947 BD948 45
BD949 BD950 60
BD951 BD952 80
BD953 BD954 100
BD955 BD956 12

BDT31 BDT32 45
BDT31A BDT32A 60
BDT31B BDT32B 80
BDT31C BDT32C 100
BUX84 400
BUX85 450
TIP31 TIP32 40
TIP31A TIP32A 60
TIP31B TIP32B 80
TIP31C TIP32C 100

type number Pwot | VcEO

NPN PNP w v
BDT61 BDT60 50 60
BDT61A BDT60A 80
BDT61B BDT6OR 100
BDT61C BDT60C 120
TIP110 TIP11S 60
TIP111 TIP116 80
TIP112 TIP117 100
BD201 BD202 60 45
BD203 BD204 60
BDX77 BDX78 80
BU8O7 150
BUS06 200
BD645 BD646 62,5 60
BD647 BD648 80
BD649 BD650 100
BD651 BD652 120
BDT21 BDT20 130
BD243 BD244 65 45
BD243A BD244A 60
BD243B BD244B 80
BD243C BD244C 100
BDT41 BDT42 40
BDTA1A BDT42A 60
BDT41B BDT42B 80
BDT41C BDT42C 100
TIP41 TIP42 40
TIP41A TIP42A 60
TIP41B TIP42B 80
TIP41C TIP42C 100
TIP120 TIP125 60
TIP121 TIP126 80

IP122 TIP127 100
TIP130 TIP135 70 60
TIP131 TIP136 80
TIP132 TIP137 100
PH3055T PH2955T 75 60
BDT51 BDT52 90 60
BDT53 BDTS54 80
BDT55 BDT56 100
BDT57 BDT58 120
BDT63 BDT62 60
BDT63A BDT62A 80
BDT63B BDT62B 100
BDT63C BDT62C 120
BDT91 BDT92 60
BDT93 BDT94 80
BDT95 BDT96 100

10
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type number Ptot VCEO

NPN PNP w v
BUT11 100 | 400
BUT11A 450
BU506 700
BU506D 700
BDT65 BDT64 125 60
BDT65A BDT64A 80
BDT65B BDT64B 100
BDT65C BDT64C 120
BDT81 BDT82 60
BDT83 BDTS84 80
BDT85 BDT86 100
BDT87 BDT88 120

SOT-93 type number Ptot | VCEO

(SOT-93) NPN PNP w v

BOV6S BDV64 125 60

BDV65A BDV64A 80

type number Ptot | VCEO BDV65B BDV64B 100

W v BDV65C BDV64C 120

NPN PNP TIP140 TIP145 60

TIP141 TIP146 80

BU426 70 | 375 g;g;gz TIP147 ;88

BU426A 400 N 9

B33 575 Sniss i

0 BUP22C 450

BUvas3 450 BUV90 400

BU705 75 | 700 BUV90A 400

TIP33 TIP34 80 40 ggmg}\ 328
TIP33A TIP34A 60

T BUS08A 700

IP33B TIP34B 80 B02080 700

TIP33C TIP34C 100 g 800
BDV91 BDV92 100 60

BDV93 BDV94 80 gggggA 175 ggg

BDV95 BDV96 100 BUB3 3D 100

BUW11 400 BUP23C 450

BUW11A 450 W13 100

BU706 700 BUW13A 450
BU706D 700

TIP3055 | TIP2955 60 BDV67 BDV66 200 60

BDV67A BDV66A 80

BDV67B BDV66B 100

BDV67C BDV66C 120

September 1985
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TO-3
(SOT-3)
type number Piot | VCEO

w Vv

NPN PNP
BDY90 40 100
BDYS0A 100
BDY91 80
BDY92 60
BUX82 60 400
BUX83 450
BUY89 80 800
BUX46 85 400
BUX46A 450
BDX63 BDX62 90 60
BDX91 BDX92 60
BDX63A BDX62A 80
BDX93 BDX94 80
BDX63B BDX62B 100
BDX95 BDX96 100
BDX63C BDX62C 120
BUS 11 100 400
BUS11A 450
BUS21 300
BUS21A 350
BUS21B 400
BUS21C 450
BUX80 400
BUX81 450
BDX65 BDX64 17 60
BDX65A BDX64A 80
BDX65B BDX64B 100
BDX65C BDX64C 120
BUS12 125 400
BUS12A 450
BUS22 300
BUS22A 350
BUS22B 400
BUS22C 450
BUX47 400
BUX47A 450
BDX67 BDX66 150 60
BDX67A BDX66A 80
BDX67B BDX66B 100
BDX67C BDX66C 120
BU8O8 700
BUX88 160 800

type number Ptot | VCEO
NPN PNP wopv
BUS13 175 400
BUS13A 450
BUS23 300
BUS23A 350
BUS23B 400
BUS23C 450
BUX48 400
BUX48A 450
BDX69 BDX68 200 60
BDX69A BDX68A 80
BDX69B BDX68B 100
BDX69C BDX68C 120
BUS14 250 400
BUS14A 450
BUX98 400
BUX98A 450

SOT-82
(S0T-82)
type number Ptot | VCEO
w \"

NPN PNP
BUWS4 50 400
BUWS5 450
BD331 BD332 60 60
BD333 BD334 80
BD335 BD336 100
BD337 BD338 120

12
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TYPE NUMBER

SURVEY

TYPE NUMBER SURVEY POWER TRANSISTORS

type number Ptot type number Piot
NPN PNP envelope W NPN PNP envelope W
BD131 BD132 TO-126 15 BD651 BD652 T0-220 62,5
BD135 BD136 TO-126 8 BD675 BD676 TO-126 40
BD137 BD138 TO-126 8 BD677 BD678 TO-126 | 40
BD139 BD140 TO-126 8 BD679 BD680 TO-126 40
BD201 BD202 T0-220 60 BD681 BD682 TO-126 40
BD203 BD204 T0-220 60 BD683 BD684 TO-126 40
BD226 BD227 TO-126 12,5| BD813 BD814 T0-202 2
BD228 BD229 TO-126 12,5| BD815 BD816 T0-202 2
BD230 BD231 TO-126 12,51 BD817 BD818 T0-202 2
BD233 BD234 TO-126 25 BD825 BD826 T0-202 2
BD235 BD236 TO-126 25 BD827 BD828 T0-202 2
BD237 BD238 TO-126 25 BD829 BD830 T0-202 2
BD239 BD240 T0-220 30 BD839 BD840 T0-202 2
BD239A BD240A T0-220 30 BD841 BD842 TO0-202 2
BD239B BD240B T0-220 30 BD843 BD844 T0-202 2
BD239C BD240C TO-220 30 BD845 BD846 T0-202 2
BD241 BD242 TO-220 40 BD847 BD848 T0-202 2
BD241A BD242A TO-220 40 BD849 BD850 T0-202 2
BD241B BD242B TO-220 40 BD933 BD934 T0-220 30
BD241C BD242C T0-220 40 BD835 BD936 T0-220 30
BD243 BD244 TO-220 65 BD937 BD938 T0-220 30
BD243A BD244A TO-220 65 BD939 BD940 T0-220 30
BD243B BD244B TO-220 65 BD941 BD942 T0-220 30
BD243C BD244C TO-220 65 BD943 BD944 T0-220 40
BD329 BD330 TO-126 15 BD945 BD946 T0-220 40
BD331 BD332 SOT-82 60 BD947 BD948 T0-220 40
BD333 BD334 SOT-82 60 BD949 BD950 T0-220 40
BD335 BD336 SOT-82 60 BD951 BD952 T0-220 40
BD337 BD338 SOT-82 60 BD954 BD955 TO-220 40
BD433 BD434 TO-126 36 BD956 BD957 T0-220 40
BD435 BD436 TO-126 36 BDT21 BDT20 T0-220 62,5
BD437 BD438 TO-126 36 BDT29 BDT30 T0-220 30
BD645 BD646 T0-220 62,5 BDT29A BDT30A T0-220 30
BD647 BD648 T0-220 62,5 BDT29B BDT30B TO-220 30
BD649 BD650 TO-220 62,5 BDT29C BDT30C T0-220 30
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SURVEY

type number Ptot type number Piot
NPN PNP envelope |\ ['NpN PNP envelope |y
BDT31 BDT32 TO-220 40 | BDV93 BDV94 SOT-93 100
BDT31A BDT32A T0-220 40 | BDV9S BDV96 SOT-93 100
BDT31B BDT32B TO-220 40 | BDW55 BDW56 TO-126 8
BDT31C BDT32C TO-220 40 | BDWS7 BDW58 TO-126 8
BDT41 BDT42 TO-220 65 | BDW59 BDW60 TO-126 8
BDT41A BDT42A T0-220 65 | BDX35 TO-126 15
BDT41B BDT42B T0-220 65 | BDX36 TO-126 15
BDT41C BDT42C T0-220 65 | BDX37 TO-126 15
BDT51 BDT52 T0-220 90 | BDX42 BDX45 TO-126 5
BDTS3 BDT54 TO-220 90 | BDX43 BDX46 TO-126 5
BDT55 BDT56 T0-220 90 | BDX44 BDX47 TO-126 5
BDTS7 BDT58 T0-220 90 | BDX63 BDX62 TO-3 90
BDT6 1 BDT60 T0-220 50 | BDX63A BDX62A TO-3 90
BDT61A BDT60A TO-220 50 | BDX63B BDX62B TO-3 90
BDT61B BDT60B TO-220 50 | BDX63C BDX62C TO-3 90
BDT61C BDT60C T0-220 50 | BCX65 BDX64 TO-3 117
BDT63 BDT62 T0-220 90 | BDX65A BDX64A TO-3 117
BDT63A BDT62A TO-220 90 | BCX65B BDX64B TO-3 117
BDT63B BDT62B T0-220 90 | BDX65C BDX64C TO-3 17
BDT63C BDT62C T0-220 90 | BDX67 BDX66 TO-3 150
BDT65 BDT64 T0-220 125 | BDX67A BDX66A TO-3 150
BDT65A BDT64A T0-220 125 | BDX67B BDX66B TO-3 150
BDT65B BDT64B T0-220 125 | BDX67C BDX66C TO-3 150
BDT65C BDT64C T0-220 125 | BDX69 BDX68 TO-3 200
BDT81 BDT82 T0-220 125 | BDX69A BDX68A TO-3 200
BDT83 BDT84 T0-220 125 | BDX69B BDX68B TO-3 200
BDT85 BDT86 T0-220 125 | BDX69C BDX68C TO-3 200
BDT87 BDT88 T0-220 125 | BDX77 BDX78 T0-220 60
BDT91 BDT92 T0-220 90 | BDX91 BDX92 TO-3 90
BDT93 BDT94 T0-220 90 | BDX93 BDX94 TO-3 90
BDT95 BDT96 TO-220 90 | BDX95 BDX96 TO-3 90
BDV65 BDV64 SOT-93 125 | BDY90 TO-3 40
BDV65A BDV64A SOT-93 125 | BDY90A TO-3 40
BDV65B BDV64B SOT-93 125 | BDY91 TO-3 40
BDV65C BDV64C SOT-93 125 | BDY92 TO-3 40
BDV67A BDV66A SOT-93 175 | BF419 TO-126 6
BDV67B BDV66B S0T-93 175 | BF457 TO-126 6
BDV67C BDV66C SOT-93 175 | BF458 TO-126 6
BDV67D BDV66D SOT-93 175 | BF459 TO-126 6
BDV91 BDV92 SOT-93 100 | BF469 BF470 TO-126 1,8
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TYPE NUMBER

SURVEY
type number envelope Ptot type number envelope Piot
NPN PNP W NPN PNP w
BF471 BF472 T0-126 1,8 | BUS21A TO-3 100
BF583 T0-202 1,6 | BUS21B TO-3 100
BF585 T0-202 1,6 | BUS21C TO-3 100
BF587 T0-202 1,6 | BUS22 TO-3 125
BF591 T0-202 1,3 | BUS22A TO-3 125
BF593 T0-202 1,3 | BUS22B T0-3 125
BF819 T0-202 6 BUS22C T0-3 125
BF857 T0-202 6 BUS23 TO-3 175
BF858 T0-202 6 BUS23A TO-3 175
BF859 TO-202 6 BUS23B TO-3 175
BF869 BF870 T0-202 5 BUS23C T0-3 175
BF871 BF872 T0-202 5 BUT11; A T0-220 100
BU426; A SOT-93 70 BUT11F SOT-186 20
BU433 SOT-93 70 BUT11AF SOT-186 20
BU505 T0-220 15 BUV82; 83 SO0T-93 10
BUS506 T0-220 100 BUV89 SOT-93A 125
BU506D T0-220 100 BUV90; A SO0T-93 125
BU508A SOT-93A | 125 BUW11; A SOT-92 100
BU508D SOT-93A | 125 BUW12; A S0T-93 125
BU705 SOT-93A 75 BUW13; A SOT-93 175
BU706 SOT-93A | 100 BUW84; 85 SOT-82 50
BU706D SOT-93A | 100 BUX46; A T0-3 85
BU806 T0-220 60 BUX47; A T0-3 125
BUSO7 T0-220 60 BUX48; A TO-3 175
BUS08 T0-3 160 BUX80; 81 TO-3 100
BU824 T0-202 2 BUX82; 83 TO-3 60
BUB26 SOT-93 125 BUX84; 85 T0-220 40
BUP22 SOT-93 125 BUX84F SOT-186 18
BUP22A SOT-93 125 BUX85F SOT-186 18
BUP22B SOT-93 125 BUX86; 87 TO-126 20
BUP22C SO0T-93 125 BUX88 TO-3 160
BUP23 SOT-93 175 BUX90 TO-3 125
BUP23A SOT-93 175 BUX98; A TO-3 250
BUP23B SOT-93 175 BUX99 TO-126 28
BUP23C SOT-93 175 BUY89 TO-3 80
BUS11; A TO-3 100 PH3055T PH2955T T0-220 75
BUS12; A TO-3 125 PH13002 TO-126 28
BUS13; A T0-3 175 PH13003 TO-126 28
BUS14; A T0-3 250 TIP29 TIP30 TO-220 30
BUS21 TO-3 100 TIP29A TIP30A TO-220 30
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SURVEY
type number Piot type number Ptot

envelope envelope
NPN PNP w NPN PNP w
TIP29B TIP30B TO-220 30 TIP48 T0-220 40
TIP29C TIP30C TO-220 30 TIP49 T0-220 40
TIP31 TIP32 TO0-220 40 TIP50 TO0-220 40
TIP31A TIP32A TO0-220 40 TIP110 TIP115 TO- 220 50
TIP31B TIP32B TO-220 40 TIP111 TIP116 T0-220 50
TIP31C TIP32C T0-220 40 TIP112 TIP117 TO0-220 50
TIP33 TIP34 S0T-93 80 TIP120 TIP125 T0-220 65
TIP33A TIP34A SOT-93 80 TIP121 TIP126 TO0-220 65
TIP33B TIP34B SOT-93 80 TIP122 TIP127 TO0-220 65
TIP33C TIP34C S0T-93 80 TIP130 TIP135 T0-220 70
TIP41 TIP42 TO-220 65 TIP131 TIP136 T0-220 70
TIP41A TIP42A TO-220 65 TIP132 TIP137 T0-220 70
TIP41B TIP42B T0~-220 65 TIP140 TIP145 SO0T-93 125
TIP41C TIP42C T0-220 65 TIP141 TIP146 SOT-93 125
TIP47 T0-220 40 TIP142 TIP147 SOT-93 125

TIP3055 TIP2955 SOT-93 100
TYPE NUMBER SURVEY ACCESSORIES

type number description envelope
56201d mica washer (up to 500 V) TO-3
56201j insulating bushes (up to 500 V) TO-3
56261a insulating bushes (up to 500 V) TO-3
56326 metal washer TO-126
56339 mica washer (500 to 2000 V) TO-3
56352 insulating mounting support TO-3
56353 spring clip TO-126/S0T-82
56354 mica insulator TO-126/S0T-82
56359b mica washer {up to 100G V) TO-220
56359¢ insulating bush (up to 800 V) TO-220
56359d rectangular insulating bush (up to 1000 V) TO-220
56360a rectangular washer (brass) TO-220
56363 spring clip (direct mounting) TO-220
56364 spring clip (insulated mounting) TO-220
56367 alumina insulator (up to 2000 V) TO-220
56368a mica insulator (up to 800 V) SOT-93
56368b insulating bush (up to 800 V) SOT-93
56369 mica insulator (up to 2 kV) TO-220
56378 mica insulator (up to 1500 V) SOT-93
56379 spring clip SOT-93
56387a mica insulator {up to 300 V) TO-126
56387b insulating bush (up to 300 V) TO-126
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TRANSISTOR
RATINGS

TRANSISTOR RATINGS

The ratings are presented as voltage, current, power and temperature ratings. The list of these ratings
and their definitions is given as follows:

Transistor voltage ratings

Collector to base voltage ratings

VCBmax

VeBmax (1E =0)

The maximum permissible instantaneous voltage between collector and base
terminals. The collector voltage is negative with respect to base in PNP tran-
sistors and positive with respect to base in NPN types.

The maximum permissible instantaneous voltage between collector and base
terminals, when the emitter terminal is open circuited.

Emitter to base voltage ratings

VEBmax

VEBmax {Ic=0)

The maximum permissible instantaneous reverse voltage between emitter and
base terminal. The emitter voltage is negative with respect to base for PNP
transistor and positive with respect to base for NPN types.

The maximum permissible instantaneous reverse voltage between emitter and
base terminals when the collector terminal is open circuited.

Collector to emitter voltage ratings

VCEmax

V(CEmax (Cut-off)

The maximum permissible instantaneous voltage between collector and emitter
terminals. The collector voltage is negative with respect to emitter in PNP
transistors and positive with respect to emitter in NPN types. This rating is
very dependent on circuit conditions and collector current and it is necessary
to refer to the curve of Vg versus I for the appropriate circuit condition

in order to obtain the correct rating.

The maximum permissible instantaneous voltage between collector and emitter
terminals when the emitter current is reduced to zero by means of a reverse
emitter base voltage, i.e. the base voltage is normally positive with respect to
emitter for PNP transistor and negative with respect to emitter for NPN types.

Rp
NOTE: The term “cut-off” is sometimes replaced by Vgg > x volts, or ﬁ—— , <y which are equivalent
E

conditions under which the device may be cut-off.

VCEmax (I = x mA) The maximum permissible instantaneous voltage between collector and emitter

VCEmax {18 =0)

terminals when the collector current is at a high value, often the max. rated
value.

The maximum permissible instantaneous voltage between collector and emitter
terminals when the base terminal is open circuited or when a very high resistance
is in series with the base terminal. Special care must be taken to ensure that
thermal runaway due to excessive collector leakage current does not occur in
this condition.

Due to the current dependency of Vg it is usual to present this information as a voltage rating chart
which is a curve of collector current versus collector to emitter voltage (see Fig. 1).
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RATINGS

This curve is divided into two areas:

A permissible area of operation under all conditions of base drive provided the dissipation rating is not
exceeded (area 1) and an area where operation is allowable under certain specified conditions (area 2).
To assist in determining the rating in this second area, further curves are provided relating the voltage
rating to external circuit conditions, for example:

Re VBB
— , Rp, ZBq, VBE. lg OF — .
Rg (B ZBg VBE: B Or Ho

Rg
An example of this type of curve is given in Fig. 2 as VcE versus e for two different values of
collector current. E

7275911 7275910
| =
C —_ \Y% | 0
1 CE| 'C
|
| Ic = Cmax
\ _\
area 1 \ :
\
area2 \
\
\
Fig. 1. Fig. 2.

It should be noted that when R is shunted by a capacitor, the collector voltage Vg during switching
must be restricted to a value which does not rely on the effect of Rg.

In the case of an inductive load and when an energy rating is given, it may be permissible to operate
outside the rated area provided the spcified energy rating is not exceeded.

Transistor current ratings
Collector current ratings

ICmax The maximum permissible collector current. Without further qualification, the
d.c. value is implied.

IC(AV)max The maximum permissible average value of the total collector current

lem The maximum permissible instantaneous value of the total collector current.

Emitter current ratings

IEmax The maximum permissible emitter current. Without further qualification, the
d.c. value is implied.

IE(AV)max The maximum permissible average value of the total emitter current.

IER(AV)max The m.axinlmm permissible average value of the total emitter current when
operating in the reverse emitter-base breakdown region.

lEm The maximum permissible instantaneous value of the total emitter current.

IERM The maximum permissible instantaneous value of the total reverse emitter

current allowable in the reverse breakdown region.

22
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Base current ratings

IBmax The maximum permissible base current. Without further qualification, the d.c.
value is implied.

IB(AV)max The maximum permissible average value of the total base current.

IBR(AV)max The maximum permissible average value of the total reverse base current allow-
able in the reverse breakdown region.

IBM The maximum permissible instantaneous value of the total base current. The
rating also includes the switch off current.

IBRM The maximum permissible instantaneous value of the total reverse current

allowable in the reverse breakdown region.

Transistor power ratings

Ptot max: The total maximum permissible continuous power dissipation in the transistor and includes
both the collector-base dissipation and the emitter-base dissipation. Under steady state conditions the
total power is given by the expression:

Piot = VCE X Ic + VBE x IB.

In order to distinguish between "’steady state’ and ""pulse’’ conditions the terms "steady state power
(Pg)"” and " pulse power (Pp) " are often used. The permissible total power dissipation is dependent
upon temperature and its relationship is shown by means of a chart as shown in Fig. 3.

7275912

Ptot

temperature
Fig. 3.

The temperature may be ambient, case or mounting base temperatures. Where a cooling clip or a
heatsink is attached to the device, the allowable power dissipation is also dependent on the efficiency
of the heatsink.

The efficiency of this clip or heatsink is measured in terms of its thermal resistance (R4 ) normally
expresséd in degrees kelvin per watt (K/W). For mounting base rated devices, the added effect of the
contact resistance (R¢p, j) must be taken into account.

The effect of heatsinks of various thermal resistance and contact resistance is often included in the
above chart.

March 1272
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Thus for any heatsink of known thermal resistance and any given ambient temperature, the maximum
permissible power dissipation can be established. Alternatively, knowing the power dissipation which
will occur and the ambient temperature, the necessary heatsink thermal resistance can be calculated.
A general expression from which the total permissible steady state power dissipation can be calculated
is:
P . = Tj- Tamb
tot
Rth j-a
where. Ryp j.5 is the thermal resistance from the transistor junction to the ambient. For case rated or
mounting base rated devices, the thermal resistance Ry, .5 is made up of the thermal resistance junction
to case or mounting base (Ryp j.mp), the contact thermal resistance (Ryp, ) and the heatsink thermal
resistance Ryp .
For the calculation of pulse power operation Pp, the maximum pulse power is obtained by the aid of
a chart as shown in Fig. 4.

Ziht

d (duty factor) = %

pulse width 7275913
Fig. 4.
The general expression from which the maximum pulse power dissipation can be calculated is:

P = Tj-Tamb - Ps x Rthj-a
P Ziht+d Ripca)
where Zth ¢ and d are given in the above chart and Ryp, .5 is the thermal resistance between case and
ambient for case rated device. For mounting base rated device, it is equal to R¢j y + Ry j and is zero

for free air rated device because the effect of the temperature rise of the case over the ambient for a
pulse train is already included in Zp ¢.

Temperature ratings

Timax The maximum permissible junction temperature which is used as the basis for
the calculation of power ratings. Unless otherwise stated, the continuous value
is implied.

ijax (continous The maximum permissible continuous value.

operation)

ijax (intermittent  The maximum permissible instantaneous junction temperature usually allowed

operation) for a total duration of 200 hours.

Tmb The temperature of the surface making contact with a heatsink. This is confined

to devices where a flange or stud for fixing onto a heatsink forms an integral
part of the envelope.

Tease The temperature of the envelope. This is confined to devices to which may be
attached a clip-on cooling fin.
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RATING SYSTEMS

The rating systems described are those recommended by the International Electrotechnicai Commission
(IEC) in its Publication 134.

DEFINITIONS OF TERMS USED
Electronic device. An electronic tube or valve, transistor or other semiconductor device.

Note
This definition excludes inductors, capacitors, resistors and similar components.

Characteristic. A characteristic is an inherent and measurable property of a device. Such a property
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed
as a value for stated or recognized conditions. A characteristic may also be a set of related values,
usually shown in graphical form.

Bogey electronic device. An electronic device whose characteristics have the published nominal values
for the type. A bogey electronic device for any particular application can be obtained by considering
only those characteristics which are directly related to the application.

Rating. A value which establishes either a limiting capability or a limiting condition for an electronic
device. It is determined for specified values of environment and operation, and may be stated in any
suitable terms.

Note
Limiting conditions may be either maxima or minima.

Rating system. The set of principles upon which ratings are established and which determine their
interpretation.

Note
The rating system indicates the division of responsibility between the device manufacturer and the
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings.

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to
any electronic device of a specified type as defined by its published data, which should not be exceed-
ed under the worst probable conditions.

These values are choser by the device manufacturer to provide acceptable serviceability of the device,
taking no responsibility for equipment variations, environmental variations, and the effects of changes
in operating conditions due to variations in the characteristics of the device under consideration and
of all other electronic devices in the equipment.

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum
value for the intended service is exceeded with any device under the worst probable operating con-
ditions with respect to supply voltage variation, equipment component variation, equipment control
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics
of the device under consideration and of all other electronic devices in the equipment.
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DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to variations in the charac-
teristics of the electronic device under consideration.

The equipment manufacturer should design so that, initially and throughout life, no design maximum
value for the intended service is exceeded with a bogey device under the worst probable operating
conditions with respect to supply voltage variation, equipment component variation, variation in
characteristics of all other devices in the equipment, equipment control adjustment, load variation,
signal variation and environmental conditions.

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under normai conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device

in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.

The equipment manufacturer should design so that, initially, no design centre value for the intended
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply
voltage.
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LETTER SYMBOLS

LETTER SYMBOLS FOR TRANSISTORS AND SIGNAL DIODES
based on IEC Publication 148

LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS
Basic letters
The basic letters to be used are:

I, i =current
V, v = voltage
P, p = power.

Lower-case basic letters shall be used for the representation of instantaneous values
which vary with time.
In all other instances upper-case basic letters shall be used.

Subscripts

A, a Anode terminal

(AV), (av) Average value

B. b Base terminal, for MOS devices: Substrate

(BR) Breakdown

C,c Collector terminal

D, d Drain terminal

E,e Emitter terminal

F, f Forward

G, g Gate terminal

K. k Cathode terminal

M, m Peak value

0.0 As third subscript: The terminal not mentioned is open circuited
R, r As first subscript: Reverse. As second subscript: Repetitive.

As third subscript: With a specified resistance between the terminal
not mentioned and the reference terminal.
(RMS), (rms) R.M.S. value
[ As first or second subscript: Source terminal (for FETS only)
S, s As second subscript: Non-repetitive (not for FETS)
As third subscript: Short circuit between the terminal not mentioned
and the reference terminal
X, x Specified circuit
Z,z Replaces R to indicate the actual working voltage, current or power
of voltage reference and voltage regulator diodes.

Note: No additional subscript is used for d.c. values.

H
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Upper-case subscripts shall be used for the indication of:
a) continuous (d.c.) values (without signal)
Example Ig

b) instantaneous total values
Example ig

c) average total values
Example IB(AV)

d) peak total values
Example Iy

e) root-mean-square total values

Example IB(RMS)

Lower-case subscripts shall be used for the indication of values applying to the varying
component alone ¢

a) instantaneous values
Example ip

b) root-mean-square values
Example Ip(rms)

¢) peak values
Example Iy

d) average values
Example Ip(av)

Note: If more than one subscript is used, subscript for which both styles exist shall
either be all upper-case or all lower-case.

Additional rules for subscripts

Subscripts for currents

Transistors: If it is necessary to indicate the terminal carrying the current, this should
be done by the first subscript (conventional current flow from the external
circuit into the terminal is positive).

Examples: I, ip, ip. Iy,

Dicdes : To indicate a forward current (conventional current flow into the anode
terminal) the subscript F or f should be used; for a reverse current
(conventional current flow out of the anode terminal) the subscript R or r
should be used.

Examples: Ig, Ig, iF, If(rms)
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Subscripts for voltages

Transistors: If it is necessary to indicate the points between which a voltage is meas-
ured, this should be done by the first two subscripts. The first subscript
indicates the terminal at which the voltage is measured and the second the
reference terminal or the circuit node. Where there is no possibility of
confusion, the second subscript may be omitted.

Examples: V. \Y%

B’ 'BE 'be’ ' bem

Diodes: To indicate a forward voltage (anode positive with respect to cathode), the
subscript F or f should be used; for a reverse voltage (anode negative with
respect to cathode) the subscript R or r should be used.

Examples: Vi, Voo v, Vo

Subscripts for supply voltages or supply currents

Supply voltages or supply currents shall be indicated by repeating the appropriate term-
inal subscript.

Exc Y
xamples e IEE

Note: If it is necessary to indicate a reference terminal, this should be done by a third
subscript

Example : Vocor

Subscripts for devices having more than one terminal of the same kind

If a device has more than one terminal of the same kind, the subscript is formed by the
appropriate letter for the terminal followed by a number; in the case of multiple sub-
scripts, hyphens may be necessary to avoid misunderstanding.

Examples: 1 = continuous (d.c.) current flowing

B2 . .
into the second base terminal
V = continuous (d.c.) voltage between
B2-E .
the terminals of second base and
emitter

Subscripts for multiple devices

For multiple unit devices, the subscripts are modified by a number preceding the letter
subscript; in the case of multiple subscripts, hyphens may be necessary to avoid mis-
understanding.

Examples: Iyx = continuous (d.c.) current flowing
into the collector terminal of the
second unit

= continuous (d.c.) voltage between
the collector terminals of the
first and the second unit.

Vic-2c
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Application of the rules

The figure below represents a transistor collector current as a function of time. It con-
sists of a continuous (d.c.) current and a varying component.

collector
current

(no signal)

time 7265988

LETTER SYMBOLS FOR ELECTRICAL PARAMETERS

Definition

For the purpose of this Publication, the term "electrical parameter’ applies to four-
pole matrix parameters, elements of electrical equivalent circuits, electrical impedan-
ces and admittances, inductances and capacitances.

Basic letters

The following is a list of the most important basic letters used for electrical parameters
of semiconductor devices.

B,b = susceptance; imaginary part of an admittance
C = capacitance
G, g = conductance; real part of an admittance
H,h = hybrid parameter
L = inductance
R, r = resistance; real part of an impedance
X,x = reactance; imaginary part of an impedance
Y,y = admittance;
Z,z = impedance;
30 February 1974
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Upper-case letters shall be used for the representation of:

a) electrical parameters of external circuits and of circuits in which the device forms
only a part;

b) all inductances and capacitances.

Lower-case letters shall be used for the representation of electrical parameters inher-
ent in the device (with the exception of inductances and capacitances).

Subscripts

General subscripts

The following is a list of the most important general subscripts used for electrical para-
meters of semiconductor devices:

F, f = forward; forward transfer
1,i(or 1) = input

L, 1 = load

O, o (or 2) = output

R, r = reverse; reverse transfer
S, s = source

Exar s: Z
xamples s’ hf, hF

The upper-case variant of a subscript shall be used for the designation of static (d.c.)
values.

Examples : hFE = static value of forward current transfer ratio in common-
emitter configuration (d.c. current gain)
RE = d.c. value of the external emitter resistance.

Note: The static value is the slope of the line from the origin to the operating point on
the appropriate characteristic curve, i.e. the quotient of the appropriate electri-
cal quantities at the operating point.

The lower-case variant of a subscript shall be used for the designation of small-signal
values. '

Examples: hfe = small-signal value of the short-circuit forward
current transfer ratio in common-emitter confi-
guration

Z = Re + le = small-signal value of the external impedance

e

Note: It more than one subscript is used, subscripts for which both styles exist shall
either be all upper-case or all lower-case

1

Examples: hFE’ YRE’ lfe

February 1974 31



LETTER SYMBOLS

Subscripts for four-pole matrix parameters

The first letter subscript (or double numeric subscript) indicates input, output, forward
transfer or reverse transfer

Examples: h, (or h_ )
i 11
h™ (or h,,)
o 2
h, (or h 2)
hf (or h21)
T or fyy
A further subscript is used for the identification of the circuit configuration. When no
confusion is possible, this further subscript may be omitted.
Examples: hfe (or h21e)’ hFE (or h21E)
Distinction between real and imaginary parts

If it is necessary to distinguish between real and imaginary parts of electrical parame-
ters, no additional subscripts should be used. If basic symbols for the real and imagina-
ry parts exist, these may be used.
Examples: Z, =R, + jX,
i i i
Y,

e gfe + bee

If such symbols do not exist or if they are not suitable, the following notation shall be
used:

Examples: Re (hih) etc. for the real part of hib

Im (hib) etc. for the imaginary part of hib
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SOAR

TRANSISTOR SAFE OPERATING AREA

1f a power transistor is to give reliable service, four operating limits must be observed:

— Maximum collector current.

— Maximum collector-emitter voltage.

— Maximum power dissipation.

— Second breakdown limit.

These limits are all specified in the data sheets; the purpose here is to enable designers to make the
best use of that information.

Collector current

Maximum collector current I oy ax is specified in the data sheets for d.c. operation. For pulsed

operation a higher collector current Icmax is permitted, for a defined maximum pulse length -—
{max. 20 ms) and duty factor (usually 0,01).

For power switching transistors 1 cgay is given; this is the value at which switching times and saturation
voltage is measured.

Collector-emitter voltage

Maximum collector-emitter voltage Vg is also specified in the data sheets, but no extension is
allowed for pulsed operation. In the case of power transistors specifically designed for switching
inductive loads some extension may be allowed, but then only under specified conditions of collector
current, base-emitter voltage and emitter-base resistance as stated in the relevant data sheets.

Power dissipation

Maximum power dissipation Pyqt max is specified in the data sheets for a given mounting base
temperature. This is usually 25 OC but may be any, much higher temperature. Piot max applies up to
the stated temperature; above it derating must be applied. A power derating curve of the form shown
in Fig. 1a and 1b is given in the data sheets. With it, maximum allowable power dissipation can be
calculated for any mounting base temperature up to Tj max-

7282917 150 7277038
maximum permissible dissipation
80 versus mounting base temperature
3 Prot
tot (%)
(w)
\
60 N 100
\\
40
50
AN
20 N
\ Fig. 1 Power derating curve.
N
0 0
0 50 1 a
Tonp (°C) (a) (b) 0 100 T,,(°c) 200
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Total power dissipation is given by

Ptot = ICVCE + IBVBE-

The second term can usually be disregarded, so Pyot = ICVCE.
Heat dissipated in the collector-base junction flows through the thermal resistance between junction
and mounting base, see Fig. 2.

‘unction mounting
J base
i Rthj—mb mb
Piot —> O— 1} O — Prot

< ATj_mp —>

Tj Tmb

7289359

Fig. 2 Heat transport in a transistor with power
dissipation constant with respect to time.

By analogy with Ohm’s law, under steady-state conditions (d.c. operation).

For pulsed operation a higher dissipation is permitted, because

— the junction does not have time to heat up fully unless the pulses are so long as to approximate
steady-state conditions;

-- the junction has time wholly or partly to cool down in the interval between pulses, except with very
high duty factors.

Analogy with

where Piot M is the total pulsed power and Zth j.mp is the thermal impedance between junction and
mounting base. Thermal impedance depends on pulse duration tp and duty factor 6= tp/T. T is the
pulse period. A family of curves of thermal impedance against pulse duration with duty factor as
parameter is shown in Fig. 3.
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Zthj-mb

72730191

Rth.j-mb

?

Zyy (0=1) curve
made to coincide
with  Ripj.mp curve

pulse duration t,

Fig. 3 A typical family of Zy j-mb curves for a power transistor.

In essence, at or below Tmp spec there is a fixed limit to Ptot M max: above Tmb spec, Ptot M max
declines linearly with increasing mounting base temperature. As illustrated in Fig. 4, for non-rectangular

pulses

12

Ptot max -tp= f P.tp.

i

7289360.1
715 T T 1T
equivalent ]
P rectangular _| |
tot pulse ||
(W) % L
¥ T
5 1
I TR
|
2,5 /
/
T
} \
\
4 N
o L2 H y I~
R t (us) 2
Fig. 4.
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Second breakdown

In the forward-biased condition second breakdown is thermally triggered. Consider the chip as a large
number of elemental transistors in parallel, some of which will havea lower forward voltage drop than
others. Current will tend to concentrate in these, raising their temperature and further lowering their
forward voltage drop. Current will concentrate still further, leading to local overheating and eventually
to a short circuit between emitter and collector. This effect is dependent of mounting base tempera-
ture, which is related to the average junction temperature. Under reverse-bias conditions, when V¢ is
greater than VCEQOmax. the chance of second breakdown is always present. This is a particular hazard
in timebase and converter applications,

THE SOAR BOUNDARIES

The four limits just described form the boundaries of the Safe Operating Area. Figure 5 shows a
SOAR plotted on a log-log grid. The right-hand boundary is formed by VCEOmax, which extends up
to a collector current of about 300 mA. Above this point, as I¢ is increased Vg must be reduced to
prevent second breakdown.

The upper boundary is formed by |cmax, which extends to where the product of Icmax and VCE
equals the maximum allowable power dissipation. From this point I¢ must be reduced with increasing
VCE, thus forming the maximum power dissipation boundary. The maximum power dissipation
boundary normally intersects the second breakdown boundary at some point. However, for values of
Tmb above Tmb spec, Ptot max must be reduced (as shown by the broken line in Fig. 5), so that the
boundary of maximum power dissipation intersects the second breakdown boundary at a lower point.
With high values of Ty, the second breakdown boundary may be excluded altogether.

100 7273000.1
IC
(A) imi
IC limit
pad | Prot
N limit
10 \‘\‘
NN
~ 5
\
second
= breakdown
\ limit
Ve
1 A Y
3 Veg limit
o (VCEOmux)
0,11

10 Veg (V) 100

Fig. 5 A typical SOAR graph with boundaries named.
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EXTENDING THE SOAR FOR SINGLE-SHOT AND REPETITIVE PULSED OPERATION

The data sheets for power transistors contain, apart from the d.c. SOAR, a set of curves that apply
under specific pulse conditions. These will cover some 90% of applications. In addition to these,
SOAR curves can be constructed by the circuit designer for specific operating conditions. The various
extensions dealt with below will refer to Figs 5, 6 and 7.

ICMmax

The extent to which the i¢ boundary can be extended for pulse operation depends on pulse duration
and duty factor, the limit being IcpMmax, Which applies at a duty factor of 0,01 and a pulse length of
20 ms or less. Together the ICMmax and VCEOmax boundaries form a rectangle that in no circumstance
should be exceeded. Moreover, the rectangle may be reduced by further restrictions imposed by power
dissipation and second breakdown. The example shown in Fig. 6 is for an Icpmax of 12 A and a
VCEOmax of 60 V.

102 7289357
Ic
(A)
|CM max
10— N
[ ICmax \\
AN N
N
N
\
1
\
\
VCEOmax\"*"‘
. L[]
10
1 10 102

Vce (V)

Fig. 6 Maximum collector current and
collector-emitter voltage boundaries.
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Ptot max
The Ptot max boundary given in the data sheet usually applies to:
Tib =25 ©°C; 6§ =0,01 and tp = a range of values, say, 5 us to 2 ms.
For any deviations from these values a new Pygt max boundary must be constructed.
From

P Tjmax — Tmb
tot Mmax = ——5

Zth j-mb

T; max is stated in the data sheets; Z¢p j-mb can be read from the curve, similar to Fig. 3, also given in
the data sheets. Thus Pyt Mmax can be calculated and an appropriate boundary can be drawn in the

SOAR curve parallel to the Pygt max line. An example will illustrate this. Assume:
Tj max = 160 °C; Tmp =80 ©C; tp = 0,2 ms and § = 0,1.
From Fig. 7, Z¢h j-mb = 0,6 K/W for the given values of ty and 8.
150 — 80

Ptot Mmax = o5 " 140W.

Thus from an arbitrary point (say 7 A, 20 V) we can draw a line parallel to the Pigt max line
(see Fig. 6).

3 '/ZBOISB_W
Zih j-mb
(K/W)

- =1 Riy j-mb

. e T
2 —— B e

ot =T L
(44 L it
— b
e ot A & '—',l
0.7 LT Py
A
e 32
1 '05 — A
T A7
(A 7
= L
02 - e
LA

_01 - /{

00 B’ o
o 0091

1078 1074 1073 10-2 107 1t (s) 10

Fig. 7 Transient thermal impedance for example.
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BD131

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

N-P-N transistor in a SOT-32 plastic envelope for general purpose, medium powe: applications. P-N-FP

complement is BD132.

QUICK REFERENCE DATA

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)

Collector current (peak value)

Total power dissipation up to Typ = 60 °C

Junction temperature

D.C. current gain
Ic=05A;Vgg=12V

Transition frequency at f = 35 MHz

Ic=025A;Vcg=5V

VeBO max. 70 vV
Vceo  max. 45 V

Ptot max. 15 W
Tj max. 150 OC
hgg > 40

fr > 60 MHz

MECHANICAL DATA
Fig. 1 TO-126 (SOT-32).

Coliector connected
to metal part of
mounting surface.

v

T

JL

2,54
e

*

¥

-12

See also chapters Mounting instructions and Accessories.
(1) Within this region the cross-section of the leads is uncontrolled.

Dimensions in mm

. ¥
A 375 T
2 LY
B}
. 1

i max

4
15,3
min

ejcii blj_ ¥
H I 7259324.2

w (April 1979
it
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BD131

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (peak value)

Reverse base current (peak value)

Total power dissipation up to T, = 60 °C
Storage temperature

Junction temperature -

THERMAL RESISTANCE
From junction to mounting base

VeBo
VcEo
VEBO

max. 70
max. 45
max. 6
max. 3
max. 6
max. 0,56
max. 0,5
max. 15
—65 to + 150
max. 150
= 6

=E> P> P r<<<<

o O
oo

=
2

42

April 1979



Silicon planar epitaxial power transistor

BD131

CHARACTERISTICS
Tj=25 OC uniess otherwise specified
Collector cut-off current
lg=0;Veg =50V
lg=0;Vcg =50 V;Tj =150 0C
Emitter cut-off current

:C =0, thﬁ =5V
Saturation voltages
Ic=05A;Ig=50mA

Ic=2A;lg=200mA

D.C. current gain
lc=05A; V=12V
Ic=2A;Veg=1V

Cuollector capacitance at f = 1 MHz
lg=1g=0;Veg=5bV

Transition frequency at f = 35 MHz
Ic=0,25A;VCE=5V; Tamp =25°C

D.C. current gain ratio of the

complementary pairs
Ic=05A;Vep=12V

IcBo
Icso

IEBO

VCEsat
VBEsat
VCEsat
VBEsat

hFE
hre

Ce

fr

hre1/hFE2

< 5 uA
< 500 pA
< 5 nA
< 03V
< 12V
< 0,7 Vv
< 15 V
> 40

> 20

< 60 pF
> 60 MHz
< 1,2
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BD131

0.1

0.01

D5110A
Tmb 560'0 1
=001 Pulse
AN N | width=
N 10us
NN
ICmcnc \\\ \\\ ne
N
AN \ \
(1) \ \ \
N\ \
AN\ 500ps
N A\ AN
AVAN [T1T
2N\ Y
\ \ 2.0ms
N N TTTT
\ 10ms
D.C
7 2 7
1.0 10 100
VeelV)

Fig. 2 Safe Operating ARea with the transistor forward biased.

I Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).
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Silicon planar epitaxial power transistor BD131

VCER[ - 1777 Ic<tOmA 4’%’:“ 701687
max [ . Rpstokn ] :
v S T

T I T {When the emitter is common, a value of 10 — 1T
- should be used in calculation of Rg/REg S I A

80 - O T =
- . SRS S A (S 1 S S NS N S B R
1 ‘r 1 SR S 5 N

70 p—

so|— SESHHEER S AN N B B A

50

40

30 1 T LT T Jd I I L Y " i
5 5 7

(0] 1 2 3 4
10 10 10 10 Rg/Rg 10

Fig. 3 Maximum allowable collector-emitter voltage as a function of base-emitter resistance.

2 7272003.1

10

Zth j-mb
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]
ja—T—» T

10
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o
=

o
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Fig. 4 Pulse power rating chart.
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1

7272004.1
5
[ [1]]
5=0,0
My
N \
N \
N \
N \
N \
5 0,1 \
N\
N
AR
) - ANIA
~l10,2 \\ \\
H NN
\& N \\
T~
05 R ————mu
1 TT ===
1075 1074 1073 1072 to(s) 107
Fig. 5 S.B. voltage multiplying factor at the Icmay level.
7272005.1
M
102
6 =0,01
N
0,1 N
- N
0'2 i~'..‘.\\
10 ND—--\ AN
0,5
P —— NI TN
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TR
N N
]
——
1075 1074 1073 1072t (s) 1077

Fig. 6 S.B. current multiplying factor at the VoEOmax level.
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Silicon planar epitaxial power transistor BD131

IcBo

05113

w

matio || [
pArDOO E E
7

1.0 % /

1000

nA

-t

100

1

1oLl Ll ;
0 50 100 150 200 Tj (°C)

Fig. 7 Collector-base current (open emitter) as a function of the junction temperature.

April 1979
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BD131

hre BD131 D514
[T 11
Tj=25°C
40
e
30 v
- lnimwn b
- Featy
Ty Ce= 2y
—
20 -
Py
=1V ™~
=2V }—1—
10
0
1.0 2.0 3.0 4.0 5.0 6.0 IC(A)
Fig. 8.
hFE BD131 {Complemzntury 01694 |
BD132 pair
[IT]
Tj =25°C
100
75
N
M;,,I
’hu,n b
50 b FEar »y
<, C&(
v 013
N Cergp, 7
™ 32 = 2y
25 S ~ -h
- N Y
=1V
0 [
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

for BD131 +Ic(A), for BD132 ~Ic(A)

Fig. 9.
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Silicon planar epitaxial power transistor BD131

D7547
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SILICON PLANAR EPITAXIAL POWER TRANSISTOR

P-N-P transistor in a SOT-32 plastic envelope for general purpose, medium power applications. N-P-N

complement is BD131.

QUICK REFERENCE DATA

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector current (peak value)

Total power dissipation up to Ty, = 60 °C
Junction temperature

D.C. current gain
~lc=05A;-Vcg=12V

Transition frequency at f = 35 MHz
—lc=0,25A; -Vcg =5V

—=VcBo max. 45 Vv
-Vcep max. 45 Vv
—lcm max. 6 A

Piot max. 15 W
Tj max. 150 OC
hgg > 40

fr > 60 MHz

MECHANICAL DATA
Fig. 1 TO-126 (SOT-32)

Collector connected
to metal part of
mounting surface.

dEme e

See also chapters Mounting instructions and Accessories.

Dimensions in mm

< 7,8 max

) %
Y 3,75
32 | . L
30
i T 11

| max

|
|

15,3
min
el| c|] b l
0,88_,‘ L— , 7259324.2
max I
~ -
2,29

(1) Within this region the cross-section of the leads is uncontrolled.
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BD132

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage (open emitter) -VeBO
Collector-emitter voltage (open base) -VCEO
Emitter-base voltage (open collector) -VEBO
Collector current (d.c.) —Ic
Collector current (peak value) —lem
Base current (peak value) —Igm
Reverse base current (peak value) +1gm
Total power dissipation up to Ty, =60 °C Piot
Storage temperature Tstg
Junction temperature T;

THERMAL RESISTANCE
From junction to mounting base Rth j-mb

CHARACTERISTICS
Tj=26 OC unless otherwise specified
Collector cut-off current

Ig=0;,-Vgeg =40V -lco
Ig=0;-Vcp=40V;Tj=1600C —lcBo
Emitter cut-off current
Ilc=0;-Veg=3V —leBO
Saturation voltages
—lg=0,5A; —lg =50 mA —V(CEsat
—VBEsat
—ic=2A;—-1g =200 mA ~V(CEsat
—VBEsat
D.C. current gain
—lg=05A;-Vcg=12V hgg
~!l¢=2A;-Vcg=1V hgE
Transition frequency at f = 35 MHz
=1c=0,25A; =Vcg =5V, Tagmp =25°C fr

D.C. current gain ratio
of the complementary pairs
~lg=500mA; -Vcg =12V hpg1/hEE2

max. 45
max. 45
max. 4
max. 3
max. 6
max. 0,5
max. 0,5
max. 15
—B65 to + 150
max. 150
= 6
< 5
< 500
< 5
< 03
< 1,2
< 0,7
< 1,5
> 40
> 20
> 60
< 1,2

=E>» > >r>r<<<

o o
O o0

K/W

MA
MA

<< <<

MHz
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Silicon planar epitaxial power transistor

BD132

0.1

D5224A
Tmb <60°C HH
. d £0.01 Pulse
AN width=
| 10us
\\ \ 1£0]pU
“Tcmax \ N \\\
DN
i \‘\
\ LTI
N\ [ 111

0.01

N| b.c
7
2
1w 7 o ? s 7400
“Vee(V)

Fig. 2 Safe Operating ARea with the transistor forward biased.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

{1) Ptot max and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).

April 1979
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5 7272004.1
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Fig. 3 S.B. voltage multiplying factor at the —lcmax level.
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Fig. 4 S.B. current multiplying factor at the =V oEOmax level.
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Silicon planar epitaxial power transistor BD132
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Fig. 5 Pulse power rating chart.
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hrE BD132 b5223
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Fig. 6 D.C. current gain.
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BD132 pair
LT T
100 RN
o
Tj=25 C
75 4
i .,
. l-\ M"”"’Um
[N hFeq 7
SRS r‘\\l‘m G E({BD"”)
NE 80732) 12y
- Py
2 e NG
N —_
1y ™
Il
0 [
0 20 40 60
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Fig. 7 D.C. current gain ratio.
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Silicon planar epitaxial power transistor
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Fig. 8 Collector-base current (open emitter) as a function of the junction temperature.
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BD132
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BD135
BD137
BD139

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose n p n transistors in SOT-32 plastic envelope, recommended for driver stages in hi-fi
amplifiers and television circuits.
The BD136, BD138 and BD 140 are complementary to the BD135, BD137 and BD 139 respectively.

QUICK REFERENCE DATA

BD135 | BD137 | BD139

Collector-base voltage (open emitter) VeBOo  max. 45 60 100 V
Collector-emitter voltage (open base) VCEQ max. 45 60 80 V
Collector-emitter voltage (Rge = 1 k2) VCER  max. 45 60 100 Vv
Collector current {peak value) lcm max. 2,0 2,0 20 A
Total power dissipation up to Tmjp = 70 ©C Piot max. 8 8 8w
Junction temperature Tj max. 150 150 150 oC
D.C. current gain
= : = > 40 40 40
Ic=150mA; Ve =2V hFE < 250 | 250 | 250
Transition frequency
lc=50mA; Vcg=5V T typ. 250 250 250 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126 (SOT-32).
Collector connected he ,.,2,67,( n - 7,8 max |
to metal part of
mounting surface. % 3;5
s
-4 11,1
: max
v L
2,56
padi]]
Ap.max b g,
15,3
min

' |

12593242

- [ ,,0’,5.“

(1) Within this region the cross-section of the leads is uncontrolied.
See aiso chapters Mounting instructions and Accessories.
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BD135
BD137
BD139

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter) VecBo
Collector-emitter voltage (open base) VCEO
Collector-emitter voltage (Rgg = 1 kS2) VCER
Emitter-base voltage (open collector) VEBO
Collector current (d.c.) Ic
Collector current {peak value) Icm
Total power dissipation up to Tpp = 70 °C Ptot
Storage temperature Tstg
Junction temperature Tj

THERMAL RESISTANCE
From junction to ambient in free air Rth j-a
From junction to mounting base Rth j-mb

CHARACTERISTICS
Tj=25 OC unless otherwise specified

Collector cut-off current
IE=0;Vcg=30V
IE=0;VcB=30V; Tj=1250C

Emitter cut-off current
Ic=0;VEp=5V

Base-emitter voltage
Ic=500mA; Veg=2V

Saturation voltage
Ic =500 mA; Ig =50 mA

D.C. current gain
Ic=5mA;Vcg=2V
Ic=150mA;VCg=2V

" BDxxx
BDxxx-6
BDxxx-10
BDxxx-16
Ic=500mA; VCe=2V

Transition frequency at f = 35 MHz
Ic=50mA; VCE=5V

D.C. current gain ratio of matched pairs
BD135/8D136; BD137/BD138; BD139/BD140
lIcl=150 mA; IVggl=2V

max.
max.
max.
max.
max.
max.
max.

max.

BD135 | BD137 | BD139
45 60 100 Vv
45 60 80 V
45 60 100 V
5 5 5V
1,6 1,5 15 A
2,0 2,0 20 A
8 W
—65 to +150 oC
150 oC
100 K/W
10 K/W
ICBO < 100 nA
IcBO < 10 A
lEBO < 10 pA
VBE < 1V
VCEsat < 05V
hEE > 25
hrg 40 to 250
hEE 40 to 100
hFg 63 to 160
hFg 100 to 250
hre > 25
fT typ 250 MHz
typ. 1,3
hFE1/hFE2 16
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BD135

Silicon planar epitaxial power transistors BD137

BD139

7262114.2 -
10

BD135
BD137

Ic
(A)

ICMmax

ICmax

K
=
Py
5]
[
1

1

(1)

BD135
BD137

10-2

2
VgE (V) 10

Fig. 2 Safe Operating Area with the transistor forward biased.
| Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation

(1) Ptot max line
(2) Second breakdown limit (independent of temperature)
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BD135
'BD137
BD139

- 10 7262126.2
BD139
Ic
(A)
5=0,01
CMmax A
ICmax
N
1
N AY
i) 2T
A\N AN AN
\X\ ANIAN X
AN NV NANEAY
P
! \\ 20ps
P\
50
' 100
10-1— lc H
— (mA) \ A 200
-
A\NANNER|
A 500
r— Tms
— 1
— 2 d.c
-
m
0
60 80 100
F‘— Vce (V)
3
. L l :
o
1972 1
1 10 102

Vce (V)

Fig. 3 Safe Operating Area with the transistor forward biased.

| Region of permissible d.c. operation

11 Permissible extension for repetitive pulsed operation

111 Repetitive pulse operation in this region is allowable,
provided RBg < 1 k2

(1) PtOt max line
(2) Second breakdown limit (independent of temperature)
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8D135

Silicon planar epitaxial power transistors BD137
BD139
7266819.1
100
\
Ptot max \
%) \
75
\
\
Fig. 4. S0
\
\
\
25
\
\
0
0 50 100 150
Tmb (°C)
3 7262964.1
Zth j-mb
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(K/w) - tp @—_.l p
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5=
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E====0,75
0,50 R
0,33 T
0,20 Lo
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1 1" . ]
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0,01
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Fig. 5.
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BD135

BD137
BD139
7262965.1
S.B. voltage multiplying factor at the Ig max level
My
102
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0,33 NN
T g \ .
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1 | 1
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Fig. 6.
7262966.1
S.B. current multiplying factor at the VoEOmax level (45V) BD135
My
102
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0,20 N
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Fig. 7.
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BD135

Silicon planar epitaxial power transistors BD137
BD139
7262967.1
S.B. current multiplying factor at the VCEOmax level (60V) BD137
My
102
0,05 6§=0,01
|~ 0,02 ’
0,00 | | TN
10 p—— NN
N
] S
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[ T H—— N
0,33 ™~ NN
) N
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1 |
1076 105 1074 1073ty (s) 1072
Fig. 8.
72629681
S.B. current multiplying factor at the VCEQ max level (80V) BD139
My
102
,02 16 =0,
—0,05 0.0 ~ 20
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10 0101 TS TN
—
— L \\
0,20 =~
——— \\ N
0,33 T~ N
0,50 TR
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Fig. 9.
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BD135
BD137
BD139

2104 &'

L

<y

Veg =2
(mA) Tic=E25°C

max Ip

N

1073 1072 107! 1 10 102 1g(mA) 108
Fig. 10.

150 7210 4 61
typical behaviour of d.c. current gain versus collector current

Veg =2V
Ty=25°C

100

L

50 A

—7

1 10 102 103 Ic (mA) 104
Fig. 11.
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BD135

Silicon planar epitaxial power transistors BD137
BD139
1,5 Z&OO 7272439
Veg =5V
v fr f =35Mt|2
e (MHz) =25
I /1g=5"] 300
1 14
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Pz 3
t
200 4
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Fig. 13.
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Fig. 15.
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BD136
BD138
BD140

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose p-n-p transistors in SOT-32 plastic envelope, recommended for driver stages in hi-fi

amplifiers and television circuits.

The BD135, BD137 and BD 139 are complementary to the BD136, BD 138 and BD 140 respectively.

QUICK REFERENCE DATA

Collector-base voltage {(open emitter) -VcBO
Coilector-emitter voltage (open base) -VCEO
Collector-emitter voltage (Rgg = 1 k§2) -VCER
Collector current (peak value) —Icm

Total power dissipation up to Tmp = 70 °C Ptot
Junction temperature T
D.C. current gain

—=lg=150mA; -Vgg =2V hrg

Transition frequency
—lg=50mA; -Vcg =5V fT

BD136 | BD138 | BD140
45 60 100 vV
45 60 80 V
a5 60 100 v
2,0 2,0 20 A -
8 8 8w
150 150 150 °oC
40 40 40
250 250 250
75 75 75 MHz

MECHANICAL DATA
Fig. 1 TO-126 (SOT-32).

Collector connected
to metal part of
mounting surface

2,54
max 1

—>| i<—

(1) Within this region the cross-section of the leads is uncontrolled.

See also chapters Mounting instructions and Accessories.

Dimensions in mm

Le
© ]

min

7259324.2
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BD136
BD138
BD140

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

BD136 | BD138 | BD140
Collector-base voltage (open emitter) -VCBO max. 45 60 100 V
Collector-emitter voltage (open base) -VCEO max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 k§2) —VCER max. 45 60 100 Vv
Emitter-base voltage (open collector) —VEBO max. 5 5 5V
— Collector current (d.c.) —I¢ max. 15 1,5 15 A
— Collector current (peak value) —lcm max. 2,0 2,0 20 A
Total power dissipation up to Typ = 70 °C Ptot max. 8 w
Storage temperature Tstg —65 to +150 oC
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE
From junction to ambient in free air Rth j-a 100 K/w
From junction to mounting base Rth j-mb 10 K/W
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current
Ig=0;-Vcp=30V -IcBO < 100 nA
IE=0;-VcB=30V; Tj=125°C —lcBo < 10 pA
Emitter cut-off current
Ic=0;,-VEB=5V —lEBO < 10 pA
Base-emitter voltage
—lc=500mA; -VCg=2V —VEB < 1V
Saturation voltage
—1c =500 mA; —Ig =50 mA —V(CEsat < 05V
D.C. current gain
—lg=5mA;-VCcg=2V hfFg > 25
—Ilc=150mA; —Vgg =2V
BDxxx hEg 40 to 250
BDxxx-06 hFge 40 to 100
BDxxx-10 hgg 63 to 160
BDxxx-16 hEFg 100 to 250
—lg =500 mA; —=Vcg =2V hrg > 25
Transition frequency at f = 356 MHz
—lc=50mA; -VCcg =5V fT typ. 75 MHz
D.C. current gain ratio of matched pairs
BD135/BD136; BD137/BD138; BD139/8D140 ¢ 13
llcl=150 mA; IVcel=2V hFE1/hFE2 <Vp- 1’6
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BD136

Silicon planar epitaxial power transistors BD138
BD140
-
10 7262114.2A
BD136
80138
~lc
(A)
| 5=0,01
~ICMmax
—ICmax
N
AN \\
1 A Ay U= L
(1 A\ 20us T
NN\ | |
\ N
O\
| NNV
10Io
200
. 1
10 4500 =
1 rlns .
d.c.
B
alla
4] @
10-2 !
1 10 —Veg (V) 102
Fig. 2 Safe Operating Area with the transistor forward biased.
| Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation
(1) Ptot max line
(2) Second breakdown limit (independent of temperature)
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BD136

BD138
BD140
—
10 7262126.2A
BD140
—ic
(A}
§=0,01
—lcMmax A
—ICmax ‘
N
N
! X; X
) AN W\ 1 \
AN NN\
R
th=
1 \;\\ \ 2%/.&5
AN
50
10-1}— ~lc N 1??
— (mA) N200
- I AN 11
- 4 N 500
Tms
’— 1
— 2 de
—
m
0
| 60 80 100
~Vce (V) °
<
102 |
1 10 102

—Vcg (V)

.

Fig. 3 Safe Operating Area with the transistor forward biased.

I Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

111 Repetitive pulse operation in this region is allowable,
provided RBg < 1 k2

(1) Ptot max line
(2) Second breakdown limit (independent of temperature)
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BD136

Silicon planar epitaxial power transistors BD138
: BD140
7266819.1
100
Ptot max \
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\
Fig. 4. 50
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Fig. 5.
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BD136
BD140
BD138

7262965.1
S.B. voltage multiplying factor at the Ic max level
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BD136

Silicon planar epitaxial power transistors BD138
BD140
7262967A
S.B. current multiplying factor at the ~VGEQmax level (60V) BD138
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BD136
BD138
BD140

104 7210644

-Ic Vo
(mA) YCE

103
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™

1073 1072 107! 1 10 102 -Ig(mA) 103
Fig. 10.

150 7210451
typical behaviour of d.c. current gain versus collector current

—Veg =2V
Tj =25°C

100

1 10 102 103 -Ic (mA) 104
Fig. 11.
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BD136

Silicon planar epitaxial power transistors BD138
BD140
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BD201
BD203

SILICON EPITAXIAL-BASE POWER TRANSISTORS

N-P-N transistors in a plastic envelope. With their p-n-p complements BD202 and BD204 they are

primarily intended for use in hi-fi equipment delivering an output of 15 to 256 W into a 4 2 or 8 §2 load.

QUICK REFERENCE DATA

BD201 BD203

Collector-emitter voltage (open base) Veeo max. 45 60 V
Collector current (d.c.) Ic max. 8 8 A
Total power dissipation up to Ty =25 °C Ptot max. 60 60 W
Cut-off frequency

Ic=03A;Vgg=3V fhe > 25 25 kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220.

Collector connected
to mounting base.

4 158
max
2
1 3,5 max 51
not tinned | | Il [| oux
3 ’ | 7
13 ’
max min
(2x) .
1121l 3
L
->'<—0,9rnux (3x) »il<06
4 |- 2
2,54 254 o

7265872.4

i

See also chapters Mounting Instructions and Accessories.
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BD201
BD203

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value, tp < 10 ms)

Collector current (non-repetitive peak
value, ty <2ms)

Base current (d.c.)

Total power dissipation up to Ty = 25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS

Tj=25 OC unless otherwise specified

Collector cut-off current
Ig=0;Vcg=30V
lg=0;Vcg=40V; Tj=150 oC

Emitter cut-off current
Ic=0;Vgg=5V

Base-emitter voltage*
Ic=3A;Vcg=2V

Knee voltage*
Ic =3 A; Ig = value for which
lc=33AatVgg=2V

Saturation voltage*
Ic=3A;1g=03A
Ic=6A;1g=06A

D.C. current gain*
BD201;Ic=3 A;Vce=2V
BD203; Ic=2A;Vcg=2V
Ic=1A;Vgg=2V

Cut-off frequency
Ic=03A;Vgg=3V

VcBo
VCEO
VEBO
Ic
Icm

lcsm
B
Ptot
Tstg
Tj

Rth j-mb
Rthj-a

IcEO
IcBo

IEBO

VBE

VCEK

VCEsat
VCEsat
VBEsat

hrE
hFE
hre

Thie

* Measured under pulse conditions: tp < 300 us, § < 2%.

max.
max.
max.

max.
max.

max.
max.
max.

max.

typ.

A

BD201 BD203
60 60 V
45 60 V
5 5V
N—p————
8 A
12 A
25 A
3 A
60 W
—65t0+150 ©C
150 oC
2,08 K/W
70 K/W
1 mA
1 mA
5 mA
1,5 \Y%
1 \%
1 \Y%
1,6 \
2 \%
30
30
30
25 kHz

80
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Silicon epitaxial-base power transistors

BD201

BD203

Transition frequency at f = 1 MHz

|C=0,3 A;Vcg=3V fr > 7 MHz
D.C. current gain ratio of matched

complementary pairs

Ic=1A;Vgg=2V hge1/hFE2 < 25
Forward bias second breakdown

collector current

VCE-40V;ty=0,15; Tamp =25 °C I(sB) > 1,5 A
Switching times

Icon=2A;Igon=—IBoff = 0.2 A

Turn-on time ton < 1 us

Turn-off time toff < 4 ps

t 7277499.5
r
> -
90% |———|fF=————= L— B on
I
10% ===
t
— —IB off
90% |- ———|f —— ——- — 'con
Ic
10% - —— H————— - —
-> Lr—td > |-t t
—>| |<- > sl
ton > toff |<-

Fig. 2 Switching time waveforms.

Vi

- T —»

7278131

o=t

Fig. 3 Switching times test circuit.

15V
20 v
-4 v

33 Q

R3 =
R4

tr=tf <
to =
T =

22 Q
10 Q

15 ns
20 us
500 us

October 1985
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BD201

BD203
102 7262023.3
I'c
(A)
5=0,01 =
'CMmax p A :)91
,1ms
10 .
<~ !
L A\ AN AN
Cmax N N Y X
N X 0,5 ]
AR
NI
(1)
\(2)
I N
Y10
1 d.c..
BD201-T]
80203 {7 |
1077 )
1 10 Vee (V) 10

Fig. 4 Safe Operating ARea, Tp < 25 °OC.

| Region of permissible d.c. operation.
1l Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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Silicon epitaxial-base power transistors BD201
: BD203

7267034
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Fig. 5 Pulse power rating chart.
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S.B. voltage multiplying factor at the Igmax level
My

5=0,01
10 \l
B

o~ TN
— 0,02‘
0,05
0,1‘\\\\
0:2 NG Q\\\
\{\K TR
~ ~N
~H \
0,5 \\%
] \\ i
1
1075 1074 1073 tp (s) 1072

Fig. 6 S.B. voltage multiplying factor at the |y ax level.
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BD201
BD203 \_
7262858.1
M
~5=001
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Fig. 7 S.B. current multiplying factor at the VCEQ max level.
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Fig. 8 D.C.current gain. Vg =2 V.
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Silicon epitaxial-base power transistors

BD201
BD203
10 7262391.1
Ic o
(A) o
typ
//
1 o
A
/ g
1077
1 10 102 Ig (mA) 103
Fig. 9 Collector current as a function of base current. Vee=2V; Tj =25 0C.
104 i . i 7282879
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i
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Fig. 10 Typical collector-emitter saturation voltage. Tj =250C,
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BD201

BD203
: 7282385 726703
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Silicon epitaxial-base power transistors BD201

BD203
—— Tvz 2399 103 = = 72623870
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BD202
BD204

SILICON EPITAXIAL-BASE POWER TRANSISTORS

P-N-P transistors in a plastic envelope. With their n-p-n complements BD201 and BD203 they are

primarily intended for use in hi-fi equipment delivering an output of 15 to 256 W into a 4 §2 or 8 Q load.

QUICK REFERENCE DATA

Collector-emitter voltage (open base) —~VCEQ max.
Collector current (d.c.) —ic max.
Total power dissipation up to Ty =25 °C Piot max.
Cut-off frequency
—ic=03A;-Vcg=3V fhfe >
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220.
Collector connected
to mounting base - 103 _ - 5.
. max max
-+ 3,6 | 1,3 |-
| Ty
l:| N d o2 - 59
4 N min

T | ] ¥ 158

'; | | max

I L

2 Y : ¥
3,5 max 51
not tilme_d__l Al max
1 ) I 7 A—
13 } o127
max™> ’ min
8 (2x) ‘
Hil 243
-l «-0,9max (3x) > l-06
- 24

~ -
2,54 2,564

&

See also chapters Mounting Instructions and Accessories.

7265872.4

October 1985

89



BD202
BD204

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Collector current (d.c.)

Collector current (peak value, tp < 10 ms)

Collector current (non-repetitive peak
value, tp <2 ms)

Base current (d.c.)

Total power dissipation up to Ty = 25 °C

Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS
Tj = 25 OC unless otherwise specified

Collector cut-off current
Ig=0; =Vcg =30V
lg=0;-Vgg=40V; Tj=150 oC
Emitter cut-off current
Ic=0;-Vgg=5V
Collector-emitter breakdown voltage
Ic=02A;ig=0 BD202
Ilc=02A;1g=0 BD204
Base-emitter voltage *
—=lg=3A;=Vgcg=2V
Knee voltage *
—lc =3 A; —Ig = value at which
-lg=33Aat—-Vcg=2V
Saturation voltages*
—-lg=3A;-1g=03A

~lc=6A;—lg=06A

D.C. current gain*
—lg=3A;-Vgg=2V BD202
—lc=2A;=Vgg=2V BD204
=lg=1A;=Vcg=2V

-VcBo
—VCcEO
-VEBO
—lcwm

—lcsm

Ptot
Tstg

Rth j-mb
Rth j-a

—lceo
—lcBo

—lEBO

—V(BR)CEO
—V(BR)CEO

—VBE

—VCEK

—VCEsat
—VCEsat
—VBEsat

hrE
hEE
hrE

Measured under pulse conditions: tp <300 ps, § <2%.

max.

AN

N

\AY

AWAWAS

VvV VYV

BD202

25

3
60
—65 to + 150
150

2,08
70

45
60

1,5

BD204

> r < <<

> >

oc

K/W
K/W

mA
mA

mA

<< <

20
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Silicon epitaxial-base power transistors BD202

BD204

Cut-off frequency

—ic=03A;-Vcg=3V fhe > 25 kHz
Transition frequency at f= 1 MHz

~Ilc=03A;-Vgcg=3V fr > 7 MHz
D.C. current gain ratio of matched complementary pairs

—lc=1A;=Vge=2V hpe1/hpez < 25
Forward bias second breakdown collector current

Vce=40V;t,=0,1s Isg > 15A
Switching times

—lcon=2A;—lgon = IBoff = 0.2 A

turn-on time ton < 1 us

turn-off time toff < 2 ps

t 7277491.4
r
> -
0% F———|f—————= — =lgon
0% p===
t
— B off
90% |- ——|f———— —Y  “'con
-lg
0% F——gH-————— - —
7278130
> e > ’Qtf t
tOﬂ > ts -

> toif =

-Vim =15V R3 = 22Q
Fig. 2 Switching times waveforms. —Vee =20V R4 = 108
+Vgg = 4V tr=tg= 16ns
R1 =56 Q tp = 10us
R2 =33Q T =500 us
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BD202

BD204
7282884
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L —1 N N
Cmax \\\ ! 100 s
NN
N
m 1ms
\éz)
I N
1 N 10 ms
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BD204 1
101 )
1 10 ~Veg (V) 10

Fig. 4 Safe Operating ARea; T, = 25 ©OC.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operaticn.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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Silicon epitaxial-base power transistors BD202

BD204
3 7267034
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Fig. 5 Pulse power rating chart.
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Fig. 6 S.B. voltage multiplying factor at the —lgmax level.
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BD202

BD204
7282882
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Fig. 7 S.B. current multiplying factor at the =V oEQmax level.
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Fig. 8 Typical collector current as a function of base current. —Vog =2 V; Tj =250C.
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Silicon epitaxial-base power transistors

BD202
BD204
103 7262404.1
hee Tj=125°C
=+ T =—~4 Y
[e] R T BN
25°C \\K |
NN \\
102 \
o,
\\
"
AN
™
NN
N
N
A,
N
10 3 ;
0~ - 1 -
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Fig. 9 Typical forward current transfer ratic at —Vop =2 V.
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Fig. 10 Typical collector-emitter saturation voltage. Tj =250C.
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Fig. 11 Typical transition frequency.
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Fig. 12 Typical base current. Fig. 13 Collector-base cut-off current.
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Silicon epitaxial-base power transistors BD202
J \_ BD204
7282880 7262398
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Fig. 14 Total power dissipation Fig. 15 Base-emitter saturation voltage.
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Fig. 16 Typical collector current.
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BD226 BD228
BD230

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose n-p-n transistors in a SOT-32 plastic envelope especially recommended
for television circuits. Their complements are BD227, BD229 and BD231.

QUICK REFERENCE DATA

BD226 | BD228 | BD230
Collector-base voltage (open emitter) Vcpo max. 45 60 100 V
Collector-emitter voltage (open base) Vcgo max. 45 60 80 V
Collector-emitter voltage Rgg = 1 kQ) VCER max. 45 60 100 V
Collector current (peak value) IcMm max. 3 3 3 A
Total power dissipation up to Tjpyh =62 9C  Pgot max. 12,5 | 12,5 | 12,5 W
Junction temperature T; max. 150 150 150 oC

D.C. current gain

Ic =150 mA; Vgg =2V hrg 40 to 250
Ic=1A;VCE =2V hpg > 25
Transition frequency
Ic=50mA;VCEg =5V fT typ. 125 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32) 27
R - 78 —
Collector connected max omax
to metal part of ¥
mounting surface * 3,75
3,3 | v
3. 1
+— 1.1
max
|
15,3
min
i i ” ‘0,88_>| (4_ ! ! 7259324.2
SEE . e meT T

See chapters Mounting Instructions and Accessories.

1) Within this region the cross-section of the leads is uncontrolled.
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BD226 BD228
BD230

RATINGS Limiting values in accordance with the Absolute Maximum System (EC 134)
BD226 | BD228 | BD230

Collector-base voltage (open emitter) Vcpo max. 45 60 100 Vv

Collector -emitter voltage (open base) Vecgo max. 45 60 80 V

Collector-emitter voltage Rgg = 1 k) VCER max. 45 60 100V

Emitter-base voltage (open collector) VEBO  max. 5 5 5 Vv

Collector current (d.c.) Ic max. 1,5

Collector current (peak value) IcMm max, 3

Total power dissipation up to Ty = 62 °C Piot max. 12,5 w

Storage temperature Tstg =65 to +150 oC

Junction temperature Tj max. 150 oC

THERMAL RESISTANCE

From junction to ambient in free air Rth j-a = 100 K/wW

From junction to mounting base Rth j-mb = 7 K/W
100 August 1975



BD226 BD228

BD230

CHARACTERISTICS Tj =25 OC unless otherwise specified
Collector cut-off current

Ig =0; Vgp =30 V; Tj = 125 °C Ico < 10 pA
Emitter cut-off current

IC =0; VEB =5V IEBO < 10 |JA
Base-emitter voltage l)

IC =1A;VCE=2V VBE < 1,3 Vv
Saturation voltage

Ic=1A;Ig=0.1A VcEsat < 0,8 A%
D.C. current gain

IC = S mA; VCE =2V hFE > 25

Ic=150mA; Vo =2V hpg 40 to 250

Ic= 1A ;VCE=2V hFE > 25
Transition frequency at £ = 35 MHz

Ic= S0mA; Vcg =5V fr typ. 125 MHz

D.C. current gain ratio of
matched pairs

BD226/BD227; BD228/BD229;
BD230/BD231

typ. 1,3
[ic| = 150 mA; [VeE| =2V brg1/hEE2 O 16

1) VgE decreases by about 2,3 mV/K with increasing temperature.
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BD226 BD228

BD230
10 7262121.2
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Safe Operating Area with the transistor forward biased

1 Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

1y Independent of temperature
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BD226 BD228

7262123.2
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Safe Operating Area with the transistor forward biased

I
I

Region of permissible d.c. operation

Permissible extension for repetitive pulse. operation

III Repetitive pulse operation in this region is allowable,
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BD226 BD228
BD230
102 7262125.1
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BD226 BD228

BD230
7262342.2
S.B. current multiplying factor at the VOEOmax level (45V) BD226
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BD226 BD228

BD230
7262107.3
S.B. current multiplying factor at the Vog O max level (80V) BD230
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BD226 BD228
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BD226 BD228
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BD227 BD229
BD231

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose p-n-p transistors in a SOT-32 plastic envelope especially recommended
for television circuits. Their complements are BD226, BD228 and BD230.

QUICK REFERENCE DATA
BD227 {BD229 | BD231
Collector-base voltage (open emitter) -Vego max. 45 60 100 v
Collector-emitter voltage (open base) -Vcego max. 45 60 80 V
Collector-emitter voltage Rpg = 1 k<) -Vggr max. 45 60 100 Vv
Collector current (peak value) -Tem max. 3 3 3 A
Total power dissipation up to Tpp = 62 °C Peot max. 12,5 | 12,5 | 12,5 W
Junction temperature Tj max. 150 150 150 oC
D.C. current gain —_—
-Ic =150 mA; -Vog =2V hpg 40 to 250
—IC = lA; —VCE =2V hFE > 25
Transition frequency
-Ig= 50mA; -Vog =5V fr typ. 50 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32) 27
Collector connected max [~ = 7.8max >
to metal part of 3
*
mounting surface ) v 3,75
i 3,2 -
. 30 |
| h 11
: ] max
¥
256

max
I —& 12
*
e
. H ‘ ' 0,88_,{ |<_ 72593242
- < i max n

2,29

]
I

See Mounting Instructions and Accessories.

1) Within this region the cross-section of the leads is uncontrolled,
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BD227 BD229
BD231

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD227 | BD229 | BD231

Collector-base voltage (open emitter) -Vepo max. 45 60 100 V
Collector-emitter voltage (open base) -Vecgo mex. 45 60 80 V
Collector-emitter voltage Rpgg = 1 k) -Vcgr max. 45 60 100 V
Emitter-base voltage (open collector) -VEBO max. 5 5 5V
Collector current (d.c.) -l max. 1,5 A
Collector current (peak value) -IcMm max. 3 A
Total power dissipation up to T, = 62 °C Piot max. 12,5 w
Storage temperature TStg -65 to +150 oC
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE

From junction to ambient in free air Rth j-a = 100 K/W
From junction to mounting base Rin j-mb = 7 K/W
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BD227 BD229

BD231

CHARACTERISTICS Tj=25 OC unless otherwise specified
Collector cut-off current

Ig=0; -Vcp=30V -Icpo < 100 nA

Ig =0; =Vgg=30V; Tj=125°C -IcBo < 10 PA
Emitter cut-off current

Ic=0; -Vgg=5V -LEBO < 10 pA
Base-emitter voltage 1)

—IC =1A; -VCE =2V —VBE < 1,3 AY
Saturation voltage

“lc=1A;-1Ig=0.1A -VcEsat < 0,8 v
D.C. current gain

—‘IC = S mA; -VCE =2V hFE > 25

-IC =150 mA; —VCE =2V hFE < 40 to 250

=Igc= 1A ; -Veg =2V hpg > 25
Transition frequency at f = 35 MHz

“Ig= S0mA; -Veg =5V fr typ. 50 MHz

D.C. current gain ratio of
matched pairs

BD226/BD227; BD228/BD229;
BD230/BD231

. 1,3
gl = 150 mA; [Veg[=2V hpgi/hpg) iyp 1,6

1) —VgE decreases by about 2,3 mV/K with increasing temperature.
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BD227 BD229

BD231
10 7262121.2A
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BD227 BD229

BD231
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BD227 BD229

BD231
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BD227 BD229

'BD231
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BD227 BD229
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BD227 BD229
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BD233
BD235
BD237

SILICON EPITAXIAL-BASE POWER TRANSISTORS

N-P-N transistors in a SOT-32 plastic envelope intended for use in television and audio amplifier circuits
where high peak powers can occur. P-N-P complements are BD234, BD236 and BD238. Matched pairs
can be supplied.

QUICK REFERENCE DATA

BD233 | BD235 | BD237

Collector-base voltage (open emitter) Vego — max. 45 60 100 \%
Collector-emitter voltage (open base) Vceo  max. 45 60 80 \%
Collector-emitter voltage (Rgg = 1 k€2) VCer  max. 45 60 100 VvV
Collector current (peak value) lem max. 6" A
Total power dissipation up to Ty,,p = 25 °C Ptot max. 25 w
Junction temperature T max. 150 oC
D.C. current gain

Ic=1A;Veg=2V hEe > 25
Transition frequency

Ic=250mA; Vcg=10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126 (SOT-32). "r%é']x" < 7,8max-—>

Collector connected to metal
part of mounting surface

f
3,75
.

-
1 i
) |
.
ww
_’)o“m -
-
=
b

v v
2,54 A
sait)]
- —m—;x | .12
15,3
min

el| cl] b| l

j | H _>| L_ ! , 7259324.2
- e .’0,5‘_ max *| e

See also chapters Mounting Instructions and Accessories.

(1) Within this region the cross-section of the leads is uncontrolled.
' ( October 1985
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BD233
BD235
BD237

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage (Rgg = 1 k§2)
Emitter-base voltage (open collector)

Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to Tpyp =25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air
From junction to mounting base

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current
e =0;VcB = VeBOmax
Ig=0; Ve = VCBOmax: T" =150 0C
Emitter cut-off current
Ic=0;VEg=5V
Second-breakdown collector current
Vce=40V; tp = 20 ms
Base-emitter voltage*
Ic=1A;Vgg=2V
Saturation voltage*
Ic=1A;lIg=0,1A
D.C. current gain*
Ilc=160mA; Ve =2V
lc=1A;Vgg=2V
Transition frequency at f= 1 MHz
Ic=250 mA;Vcg =10V

* Measured under pulse conditions: tp < 300 us, § < 2%.

VeBo
VCEO
VCER
VEBO

IcBo
IcBo

IEBO
l(sB)C
VBE
VCEsat

hFE
hFE

max.
max.
max.
max.

max.
max.
max.
max.

max.

30233[ BD235 [30237

45
45
45

5

60
60
60

5

100
80
100
5

2

6
0,5
25

—65 to + 1560

150

100

100

0,6

40 to 250
25

3

=E>>»>r <<<L

o o
oo

K/wW
K/wW

MA
mA

mA

MHz
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BD233

Silicon epitaxial-base power transistors BD235
BD237
CHARACTERISTICS (continued)
Tj=25 OC unless otherwise specified.
D.C. current gain ratio of matched complementary pairs*
flcl =150 mA; Vgl =2V heet/hpE2 < 1,6
Switching times
Icon=1A;IBon=—IBoff=0.1 A
. ¢ 0,4 us
turn-on time on 1 us
. 1,5 us
turn-off time toff 3 us
Vim 16V
Vee = 20V
—-Vgg= 64V
Vim— R1 = 82Q
R2 = 82Q
0 R3 = 82Q
- l<‘ tp i R4 = 2OQ
tr=tf= 15ns
-~ T t, = 10ps
T =500 us
7278131
Fig. 2 Test circuit.
t 7277499.5 -
r
> -
90% | ———|fF=————= — !gon
s
10% k===
t
90% f———|
Ic
10% f——
- ]L—td > (<-tf
—» > ts |l
ton >l toff =

Fig. 3 Switching times waveforms.

* Measured under pulse conditions; tp < 300 us, 6§ <2%.
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BD233

BD235
BD237
7282885
e o s e e
T 1T 6=001T"11T717
CMmax
N\ N
IC AN \ \ \\
(A) N\ \\ \\H tp=
\\ 100ps
ICmax \ N
\\\\ \\
! NN N
NN
ANED NI AYAY
\ 500
! \SLEE
\ 1ms
( 1]
(2) H
10
T
\d.c
10~
BD233711| |
BD23511]
BD23771T]
1072
1 10 Veg (V) 102

Fig. 4 Safe Operating Area with the transistor forward biased, Tmb <250°C.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).
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BD233
Silicon epitaxial-base power transistors BD235
BD237

103 7262567

Zth j-mb l l |
K/W
- k]2
102 T T
10
5 =1
0,757 :
— 0,20 s
==0.33
1 0,20 Lt
0.10 =1
£0,05
(170,02
10,01
107! 9
1072 107! 1 10 102 103 tp (ms) 104
Fig. 5 Pulse power rating chart.
103 7262574.1
hFe
LT = 1250C
I
25°C
\\
2 N
10 N
A 3
AN
AN
NN
N
\|
\
\
\
10 2 1
10 10~ 1 lC (A) 10

D.C. current gain; Ve =2 V.
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BD233

BD235
BD237
102 7262570A
S.B. current multiplying factor at the Vog(Q max level
M
10
6=0,01
0,05
— 0,10
0,20 <R
-,\\ \
0,33 N~
2 N~
—0,50-— :::\\—\
e
1 s

—
o
[

—
p—

10 tp (ms) 102

Fig. 7 S.B. current multiplying factor at the VcEQmax level.
102 7262572

S.B. voltage multiplying factor at the Ic max level
My
10 I—a =0,01
0,05
- 0,10
N
o
0,33 Sn
s I~ N
I — TR
-] S~
0,75 — E—— =
1 ; mmn
10-1 1 10 tp (ms) 102

Fig. 8 S.B. voltage multiplying factor at the Icmax level.

124 March 1981



BD233
Silicon epitaxial-base power transistors BD235
BD237

7262576 7262575
I I
[T LT T T T
24 Vcg=2V 4 typical values |
L | T:=250C . T:=2509C |
Ic ! | VCEsat /
) / W)
1,5 3 LIc=0,5A
7 T 1 lA
1 - 2A
typ’ i /-:’ L -3 A
1 ’ 2
]
1
\
0,5 1 \ N
3 I \
/ N\ N
o
0 4 0
0 0,5 1 Vg (V) 1,5 0 100 200 300
Ig (mA)
Fig. 9. Fig. 10.
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BD234; BD236;
BD238

SILICON EPITAXIAL-BASE POWER TRANSISTORS

P-N-P transistors in a SOT-32 plastic envelope intended for use in television and audio
amplifier circuits where high peak powers can occur. N-P-N complements are BD233,
BD235 and BD237. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD234 I BD236 | BD238

Collector-base voltage (open emitter) -Vogog —max. 45 60 100V
Collector-emitter voltage (open base) ~-Vogo max. 45 60 80 V
Collector-emitter voltage Rpg =1 k@) -Vogpr max. 45 60 100 V
Collector current (peak value) -Iem max. 6 A
Total power dissipation up to
Tmb =25 9C PtOt max,. 25 w
Junction temperature T max. 150 oc
D.C. current gain
-lc=1A; -Veg =2V hpg > 25
Transition frequency
-1 =250mA; -Vgg =10V fr > 3 MHz
MECHANICAL DATA -2 - ~-7,8max-» Dimensions in mm
TO-126 (SOT-32)
i | 7 |
Collect ted L+ — 3,75
ollector connecte 32 ) N
to metal part of 30 -
N 1,1

mounting surface

.
3
a
x

15,3
min
el] c|ij b l
O,BB_J ’4— ! | 7259324.2
max | |
] |
See also chapters Mounting instructions and Accessories. 2,29

1) Within this region the cross-section of the leads is uncontrolled.
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BD234; BD236;
BD238

|

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD234 | BD236 | BD238

Collector-base voltage (open emitter) -VcBO
Collector-emitter voltage (open base) ~VCEO
Collector-emitter voltage Rpg =1 k<) ~VCER
Emitter-base voltage (open collector) -VEBO
Collector current (d.c.) —IC
Collector current (peak value) -IcMm
Total power dissipation up to Ty, =250C Pyt
Storage temperature Tstg
Junction temperature Tj
THERMAL RESISTANCE

From junction to ambient in free air Rth j-a
From junction to mounting base Rth j-mb
CHARACTERISTICS Ty

Collector cut-off current

max. 45 60 100 Vv
max. 45 60 80 V
max. 45 60 100 V
max. 5 5 5 Vv
max. 2
max. 6 A
max. 25 w
-65 to +150 oC
max. 150 oC
= 100 K/W
= 5 K/wW
=25 0C unless otherwise specified

Ig =05 Ve = ~Vepomax ~Icpo < 100 HA
Ig = 0; -VcB = ~VCBOmaxs Tj =150°C  -Igpo < 3 mA
Emitter cut-off current
IC =0; —VEB =5V —IEBO < 1 mA
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Silicon epitaxial-base power transistors

BD234; BD236

BD238
CHARACTERISTICS (continued)
Tj=250C
Base-emitter voltage
—lg=1A;-Vgg=2V —VBE < 1.3V

Saturation voltage
—lgc=1A;-lg=0,1TA

D.C. current gain
—lc=150mA; ~Veg =2V
—lc=1A;—=Vcg=2V

Transition frequency at f = 1 MHz
—lg=250mA; -Vcg=10V

D.C. current gain ratio of matched pairs

BD233/BD234; BD235/BD236; BD237/BD238

llcl =150 mA; [Vcgl=2V
Switching times

—lcon="1A;~IBon = IBoff = 0.1 A

turn-on time

turn-off time

Test circuit
W
0
-16V
Input pulse:
tr=tf= 15ns
tp 10 us
T =500 us

7262585

~Igon

~VCEsat < 06V

hrg 40 to 250

hgg > 25

f > 3 MHz
hre1/hFE2 < 16

ton typ 0,3 us
toff typ 0,7 us

-/ 90%}
10% t

10":«\ t

[+ ton—>] ‘“toﬁ“’l 72625861
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BD234; BD236;

BD238
10 ! e e e e
1CM max repetitive pulse oPeration ;6 =0.01_tp=
AN ANVAN \
0.02m
1o \ \\\\ AURN ] W] s
o 11 N \\ N S Oqu{OS
16 max \\\\\\ N No.
\\ \ \
Ptot max (d.c.) \ \\
1 AN
WA 0,2
AV N8 YAVAVE i)
AR\ s {
second \ OI’J
breakdown 1)’ \\ \l.
(duc. \ g
AN 10
‘Q 20
1
101
Tmb =25 °C
<t} O O
aNINHE N
N AN N
=
1072 ol il I
1 10 -Veg (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

1) Independent of temperature.
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BD234; BD236;

BD238
103 7262567.1
m——
Zth j-mb ' |
(K/W) e
—] tp }4—_’] s ___t£
102 ~—T °T
10
o =1
—r =3 b —
t——=t0,50 T
Ff0,33 - 1
1 0,201
0,10 554
A= (0,05
~NH0,02
I ‘0,0l
10_1 IQIl
1072 1071 1 10 102 103ty (ms) 10
102 7262572.1
S.B. voltage multiplying factor at the Ic max level
My
10 |—:5=0,01
0,05
- 0,10
\\
0,207 \\
__0’33 P e, g
[ 50— —
] - P~
0,75 N"———__\§EE
1 L LIIT

—
o
1

-
—

10 tp (ms) 102
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BD234; BD236;

BD238
102 72625711
S.B. current multiplying factor at the ~-VoEQ max level BD234
My
10
- 16=0,01
0,33 0,207 (110 o~
iy N
0,50 ~—]] —
T s
0,75 ] 5
1 T =T
1071 1 10 t, (ms) 102
2 7262569.1
10 BD236
S.B. current multiplying factor at the -Vogpo max level
My
10
0,10+6=0,01
0,20 N 2.0 |
\\\ \\
—0,33 g
I~ ™
0,50 bl LTSN
0775 \_‘— ‘—-\
1 : : : { It 1
1071 1 10 tp (ms) 102
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BD234; BD236é;

BD238
102 7262570.1
S.B. current multiplying factor at the -VogpQ max level BD238
M
10
5=0,01
0,05
<2 0,10
0,20 Ty
0,33 N~
h— d\
0,50 i ‘:~\\
0.75 ~"~_~___\§E
1 I
1071 1 10 tp (ms) 102
7262578 7262577
T i { i “ typ. values
\ Tj =2590C
2| 4-veg=2v 4 \
- Tj =259C
-Ic ~VCEsat
A) V)
\
1,5 3 \
\
] \
1 i 2 \
| 3A
\
0,5 1
[} II Y\
[\ -1c=0,54
1 ~~
1A
0 0 =l
0 0,5 1 1.5 0 100 200 300
~VBe (V) -Ig (mA)
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BD234; BD236;

BD238
03 7282165.1
1
hre
-\
L— ™~
102 .
N
N
.
10
1072 10~1 1 ~ic (A) 10

Typical static forward current transfer ratio as a function of the collector current.
~Vcg=2V; Tj < 250C,
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BD239; BD239A
BD239B; BD239C

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in audio output stages, general amplifier
and high-speed switching applications. P-N-P complements are BD240; 240A ; 240B and BD240C. -

QUICK REFERENCE DATA

BD239 | A| B | C

Collector-base voltage Vego max. 45 60 | 80 | 100 V
Collector-emitter voltage VCEQ max. 45 60 | 80 | 100 V
Collector current (peak value) lcm  max. 7 A
Total power dissipation up to T = 25 °C Ptot max. 30 w
Junction temperature Tj max. 150 oC
D.C. current gain
lc=1A,Vce=4V hpg > 15
Transition frequency at f = 1 MHz
Ic=200mA, Vcg=10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB -~ max ! max [+
Collector connected > 3,6 |- 1,3 |-
to mounting base ¥ ' v
N o 28 59
\/ + - min
] ] & 158
: | : max
L] L]
2
'
1 3,5 max
not tinned |
3 13
max
(2x)
1
i »>| <06
— - 24
7265872.4 -

See also chapters Mounting instructions and Accessories.
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BD239; BD239A
BD239B; BD239C

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD239 | A | B | C

Collector-base voltage (open emitter) VeBO max. 45 | 60 | 80 | 100 V
Collector-emitter voltage (open base) VCEO max. 45 | 60 | 80 | 100 V
Collector-emitter voltage (Rgg = 100 ) VCER max. 55 | 70 | 90 | 115 V
Emitter-base voltage (open collector) VEBO max. 5 v
Collector current (d.c.) Ic max. A
Collector current (peak value) lem max. A
Base current (d.c.) B max. 0,5 A
Total power dissipation up to Ty = 25 °C Piot max. 30 w
Storage temperature Tstg —65 to + 150 oc
Junction temperature Tj max. 150 oC

THERMAL RESISTANCE

From junction to mounting base Rthjmb = 4,17
From junction to ambient in free air Tthij-a = 70
CHARACTERISTICS
Tj = 25 OC unless otherwise specified BD239; A |BD239B:C
Collector cut-off current

Ig=0;Vcg =30V Iceo < 0,3 -

Ig=0;VGg =60V IcEO < - 03

N

VBE = 0; VCE = VCEOmax Ices < 0.2
Emitter cut-off current

lc=0;Vgg=5V IEBO < 1
D.C. current gain*

Ic=200mA; Vg =4V hgre > 40

Ic=1A;Vgg=4V heg > 15
Base-emitter voltage**

Ic=1A;Vgg=4V VBE < 1,3
Collector-emitter saturation voltage*

Ic=1A;1g=02A VeEsat < 08
Turn-off breakdown energy

L=20mH;lIcc=18A E(BR) > 32

* Measured under pulse conditions; tp < 300.us, § <0,02.
** VgE decreases by about 2,3 mV/K with increasing temperature,

K/W
K/w

mA
mA

mA

mA

mJ
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Silicon epitaxial base power transistors BD239; BD239A
BD239B; BD239C

Transition frequency at f = 1 MHz
Ic=02A;Vgg=10V fr > 3 MHz

Switching times
(between 10% and 90% levels)

Icon =0,2 A; IBon = —IBoff = 20 mA

Turn-on time ton typ. 0,3 us
Turn-off time toff typ. 0,8 us

t 7277499.5 -—

0% |———|fF—————— L— IBon

10% ===

90% p———

—b—lJb-td
— L— > tS -
ton >l toff |<-

Fig. 2 Switching times waveforms.

Vee
Vim = 40V
Vee = 30V
-Vgg = 44V
R1 = 51Q
R2 = 1000
VIM_ R3 = 3008
' | i R4 = 150Q
0 t=tf < 15ns
l t tp = 10us
=P T = 500 us

- T —»

7278131

Fig. 3 Switching times test circuit.
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BD239; BD239A
BD239B; BD239C

oscilloscope

+
Vce ;:’!

Vim—

0
t
p i hor.
) - TUT. oscilloscope
T

7289170

Fig. 4 Testcircuit for turn-off breakdown energy.
ViM=12V;Rg=270Q;lcc=18A;t,=1ms; § =0,01.
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Silicon epitaxial base power transistors BD239; BD239A
BD239B; BD239C

0 7288337
- T 8=
- CMmax Q.01
N NN N\
) MITANN N
| X \1\\
N [Cmax \\\ Il
(A) \ tp=
\ \\ NO0,1ms
(N N\
NN
1 N N
AN
N
N
| \ 0,5ms
(2)\
1ms
\
\\ 10ms
10—1 \ d.c.
BD239
BD239A 1T | |
BD239B =T+
BD239C 771
10—2 )
1 10 Veg (V) 10

Fig. 5 Safe Operating ARea; Ty, = 25 OC.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptotmax and P peak max lines.
(2) Second breakdown limits, independent of temperature.
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BD239; BD239A
BD239B; BD239C

7288338
108
PEE
T -\‘
\\
N
102
AN
\\
10
-2 -1
10 10 1 Ic (A) 10
Fig. 6 Typical static forward current transfer ratio as a function of the collector current. VCg =4 V,
Tj=250C. )
4 7288339
10 ¥
1 \Y
\ \
VCEsat ‘\ ‘\
(mV) \ \
IC =
3 05A 1A 2A 3A\ | 4A
10 ‘l \
\ AV
\ N
\ N
AN N
\ N h
N N
) \\'“-1. R
102
10
1 10 102 103 g (mA) 104
Fig. 7 Typical values collector-emitter saturation voltage at Ti =25 0C,
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BD240; BD240A
BD240B; BD240C

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in output stages of audio and television
ampiifier circurts where high peak powers can occur.N-P-N complements are BD239; 239A; 239B; and <—

BD239C.
QUICK REFERENCE DATA

BD240 | A|B [ C

Collector-base voltage —Vego max. 45 | 60 | 80 ‘ 100 V
Collector-emitter voltage —VcEQ Max. 45 |60 | 80 {100 V
- - -
Collector current (d.c.) —lcm  max. 7 A
Total power dissipation up to T, =25 °C Piot max. 30 w
Junction temperature Tj max. ~ 150 oC
D.C. current gain .
—lg=1A;=Vcg =4V hgg > 15
Transistion frequency
—lg =200 mA; —Vcg =10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
i K 10,3 5
Fig. 1 TO-220AB. - 103 - n‘:ux -
Collector connected > 3.6 e 13> (e
to mounting base. ’ R ? ¥
o % H 59
[} ] min
I } 158
! | ) max
! i I
Ll L1
2 !
v S | l
3,5 max ul 51 i
1 not tir;n_ed__ AL max
13 ' 12,7
3 max ™' | [ ‘ f min
(2x) 11
1243
i —>'<—0,9rnux (3x) -»>| <06
— - — - 2.4
2,54 254
7265872.4 Pr—

3

See also chapters Mounting instructions and Accessories.
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BD240; BD240A
BD240B; BD240C

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage (Rgg = 100 )
Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to Ty, =25 0C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS
Tj= 25 OC unless otherwise specified
Collector cut-off current
~lg=0;,-Vcg =30V
—lg=0; -Vcg =60V
—VBE =0; —=VCE = —VCEOmax
Emitter cut-off current
Ig=0;-Vgg=5V
D.C. current gain *
—Ilg=200mA; -Vce =4V
—lc=1A;-Vgg=4V
Base-emitter voltage *
—Ilc=1A;-Vce=4V
Collector-emitter saturation voltage *
—lc=1A;-1g=0,2A
Turn off breakdown energy
L=20mH; —lgc=1,22A

-VcBo
-VceEo
—VCER
-VEBO
_|C
—lcm
—Ig
Pot
Tstg

Tj

Rth j-mb
Rth j-a

—Iceo
—Iceo
—Ices

—lEBO

hre
hFE

—VBE
—VCEsat

E(BR)

* Measured under pulse conditions: tp < 300 us; 6§ <0,02.

max.
max.
max.
max.
max.
max.
max.
max.

max.

A A

BD240 |A|B | C

45 160 | 80 | 100 V
45 160 | 80 | 100 V
556 {70 |90 (1156 V

—

5

3

7

05

30

—65 to + 160
150

4,17
70

BD240A | BD240B; C

0,3 -
- 0,3
0,2

40
15

1.3

0,6

15

K/w
K/W

mA
mA

mA

mJ

January 1982



Silicon epitaxial base power transistors BD240; BD240A
BD240B; BD240C

Transition frequency at f = 1 MHz

—lc=200mA; —-Vcg =10V fr > 3 MHz
Switching times

—lcon =0,2 A; —Igon = IBoff = 20 mA

turn-on time ton typ. 0,2 us
turn-off time toff  typ. 0,4 us

t 7277491.4 -

90% |- ———|F===—=——— t— ~'Bon

0% bo==x

90%

10%

|<—tf
-

> |- ->
on > tg

> toff ’4—

Fig. 2 Switching times waveforms.

Vee
40V
30V
4,4V
51Q
1000
300 Q
150 2
15 ns
= 10us
500 us

owononon

]

- ,4- tp ‘

7278130

Fig. 3 Switching times test circuit.
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BD240; BD240A
BD240B; BD240C

oscilloscope

Vee <
T+
0
Vim—
tp T.UT. hor.
| .- oscilloscope
- T—
7289169

Fig. 4 Test circuit for turn-off breakdown energy.
Vim=-12V;Rg =270 Q; —lcc=1,22 A;tp =1 ms; § = 0,01.
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Silicon epitaxial base power transistors BD240; BD240A
BD240B; BD240C

10 7288340
:_‘CMmax { 'T 8 =9'01 ]l
AN
CHD N
| AN N
=l = Y N
(A) ICmax \ \, 11
\ N N P
\\ N 0,1 ms
(k\ NI\
1 AN
AN
N
| 0,5ms
\
(2)\ | P
\
\ 10ms
10~1 d.c
BD240
BD240A 1T
|30240|3%b= T
BD240C 17
10~2 )
1 10 _VCE(V) 10

Fig. 5 Safe Operating ARea; Ty = 25 OC.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits independent of temperature.
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BD240; BD240A
BD240B; BD240C

103 7288341
Pee
iy
\
\\
102 ™.
h N
N
N\
10
102 10-1 1 _|C(A) 10
Fig. 6 Typical static forward current transfer ratio as a function of the collector current. =Vgg =4V,
Tj =25 OC, )
2883
104 : - . Ty 7288342
A\ A ¥ 1 1
Y =
—VcEsat \\ 1\ \
(mV) \
—lc= \ \\
05A 1A 2A 3A\ 4A
103 \‘ \
\ X,
N\ AN
N\ -
N
N\ N
\\ S T
102 ~
10
1 10 102 108
Fig. 7 Typical values collector-emitter saturation voltage at Tj =25 0C,
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BD241; BD241A
BD241B; BD241C

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in audio output stages, general amplifier
and high-speed switching applications.P-N-P complements are BD242; 242A; 242B; and 242C.

QUICK REFERENCE DATA

Collector-base voltage Vcgo max. 45| 60 | 80 | 100 V
Collector-emitter voltage \% max. 45| 60| 80 | 100 V
CEO
Collector current (peak value) lem max. 8 A
Total power dissipation up to T,p =25 °C Piot max. 40 w
Junction temperature Tj max 150 oC
D.C. current gain
Ic=1A;Vcg=4V hEg > 25
Transition frequency at f = 1 MHz
Ic=500mA; Vcg=10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
- 103 -
Fig. 1 TO-220AB. max max
Collector connected 38~ | R f‘_ [}
to mounting base. {9 28 - 59
* SO
R ! 4 158
| | : max
I
, - L
] Y ¥ -
3,5 max
1 not tir;n_ed__‘ L o T
3 13 f 12,7
max min
(2x) l
| > ' <-09max (3x) »>| 06
— - - —| 4—2,1&
2,54 254

T

See also chapters Mounting instructions and Accessories.

7265872.4
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BD241; BD241A
BD241B; BD241C

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)

Collector-emitter voltage (Rgg = 100 £2)

Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to T,p = 25 °C

Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS

Tj = 25 OC unless otherwise specified

Collector cut-off current
Ig=0;Vcg =30V
Ig=0;Vgg =60V
VBE = 0: VCE = VCEOmax

Emitter cut-off current
Ic=0;VEg=5V

D.C. current gain*
Ic=1A;Vcg=4V
Ic=3A;Vgg=4V

Base-emitter voltage* *
Ic=3A;Vgg=4V

Collector-emitter saturation voltage*
Ic=3A;Ig=06A

Small-signal current gain
Ic=05A;Vcg=10V; f=1kHz

Turn off breakdown energy
L=20mH;Icc=18A

VcBo
VCEO
VCER

VEBO

IcEO
Iceo

ICES
IEBO

hre
hrE

VBE
VCEsat
ihfel

E(BR)

* Measured under pulse conditions: tp < 300 us; § <0,02.

** VBE decreases by about 2,3 mV/K with increasing temperature.

BD241 A B C
max. 45 60 | 80 | 100 V
max. 45 60 | 80 | 100 V
max. b5 70 | 90 115 V
max. 5 \%
max. 5 A
max. 8 A
max. 1 A
max. 40 w
—65 to + 150 oC
max. 150 oC
= 3,12 K/W
70 K/W
BD241; A | BD2418; C
< 0,3 — mA
< - 0,3 mA
< 0,2 mA
< 1 mA
> 25
> 10
< 1,8 \%
< 1,2 \%
> 20
> 32 mJ

May 1982



Silicon epitaxial base power transistors 80241; BD241A
BD241B; BD241C

Transition frequency at f = 1 MHz

Ic=05A;Vcg=10V fr > 3 MHz
Switching times

(between 10% and 90% levels)

Icon=1A;IBon=—IBoff = 0.1 A

Turn-on time ton typ. 0,3 us

Turn-off time toff  typ. 1 us
¢ 7277499.5 -
- r<—
90% f———|fF===———= — 'Bon
I
10% k===
t
— ~lgoff
—_—
90% |———|f— ————— Con
Ic
0% F——H————— =
- IL—-td > |=tf t
- e >t I
tQn > toff '4-
Fig. 2 Switching times waveforms.

Vim = 16 V

Vee = 2V

V|M_ -—-VBB = 6,4 V
R1 = 82 Q

0 R2 = 82 Q
] t R3 = 82 Q
=l=P R4 = 20 2

-— T — ty=tf < 20 ns

tp = 20 us

7278131 T = 500 us

Fig. 3 Switching times test circuit.

October 1985 149



BD241; BD241A
BD241B; BD241C

oscilloscope

+
Vee ;:t
ViM —
0
t
l p & hor.
“’! - TU.T. oscilloscope

- T —»

7289170

Fig. 4 Test circuit for turn-off breakdown energy.
Vim=12V;Rg=270%; Icc=18A;tp=1ms; 5 =0,01.
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Silicon epitaxial base power transistors BD2 41; BD241A
BD241B; BD241C

7288343
10 ™ | cMmax TIT 6—9,01 T
NI AN
| AN AN
Cmax SN\
(A) \\ N \\\ .
(1 =
\\\\ Y 0,1ms
1 \ A
¢ 0,2 ms
2% HH
1
\
\ Tms
\ \10ms
10! d.c.
BD241—
BD241A17 1
BD241B 74T [ I
BD241C 11T | |
10-2 )
1 10 Vee (V) 10

Fig. 5 Safe Operating ARea; Ty, = 25 OC.

1 Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max @nd Ppeak max lines.
(2) Second breakdown limits, independent of temperature.
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BD241; BD241A
BD241B; BD241C) \
. 7288347.1
Zthj-mb
(K/W)
§=1
3 ot i1 ///
0,75 — T LAt A
,—-// A l/
L a"'/ /’
2 05 | AT e
T 1A /4
LA ,P:/
033 LT 5
A1 A
I P !’//
! 0.2 LT pd
T V1
0,11 L~ ”
et /
0 L]
0
10-6 10-5 10-4 10-3 10-2 1071 (s 1
Fig. 6 Power pulse rating chart.
102 7288346
My
§=0,01
0,05
10 o
0.1 —
\\‘\ A
0,2 ~~
4 NN
‘\\\§~ &\
05 ~—
——1 :
: =

10~5 10—4 10~3

Fig. 7 S.B. voltage multiplying factor at the Icmax level.
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Silicon epitaxial base power transistors 80241, BD241A
BD241B; BD241C

102 BD241, BD241A, BD241B 7288348
M
L 0,05 §=0,01
N
0,1 \\ \
10 AN
SN
M~ A
0,2 R
Y
———— N
LN
™~~~
05 RpN
hh""‘ \§
10-5 104 1073 tp (s) 10—2
Fig. 8 S.B. current multiplying factor at the VcEOmax level.
2 BD241C 7288349
10
My
- 0,05 §=0,01
NN\\
P~
N
0,1 NN
10 ST
S
N~ N\
- . hN
0,2 N
|| SO
~NU TN
05 RS
—~
f——t—
T%r\ L
1 T
10~5 10~4 10-3 tp (s) 10—2

Fig. 9 S.B. current multiplying factor at the VoEQmax level.
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BD241; BD241A

BD241B; BD241C
103 7288344
= o
heg | Tj=125 _C_
- — T~
25 \\
\\
102 SN
1N
AN
N\
N\
N
~
N
\‘
\
N
10 3 =
10 10 1 Ic (A) 10
Fig. 10 Typical static forward current transfer ratio as a function of the collector current. Vcg =4 V.
104 7288345
VCEsat
(mV)
Ic= \
03 05A]|1A 2A\ 3A 5A\|7A
k 1 A
AY AY
\ \ A
N\,
N\ N ]
AN ~
102 ~: 5
10
1 10 102 103 104

Ig (mA)

Fig. 11 Typical values collector-emitter saturation voltage at Tj= 25 oC.
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Silicon epitaxial base power transistors BD241; BD241A
BD241B; BD241C

7262954

Ptot max
(%)
100
\
\
\
50
\
\
\
N
0 100 Tamp (°C) 200

Fig. 12 Power derating curve.
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BD242; BD242A
BD242B; BD242C

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in audio output stages, general amplifier

and high-speed switching applications.N-P-N complements are BD241; 241A; 241B and BD241C. -—
QUICK REFERENCE DATA
BD242 | A| B | C
Collector-base voltage —VcBo max. 45 (60 | 80 | 100 V
Collector-emitter voltage —VcEQ max. 45 |60 | 80 | 100 V
—_—
Collector current (d.c.) ~lcm  max. A
Total power dissipation up to T, =25 °C Piot max. 40 w
Junction temperature Tj max. 150 oC
D.C. current gain
—lg=1A;-Vcg=4V hrg > 25
Transition frequency
—Ic=500mA; —-Vcg =10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
i R 10,3
Fig. 1 TO-220AB. -~ 3
Collector connected - 36 - 13-
to mounting base. ’ _ ’ v
. 28 59
[} min
T | 4 158
! | max
! |
L—L__1 i
i ' '
3,5 max 51
1 not tinned | L1l max
+1,3 1127
3 max™' | ™ l min
(2x) )
1 3
| +H<-0,9 max (3x) <08
— - - |24
254 254
7265872.4 -
See also chapters Mounting instructions and Accessories.
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BD242; BD242A
BD242B; BD242C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

BD242 | A|B | C
Collector-base voltage (open emitter) —VcBo  max. 45 |60 |80 | 100 V
—VCcEo max. 45 |60 |80 | 100 V

Collector-emitter voltage (open base)

Collector-emitter voltage (Rgg = 100 Q)

—VCER max. 55 (70|90 | 115 v

Emitter-base voltage (open collector) —VEgo max. 5 \
Collector current (d.c.) —lc max. 5 A
Collector current (peak value) —lcm max. 8 A
Base current (d.c.) —Ig max. 1 A
Total power dissipation up to Ty, =25 °C Ptot max. 40 w
Storage temperature Tstg —65 to + 150 oC
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE
From junction to mounting base Rth j-mb 3,12 K/wW
From junction to ambient in free air Rthj-a 70 K/w
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current BD242; A l BD2428B; C
~Ilg=0; —-Vgg =30V —lceo < 0,3 - mA
—Iig=0; -Vgg =60V —lceo < — 03 mA
—VBE = 0; -VCE = —VCEOmax —lces < 0.2 mA
Emitter cut-off current
Ic=0;,-VEg =5V —lego < 1 mA
D.C. current gain *
—lc=1A;-Veg=4V hgg > 25
—lg=3A;-Vgcg =4V hEE > 10
Base-emitter voltage *
—lc=3A;-Vcg=4V —VBE < 1,8 \Y
Collector-emitter saturation voltage *
—lc=3A;-1g=06A —VCEsat < 1,2 \%
Small-signal current gain
—lc=05A;-Vcg=10V;f=1kHz | hse | > 20
Turn off breakdown energy
L=20mH; —lgc=1,22 A E(BR) > 15 mJ

* Measured under pulse conditions: tp <300 ps; § <0,02.
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Silicon epitaxial base power transistors BD242; BD242A
BD242B; BD242C

Transition frequency at f=1 MHz
—Ic=500mA; -Vcg =10V fr > 3 MHz
Switching times
~lcon =1A; —Igon =IBoff =0,1 A
turn-on time ton typ. 0,3 us
turn-off time toff typ. 1 ws

t 7277491.4 . -+
90% f—— —|F===———= l— —Igon

10% p=—x

90%

10%

on —>t5<—

> toff -

Fig. 2 Switching times waveforms.

Vee
-Vim = 16V
—Vee = 20V
+Vgg = 64V
R1 = 82Q
R2 = 82Q
0 R3 = 82Q
| | | I R4 = 200
Vim— tr=tf = 20ns
- <—tp T = 20 us
T =500 us
- T —

7278130

Fig. 3 Switching times test circuit.
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BD242; BD242A
BD242B; BD242C

oscilloscope

+IN

vee >
0
Vim—
| tp T.UT. hor.
| l-— oscilloscope
- T —
7289169

Fig. 4 Test circuit for turn-off breakdown energy.

Vim=-12V;Rg =270 Q; —Icc =1,22 A;tp = 1 ms; § = 0,01.

7262954
PtOt max
(%)
100
A
\
\
50 .
N
N
0
0 100 Tpp (°C) 200

Fig. 4a Power derating curve.
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Silicon epitaxial base power transistors BD242; BD242A
BD242B; BD242C

5<00 7288350
10 C—!cMmax Al
L I' \\ N,
Cmax DN N \\
~le A \ J
(A) \Q\ ! \
(1 -
) N e, -
\ 0,1ms
1
\ \
\ 3\
1 (2)\ \ 0,2ms
\ \1ms
\10ms
10~1
d.c.
BD242 —
BD242A-17 ||
BD242B - Bas
BD242C 171 |
10-2 ,
1 10 —Vge (V) 10

Fig. 5 Safe Operating ARea; Ty, = 25 °C.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits independent of temperature.
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BD242; BD242A
BD242B; BD242C k

4 7288347.1
Zthj-mb
(K/W)
5=1
s
3 -
-~ Lt /'6
0,75 T LA
4"// q '/
1 ’,—" P /’
2 0,5 L | AW LA
~ /
,—’1' /,/
033 | Lm—T s
_"’ L A
1 ! ] ’//
02 TTIHHT pZg'd
1
0,111 — -
- A
0 LT
0 JONN - o
10-6 10-5 10-4 103 1072 1070 (s 1
Fig. 6 Power pulse rating chart.
102 7288353
My
Qﬂ
005
10 P -
0,1 — N
P, \\
—~ S
N
0,2 ~
4 \\:\
\\545 \
0,5 3 ~——
N~
I N —
[—
1
10-5 104 103 tp (s) 10~2

Fig. 7 S.B. voltage multiplying factor at the Igmay level.
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Silicon epitaxial base power transistors BD242; BD242A
BD242B; BD242C

) BD242, BD242A, BD242B 7288348
10
M
| 0,05 6§=0,01
\]
\\Q N
0,1 NN
10 NG
— \
~ L \\ C
- 0.2 N~ N
L N
- —— \\\‘\
— \\§
~] .~
05 B ‘S\\
"~~,~_J_~ \§§\
T ——— —
“r——m_Eﬁaq
1
10~5 10—4 10—3 tp (s) 1072
Fig. 8 S.B. current multiplying factor at the VoEQmax level.
BD242C
102 7288349
-
My
— 0,05 6=0,01
\‘\\
™~~~
0,1 NN
10 N
— SN
i AN
- o~ AN
0,2 NN
- SN
~U TS
N
05 \~L\\\\
P—t—tt] E
r\‘&\ﬁ\‘
1 T

10~5 10—4 10-3 tp (s) 102
Fig. 9 S.B. current multiplying factor at the VcEQmax level.
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BD242; BD242A
BD242B; BD242C \_
103 7288351
hee | Tj=125°%
s T —_— -l
|
~.
25°C —--\\\
\\\~
102 \‘\.
N
N\
10 \\
1072 101 1 ~1c (A) 10
Fig. 10 Typical static forward current transfer ratio as a function of the collector current; -Vcg =4 V.
104 7288352
i N1
i wam— ==
~VCEsat \\ \ \\
e \ \
—lc= \
3 05Al| 1A 2al\/| 34\ [5A\| 74}
10 i
{ \ i
‘ \ S —
\
}V \
N\
\
\ \\\
102 I u
10
1 10 102

3 4
10% —ig(mAa) 10
Fig. 11 Typical values collector-emitter saturation voltage at Tj =250C.
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BD243; BD243A
BD243B; BD243C

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in general amplifier and switching applica-
tions. P-N-P complements are BD244; 244A; 244B; and BD244C. -

QUICK REFERENCE DATA

BD243 | A | B | C

Collector-base voltage VCBO max. 45 60 80 | 100 V
Collector-emitter voltage VCEO max. 45 60 80 | 100 V
Collector current (peak value) lem max. 12 A
Total power dissipation up to Ty, = 25 0C Piot max. 65 w
Junction temperature Tj max. 150 oC
D.C. current gain
Ic=3A;Vcg=4V hgg > 15
Transition frequency at f = 1 MHz
Ic=500mA; Vcg =10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. -~ > max [+
Collector connected -+ 3,6 |- 13- (-
to mounting base. _ L
o H | s9
) u min
T 4 158
! L | i max
|
| |
Ll 3 LJ
' ' t 1
1 3,5.max u 51 4 B
not tlr;_r_\gj___l Al max
13 | 12,7
8 max™' | [* ' f min
(2x) .
1Hi12{( 3
i <+0,9max (3x) »|le06
- - - 24
2,54 2,54

7265872.4

T

See also chapters Mounting instructions and Accessories.
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BD243; BD243A
BD243B; BD243C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD243 | A |B |C

Collector-base voltage (open emitter) VeBO max. 45 60 [ 80 | 100 V
Collector-emitter voltage (open base) VCEO max. 45 60 | 80 | 100 V
Collector-emitter voltage (Rgg = 100 ) VCER max. 55 70 | 90 | 115 V
Emitter-base voltage (open collector) VEBO max. 5 \
Collector current (d.c.) Ic max. 8 A
Collector current (peak value) lem max. 12 A
Base-current (d.c.) Ig max. 3 A
Total power dissipation up to Ty = 25 °C Piot max. 65 w
Storage temperature Tstg +65 to + 150 oC
Junction temperature Ti max. 150 oC

THERMAL RESISTANCE
From junction to mounting base Rthjmb = 1,92 K/w
From junction to ambient in free air Rthj-a = 70 K/wW

CHARACTERISTICS
Tj= 25 OC unless otherwise specified

BD243; A ‘ BD243B; C

Collector cut-off current

Ig=0;Vcg=30V ICEO < 0,7 - mA

Ig=0;Vcg =60V ICEO < - 07 mA

N, e

VBE = 0; VCE = VCEOmax IcEs < 0,4 mA
Emitter cut-off current

Ic=0;Vgg=5V IEBO < 1 mA
D.C. current gain*

Ic=300mA; Ve =4V hEg > 30

Ic=3A;Vcg=4V hFE > 15
Base-emitter voltage* *

Ic=6A;Vgg=4V VBE < 2 \
Collector-emitter saturation voltage*

Ic=6A;Ig=1A VeEsat < 15 v
Turn off breakdown energy

L=20mH;Icc=25A E(BR) > 62,5 mJ

* Measured under pulse conditions: p < 300us; 6 <0,02.
** Vgg decreases by about 2,3 mV/K with increasing temperature.
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Silicon epitaxial base power transistors BD243, BD243A
BD243B; BD243C

Transition frequency at f = 1 MHz

Ic=05A;Vgg=10V fr > 3 MHz
Switching times

(between 10% and 90% levels)

Icon=1A:IBon = —IBoff =0.1T A

Turn-on time ton typ. 0,6 us
Turn-off time toff  typ. 2 us
t 7277499.5 -—
a»r<—
0% f———|F—————— t— !Bon
s
10% p===
t
— ~IB off
90% |- ——— Icon
Ic
10% —— 1
-b-lL—td > |-ltf t
- |<- > % -
ton > toff |<—

Fig. 2 Switching times waveforms.

Vim 30 V

Vee = 20 Vv

-VgB = 35V

R1 = 82 Q

R2 = 150 Q

R4 = 20 Q

0 . tr=tf < 15 ns
- I t tp = 10 us
== T = 500 ps

- T —

7278131

Fig. 3 Switching times test circuit.
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BD243; BD243A
BD243B; BD243C

oscilloscope

+
Vee ;_’l
Vim—
P TUT. hor.
gl R oscilloscope
T —
7289170

Fig. 4 Test circuit for turn-off breakdown energy.
ViM=12V;Rg=270Q; Icc=25A; tp="1ms; 5 =0,01.
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Silicon epitaxial base power transistors BD243; BD243A
BD243B; BD243(

102 7288354
Ic
(A) -
| 5=0,01
CMmax A
N N
10 |
I 'Cmax ‘\\\
NN "
AN
AN
N\
NN
N
\\
! (2) \l\
1 \
\\V
ALVAY
\\
\ \
t =
P
\0,3ms
\“ 1ms
BD243— Joms
BD243A .
30243317:F’T
BD243C TTT
10-—1 | |
1 10 Veg (V) 102

Fig. 5 Safe Operating ARea; Ty, = 25 ©C.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Potmax and Ppeak max lines.
(2) Second breakdown limits, independent of temperature.
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BD243; 243A
BD243B; BD243C

7288355
103
hre
B s .
// h\
L1
~
N
AN
N
N
N
10
1072 10-1 1 I (A) 10
Fig. 6 Typical static forward current transfer ratio as a function of the collector current. Vcg =4 V,
Tj=250°C.
4 7288356
10 =t s
1 A | Ul 1
| | \
1 \
VCEsat “ \ { \
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Fig. 7 Typical values collector-emitter saturation voltage at Tj =250C,
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BD244; BD244A
BD244B; BD244C

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in general amplifier and switching
applications.N-P-N complements are BD243; 243A; 243B; and BD243C. -—

QUICK REFERENCE DATA

BD244 | A|B | C

Collector-base voltage —-Vcgo max. 45 ’60 ‘ 80 l 100 Vv
Collector-emitter voltage —~VGcEo max. 45 |60 | 80 | 100 V
Collector current (d.c.) —lcm max. 12 A
Total power dissipation up to Typ =25 °C Piot max. 65 w
Junction temperature Tj max. 150 ocC
D.C. current gain
~lc=1A;-Vcg=4V hgg > 15
Transition frequency
—lg=500mA; -Veg =10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
. 10,3 25
Fig. 1 TO-220AB. -— 3 - S e
Collector connected > 3,6 [« 13— |-
to mounting base. | I v | ¥
4 | - %8 - 59
[} 3 min

] T * 158

I | ) max

! | !

Lo—f—3 -

2 v ¥
-~
3,5 max u 51
1 not tinned | | 1l L max
4 Ty
13 } 127
3 max™ | [* ’ min
(2x) 10
11112{|] 3
i ->i<—0,9mux (3x) +|le08
= 4 e - le24
2,54 2,54
7265872.4 -

&

See also chapters Mounting instructions and Accessories.
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BD244; BD244A
BD244B; BD244C

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD244 | A|B | C

Collector-base voltage (open emitter) -VeBo  max. 45 160 |80 {100 V
Collector-emitter voltage (open base) —VCEQ max. 45 | 60 |80 | 100 V
Collector-emitter voltage (Rgg = 100 £2) —VCER max. 55 170 190 {115 V
Emitter-base voltage (open collector) —VEBO max. 5 \
Collector current (d.c.) —lc max. 8 A
Collector current (peak value) —lcm max. 12 A
Base current (d.c.) —Ig max. 3 A
Total power dissipation up to Ty, =25 °C Piot max. 65 w
Storage temperature Tstg —65 to + 150 oC
Junction temperature T; max. 150 oC

THERMAL RESISTANCE
From junction to mounting base Rthj-mb = 1,92 K/wW
From junction to ambient in free air Rthja = 70 K/W

CHARACTERISTICS
Tj =25 OC unless otherwise specified

Collector cut-off current BD244; A | BD244B; C
—lg=0;-Vcg =30V —lceo < 0,7 - mA
—ig=0;-Vgg =60V —lceo < - 0,7 mA
—VBE =0; —VCE = ~VCEOmax —-lces < 04 mA

Emitter cut-off current
Ic=0;-Vgg=5V —-lggo < 1 mA

D.C. current gain *

—Ic=300mA; -Vcg =4V hEE > 30
—Ilc=3A;-Vcg=4V hrg > 15

Base-emitter voltage *
~lc=6A;-Vcg=4V —VBE < 2 Vv

Collector-emitter saturation voltage *
~lc=6A;-lg=1A —VeEsat < 1,6 \%

Turn off breakdown energy

L=20mH; —Icc=25A E(BR) > 62,5 mJ

* Measured under pulse conditions: tp < 300 us; § < 2%.
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Silicon epitaxial base power transistors BD244; BD244A
BD244B; BD244C

Transition frequency at f =1 MHz
—Ig=500mA; —Vcg =10V T > 3 MHz
Switching times
~lcon=1A; —Igon = IBoff = 0,1 A
turn-on time ton typ. 0,4 us
turn-off time toff typ. 0,7 us

t 7277491.4 Pra—
90% | ———|F===——= — ~!gon

10% o=

90%

10%

Fig. 2 Switching times waveforms.

Vee
-Vim = 30V
~Vee = 20V
+Vpg = 356V
R1 = 82Q
R2 =150 2
R3 = 39Q
R4 = 20Q
tr=tf = 15ns
tp = 10 us
T =500 us

7278130

Fig. 3 Switching times test circuit.
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BD244; BD244A
BD244B; BD244C

oscilloscope

vee
T+
0
IM
tp hor.
—| |-— oscilloscope
- T —»
7289169

Fig. 4 Test circuit for turn-off breakdown energy.
ViM=-12V;Rg=270Q; —lcc =25 A; tp= 1ms; 6 =0,01.

174 May 1982



Silicon epitaxial base power transistors BD244; BD244A
BD244B; BD244C

102 7288357
~lg
(A)
| §=0,01
~'CMmax A
I NN
10 b —1
I~ 'Cmax ‘\ \L
AN
AN

\N
\
\Y
AN
N
tp=
0,3ms
% 1ms
BD244 — 10ms
BD244A T4 d.c
BD2448 1T
8D244C TT1TIT]
10—1 ] I
1 10 —Veg (V) 102

Fig. 5 Safe Operating ARea; Tpp, = 25 ©C.

| Region of permissible d.c. operation.
11 Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits independent of temperature.
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BD244; BD244A
BD244B; BD244C

103 7288358
NEE
N
\\\
\\
102 AN
N\
N
N
N
N
10 2
10 1071 1 —ig (A) 10
Fig. 6 Typical static forward current transfer ratio as a function of the collector current. -Vcg =4V,
Tj=2509C.
4 7288359
10 T 2 Ve
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—VCEsat \ \ \\ \ z
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Fig. 7 Typical values collector-emitter saturation voltage at Tj =25 0C.
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BD329

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

N-P-N transistor in a SOT-32 plastic envelope intended for car-radio output stages.
P-N-P complement is BD330. Matched pairs can be supplied.

QUICK REFERENCE DATA
Collector-emitter voltage (Vg = 0) VCES max. 32 VvV
Collector -emitter voltage (open base) VCEO max. 20V
Collector current (peak value) IcMm max. 3 A
Total power dissipation up to Ty} = 45 °C Ptot max. 15 W
Junction temperature T max. 150 ©oC
D.C. current gain
Ic=0,5A;Vcg =1V hrg 85 to 375
Transition frequency
Ic =50 mA;Ver =5V fT typ. 130 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)
Collector connected _’nz\é?x - < 7.8 max |
to metal part of
mounting surface h V . 4
-4 — 3,75
| 3,2 N . |
- 30 | &
i ) I 11
! l max
¥ l
2,54
max !
- j | =12
15,3
min
el clj b l
i ' 0,88 ! 7259324.2
—>’ 458 |<— —»‘ L— max“" L' I l
05 > .

See chapters Mounting Instructions and Accessories.

1) Within this region the cross-section of the leads is uncontrolled.
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BD329

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter) Vepo max. 32V
Collector-emitter voltage (VBg = 0) VcEs max. 32 Vv
Collector-emitter voltage (open base) VCEO max. 20V
Emitter-base voltage (open collector) VEBO max. 5 V
Collector current (d.c.) Ic max. 3 A
Collector current (peak value) IcMm max. 3 A
Base current (d.c.) 1B max. 1 A
Emitter current (d.c.) -1g max. 3 A
Total power dissipation up to Tmyp = 45 °C Piot max. 15 W
Storage temperature Tstg - 65to+150 ©C
Junction temperature Tj max. 150 °C
THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 7 KW
From junction to ambient in free air Rth j-a = 100 K/W
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BD329

CHARACTERISTICS TJ- =25 OC unless otherwise specified

Collector cut-off current

IE =0; VCB =32V IcBO < 10 }JA

Ig = 0; Vep = 32 V3 Tj = 150 °C IcBO < 1 mA
Emitter cut-off current

IC = 0; VEB=5V IEBO < 10 |JA
Base-emitter voltage

Ic=5mA; VCE =10V Ve typ. 0,6 v

IC=2A;VCE=1V Vg < 1,2 \%
Collector-emitter saturation voltage

IC =2A;IB=O,2A VCES&‘L‘ < 0,5 %
D.C. current gain

Ic=5mA;VCE =10V hFE > 50

Ic=0,5A; Vg =1V hFE 85 to 375

IC =2A;VCE=1V hrg > 40
Transition frequency at f = 35 MHz

Ic=50mA; Vcg =5V fr typ. 130 MHz
D.C. current gain ratio of

matched pairs

BD329/BD330 )

o1 =0,54; Vepl =1V bpp1/bpgpy < 1,6
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BD329

1272273

10 T 11
11
Trop < 45 °CH
I 6=0,01
c A ¢ =
(A) NN \\ 55—
1)\ L
¢ \\ n\ 10
1 A\ —Y200
Y
2
AN 57
1ms
2
10
dc.
1071
1072 )
1 10 Veg (V) 10

Safe Operating ARea with the transistor forward biased

I Region of permissible d.c. operation
II Permissible extension for repetive pulse operation

1 .
) Ptot max and Ppeak max lines.
2) Second-breakdown limits (independent of temperature).
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BD329

7267895,2
100
N
PtOt max
(%)
\
\
\
50 \
\
N
\
\
\
0
0 50 100 150
Tmb (°C)

102 7262125.1
Zthj/mb _J:'l:__l—l_?
=P
(K/W) ’Lr ’, 5t
/ [
" b HH
075
0,5 = 3
033 CTH
7 e
! ;
01
—= 0,05
0,02
0,01
107
1072
1073 1072 107! 1 10 102 t, (ms) 101
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BD329
102 7272269.1
S.B.voltage multiplying factor at the I level
My
10
6=0,01
01 0,05
L — il I
(02—
L 0,33 q
05 - :::E\
N e
0,75 R ——
1 ==
1075 1074 1073 tpls) 1072
7272270.1
S.B. current multiplying factor at the Voggmay level
M
102
5=0,01
10h0.05 0,02
07
—
0,2 =
p— ™~
— ]
1 0,33 T~
— | T~
0,5 ] BEEs SN
0,75 T
1 I
0% 1074 1073 1072 tp(s) 10~
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BD329

7272488

200
Veg =1V
T =25°C
hee ’
typ
|
_—
150 | N
\\
N\
100 N
50
0 —1
10~2 10 1 Ic (A) 10
7272489
15
T;=25°
VBE
(V)
1
/
>
|
typ
g
0,5
0
10-2 101 1 Ic (A) 10
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BD329

7272487

typ.values
.=25°C
Veesat T
v) \ \
1 A\
\
{ \\
| SR
\ \ 2A
T~
NG B 1A
NN
10" P~
05A
1072
1 10 102 10 Ig(mA) 104
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BD330

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

P-N-P transistor in a SOT-32 plastic envelope intended for car-radio output stages.
N-P-N complement is BD329. Matched pairs can be supplied.
QUICK REFERENCE DATA
Collector-emitter voltage (Vgg =U) -VCES max. 32V
Collector-emitter voltage (open base) -V¢cEO max. 20V
Collector current (peak value) -Iom max. 3 A
Total power dissipation up to Tyh = 45 °C Prot max. 5 W
Junction temperature Tj max. 150 ©°C
D.C. current gain
~-Ic=0,5A;-Veg =1V hrgp 85 to 375
Transition frequency
-lg = 50 mA; Ve =5V fT typ. 100 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)
2,7
Collector connected *|max|™ < 7.8 max >
to metal part of — 5
mounting surface ] v I 3.5
' | 3,2 . . '
| 30
- | — 11
: ( mIX
2,54
)
__m;" -l w12 T
15,3
min
el| clj by l
. 1 0.88 H 7259324.2
. L oemll
~EE. gy me ] L
2,29

See chapters Mounting Instructions and Accessories.

l) Within this region the cross-section of the leads is uncontrolled.
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BD330

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter) ~Veso max. 32V
Collector-emitter voltage (Vgg = 0) -VcES max. 32 Vv
Collector-emitter voltage (open base) -VCEO max. 20V
Emitter-base voltage (open collector) -VERO max. 5 VvV
Collector current (d.c.) -1 max. 3 A
Collector current (peak value) “Iem max. 3 A
Base current (d.c.) -1B max. 1 A
Emitter current (d.c.) I max. 3 A
Total power dissipation up to Tpp, = 45 °C Piot max. 15 W
Storage temperature TStg - 65to+150 ©C
Junction temperature T; max. 150 ©°C
THERMAL RESISTANCE

From junction to mounting base Rth j-mp = 7 K/W
From junction to ambient in free air Rth j-a = 100 K/W
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BD330

CHARACTERISTICS

Collector cut-off current

Tj =25 OC unless otherwise specified

Ig =0; -Vgp=32V ~-IcBO < 10 pA
Igp =0; -Vcg =32 V; Tj = 150 °C ~-IcBO < 1 mA
FEmitter cut-off current
Ic=0; ~Vgg=5V ~-IEBO < 10 HA
Base-emitter voltage
-Ic =5mA; -VCE = 10V -VBE typ. 0,6 v
“lc=2A;-Vcg =1V ~-VBE < 1,2 A%
Collector-emitter saturation voltage
“lc=2A;-Ig=0,2 A -VCEsat < 0,5 \
D.C. current gain
~Ig=5mA; -Vecg =10V hrg > 50
~-Ic=0,5A; -Vcg =1V hrg 85 to 375
~Ig=2A;~-Veg =1V hrg > 40
Transition frequency at f = 35 MHz
-Ic =50 mA; -Vcg =5V fr typ. 100 MHz
D.C. current gain ratio of
matched pairs
BD329/BD330
IICI =0,5A; IVegl =1V hpg/bFE2 < 1,6
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BD330

7272274

z
10 T T 17
11
Tonp < 45 °CHH
6=0,01
_]c A o=
(A) NN p-
50 ps
1) \‘\
\
1 n 100
1 1200
\\
2) L\
500
1ms
2
10
dc.
101
102 2
1 10 “Veg (V) 10

Safe Operating AReawith the transistor forward biased

I Region of permivssible d.c. operation
II Permissible extension for repetitive pulse operation

and P

peak max lines.

1
) Prot max

2) Second-breakdown limits (independent of temperature).
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BD330

7267895,2
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BD330

102 7272269.1
S.B.voltage multiplying factor at the I¢q,qx level
My
10
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01 0,05
P
1 0,33 _T——
0,5 NF“ﬁ:~—j\
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S.B. current multiplying factor at the Vegomax level
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BD330

7272491

200
_'VCE =1V
T.=25°C
hee ’
150
T typ
100 —
~
\\
50 \‘
0 -2 -1
10 10 1 —Ic (A) 10
1 5 7272492
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BD330

" 1 7272490
{ typ.values
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BD331; 333
BD335; 337

N

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; plastic SCT-82 envelope for clip mounting; can also be soldered
or adhesive mounted into a hybrid circuit. P-N-P complements are BD332, BD334, BD336 and BD338.

QUICK REFERENCE DATA

Collector-base voltage (open emitter)

BD331 | 333 | 335 | 337

Vecgo — max. 60 80 | 100 | 120 V
Collector-emitter voltage (open base) Vceo  max. 60 80 | 100 | 120 V
Collector-current (d.c.) Ic max. 6 A
Base current (d.c.) Ig max. 150 mA
Total power dissipation up to
Tmb =25°C Piot max. 60 w
Junction temperature T max. 150 oc
D.C. current gain
Ic=30A;Vcg=3V hFE > 750
MECHANICAL DATA Dimensions in mm
) 2,8 -—
Fig. 1 SOT-82. 23
Collector connected 8,2* n [~ r,ZQ.Bx >
to metal part of ¥
mounting surface H )
| : X l— 3,75
Il s PG
1 )
! v "1
' A ' max
| l
7,54(1) ’ A
-1 ] .12
15,3
min
cll el —_l
i _’[ H ’ ’ J L 7265778.2
4,58 ->lle  [$]0,254] l« #1229
05 © 0,88

(1) Within this region the cross-section of the leads is uncontrolled.
See also chapters Mounting Instructions and Accessories.

max
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BD331; 333

BD335; 337

A —

| |
1 ‘ X R1typ. 4kQ
l L | | Raeio0@
: R R2 B
7265:“57-_-—-—_-_._

e
Fig. 2 Circuit diagram.
RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD331 333|335 337

Collector-base voltage (open emitter) VeBo max. 60| 801100{120 V
Collector-emitter voltage (open base) VCEO max. 60| 80{100{120 V
Emitter-base voltage (open collector) VEBO max. 5| 5| 5| 5V
Collector current (d.c.) Ic max. 6 A
Collector current (peak value)

tp<10 ms; 6 <0,1 Iem max. 10 A
Base current (d.c.) Ig max. 150 mA
Total power dissipation up to

Tmp =25 °C Piot max. 60 W
Storage temperature Tstg —B5 to + 150 oc
Junction temperature * Tj max. 150 oC

THERMAL RESISTANCE *
From junction to mounting base Rthjmb = 2,08 K/W
From junction to ambient in free air Rth j-a = 100 K/w

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlington power transistors

BD331; 333

BD335; 337

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current

Ig =0:VcB = VeBOmax IcBO < 0,2 mA

Ie=0; Ve = VeBOmax: Tj= 1650 °C IcBO < 2 mA

IB = 0:VCE = %2 VCEOmax fceo < 05 mA
Emitter cut-off current

Ic=0;Vgg=5V lEBO < 5 mA
D.C. current gain *

Ic=05A;Vcg=3V hEE typ. 1900

ic=3A;Vcg=3V hrFg > 750

Ic=6A;Vcg=3V hEE typ. 3000
Base-emitter voltage **

lc=3A;Vcg=3V VBE < 25V
Collector-emitter saturation voltage

Ic=3A;Ig=12mA VCEsat < 2V
Cut-off frequency

lc=3A;Vgg=3V fhfe typ. 50 kHz
Turn-off breakdown energy with inductive load (see Fig. 12)

—Igoff =0; lcon=45A E(BR) > 50 mJ
Diode forward voltage

IF=3A VE typ. 18 V
D.C. current gain ratio of complementary

matched pairs

Ic=3A;Vgg=3V hgg1/hpg2 < 2,5
Small signal current gain

Ic=3A;Veg=3V;f=1MHz hfe > 10 -
Second-breakdown collector current

VCg=60V;tp=25ms 1(sB) > 1A
Switching times

(between 10% and 90% levels)

Icon =3 A; Igon = —IBoff= 12 mA

. typ. 1 us
Turn-on time ton < 2 us
. typ. 5 us
Turn-off time toff < 10 us

*  Measured under pulse conditions: tp < 300 s, § < 2%.
** Vg decreases by about 3,8 mV/K with increasing temperature.
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BD331; 333
BD335; 337

90%

10%

t, 7277499.5
> -
Fe—— | == L— g on
t
— 1B off
|- ] — Icon
[ [P
->| lety >| |-ty
] R
ton > toff |<—

Fig. 3 Switching times waveforms.

0

ol

7278131

- T —»

Fig. 4 Switching times test circuit.

Vim

”’tpl" 1

T —»!

Rg

5mH

0,10

N

TU

T

vert.
oscilloscope

+
Ve A

hor.
oscilloscope

7273863 .1

Fig. 5 Test circuit for turn-off breakdown energy.

Vim 10V
Vee = 10V
—Vgg= 4V
R1 = 56
R2 =410Q
R3 =560
R4 3Q
tr=tf = 15ns
tp = 10 us
T =500 us
Vim= 12V
Rg =270Q
Ic =45A
§ = 1%
tp = 1 ms
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Silicon Darlington power transistors BD331; 333
BD335; 337

7272220.2
102
Ic
(A)
§=0,01
I CMmax r A ~
10 ~<
AN
AR N
N\ NN N
~ KT 1 -
Cmax N % N p
N 0,1ms
AN
) QANNNY
‘\ NN 0,5
NN
1
'\
2
I (2)
10
d.c.
10~1
BD331-F}
BD 333 A1
BD335 .4
BD337
10-2 )
1 10 10 Veg (V)

Fig. 6 Safe Operating ARea, T, < 25 OC.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD331; 333
BD335; 337 k
102 7272225
S.B.voltage multiplying factor at the I, level
My
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107! 1 10 t, (ms) 102
Fig. 7 Second breakdown voltage multiplying factor at Icmgax level.
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Fig. 8 Second breakdown current multiplying factor at VcEQmax level.

198 March 1981



Silicon Darlington power transistors

BD331; 333

BD335; 337
10 7272226
Zth j-mb
(K/W) |ty t,
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0,75 s ]
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Fig. 9 Pulse power rating chart.
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Fig. 10 D.C. current gain. Vgg =3 V.
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BD331; 333
BD335; 337
104 7267329.3
h I~
fe
N
103 X
102 typ
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Fig. 11 Small signal current gain at Ic=3 A; Vcg =3 V.
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Fig. 12 Typical values collector-emitter saturation. Tj= 25 OC.
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Silicon Darlington power transistors BD331; 333

BD335; 337
725 317
T T
.
10 VCE=3V
'O B N Tj=25 OC
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Fig. 13 Collector current.
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Fig. 14 Power derating curve.
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BD332; 334
BD336; 338

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; plastic SOT-82 envelope for clip mounting; can also be soldered
or adhesive mounted into a hybrid circuit. N-P-N complements are BD331, BD333, BD335 and BD337.

QUICK REFERENCE DATA

BD332|334 |336 |338

7265778.2

Collector-base voltage (open emitter) -VeBo max. 60| 80{100{120 V
Collector-emitter voltage (open base) -VCEO max. 60| 80100]120 V
Collector-current (d.c.) —lg max. 6 A
Base current (d.c.) —Ig max. 150 mA
Total power dissipation up to
Tmb=250C Piot max. 60 w
Junction temperature T; max. 150 oC
D.C. current gain
—lg=3,0A; -Vgg=3V hre > 750
MECHANICAL DATA 28 Dimensions in mm
. 23
Fig. 1 SOT-82. 06 , 78
Collector connected [ aaing ““max ™
to metal part of *
mounting surface. ! +_ , 375
Il # P
1 )
: +'— 11
1 ' max
y
| Y
2 54‘(1) .[ l Y
: mux .12
15,3
min
I |

'< 4]58-»'

—|

|-y~
0,5

, »lz 29|<-

0,8
max

(1) Within this region the cross-section of the leads is uncontrolled.

See also chapters Mounting instructions and Accessories.
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BD332; 334
BD336; 338

Rityp. 4k
Ro typ. 80

72664462

Fig. 2 Circuit diagram.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD332 |334 /336|338

Collector-base voltage (open emitter) -V¢eBO max. 60| 80100120 V
Collector-emitter voltage {open base) -VCEO max. 60| 80(100|120 V
Emitter-base voltage (open collector) -VEBO max. 5| 5| 5] 5V
Collector current (d.c.) —Ic max. 6 A
Collector current (peak value)

tp<10 ms; § <0,1 —lcm max. 10 A
Base current (d.c.) —Ig max. 150 mA
Total power dissipation up to

Tmb=25°C Ptot max. 60 W
Storage temperature Tstg —65 to + 150 oc
Junction temperature * Tj max. 150 oc

THERMAL RESISTANCE *
From junction to mounting base Rthjmb = 2,08 K/W
From junction to ambient in free air Rth j-a = 100 K/W

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlington power transistors BD332, 334

BD336; 338

CHARACTERISTICS
Tj=26 OC unless otherwise specified
Collector cut-off current

Ig = 0; —VcB = —VCBOmax ~lceo < 0,2 mA

Ilg=0;-VeB = —VCBOmax: Tj= 150 °C —lcgo < 2 mA

Ig=0; —Vce=-"%VCEO —Iceo < 0,5 mA
Emitter cut-off current

Ic=0;~VEg=5V -lEBo < 5 mA
D.C. current gain *

—1c=05A;-Vcg=3V hgg typ. 2700

—lc=3A;-Vgg=3V hegg > 750

—lg=6A;—Vcg=3V hre typ. 400
Base-emitter voltage **

—lc=3A;—=Vcg=3V -VBE < 25V
Collector-emitter saturation voltage

—lc=3A;—-lg=12mA -V (CEsat < 2V
Small signal current gain

—lc=3A;—=Vcg=3V;f=1MHz hte > 10 -
Cut-off frequency

—lg=3A;=Vgg=3V fhfe typ. 100 kHz
Diode, forward voltage

IE=3A VE typ. 18 V
D.C. current gain ratio of

complementary matched pairs

—lg=3A;-Vcg=3V hpg1/hper < 2,5

Second breakdown collector current

non-repetitive; without heatsink

—Veg=60V; tp:25 ms _l(SB) > 1T A
Switching times (see Figs 3 and 4)

—lcon =3 A; —Igon = Igoff = 12 mA

turn-on time ton typ. 1 us
< 2 us
turn-off time toff typ. 5 us
< 10 us

*  Measured under pulse conditions: I <300 ps, & < 2%.
** Vg decreases by about 3,8 mV/K with increasing temperature.
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BD332; 334
BD336; 338
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Fig. 3 Switching times waveforms.
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Fig. 4 Switching times test circuit.
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Silicon Darlington power transistors BD332, 334

BD336; 338
7272221.2
102
_|C
(A)
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Fig. 5 Safe Operating Area with the transistor forward biased; Typ = 25 ©C.
I Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).
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BD332; 334
BD336; 338 /
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Fig. 6 Pulse power rating chart.
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Fig. 7 D.C. current gain at —Vcg = 3 V.
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Silicon Darlington power transistors BD332, 334
BD336; 338

7272225
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Fig. 8 Second breakdown voltage multiplying factor at the |cmax level.
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Fig. 9 Second breakdown current multiplying factor at the VcEQmax level-
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BD332; 334
BD336; 338
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Fig. 10 Typical values collector-emitter saturation voltage. Tj =250C.
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Fig. 11 Small signal current gain. —lc =3 A; Vg =3 V.
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Silicon Darlington power transistors

BD332; 334

BD336; 338
72672571 7267316
T T T
[ T[]
100 10 -Veg=3VH
-1 Tj=250C
Ptot max \ C
(%/o) (A)
75 N 7,5
/
N\ /
/
50 \C 5 7
typ
N
25 2,5
N
/
0 0
0 50 100 . b(°C)150 1,5 9 2.5
m -Vgg (V)

Fig. 12 Power derating curve.

Fig. 13 Collector current.
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BD433; BD435;
BD437

SILICON EPITAXIAL-BASE POWER TRANSISTORS

N-P-N transistors in a SOT-32 plastic envelope, intended for use in complementary output
stages of audio amplifiers up to 15 W.
The complementary pairs are BD433/8D434, BD435/BD436 and BD437/BD438.

QUICK REFERENCE DATA

BD433 | BD435 | BD437

Collector -emitter voltage (Vpg =0) Vegg max. 22 32 45 vV
Collector-emitter voltage (open base) Vecgo max. 22 32 445 vV
Collector current (peak value) Iem max. 7 7 7 A
Total power dissipationupto Ty =259C  Pegt max. 36 36 36 W
D.C. current gain
Ic=2A; Vg =1V hpg > 50 50 40
Transition frequency
I[c=250mA; Vcg =1V fr > 7 7 7 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32) *nz‘gx* -~ 78 max -+
Collector connected
to metal part of fi ' , [ 'Y
mounting surface P — 3,75
i 3,2 . I B
] 30 | &
| i I 1,1
: , max
v ]
2,54
il
- - - - —m$ax — <_172
15,3
min
el clj b] A
. H 0,88_,' L_ I . 72593242
-l |« ->(le(<_ max *l |¢

2,29
See chapters Mounting Instructions and Accessories.

l) Within this region the cross-section of the leads is uncontrolled.
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BD433; BD435;
BD437

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD433 | BD435 | BD437

Collector-base voltage (open emitter)
Collector-emitter voltage (Vgg = 0)
Collector-emitter voltage (open base)

Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Base current (d.c.)

Total power dissipationuptoTpp=250C

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

From junction to ambient in free air

VeBo
VcEs
VcEo
VEBO

Peot

Tstg

Rth j-mb
Rin j-a

max.

max.

max.

max.

22 32 45 Vv
22 32 45 Vv
22 32 45 VvV
5 5 5 V
max, 4
max, 7
max. 1 A
max. 36 w
-65 to +150 oC
max. 150 oc
= 3,5 K/W
100 K/W
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BD433; BD435;

BD437
CHARACTERISTICS Tj =25 OC unless otherwise specified
Collector cut-off current
IE = 0; VCB = VCBOmax IcBo < 100 pA
Ig =0; Vg = 10 V; Tj = 150 °C Ico < 1 mA
Ig = 0; VeB = VeBomaxs Tj = 150 °C - Iepo < 3 mA
Emitter cut-off current
Ic=0;VEp=5V IEBO < 1 mA
Knee voltage BD433 |BD435 | BD437
I¢ =2 A; Ig = value for which
Ic=22AatVpeg =1V VCEK < 0,8 | 0,8 | 0,8 V
Base-emitter voltage 1y
Ic=10mA; Vog =5V VR typ. 580 580 580 mV
Ic=2A;Veg =1V VBE < 1,1 1,1 - \
Ic=3A;Vcg =1V VBE < - - 1,3 V
Collector-emitter saturation voltage
Ic=2A;13=0,2A VCEsat < 0,5 | 0,5 - v
IC =3A;IB=O,3A VCESat < e - 0,7 A%
D.C. current gain
I[c= 10mA; Vg =5V hgpg > 25 25 25
B . B > 85 85 85
IC =500 l'IlA, VCE =1V hFE - 475 475 375
Ic=2A;Vgg =1V hpgp > 50 50 40
Ic=3A; Ve =1V hFE > - - 30
Transition frequency at f = 1 MHz
Ic = 250 mA; Veg =1V fr > 7 MHz
D.C. current gain ratio of the complementary pairs
|Ic]=500 mA; | Vog|=1V
BD433/BD434 and BD435/BD436 hpg1/hpry < 1,4
BD437/BD438 hpg1/bpgy < 1,8
1) Vgg decreases by typ. 2,3 mV/K with increasing temperature.
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BD433; BD435;

BD437
10 T . — leszsau
r lcMmax 6=p’01 j jl'_
ANANANE AN IV I
1 I A b4 meH
Ic C max NN\ e
(A) N
Ptot max AN
‘ \\\\ | No.z
second
breakdown 1) N (l)»‘
1 \
\avaw %1
NI\ 2
5
}0
d.c
1
10-1
Tmb =25 °C
Al Bl &
| <] <
2| 2 a
10-2 1 d
1 10 Ve (V) 102

Safe Operating ARea with the transistor forward biased

1 Region of permissible d.c. operation
11 Permissible extension for repetitive pulse operation

1y Independent of temperature.
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BD433; BD435;

BD437
10 =—r—FFm - 7262669.1
4{ 1 S W 8 10 0 8 § G B
Zth j-mb =7 =
(K/W) - F—y - =
0.75 —— — =
0.50 T
1 0.33 e il
E=220.20 =

(=]
o]

J1]
3

10-2
ﬁj
— tp <—_J 52 tp
ja— T - T
10-3
1076 1075 1074 1073 10-2 107t (s) 1
7262581.1
S.B. voltage multiplying factor at the I a4 level
My
102
0.05 0.02 §=0.01
-\l\f\}“‘. i \
10 frmez0:10 e P
[ —
— T
0.20 e
I 1 . SRUNN
0.33 1 §;
0.50 T
'0.751 'N::::: —
p—
1 l I s
1076 1075 1074 1073 tp(s) 1072
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BD433; BD435;

BD437
BD433; BD435
7262580.1
S.B. current multiplying factor at the Vog(Q max level 11
"
102 L 1
§=0.01
0.05 0.02
l I ' T~ N \{
\\ N
10 0.10 N \
1 NS
l \\L
0.20 NC i
T 1] N -
0.33 ~[ TN
b5 TR
T 11 ] S S~
0.75 -"‘F\EE
1 L1 %
10-6 10-5 10-4 10-3 tp (5) 1072
BD437
7262579.1
S.B. current multiplying factor at the Vopomayx level
M
102
0.05 -
lﬂ_\ﬂ\\ 0.028=0-01
10 0.10 PN\ ~\\
H S
0.20 D
T —aa NN
0.33 N N
T ™~ N
0.50 —— TR
IR
0.75 T
1 11 I
1076 1075 1074 1073 tp(s) 10-2
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BD433; BD435;

BD437
104 7262654A 6 7262651
= ——1—F T T 111
I — Vcg=1V typ. values[]
| T;=250C T;=250°C []
(mA) J 4 VCEsat J
V)
103 4
4
1
I
|
typ
102 / 2
1
:' \
] (=44
3A
2A -
LU AN =
10 0 ] I
0 0.5 1 1.5 0 50 Ig (mA) 100
VpE (V)
300 [ 7Z[61T61
[T 11
Vee=1V 1]
hpg Tj=25 °C [}
200
typ
=
=
| N\
L AN
100 N\
N
0
1072 1071 1 Ic (A) 10
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BD433; BD435;
BD437
7262662
% 117
T 1
f=1MHz |-
iy Veg =1V
CE 7]
(M=) ;=25 °c[]]
20
o typ
. N
= N\
10 e
N\
N\
N
0
1072 1071 1 Ig (A) 10
7262954
100
N
Ptot max
(%)
50
A
\
N\
0
0 100 Tpp, (°C) 200
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BD434; BD436;
BD438

SILICON EPITAXIAL-BASE POWER TRANSISTORS

P-N-P transistors in a SOT-32 plastic envelope, intended for use in complementary out-
put stages of audio amplifiers up to 15 W.
The complementary pairs are BD433/BD434, BD435/BD436 and BD437/BD438.

QUICK REFERENCE DATA
‘ BD434|BD436 |BD438
Collector -emitter voltage (=Vgg = 0) -VCES max. 22 32 45 A%
Collector-emitter voltage (open base) -Vcgo max. 22 32 45 A%
Collector current (peak value) -Iem max. 7 7 7 A
s Total power dissipation up to Ty =25 9C  Pror max. 36 36 36 w
D C. current gain
wlg=2A;-Veg =1V | hpg > 50 50 40
Trgné\i{ion frequency
-1 %250 mA; -Veg =1V fr > 7 7 7  MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32) 27 . 7 Bmax
max g

Collector connected

to metal part of - ry
mounting surface - + I 3,75
i 3,2 . B B
- 301 1,1
. i max

|

|
|
2 I
S T .12 |
o l 15,3
I min
e c! bl l

7259324.2
0’88—>] ’4— \

- |« *J’L max

See chapters Mounting Instructions and Accessories.

l) Within this region the cross-section of the leads is uncontrolled.
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BD434; BD436;
BD438

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD434|BD436|BD438

Collector-base voltage (open emitter) -VeBo max. 22 32 45 v
Collector-emitter voltage (-Vpg = 0) =-VeES max. 22 | 32 45 A%
Collector-emitter voltage (open base) -VCEO max. 22 32 45 AY
Emitter-base voltage (open collector) -VEBO max. 5 5 5 v
Collector current (d.c.) s max. 4

Collector current (peak value) -lcMm max. 7 A
Base current (d.c.) -1 max. 1 A
Total power dissipationupto T, =25°C | max. 36 w
Storage temperature TStg -65 to +150 oC
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE

From junction to mounting base Rth jomb = 3,5 -K/W
From junction té ambient in free air Rhj-a = 100 K/W
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BD434; BD436;

BD438
CHARACTERISTICS Tj =25 OC unless otherwise specified
Collector cut-off current
Ig = 0; -VCB = ~VCBOmax -Icpo < 100 pA
Ig =0; -Vep =10V, Tj = 150 °C -Icgo < 1 mA
Ig = 0; -V¢B = ~VCBOmax; Tj =150°C  -IcBo < 3 mA
Emitter cut-off current
Ic=0; -VEB=5V ~-IEBO < 1 mA
Knee voltage BD434 |BD436 |BD438
-Ic =2 A; -Ig = value for which
-Ig=2,2Aat-Vgg =1V ~VCEK < 0,8 0,8 0,8 V
Base-emitter voltage l)
-Ig =10 mA; -Veg =5V -Vgg typ. 580 580 580 mV
—IC =2 A; —VCE =1V —VBE < 1,1 1,1 - \
"'IC =3A; “‘VCE =1V —VBE < - - 1,3 \%
Collector-emitter saturation voltage
-Ig=2A;~Ig=0,2 A -VCEsat < 0,5 0,5 - v
-Ic=3A;-Ig=0,3A -VCEsat < - - 0,7 V
D.C. current gain
> 85 85 85
“lc=2A;-Vcg =1V hpg > 50 50 40
-l =3A;-Vgg =1V hpg > - - 30

Transition frequency at f = 1 MHz

-lg =250 mA; -Vecg =1V fr > 7 MHz
D.C. current gain ratio of the complementary pairs

|ic| =500 mA; |Veg| =1V

BD433/BD434 and BD435/BD436 hpp/hpg, < 1,4

BD437/BD438 hrg1/hrFE2 < 1,8

1y Vg decreases by typ. 2,3 mV/K with increasing temperature.
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BD434; BD436;

BD438
10 1262582
T T T
-~ ICM max 8=0,01 H
\\\\\ A} ltpl'
Piot max ’\\\\ \
\\ 0,2
second )\
breakdown 1) '\ ('),‘
1 AWV AL §]
AW WA i
AN N 5
5
1r0
d.c.
[
10-1
Tmp =25 °C
i O o]
jc) ] I
2l 8 8
10-2 1 d
1 10 -VeEg (V) 102

Safe Operating ARea with the transistor forward biased

1 Region of permissible d.c. operation
II Permissible extension for repetitive pulse operation

1) Independent of temperature.
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BD434; BD436;
BD438
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BD434; BD436;

BD438
BD434; BD436
7262580.1
S.B. current multiplying factor at the VogQmax level
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N
1] NN
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i N
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BD434; BD436;

BD438
4 7262654 7262652
10 == 6 1 TTTTT]
. :—VcE=lV typ. values:
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BD434; BD436;

BD438
7262663
30 T T
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20
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J/ h
AN
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\
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BD645; 647

BD649; 651

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington circuit for audio output stages and general

amplifier and switching applications; TO-220 plastic envelope. P-N-P complements are BD646, BD648,

BD650 and BD652.

QUICK REFERENCE DATA

BD645 | 647 | 649 | 651

Collector-base voltage (open emitter) Vcgo  max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) VCeo  max. 60 80 | 100 | 120 V
Collector current (peak value) Ilem max. 12 A
Total power dissipation up to Ty, =25 °C Ptot max. 62,5 W
Junction temperature Tj max. 150 oC
D.C. current gain:
Ic=05A;Veg=3V hEg typ. 1900
Ic=3,0A;Vcg=3V hgg > 750
Cut-off frequency: Ic=3 A; Vcg =3V fhe typ. 50 kHz
MECHANICAL DATA -— 03, - 5. Dimensions in mm
Fig. 1 TO-220AB. - 3,6 |- 13-»] <
Collector connected 1 - ' Y
to mounting base. i _é 28 5.9
[ N min
T =1t 158
| | | max
! | I
L1 L
2
' — ¥ .
3,5 max
! not tinned | A rr?gx
A .
12,7
8 nlé’x_’ < } t min
(2x) )
1M1 2])f 3
>l <+09max (3x) »|le0,6
- 4 e - - 2.4
2,54 254

See also chapters Mounting Instructions and Accessories.

=

7265872.4

October 1985
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BD645; 647
BD649; 651

CIRCUIT DIAGRAM

Fig. 2
Rqtyp. 4kQ
R typ. 100 ©

7Z66445.2

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD645 | 647 | 649 | 651

Collector-base voltage (open emitter) Vego — max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) VCep  max. 60 80 | 100 | 120 V
Emitter-base voltage (open collector) VEBo  max. 5 5 5 5V
Collector current (d.c.) Ic max. 8 A
Collector current (peak value) lcm max. 12 A
Base current (d.c.) I} max. 150 mA
Total power dissipation up to T, =25 °C Ptot max. 62,5 w
Storage temperature Tstg —65 to + 150 oC
Junction temperature * Tj max. 150 oC

THERMAL RESISTANCE *
From junction to mounting base Rth jmb = 2 K/wW
From junction to ambient in free air Rthja = 70 K/w

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlington power transistors BD645; 647
BD649; 651

CHARACTERISTICS

Tj = 25 OC unless otherwise specified
Collector cut-off current

Ie =0, VcBO = VCEOmax IcBO < 0,2 mA

Ig=0; Vep =% VeBOmax: Tj= 150 °C IcBO < 2 mA

g =0;VCe =% VCEOmax Iceo < 05 mA
Emitter cut-off current

Ic=0;Vgg=5V lEBO < 5 mA
D.C. current gain (note 1)

lc=05A;Vcg=3V hge typ. 1900

Ilc= 3A;Vcg=3V hgg > 750

Ic= 8A;Vcg=3V hgg typ. 1800
Base-emitter voltage (notes 1 and 2)

Ic=3A;Vgg=3V VeE < 25 V
Saturation voltages (note 1)

Ic=3A;Ig=12mA VCEsat < 2V

Ic=5A;Ig=50mA VCEsat < 25V

VBEsat < 3V

Diode forward voltage

lg=3A VE typ. 12V
Collector capacitance at f = 1 MHz

lE=1lg=0;Vcg=10V Ce typ. 75 pF
Cut-off frequency

Ilc=3A;Vcg=3V fhie typ. 50 kHz

Turn-off breakdown energy with inductive load
—IBoff=0; Icm=45A; tp = 1 ms;

T = 100 ms; see Fig. 3 E(BR) > 50 mJ
Small signal current gain

Ic=3A;Vcg=3V;f=1MHz hfe > 10 -—
Second breakdown collector current

Ve =60V; tp=0,1 s l(sB) > 1,04 A

Switching times (see Figs 4 and 5)
Icon =3 A; Igon = —IBoff = 12 mMA

typ. 1,0
turn-on time ton <yp 2’5 Z:
turn-off time toff t<yp. 18 Zz

Notes
1. Measured under pulse conditions: tp <300 us, § <2%.
2. VgE decreases by about 3,8 mV/K with increasing temperature.
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BD645; 647
BD649; 651
SmH
vert.
oscilloscope
010 +]
e
N
R Fig. 3 Test circuit for turn-off
B TUT breakdown energy.
Yim T Vim =12 V; Rg =270 ©;
hor. = 1ms; 6 =1%.
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«—T—>
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Vee = 10V
Vim = 10V
—Vgg= 4V
R1 = 56 Q2
R2 =410Q
R3 =560
R& = 3Q
1 = tf 15 ns
tp = 10 us
T =500 us
Fig. 5 Switching times test circuit.
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Silicon Darlington power transistors BD645; 647
BD649; 651

102 7282093
I'c
(A) 3
| 6=0,01
CMmax / \
10 — S <.
1 AN N th=
[! BN 100
[ 'Cmax N 1l [ 100 us
NOR
NN
n Tms
N %n
5
[
| N
2)¥qc
10~1
n
4
[{=]
a
o
10_2 A
1 10 102 Vgg (V)

Fig. 6 Safe Operating ARea; Typ = 25 °C

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits {independent of temperature).

April 1981

233



BD645; 647
BD649; 651

102 7282092
Ic
(A)
ICMmax 6=9'01
10 { )‘\ AN
1 SN 3
C1 RS -
I- 'Cmax R " i
A NCT o
\N
MINN Onus
\‘\\
I \\ N
1 1ms
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5
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[{eN{oN{e]
[aYala]
omom
10—2 ST
1 10 102 Veg (V)

Fig. 7 Safe Operating ARea; Ty, = 25 OC.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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Silicon Darlington power transistors BD 645; 647
) BD649; 651
72672571 ! 7290240
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N b of collector-emitter diode (see Fig. 2)
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Fig. 9 Pulse power rating chart.
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BD645; 647

BD649; 651
’ \—
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Silicon Darlington power transistors

0

BD645; 647
BD649; 651

BD647; BD649
102 7267856
S.B. current multiplying factor at the 100V level
(0,02 5=
My N 0,01
0,05 \\\\
N
100, \\
i
M,
0,2
~ N\
0,33 NN
-""~4<\\\\\\
05 T~
- NN
0,75 ~ L
1 L
101 1 10 tp (ms) 102
Fig. 12 Second breakdown current multiplying factor at the 100 V level.
BD651 7277026.1
S.B. current multiplying factor at the 120V level
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Fig. 13 Second breakdown current multiplying factor at the 120 V level.
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BD645; 647
BD649; 651 \_
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Fig. 16 Typical d.c. current gain. Vcg =3 V.
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Silicon Darlington power transistors BD645, 647
) BD649; 651
7282902
VCEsat
(V)
|C=
1A |2 3 (4 5 |6A
10 | 1 1
1 1 1
I X \
\ \
\
\
TN -l
‘\\"\ =~===v—.
1
1071
10~ 1 10 102 o (ma)  10°
Fig. 17 Typical values collector-emitter saturation voltage. TJ' =25 OC,
10 7267329.3
h -
fe N
N
103 C
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102 vp
\
A Y
A
\
10 A
X
1
1 10 102 103 104

105 ¢ (kpz) 10°
Fig. 18 Small signal current gain at Ic =3 A; Ve =3 V.
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A

BD646; 648
BD650; 652

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-220 plastic envelope. N-P-N complements are BD645, BD647,

BD649 and BD651.

QUICK REFERENCE DATA

BD646 | 648 } 650 | 652

Collector-base voltage (open emitter) —VcBo max. 60 80 | 100 | 120 V
Collector-emitter voltage (open base) —VCEQ max. 60 80 | 100 | 120 V
Collector current (peak value) —Ilcm max. 12 A
Total power dissipation up to Ty = 25 °C Ptot max. 62,5 w
Junction temperature T; max. 150 oC
D.C. current gain:

—lg=05A;-Vcg=3V hEE typ. 2700

—Ic=3,0A;—Vgg=3V hfFg > 750
Cut-off frequency:

—lg=3A;-Vcg=3V fhfe typ. 100 kHz
MECHANICAL DATA 45 Dimensions in mm
Fig. 1 TO-220AB. | max [+
Collector connected v Eaaline v
to mounting base. 28 [ 59

j - m’in
] % 158
! max
I
-]
2
' v i )
3,5 max 54 4
1 not tinned | | I || max
1,3 12,7
3 max™ ‘ * min
(2x) I
112]|| 3
l - l «-0,9max (3x) |06
+
254 256 R
7265872.4 -
See also chapters Mounting Instructions and Accessories.
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BD646; 648

BD650; 652

=" ) ) -
) i [

b '/l .
l '\ | R1 typ. 4kQ
' [ \ Ro typ. 80 2

R1 R2 _i
7266L:6.2—— R B
e
Fig. 2 Darlington circuit diagram.
RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD646 | 648 | 650 | 652

Collector-base voltage (open emitter) -Vcgo max. 60 80 | 100 | 120
Collector-emitter voltage {open base) -~VcEQ max. 60 80 | 100 | 120
Emitter-base voltage (open collector) =VEBO max. 5 5| b 5
Collector current (d.c.) —Ic max. 8
Collector current (peak value) —lgy max. 12
Base current (d.c.) —Ig max. 150
Total power dissipation up to Ty, = 25 °C Ptot max. 62,5
Storage temperature Tstg —865 to + 150
Junction temperature * Tj 150

THERMAL RESISTANCE *
From junction to mounting base Rth jmb =

1
N

From junction to ambient in free air Rthja = 70

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.

K/wW
K/W
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Silicon Darlington power transistors BD 646;648
BD650; 652

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current
Ig=0:-VeB = ~VCBOmax —lceo < 0,2 mA
BD646: —Vg = 40 V
_BD648: —V g =50V

= .= o] -
'e =% Bpes0: —veg =60 v i i 190°C lcso < 2 mA
BD652: ~Vcg =70V
I8 =0; =VcE =% VCEOmax ~Iceo < 0,5 mA
Emitter cut-off current
lc=0;,-Vgg=56V -lgBO < 5 mA
D.C. current gain (note 1)
~lc=05A; -Vgg=3V hFE typ. 2700
—lc= 3A;=Vgg=3V hrg > 750
—lgc= 8A;-Vcg=3V heg typ. 200
Base-emitter voltage (notes 1 and 2)
—lg=3A;—-Vgg=3V —-VBE < 25V
Saturation voltages (note 1)
—lg=3A;-lg=12mA -V CEsat < 2V
-V < 25V
—lgc=5A;-Ig=50mA —V(B;E::: P 3 v
Collector capacitance at f = 1 MHz
IE=1lg=0;-Vcg=10V Cc typ. 75 pF
Cut-off frequency
—lc=3A;-Vcg=3V fhfe typ. 100 kHz
Small-signal current gain
—lc=3A;—=Vcg=3V;f=1MHz hte > 10 -
Diode, forward voltage
IF=3A VE typ. 18 V
Second-breakdown collector current
—~Veg =50V; th= 0,1s —l(sB) > 1,25 A
Switching times (between 10% and 90% levels) (Fig. 3)
—lcon =3 A; —lgon=IBoff= 12 mA; Vg =—-10V
Turn-on time ton t<yp' ; us
us
Turn-off time toff t<yp. 18 ps
us
Notes

1. Measured under pulse conditions: tp < 300 ps, § <2%.
2. —VgE decreases by about 3,8 mV/K with increasing temperature.
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BD646; 648
BD650; 652

90%

10%

90%

10%

7277491.4

— =!8 on

>

[~
t

g |-

toff l«

Fig. 3 Switching times waveforms.

7278130

Vee

Fig. 4 Switching times test circuit.

mowowononononn

0V
1m0V

56
410 Q
560 Q

15 ns
10 us
500 us
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Silicon Darlington power transistors BD646; 648
BD650; 652

102 7272447.2
.._|C
(A)
| =0,01
~'CMmax ;
10 | ‘-
| \‘}\\\ N tp=
F—1
C —'Cmax \\Q\\\ N 100 s
AN N
\gi\
M N\ 1Fs !
5
I
. \ 10
2 [d.c.
10~1
10-2
1 10 102 —vgg (V)

Fig. 5 Safe Operating ARea transistor BD646 at Ty, = 25 °C.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD646; 648
BD650; 652

102 7272451.3
..|C
(A)
§=0,01
_ICMmax A N
SN
-1 BNNAN <
Cmax NONONE 1S
ANRN\N A
N \\\ ~\tp=
(1) N N 100 us
N
{
1 N
A\ -:!-1ms
! 2) N
\} 10
d.c.
10~
BD648 +H
BD650 7|4
BD652 ]
1072
1 10 102 —vge (V)

Fig. 6 Safe Operating ARea. T, =25 °C

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) PtOt max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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Silicon Darlington power transistors BD646, 648
BD650; 652

72672571

100
Ptot max N
(°/o) \
75
N\
N
50
N\
\
25 A\
\
\
N\
0
0 50 100 150
Tmp(°C)
Fig. 7 Power derating curve.
3 7272445.2
Z s
th j-mb —>|tp|4_ I b
(K/W) . T —e] 6=T
5 -1 L
2 gt et
L T A =
,/ A ol A~
| e 1 _ LA ]
o/ i
_0,64 N . = 1l 0
— U LA
0.5 A P
—
1 P V.
e d
- 0,2 =]
{ »
T P
L= 0,1 "’, i
= 0,01
0 i
10-% 10-4 10-3 1072 107! T 10

Fig. 8 Pulse power rating chart.
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BD646; 648
BD650; 652

102 7267854 .1
S.B.voltage multiplying factor at the I¢ ., level
My
10
—6=001- 0,05
>
0,1
0,2 T
N~ TSN
\10’33.\\\\\5 —
fr—— — "
08— r::;'-%\
0,75 T T—
N a =
10~ 1 10 tp(ms) 102
Fig. 9 S.B. voltage multiplying factor at the |gmax level.
102 BD646 7267855
S.B. current multiplying factor at the 60V level
5=0,01
M \
0,02 \\
\‘\
10,05 N
N \
\\s \
10 0,1
\\ N
P
0,2 SUIRN
- N\
0,33 ‘~.‘\>§
05 TN
Ty
— TN
0,75 \b§§=
1
101 1 10 tp (ms) 102

Fig. 10 S.B. current multiplying factor at 60 V level.
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Silicon Darlington power transistors BD646; 648

BD650; 652

102

BD648; BD650 7267856

S.B. current multiplying factor at the 100V level

002

6=

My N

0,01

100,

/
N7

0,2

/

0,33

0,5

0,75

i\-::\hnd

1//?/

-
-
(=)

tp (ms) 102

Fig. 11.
BD652 7277026.1

S.B. current multiplying factor at the 120 V level

M, J

T
=0,01
102 &

-

AN

0,02
~N
N\
N

0,05 %

\\

10 —0,1

0,5

[/
I//i
11/
/14

10-1

10 102t (ms) 103

Fig. 12.
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BD646; 648

BD650; 652
104 7272443.2
=+ M~
- N
L typ \
7
/
/ pd \
/ V N N
Tj=125°%{ / \ \
103 | A \
I // 1\
25°C ¢ \
h
\'
102
1072 1077 1 ~1c (A) 10
Fig. 13 D.C. current gainat —Vgog =3 V.
7282905
—VCEsat
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1A | 2 3 4 |5 6 8A
10 A N N\ N
A § \ N, N
\ X AN
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\ \ N\
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\ \ ‘\\h
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\ \\_ \.‘\\
N\ q —
1 \\~~._
107 1 2 3
10~ 1 10 102 _jo(ma) 10
Fig. 14 Typical collector-emitter saturation voltage at Tj =250C.
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Silicon Darlington power transistors BD646; 648
J) BD650; 652

72673323

104

103 N

102 AN

10

\

A
1 10 10? 103 104 105 ¢ (kHz) 108

Fig. 15 Small signal current gain at —lc =3 A; —-Vgg =3 V.

7267316

—Veg =3V
T;=25°C

_IC
(A)

75

25

1 1,5 2 ~Vge (V) 25

Fig. 16 Collector current.
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A

BD675; 677
BD679; 681; 683

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial-base transistors in monolithic Darlington circuit for audio and video applications;
SOT-32 plastic envelope. P-N-P complements are BD676, BD678, BD680, BD682 and BD684.

QUICK REFERENCE DATA

BD675|677 |679 [681 |e83

Collector-base voltage (open emitter) Vego — max 60| 80|100120(140 V
Collector-emitter voltage (open base) VCEo  max. 45| 60| 80{100]120 V
Collector current (peak value) Ilem max. 6 A
Total power dissipation
upto Tyyp=25°C Piot max. 40 w
Junction temperature Tj max. 150 oC
D.C. current gain
lc=05A;Veg=3V hgE typ. 2200
Ic=15A;Vgg=3V hEe > 750
Cut-off frequency
Ic=15A;Vcg=3V fhe typ. 60 kHz
MECHANICAL DATA 27 Dimensions in mm
Fig. 1 TO-126 (SOT-32). jm&x ~ ~ 7.8 max >
Collector connected to 3 ry
mounting base. L1 * 3,75
ARG
3,
- | — 11,1
! l mfx
2,54
i}l
1 _ﬂ;" - le12 I
15,3
min
H h ' 0 88 7259324.2
-l < *O’L_ N
2,29
(1) Within this region the cross-section of the leads is uncontrolled.
See also chapters Mounting Instructions and Accessories.
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BD675; 677
BD679 681, 683

CIRCUIT DIAGRAM

Rytyp. 3k
Ry typ. 120

7266445.2

Fig. 2 Darlington circuit diagram.

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
BD675 |677 |679| 681|683

Collector-base voltage (open emitter) VeBo max. 60| 80(100|120{140 V
Collector-emitter voltage (open base) Vceo max. 45| 60| 80|100{120 V
Emitter-base voltage (open collector) VEBO max. 5| 5] 5| 5] 5V
Collector current (d.c.) Ic max. 4 A
Collector current (peak value) Ilem max. 6 A
Base current (d.c.) Ig max. 100 mA
Total power dissipation up to

Tmpb=25°C Ptot max. 40 w
Storage temperature Tstg —65 to + 150 ocC
Junction temperature Tj max. 150 oC

THERMAL RESISTANCE
From junction to mounting base Rthjmb = 3,12 K/w
From junction to ambient in free air Rth j-a = 100 K/w
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Silicon Darlington power transistors __BD675; 677
BD679; 681; 683

CHARACTERISTICS
Tj=25 OC, unless otherwise specified; where Ic = 1,56 A for BD675 read I =2 A.
Collector cut-off current

le =0; VcB = VCEOmax IcBO < 0,2 mA

IE=0; Ve ="% VCcBOmax: Tmb = 150 °C IcBO < 2 mA

18 =0: VcE =% VCEQmax IcEO < 05 mA
Emitter cut-off current

Ic=0;Vgg=5V IEBO < 5 mA
D.C. current gain (note 1)

Ic=05A;Vcg=3V hEE typ. 2200

Ic=15A;Vcg=3V hEg > 750

Ilc= 4A;Vgg=3V hgg typ. 1500
Base-emitter voltage (notes 1 and 2)

lc=15A;Vcg=3V (BD675;Ic=2A) VBE < 25V
Collector-emitter saturation voltage (note 1)

Ilc=15A;1g=6mA (BD675; Ic =2 A) VCEsat < 25V
Small signal current gain

Ic=15A;Vcg=3V;f=1 MHz(BDG75' Ic=2A) hfe > 10 -
Cut-off frequency o

lc=15A;Vcg=3V (BD675 Ic=2A) fhfe typ. 60 kHz
Turn-off breakdown energy with inductive load

—Igoff=0; Ic=3,5 A; (Fig. 3) ’ E(BR) > 30 mJ

D.C. current gain ratio of matched
complementary pairs

Ic=15A;Vgg=3V hpe1/hppr2 < 25
Diode forward voltage

Ig=15A(BD675; Ig=2A) VE typ. 15V
Second-breakdown collector current

Veg=50V; tp= 20 ms, non rep.; without heatsink l(sB) > 08 A

BD675; Vg =40 V; tp =ms I(sB) > 1A

Switching times
(between 10% and 90% levels)
lcon=15A; Igon=—IBoff =6 MA; Vcc =30V

Turn-on time ton typ. 0,8 us
< 2 us
Turn-off time toff typ. 45 us
< 8 us

Notes

1. Measured under pulse conditions: tp <300 us; & <2%.
2. VgE decreases by about 3,6 mV/K with increasing temperature.
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BD675; 677
BD679; 681; 683

CHARACTERISTICS (continued)
vert. Vim= 12V
oscilloscope Rg =270 Q
010 v lcc = 35 A
cC 4= T = 1ms
§ = 1%
Vim TUT.
0 ) hor.
"t;!“ oscilloscope
«—T—»!
7273863 .1
Fig. 3 Test circuit for turn-off breakdown energy.
t 7277499.5
> r<—
0% F———|Ff—————— L— lgon
s
10% ===
t
— ~I off
90% | —— | f———— Y 'con
I'c
10% | —— 4f}——— —— L —
-> Ln—td > |-ty t
— Iq— > I e ) . ) .
ton >l g [ Fig. 4 Switching times waveforms.
Vee
Vim= 12 V
Vee= 30V
vgg= -3 V
R1 = 56 Q
R2 = 1 kQ
Vim— R3 = 680 Q
R4 = 22 Q
0 ‘ tr=t<15 ns
t tp = 10 ps
’l I* P T =500 ps
- T —
7278131 . Vs

Fig. 5 Switching times test circuit.
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Slicon Darlington power transistors BD675; 677
BD679; 681; 683

102 7272078.3
Ic
(A)
10 5=0,01
“CMmax = A
| AN
| WA\
| Cmax il
(1) \ T
\ tp=
1 A1 50us
AW AY \ 1
\ ‘I
| \ N 160
(2) N
1ms
10|
10~ dc.
BD6757]L]
BD677-41 |1
BD679 ﬂﬁ/ 1
80681411
- 80683 T [1
1 — L 1
1 10 102 Ve (V)

Fig. 6 Safe Operating ARea. Ty = 25 ©C.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) PtOt max line.
(2) Second-breakdown limits (independent of temperature).
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BD675; 677
BD679; 681 683j \_
4 7272077
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(K/W)
6=1
3 Lt /:s,—’
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Fig. 7 Pulse power rating chart.
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Fig. 8 D.C. currentgainat VG =3 V.
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Silicon Darlington power transistors BD675, 677
BD679; 681, 683

7267263.1

102

S.B. voltage multiplying factor at the Iqy, level

10 0,02

| ~
. (TS—_“N--\L-

10-5 10-4 10-3 tp (s) 10-2

Fig. 9 S.B. voltage multiplying factor at the lomax level.
7267262.2

102

S.B. current multiplying factor at the Voro max levels
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10 s -

y.0.4’4
4

Y,
7.

/

N
\\
F\

]
I
1
1

—
[
—_—

107° 10-4 1073 tp () 1072

Fig. 10 S.B. current multiplying factor at the VCEQmax levels.
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BD675; 677
BD679; 681; 683

: 97
72672571 6 72820
100 i
C
Ptot max N (A)
(%) \
75 4
N ]
N ]
N I
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AN
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N\ ]
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N\
0 0
0 50 100 150
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Fig. 11 Power derating curve. Fig. 12 Typical collector current.
7282906
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1A | |2]] 3 |4 5||6A
10 B
\ X
1 \
1
\ | \
\ \
WAEAEAVIIAN
\ \\~ k“
1

107!
10~

1

10

102 5 (ma) 103
Fig. 13 Typical values collector-emitter saturation voltage. Ty}, = 25 ©C.
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Silicon Darlington power transistors BD675, 677
BD679; 681; 683

104 7282099.1
hfe =a
103
N
N\
02 W
AY
\
\
10
1
1 10 102 108 104 105 ¢ (kHz) 108

Fig. 14 Small signal current gain. Ic=15A; Vcg=3 V.
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BD676; 678
BD680; 682; 684

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial-base transistors in monolithic Darlington circuit for audio and video output applications;
SOT-32 plastic envelope. N-P-N complements are BD675, BD677, BD679, BD681 and BD683.

QUICK REFERENCE DATA

BD676 |678 |680 |682 |684

Collector-base voltage (open emitter) —-VcBo max. 45| 60( 80(100/120 V
Collector-emitter voltage (open base) —-VCEQ max. 45| 60| 80/100{120 V
Collector-current (peak value) —lcm max. 6 A
Total power dissipation up to Ty = 25 °C Ptot max. 40 w
Junction temperature T max. 150 ocC
D.C. current gain
—lc=05A; -Vgg=3V hEE typ. 2200
—lc=15A;-Vgg=3V hEg > 750
Cut-off frequency
—lg=15A;-Vgg=3V fhe typ. 60 kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126 (SOT-32). "n%lzx - < 7.8max >
Collector eonnected to
mounting base. d . LY
L] Y 375
i 32 - O
] 30
| ' 1,1
: j max
v )
2,54 [
=)
_ _m?“" -l a2
15,3
min
el| c|] bl
. | 0.88 ’ I ! 7259324.2
| | 2lle
- | —>0’5<— max l -
2,29

(1) Within this region the cross-section of the leads is uncontrolled.

See also chapters Mounting instructions and Accessories.
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BD676; 678
BD680; 682; 684

7266446.2

Fig. 2 Darlington circuit diagram.

RATINGS

R1typ. 3kQ
R2 typ. 80

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter) -VeBO
Collector-emitter voltage (open base) -VCcEO
Emitter-base voltage (open collector) —-VEBO
Collector current (d.c.) —Ic
Collector current (peak value) —-lem
Base current (d.c.) )
Total power dissipation up to Tp = 25 °C Ptot
Storage temperature Tstg
Junction temperature Tj

THERMAL RESISTANCE
From junction to mounting base Rth j-mb
From junction to ambient in free air Rth j-a

max.
max.
max.

max.
max.
max.
max.

max.

BD676’678 |.680]682 684
45| 60| 80|100(120 V
45| 60| 80/100|120 V
5| 5| 5| 5] 5V
4 A
6 A
100 mA
40 w
—65 to + 150 oC
150 oc
3,12 K/W
100 K/W

264

May 1982



Silicon Darlington power transistors BD676; 678
BD680; 682; 684

CHARACTERISTICS
Tj = 25 OC unless otherwise specified; where —lg=1,5A for BD676 read —Ic =2 A.
Collector cut-off current

le =0;=V¢B = —VCBOmax -Icso < 0,2 mA

Ig=0;-Vcp =—0,6 VcBOmax: Tmb = 150 °C —-lcgo < 2 mA

Ig = 0; =V¢E = —% VCEOmax -Iceo < 05 mA
Emitter cut-off current

Ic=0;-Vgg=5V —lEBO < 5 mA
D.C. current gain (note 1)

—lc=05A; -V =3V heg typ. 2200

—lc=15A;-Veg=3V* hEg > 750

—lg= 4A;—VgE=3V hEg typ. 650
Base-emitter voltage (notes 1 and 2) .

—lc=15A; -Vcg=3V* —VBE < 25V
Collector-emitter saturation voltage (note 1)

—lc=15A;—-lg=6mA* —VCEsat < 25V
Small-signal current gain

—=lg=15A;—Vcg=3V;f=1MHz* hfe > 10 -
Cut-off frequency

—lc=15A;~Veg=3V* fhie typ. 60 kHz

D.C. current gain ratio of matched
complementary pairs

—lc=15A;-Vcg=3V hpg1/hpey < 2,5
Diode, forward voltage
lg=156A* VE typ. 16V

Switching times (see Figs 3 and 4)
~Icon = 1,5 A; —IBon = IBoff =6 MA

turn-on time ton t\l/p. ?g Z:

turn-off time toff t<yp. 1,2 zz
Second-breakdown collector current

—Vcg=50V; tp=20ms ~I(sB) > 08 A

for BD676 —Vgg =40V —'(SB} > 1A

* for BD676 condition —Ig or —Ip =2 A.

Notes
1. Measured under pulse conditions: t, <300 us, 5 < 2%.
2. Vg decreases by about 3,6 mV/K with increasing temperature.
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BD676; 678
BD680; 682; 684
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Fig. 3 Switching times waveform.
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Fig. 4 Switching times test circuits.
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Silicon Darlington power transistors BD676, 678
BD680; 682; 684

102 7272079.3
(A)
10
-~ lcMmax 8 =201
;
T
™ =!Cmax
\
) i
tp=
50us
1 AY AY
\
AW WA\ 100
! 2)
1ms
10
1071 d.c.
80676
806787
8D680 7]
80682 1]
BD684 ]
10-2 5 5
1 10 10 —Veg (V) 10

Fig. 5 Safe Operating ARea. Ty, = 25 ©C.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max line.
(2) Second-breakdown limits (independent of temperature).
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BD676; 678
BD680; 682; 684

102 7267263.1A
S.B. voltage multiplying factor at the -Icmay level
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Fig. 6 S.B. voltage multiplying factor at the —lcmax level.
7267262.2A
102
S.B. current multiplying factor at the -VogQmax levels
My
6=0,01
T
\OY‘E\
10 0,05 \b\\
EREEN
| N
0,2
BN
\N“\
~
0,5 ™~
——
T
1 I
105 1074 10~3 tp () 10~2

Fig. 7 S.B. current multiplying factor at the —VcgOmax levels.
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Silicon Darlington power transistors BD676; 678
BD680; 682; 684

7272077

4
Zth j-mb
(K/W)
0=1
3 2 -
1] 8 /5;‘—
0,7 et q
Do
LT1 Y/
2 0’5 Lt /4 Y
Lt ///
/e
v/
/, 727%4 L
0,2 A"ﬁ--' /
1 4 I I I I 4444
il Nt | A
il *tfil 5.t [l
T 0,052 T = H
—T"] —_F4,0,011
—
of I
1075 1074 1073 1072 1071 1 10

tp(s)
Fig. 8 Pulse power rating chart.
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BD676; 678
BD680; 682; 684

104 7282562.2 104 7Z82098.1
hfe
TN -
heg / ~ 108
4 DHTH \ X
/ /| \
/ \
\ \
10° / \ 102 \
Z \
VA \
it )
L \
\
/ 10 A}
)
\
102 ] » ! o 2 3 4
-2 — 1 1 1
10 10 To—igta) 10 0 0% (k) 1©
Fig. 9 D.C. current gain. —Vgg =3 V; Fig. 10 Typical values small signal
Tj =250(C; current gain. —lc =16 A;
—————= Tj=1250C. -Vce=3V.
4 7282095.1 7282094.1
~Veesat [
—lc (V) le=
(A) 1A 2A 3A 4A 5A [6A
10 1 1 1 1N
3 | A Y 10 \
| A AR WA \
1 A WA\ \
| \['\ \
| \
2 \ ALY
\ N \ IT~—L
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1 N [T ]
/ .
0
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Fig. 11 Typical values; —~Vcg =3V

Tj =25 °C.
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Fig. 12 Typical values collector-emitter

saturation voltage as a function of base
current. Ty = 25 OC.




BD813
BD815
BD817

SILICON EPITAXIAL-BASE POWER TRANSISTORS

N P N transistors in a plastic TO-202 envelope intended for use in television and audio amplifier cir-

cuits where high peak powers can occur.

P-N-P complements are BD814, BD816 and BD818. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD813 | BD815 | BD817

45 60 100 V
45 60 80 V
45 60 100 VvV
———
6 A
2 w
12,5 w
150 oC
25
3 MHz

Collector-base voltage Vego — max.
Collector-emitter voltage VCEo  max.
Collector-emitter voltage (Rgg = 1 k£2) VCER  max
Collector current (peak value) lem max.
Total power dissipation
up to Tamp = 256 °C Piot max.
up to Tpp =25 0C Piot max.
Junction temperature Tj max.
D.C. current gain
lc=1A; V=2V hrg >
Transition frequency
lc=250mA; Vcg =10V fr >
MECHANICAL DATA <—10,4max —>
Fig. 1 TO-202. -3 J’]'i
Collector connected JI y v
to mounting base. ; l 38 i
' S
2
|
24,2
3 p— | max T
1 | o5
! max
|
[ | ' v
26mad” 1 [ T
i
2,tmax 122
min
1) 2{| 3 | l
S RO s
> - - 16
2,54 254

Dimensions in mm

46
max

lat——— 10 ——

7275737

top view

January 1981
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BD813
BD815
BD817

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD813 | BD815 | BD817

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage (Rgg = 1 k€2)
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Total power dissipation
at Tamp = 25 OC (free air)
at Typ =25 °C
Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air
From junction to mounting base

CHARACTERISTICS
Tj = 25 OC unless otherwise specified.
Collector cut-off current
Ig = 0; VeB = VeBOmax
Ie =0; VB = VeBOmax: Tj = 150 °C
Emitter cut-off current
lc=0;Vgg=5V
Base-emitter voltage
Ic=1A;Vcg=2V
Collector-emitter saturation voltage
Ic=1A;Ig=0,1A
D.C. current gain
Ic=150 mA; Ve =2V
Ilc=1A;Vcg=2V

VcBo
VCEO
VCER
VEBO

IcBo
IcBO

IEBO
VBE
VCEsat

hre
hrE

max.
max.
max.
max.

max.
max.

max.
max.

max.

AN

45
45
45

60
60
60

12,5
—65 to + 160
150

62,5
10

100

1.3

0,6

40 to 250
25

100
80
100

> P < << <<

==

oc

K/W
K/w

uA
mA

mA

January 1981



BD813

Silicon epitaxial-base power transistors BD815

BD817

Transition frequency at f=1 MHz

Ic=250mA; Vcg =10V fr > 3 MHz
D.C. current gain ratio of matched

complementary pairs

lic| =150mA; |Vcg| =2V hre1/hFE2 < 186
Switching times
| =1A:| =—1 =0,1A
Con ! Bon Boff typ. 0,4 us
turn-on time ton < 1 s
. typ. 1,6 us
turn-off time toff < 3 us
t 7277499.5 -
a-r<—
90% | ———|F=====—= — 'Bon
I
10% ===
t
00% | —— -
Ic
10% | —— 1
>
> |- | U5 e
ton > toff |<»
Fig. 2 Switching times waveform.
Vee
Vim = 16 V
Vee = 20 V
~VBB 6,4 V
R1 = 82 Q
Vim— R2 = 82 Q
| l | | R3 = 82 Q
0 R4 20 Q
t te=ty = 15 ns
|- t 10 ps
- T —- T = 500 us

7278131

Fig. 3 Switching times test circuit.
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BD813

BD815
BD817
7282551.1
Y P, e
T CMman O 8=001 1177
ANNNNNANAVAN AN tp=
lC A, \ \\\ 10“3
(A) \\ \\ §\< 20
ICmax R\\ \\\\\ 50
AN N LY | {100
N \\ NN 2
N 00
1 X 500
\\ Nae 1ms
(N NH 2
AN N 5
N N 1] 10
\ 20
N
\\
I N d.c
107!
BD813
BD815
BD817
1072 )
1 10 Vee (V) 10

Fig. 4 Safe Operating ARea. Typ < 25 °C.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD813

Silicon epitaxial-base power transistors BD815
BD817
102 7282968
Zthj-mb
(K/W)
10 Chet
BE==0,75 = —
0,50 e 1 =
0,33 T T
0,2 11T | 1 S m—
o1 HIHE—=2
—1 01 T A
1 0,05 VQ
LA
0,02 tp e t
0,01 "[ P 5=
0 - T — T
10-1 [ LI 1
1072 10-! 1 10 ) (ms) 10
Fig. 5 Pulse power rating chart.
200 7282960
TN
hre L4
e T
/, N
100 v \
e
/
— N
N
1073 10~2 10~" 1 Ic (A) 10

Fig. 6 Typical values d.c. current gain. VGg = 2 V; Tamp = 25 °C.
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BD813

BD815
BD817
7282961
10
fr
(MHz)
5 1 \\
pd

° 1071 1 Ic (A) 10

7282958

[ —t—

———

\\

/

0
0

0,5

1 15
Vge (V)

Fig. 8 Typical values Vog = 2 V; Tamp = 25 °C.

1072
Fig. 7 Typical values transition frequency. Vg = 10 V; f = 1 MHz; Tymp = 25 ©OC.
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BD813

Silicon epitaxial-base power transistors BD815
BD817

10 7282959

I'c

(A)

1 ,//
//
174
10-" f
/
/
10~2 '/
4

10-3 i /

10-3 102 =1 2
0 10 1 10 10 Ig (mA) 10

Fig. 9 Typical values at Vog =2 V; Tamp = 25 ©C.
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BD814
BD816
BD818

SILICON EPITAXIAL-BASE POWER TRANSISTORS

P-N-P transistors in a plastic TO-202 envelope intended for use in television and audio amplifier

circuits where high peak powers can occur.

N-P-N complements are BD813, BD815 and BD817. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD814 | BD816 | BD818
Collector-base voltage —VcBo max. 45 60 100 Vv
Collector-emitter voltage —Vcgo max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 k§2) —VCER max. 45 60 100 Vv
Collector current (peak value) —lcm  max. 6 A
Total power dissipation
up to Tamp =25 °C Piot max. 2 w
upto Tryp =25°C Piot max. 12,5 w
Junction temperature Tj max. 150 oC
D.C. current gain
—-lgc=1A;-Vcg=2V hgg > 25
Transition frequency
—lg=250 mA; -Vcg =10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
<—10,4max —*
Fig. 1 TO-202. 18 05
Collector connected 36 {¢ ‘ —’( ~
to mounting base. L I } Y
BN E
' 1
2
3 .’ 24,2
== ' max L
1 | T 1
! 85 E;jl 4
' max max
! e L
24 max" : _ v H le—— 10 —» 7275737
o $
2,4 max 122 top view
(1) Plastic flash allowed min
within this zone.
11| 2| 3 |
lﬂ‘«g‘g (3x) >/ l<-05
— - > le—-16
2,54 2,5
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BD814
BD816
BD818

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD814 | BD816 | BD818

Collector-base voltage (open emitter) -VcBo max. 45 60 100 V
Collector-emitter voltage (open base) -VCEO max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 k2) —VCER max. 45 60 100 Vv
Emitter-base voltage (open collector) —-VEBQ . max. 5 5 5V
Collector current (d.c.) —-lc max. 2 A
Collector current (peak value) —lcm max. A
Total power dissipation

at Tamp = 25 OC (free air) Ptot max. 2 w

atTmp =25°C Piot max. 12,5 w
Storage temperature Tstg —65to+ 150 oc
Junction temperature T max. 150 oC
THERMAL RESISTANCE
From junction to ambient in free air Rthj-a = 62,5 K/w
From junction to mounting base Rthjmb = 10 K/wW
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current

Ie =0;-VcB = -VcBOmax -lcego < 100 KA

Ig=0; =VcB =—VCBOmax: Tj =150°C —Icgo < 3 mA
Emitter cut-off current

Ilc=0;-Vgg=5V -lEBO < 1 mA
Base-emitter voltage

=lg=1A;=Vgg=2V -VBE < 1,3 \Y)
Collector-emitter saturation voltage

—-lc=1A;—-1g=0,1T A —VCEsat < 0,6 \
D.C. current gain

—lc=150mA; -V =2V hEE 40 to 250

—lc=1A;=Vgg=2V hEE > 25
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BD814

Silicon epitaxial-base power transistors BD816

BD818

Transition frequency at f = 1 MHz

—lg=250mA; -Vcg =10V fr > 3 MHz
D.C. current gain ratio of matched pairs

BD813/BD814; BD815/BD816; BD817/BD818

[lc]=150mA; |Vee|=2V hpg1/hpgy < 16
Switching times
—lcon=1A:—lgon = IBoff = 0,1 A
turn-on time ton typ. 0,3 us
turn-off time Toff typ. 0,7 us
t, 7277491.4 P
> -
90% | ———|[fF=—=——= — ~Igon
-l
10% b==x
t
90% | ———
_IC
10% - —— 1
> |- > ‘*tf
ton >t e

> toff |-

Fig. 2 Switching times waveforms.

20,3V
74V
82Q
82Q
82 Q
20Q
15 ns
10 us
500 us

non

o

o

7278130

Fig. 3 Switching times test circuit.
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BD814
BD816
BD818

10

10~1

10~2

7282552.1
T 1 Y i
5=0,01
1 cMman EEEEN! ol B N
AN NANANN
N \\\\ \\\ \\ tp=
NN
_lCmax \\\\\ N \\ 50
N \ N
\\ \ \Q\ \\\ 100
NN
\\ X \\ A 200
N\ AN U N N
\\ \\\ \
NI N 500
N
\ 1ms
N
(2)\ NE
3
N\ 20
! N\
\ d.c
BD814
BD816
80818 PN |
™N
™N
1 10 ~Vgg (V) 102

Fig. 4 Safe Operating ARea, T;,p < 25 ©C.

[ Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD814

Silicon epitaxial-base power transistors BD816
BD818
102 7282968
Zthj-mb
(K/W)
10 ket
BE==0,75 —
0,50 S F e — /: =
0,33 | 110
0,2 11 //,—::: 2;‘
T ’—’_r——\r" | —
o1 T HH—EA
1 0,05 ==
—_ >
0,02 _" tp! l tp
0 — T T
It [T ]
10-2 - 10~ 1 10 ¢, (ms) 10
Fig. 5 Pulse power rating chart.
200 7282964
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gt N\
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AN
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AN
N
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0
10-3 10~2 10~! 1 N 10

Fig.6 Typical values d.c. current gain. —Vcg = 2 V; Tamp = 25 OC.
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BD814

BD816
BD818
102 7282966
M
v
5=0
0,02
< /é 0,05
10 —
<
0,1+ ~
—
0,2 =~ ~ ] \\
o
— o s
1 1 I
107 2 1 2
10~ 10~ 1 10 tp (ms) 10
Fig. 7 S.B. voltage multiplying factor at |gmay level.
2 7282967
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|
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Fig. 8 S.B. current multiplying factor at VoEQmax level.
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BD814

Silicon epitaxial-base power transistors BD816
BD818
20 7282965
fr
(MHz)
A
P
— N
10
\\
\\
N
0 2 1
10~ 10~ 1 1
~ic (A) 0
Fig. 9 Typical values transition frequency. —Vgg = 10 V; f= 1 MHz; Tyyp = 25 OC.
7282962
2
|
|
~Ic ’l
(A)
1 |
]
/
0
0 0,5 1 1,
. —Vge (V)

Fig. 10 Typical values. —Vgg =2 V; Tamp = 25 °C.
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BD814

BD816
BD818
10 7282963
(A) -
1 sl
7
101
/
I’d
102 s
//
10_3 3 2 -1 2 3
10 10 10 1 10 107 () 10

Fig. 11 Typical values at —Vcg =2 V; Tamp = 25 °C.
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BD825
BD827
BD829

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose N-P-N transistors, in TO-202 plastic envelopes, recommended for driver-stages in hi-fi
amplifiers and television circuits.

P-N-P complements are BD826, BD828 and BD830. ‘Matched pairs can be supplied.

QUICK REFERENCE DATA

BD825 | BD827 [ BD829

Collector-base voltage Vego — max. 45 60 100 VvV
Collector-emitter voltage Vceo  max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 k&2) VCER  max. 45 60 100 V
Collector current (peak value) Icm max. 15 A
Total power dissipation

at Tamp = 25 OC (free air) Piot max. 2 w

at Tjp =500C Ptot max. 8 w
Junction temperature Tj max. 150 oC
D.C. current gain

Ic=150mA; V=2V hgg 40 to 250
Transition frequency

Ic=50mA; Vg =5V fr typ. 250 MHz

MECHANICAL DATA Dimensions in mm

<—10,4max —>
Fig. 1 TO-202. Y 3:2 - 05
Collector connected X )
to mounting base ] ! l . A
B
2
|
3 24,2
; = max _i
b
1 } 86 max
max
* I + L] | ‘ le—— 10 —» 7275737
. 2Lmax™ : E
(1) Plastic flash allowed [ top view
within this zone. 2,4 max 122
min
1] 2 l
l-»\L—OG {3x) {p <05
- ’ > la—16

25&25& ’
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BD825
BD827
BD829

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD825 | BD827 | BD829

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage (Rgg = 1 k2)

Collector current (d.c.)
Collector current (peak)

Total power dissipation
Tamb = 25 ©C (free air)

Tmp =500C
Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air
From junction to mounting base

VeBo
VCcEO
VCER

max.

45 60 100 Vv
45 60 80 V
45 60 100 VvV
1,0 A
15 A
2 w
8 w
—65 to + 150 oc
150 oc
62,5 K/wW
12,5 K/W

288

April 1981



BD825

Silicon planar epitaxial power transistors BD827
BD829

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off currents

lIg=0;Vcg=30V lcBO < 100 nA

Ig=0; VCB=30V;TJ-=125°C lcBo < 10 A
Emitter cut-off current

Ic=0;VEg=5V IEBO < 10 uA
D.C. current gain

Ic= 5mA;Vgg=2V hee > 25

Ic=150mA; Veg=2V heg 40 to 250

Ic=500mA; Vcg=2V hrg > 25
Collector-emitter saturation voltage

Ic =500 mA; Ig =50 mA V(CEsat < 05V
Base-emitter voltage

Ic=500mA; Vg =2V VgE < 1V
Transition frequency at f = 35 MHz

Ic=50mA;Vcg=5V T typ. 250 MHz
D.C. current gain ratio of matched

complementary pairs ¢ 13

lic |=150 mA; | Vgg =2V hrE1/hFEZ O 16

August 1983
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BD825

BD827
BD829
10 7282553.1
Ic
(A)
| §=0,01—
CMmax b A
N tp=
1 ICmax \\\\\ N 20us
ANMNAWAY N\
SN
0 \\MMVAWTA UEEAN
(WAN ARV
N WA YN 50
\\ A\ \\\
\ i\\ A\ 100
!
| (2)\ 200
10~ 1! N \
NN 500
N 11 1ms
5
20
d.c.
BD825
BD827
BD829
10~2
1 10 Veg (V) 102

Fig. 2 Safe Operating ARea. Ty, < 25 °C.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptotmax and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD825

Silicon planar epitaxial power transistors BD827
BD829
102 7282979
Zthj-mb
(K/W)
&=
T
10 0,75 H
0,50 =
0,33 a8 ==
0,20/
0,10 LA
////’
1
N
10,05
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0
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10-1 1 T TIIOT ]
10~2 10-7 1 10 ¢ (ms) 10°
Fig. 3 Pulse power rating chart.
100 7282971
hre
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AN
50
AN
0
1072 1072 10~ 1 lc(a) 10

Fig. 4 Typical values d.c. current gain. Vee=2V; Tamb = 25 °C.
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BD825

BD827
BD829
102 7282977
My §=0
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0,05
0,1
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e
-
0,2 T
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0,51 5 e B e S SN
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Fig. 5 S.B. voltage multiplying factor at 1cmay level.
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1
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Fig. 6 S.B. current multiplying factor at VCEQmax level.
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BD825

Silicon planar epitaxial power transistors BD827
BD829
200 7282972
fT | r—
(MHz) ol N
- ] A
/]
e
100 /)
A
74
L
/
Vv
0 3 2 1
10 10 10 I (A) 1
Fig. 7 Typical values transition frequency. Vg = 5 V; f = 35 MHz; Tamp = 25 ©C.
7282969
1
|
Ic
(A)
]
I
05
I
|
[
0 DA
0 1
0,5 Vge (V) 15

Fig. 8 Typical values. Vgg =2 V; Tamp = 25 °C.

August 1983 293



BD825
BD827
BD829

7282970

Ic
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10— /£
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3

Fig. 9 Typical valuesat Vog = 2 V; Tymp = 25 °C:
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BD826
BD828
BD830

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose P-N-P transistors, in TO-202 plastic envelopes, recommended for driver stages in hi-fi
amplifiers and television circuits.

N-P-N complements are BD825, BD827 and BD829. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD826 | BD828 | BD830

Collector-base voltage -VeBO max. 45 60 100 VvV
Collector-emitter voltage -VCEO max. 45 60 80 V
Collector-emitter voltage -VCER max. 45 60 100 Vv
Collector current (peak value) —lem max. 15 A
Total power dissipation
at Tamp = 25 OC (free air) Piot max. 2 w
at Typp =500C Piot max. 8 w
Junction temperature T max. 150 oC
D.C. current gain
=g = 150 mA; —Vcg=2V hgEg 40 to 250
Transition frequency
—lc=50mA; -Vgg =5V fr typ. 75 MHz
MECHANICAL DATA < 10.4max —> Dimensions in mm
Fig. 1 TO-202. 38 05
™ 3 [* — -
Collector connected j . } v f
to mounting base. ‘ T ’ A
38
' R
2
3 J 24,2
L, - max R )
T 4.6
1 ‘ 86 max
max T
+ | + ‘ — 10— 7215737
24 max'” : I | )
O top view
2,4 max 122
(1) Plastic flash allowed min
within this zone.
1 2f) 3 |
»‘ Lg-g(sx) >l<-05
—» - - le—16
2,54 254 :
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BD826
BD828
BD830

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage (Rgg = 1 k2}
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Total power dissipation
Tamb = 25 OC (free air)

Tmp =50°C
Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air
From junction to mounting base

-VeBo
—VcEo
—VCER
-VEBO

_IC
—lcm

Ptot
Ptot
Tstg

Tj

Rth j-a
Rth j-mb

max.
max.
max.
max.

max.

max.
max.

max.

BD826 [30828 |BDS30

45 60 100 V
45 60 80 V
45 60 100 V
5 5 5V
A
15 A
2 w
8 w
—65 to + 150 oc
150 oC
62,5 K/wW
12,6 K/W
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BD826

Silicon planar epitaxial power trarsistors BD828
BD830

CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current

lIe=0;-Vcg=30V —lcBO < 100 nA

lIg=0;-Vcg=30V; Tj= 125 0C —lcBo < 10 wA
Emitter cut-off current

Ic=0;,-Vgg=5V —lggo < 10 pA
D.C. current gain

—lc= 5mA;-Vgg=2V hEg > 25

—lc=150mA; -=Vgg=2V hrg 40 to 250

—lg=500mA; -Vcg=2V hgge > 25
Collector-emitter saturation voltage

—Ic =500 mA; —Ig =50 mA —VCEsat < 05V
Base-emitter voitage

—lc=500mA; -Vcg =2V ~VBE < 1V
Transition frequency at f = 35 MHz

—lg=50mA; -Vcg =5V fr typ. 75 MHz
D.C. current gain ratio of matched

complementary pairs typ 13

[lc |=1580 mA; |Vgg | =2V heer/hpE2 £ 16

-~
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BD826

BD828
BD830
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Fig. 2 Safe Operating ARea, Ty, < 25 OC.

| Region of permissible d.c. operation.
Il Permissible extension for repetition pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD826

Silicon planar epitaxial power transistors BD828
BD830
102 7282979
Zthj-mb
(K/W)
5=
T
10 0,75
0,50 H
0,33 a3 me==g
0,207 B
0,10 r 1448
//;
L1
1 §/
10,05
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0
— tp|<7 _t—p_
-+ | — 6= T
1o-1 [T 1
1072 10~7 1 10 ¢ (ms) 10
Fig. 3 Pulse power rating chart.
100 7282975
N\~~
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50 \
0 1
1073 1072 107 1 ~ig(A) 10

Fig. 4 Typical values d.c. current gain. —=Vgg =2 V; Tamp = 25 °C.
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BD826

BD828
BD830
102 7282977
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Fig. 5 S.B. voltage multiplying factor at Igmax level.
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Fig. 6 S.B. current multiplying factor at VceQmax level.
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BD826

Silicon planar epitaxial power transistors BD828
BD830
200 7282976
fr
(MHz)
T ~
100 ] AN
/// N
v
/]
7
0 3 2 1
_ 10— _
10 10 ~ig (A) !
Fig. 7 Typical values transition frequency at —V¢cg = 5 V; f = 35 MHz; T, = 25 OC.
7282973
1
(A)
05 |
|
|
|
/
0
0 0,5 1 1,5
—Vgg (V)

Fig. 8 Typical values. —Vcg =2 V; Tamp = 25 °C.
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BD826
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Fig. 9 Typical values at =Vcg =2 V; Tymp = 25 °C.
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BD839
BD841
BD843

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

N-P-N silicon transistors, in a plastic TO-202 envelope, recommended for use in television circuits and
audio applications.
P-N-P complements are BD840, BD842 and BD844.

QUICK REFERENCE DATA

BD839 | BD841 | BD843

Collector-base voltage (open emitter) Vego  max. 45 60 100 V
Collector-emitter voltage (open base) Vceg max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 k€2) VCcer max. 45 60 100 V
Collector current (peak value) Icm max. 3 A
Total power dissipation

Tamb = 25 ©C (free air) Piot max. 2 w

Tmb =25 OC Ptot max. 10 w
Junction temperature TJ- max. 150 oC
D.C. current gain

lc=1A;Vgg=2V hrg > 25
Transition frequency at f = 35 MHz

Ilc=50mA; Vcg=5V fT typ. 125 MHz
MECHANICAL DATA *“’v‘”;‘“" - 05 Dimensions in mm

3 8
Fig. 1 TO-202. ”’{ 36 1“' . —>| (-
Collector connected f i
to mounting base. ‘ ‘ 38
+
2 ! top view
24,2
= ! max __j
: | f 46
816 max
7 : max T3
) [ ‘ ¢ 10— 7275737
24 qum ! l, Y F
P
2,4 max 12,2
min
1| 2f| 3 | l
l—>l<—8’g (3x) Rt g V13
—» - > la—16
2,54 254

(1) Plastic flash allowed within this zone.
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BD839
BD841
BD843

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)

Collector-emitter voltage (Rgg = 1 k€2)

Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Total power dissipation
Tamb = 25 ©C (free air)
Tmp=250°C

Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

VeBO max.
VCEO max.
VCER  max.
VEBG  max.
Ic max.
lem max.
Ptot max.
Piot max.
Tstg

T] max.
Rthj-a
Rthjmb =

BD839 | BD841 | BD843

45 60 100
45 60 80
45 60 100

5 5 5

Nt bt
15
3

2
10

—65 to + 150
150

62,5
12,56

> r << <L

==

oC

K/w
K/wW

304
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BD839

Silicon planar epitaxial power transistors BD841
BD843

CHARACTERISTICS
TJ- = 25 OC unless otherwise specified.
Collector cut-off current

Ig=0;Veg=30V IcBO < 100 nA

|E=0;VCB=30V;Tj=1250C lcBoO < 10 uA
Emitter cut-off current

Ic=0; VEg=5V IEBO < 10 uA
Base-emitter voltage*

Ic=1A;Vcg=2V VBE < 1.3V
Collector-emitter saturation voltage

Ic=1A;Ig=0,1TA V(CEsat < 08 Vv
D.C. current gain

Ic=5mA;Veg=2V hgg > 25

Ic=150mA; Vcg =2V hEE 40 to 250

lc=1A;Vcg=2V heg > 25
Transition frequency at f = 35 MHz

Ic=50mA;Vcg=5V fr typ. 125 MHz
D.C. current gain ratio of

BD839/BD840, BD841/BD842, BD843/BD844 h /h typ. 1.3

|lc|=150mA; |Vcg|=2V FEVNFE2 < 1,6

* VBE decreases by about 2,3 mV/K with increasing temperature.
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BD839

BD841
BD843
7282555.1
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Fig. 2 Safe Operating ARea, T\, < 25 OC.

I Region of permissible d.c. operation.
il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD839

Silicon planar epitaxial power transistors BD841
BD843
7282981
10
\
AN
Ptot N
(W) \\% L
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S\
.
N\ S
A
2
5 AN
\
N
R
th;
A §62
NS SK/W \
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N
o [T
0 50 0 o, 150
T(%C)
Fig. 3 Power derating curve.
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Fig. 4 Pulse power rating chart.
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BD839
BD841
BD843 )
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Fig. 5 S.B. voltage multiplying factor at the Icmayx level.
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Fig. 6 S.B. current multiplying factor at the VCEQmax level.
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BD839

Silicon planar epitaxial power transistors BD841
BD843
100 7282983
hrE
"1 P—
N
N
50 N\
\
0
1073 10~2 107! 1 I (A) 10
Fig. 7 Typical values d.c. current gain. Vog =2 V; Tamp = 25 °C.
200 7282984
fT // \‘
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\
100
/ d
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A
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/
0
10~3 10-2 10~" I (A) 1

Fig. 8 Typical values transition frequency. Vcg =5 V; Tamp = 25 ©C; f = 35 MHz.
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BD839

BD841
BD843
10 7282982
Ic
(A)
-
1 v //
107! A
A
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10-3 1072 10! 1 10 102 103
Fig. 9 Typical valuesat Vog =2 V; Tamp = 25 °C.
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I
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0 .5
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Fig. 10 Typical values. Veg =2 V; Tamp = 25 ©C.
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BD840
BD842
BD844

A

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

P-N-P siticon transistors, in a plastic TO-202 envelope, recommended for use in television circuits and

audio applications.

N-P-N complements are BD839, BD841 and BD843.

QUICK REFERENCE DATA

BD840 | BD842 | BD844

Collector-base voltage -VeBO max. 45 60 100 V
Collector-emitter voltage —-VCEO max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 k€2) —VCER max. 45 60 100 V
Emitter-base voltage -VEBO max. 5 5 5 V
Collector current (peak value) —lcwm max. 3 A
Total power dissipation

Tamb = 25 OC (free air) Piot max. 2 w

Tmb =25°C Piot max. 10 w
Junction temperature Ti max. 150 oC
D.C. current gain

—lg=1A;-Vgg=2V hFe > 25
Transition frequency at f = 35 MHz fr typ. 50 MHz
MECHANICAL DATA 10 4max Dimensions in mm

Fig. 1 TO-202.

Collector connected
to mounting base.

(1) Plastic flash allowed within this zone.

*
! 24,2
= ' max
|
" \ ;
2 Amcx |
2 Amax
0 6 (3X)

25&25&

15
+U’|

T 4.6
8,6 max
max *r——'f
i — 10 ——»!
top view
12,2
min
- 05
>l le—1p 7275737
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BD840
BD842
BD844

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage (Rgg = 1 k2)
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Total power dissipation
Tamb = 25 ©C (free air)
Tmp =25°C

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air
From junction to mounting base

—VcBO
—VCEO
—VCER
~VEBO
-Ic
—lcm

Ptot
Ptot

Tstg

Tj

Rth j-a
Rthj-mb

max.
max.
max.
max.

max.
max.

max.
max.

max.

BD840 | BD842 | BD844

45
45
45

60
60
60

—65 to + 150
150

62,5
12,6

100
80
100

> >» << <KL

==

oc

K/W
K/W

312
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BD840

Silicon planar epitaxial power transistors BD842
BD844

CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current

lg=0;-Vcg=30V -lcgo < 100 nA

Ig=0;-Veg=30V; Tj=1250°C —lcBO < 10 uA
Emitter cut-off current

Ic=0;~VgEg=56V ~'EBO < 10 uA
Base-emitter voltage*

—lg=1A;-Vgcg=2V —-VBE < 1,3 V
Collector-emitter saturation voltage

—lc=1A;-1g=0,1A -V CEsat < 08 Vv
D.C. current gain

—lc=5mA; -Vcg=2V hge > 25

—Ilc=150mA; -Vcg =2V hrg 40 to 250

—lc=1A;=Vgg=2V heg > 25
Transition frequency at f = 35 MHz

—lg=50mA; -Vcg =5V fr typ. 50 MHz
D.C. current gain ratio

of BD839/BD840, BD841/BD842, BD843/BD844 typ. 1,3

|ic| =150 mA; |Vcg |=2V hre1/hFE2 < 16

* Vg decreases by about 2,3 mV/K with increasing temperature.
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BD840

BD842
BD844
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Fig. 2 Safe Operating ARea, Tp < 25 ©C.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD840

Silicon planar epitaxial power transistors BD842
BD844
7282981
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Fig. 4 Pulse power rating chart.
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BD840
BD842
BD844
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§=0
0,05
0,1
10 <
P
N
Y
~
—22 NN
033 IRNSY
F\|\\ N
0,5 T
— T
0,75 T N s = N
' ] \\\\===
————___\\‘_\15 \\\
1 1 — e
1072 107! 1 tp (ms) 10
Fig. 5 S.B. voltage multiplying factor at the lcmax level.
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Fig. 6 S.B. current multiplying factor at the VoEQmax level-
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BD840

Silicon planar epitaxial power transistors BD842
BD844
7282987
100 .
N.\\
\‘
h
FE
\
\ .
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~N
0
1073 1072 107! 1 —ic (A) 10
Fig. 7 Typical values d.c. current gain. —Vcg =2 V; Tamp = 25 °C.
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7
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Fig. 8 Typical values transition frequency. —Vgg =5 V; f =35 MHz; Tymp = 25 °C.
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BD840

BD842
BD844
10 7282986
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Fig. 9 Typical values at —Vcg =2 V; Tamp = 25 ©C.
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Fig. 10 Typical values. -Vcg =2 V; Tymp = 25 °C.
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BD845
BD847
BD849

SILICON EPITAXIAL-BASE POWER TRANSISTORS

General purpose N-P-N transistors, in TO-202 plastic envelopes, recommended for driver-stages in
audio amplifiers and television circuits.

P-N-P complements are BD846, BD848 and BD850. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD845 | BD847 | BD849

Collector-base voltage Vego  max. 100 120 140 \%
Collector-emitter voltage VCeo  max 100 120 140 \%
Emitter-base voltage VEBO  max. 5 5 5 \%
Collector current (peak value) Iem max. 3 A
Total power dissipation
at Tamp = 25 OC (free air) Piot max. 2 w
at Ty =250C Piot max. 10 w
Junction temperature T max. 150 oC
D.C. current gain
Ic=150mA; Vcg =5V heg 40 to 250
Transition frequency at f = 356 MHz
Ic=100mA; Vg =5V fr typ. 150 MHz
MECHANICAL DATA <10 4max —> Dimensions in mm
Fig. 1 TO-202. 38 05
- '3,6 - ) -—
Collector connected ’ ' |
to mounting base I N ?
38
~{P~ |
2
|
3 : 24,2
Ly : max _ﬁj
1 l T L6
8,6 max
' max —
+ l + L 10 —» * 7215737
(1) Plastic flash allowed 241 ! # T
astic flash allowe " : .
¢
within this zone. ! 2,4 max 122 op view
min
1 2|| 3| I l
—>|<—8’g (3x) o 05
— - ’ —» |l-16
2,54 2,54 ’
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BD845
BD847
BD849

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Total power dissipation
Tamb = 25 ©OC (free air)
Tmb=25°C

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

VcBo  max.
VCeo  max.
VEBO  max.
Ic max.
lem max.
Pot max.
Piot max.
Tstg

T; max.
Rth j-a

Rth jmb =

BD845 ’ BD847 | BD849

100 120
100 120
5 5

140
140
5

15
3

2
10

—65 to + 150
150

62,5
12,5

> r < <<

==

oc

K/W
K/wW
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BD845

Silicon epitaxial-base power transistors BD847
BD849

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off currents

Ig =0: VcB = VCBOmax IcBo < T A
Emitter cut-off current

Ic=0;,Vgg=5V IEBO < 10 uA
D.C. current gain

Ilc= 10mA;Vgg=5V hgg > 40

lc=150mA; V=5V heg 40 to 250

Ic=500mA; Vcg=56V heg > 30
Collector-emitter saturation voltage

Ic =500 mA; Ig = 50 mA V(CEsat < 10V
Base-emitter voltage

Ic=500mA; Vcg=5V VBE < 1.3V
Transition frequency at f = 35 MHz

Ic=100mA; Vcg =56V fr typ. 1560 MHz
D.C. current gain ratio of matched pairs

BD845/BD846; BD847/BD848; BD849/BD850

lic|=150mA; |[Vcg|=5V hpet/hper < 2,0
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BD845

BD847
BD849
10 7282638
I'c
(A)
" lCmax
N
1 N
AN
(N
N,
\\
' \
101 N
(2)
1072
H-B8D8451—
_BD847 .,
-1 _BD849
10~3 L
1 10 102 Veg (V)

Fig. 2 D.C. SOAR; Typp < 25 ©C.

I Region of permissible d.c. operation.

(1) Ptot max line.
(2) Second breakdown limit (independent of temperature).
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BD846
BD848
BD850

SILICON EPITAXIAL-BASE POWER TRANSISTORS

General purpose P-N-P transistors, in TO-202 plastic envelopes, recommended for driver stages in
audio amplifiers and television circuits.

N-P-N complements are BD845, BD847 and BD849. Matched pairs can be supplied.

QUICK REFERENCE DATA

BDB846 | BD848 | BD8SO

Collector-base voltage -Vgcgo max. 100 120 140 \
Collector-emitter voltage —-Vcgp max. 100 120 140 \%
Emitter-base voltage —VEBpQ max. 5 5 5 \
Collector current (peak value) —lcm max. 3 A
Total power dissipation
at Tymp = 25 OC (free air) Piot max. 2 W
at Typ =25°C Piot max. 10 w
Junction temperature Tj max. 150 oC
D.C. current gain
—lc=150mA; —-Vcg =5V hEE 40 to 250
Transition frequency at f = 35 MHz
—lc =100 mA; —-Vcg=5V fr typ. 75 MHz
MECHANICAL DATA < 10,4max > Dimensions in mm
Fig. 1 TO-202. 38 o 05
g | -—
Collector connected ‘ 3;5 ‘ v
to mounting base. { ] | 28
. ,4__4
2
J
! 24,2
3 p==! \ = max _+
} T L6
! 8,6 max
‘ max &
1}
+ ; ! + ¢ 10 —»| 7275737
0] !
Z'ATLX' e D ! i T top view
2,4 max 122
(1) Plastic flash allowed min
within this zone.
1 2 3
l»ing(ax) w05
—| - - le—16
2,54 2,54
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BD846
BD848
BD850

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)

Total power dissipation
Tamb = 25 OC (free air)
Tmp=25°C

Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air
From junction to mounting base

-Vego max.
—VCEQ max.
—VEBpo max.
—li¢ max.
-lcm max.
Piot max.
PtOt max.
Tstg

Tj max.
Rth j-a

Rth j-mb =

BD846 | BD848 | BD850

100 120
100 120
5 5

140
140
5

156
3,0

2
10

—65 to + 150
150

62,5
12,5

< < <

> >

==

oc

K/W
K/w
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BD846

Silicon epitaxial-base power transistors BD848

BD850

CHARACTERISTICS
T = 25 OC unless otherwise specified
Collector cut-off current

Ig=0;-Vcp = -VcBOmax -IcBo < T uA
Emitter cut-off current

lc=0;,~Vgg=5V -lEBO < 10 uA
D.C. current gain

—lc= 10mA; -Vcg=56V hrE > 40

—lc=150 mA; —-Vgg =5V hEE 40 to 250

—lg=500mA; -V =5V hrE > 30
Collector-emitter saturation voltage

—1lg =500 mA; —Ig = 50 mA —VCEsat < 10V
Base-emitter voltage

—Ilc=500mA; -Vcg=5V —-VBE < 13V
Transition frequency at f = 35 MHz

—lc=100mA; -Vcg =5V fr typ. 75 MHz

D.C. current gain ratio of matched pairs
BD845/BD846; BD847/BD848; BD849/BD850
[ic |= 150 mA; |Vcg|=5V heet/hper < 2
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BD846

BD848
BD850
10 7282639
_|C
(A)
" —lCmax
1 N
N
AN
AN
(1
N
\\
N\
: N
-1
10 (2)
1072
H-BD846 1
1 8D848. |
| BD850
1073
1 10 102 —Vgg (V)

Fig. 2 D.C. SOAR; Tmp < 25 OC.

| Region of permissible d.c. operation.

(1) PtOt max line.
(2) Second breakdown limit (independent of temperature).
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BD933; 935
BD937; 939
BD941

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in output stages of audio and television
amplifier circuits where high peak powers can occur.
P-N-P complements are BD934; 936; 938; 940 and 942.

QUICK REFERENCE DATA

BD933 /935 |937 |939 |941

Collector-base voltage Vego  max 45| 60{100(120 (140 V
Collector-emitter voltage VCceo  max. 45| 60| 80100120 V
Collector current (d.c.) Ic max. 3 A
Total power dissipation up to Ty = 25 °C Piot max. 30 w
Junction temperature T max. 150 oC
D.C. current gain
Ic=150mA; Ve =2V hEg 40 to 250
Ic=1TA;Vcg=2V hFe > 25
Transition frequency
lc=250mA; Vcg=10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. R
Collector connected | 1,3+
to mounting base. _ v
28 59
[} min
| 4 158
max
2
' J_ ¥ L
3,56 max 51
1 not tinned | | Il | [ pax
U A
1,3 12,7
3 max ’ ’ min
(2x) )
11 2]] 3
i -»> | «-09max (3x) »| <06
-+ e - le24
254 2504

7

See also chapters Mounting instructions and Accessories.

7265872.4
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BD933; 935
BD937; 939
BD941

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)

Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to Ty = 25 0C

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS
Tj= 25 OC unless otherwise specified
Collector cut-off current

e =0:VcB = VcBOmax

Ie=0; Ve = VeBOmax: Tj = 150 oC

Ie =0; VCE = VCEOmax
Emitter cut-off current
Ic=0;Vgg=56V
D.C. current gain *
lc=150 mA; Vg =2V
ic=1A;Vcg=2V
Base-emitter voltage **
lc=1A;Vcg=2V
Collector-emitter saturation voltage *
Ilc=1A;1g=0,1A
Transition frequency at f= 1 MHz
Ic=250mA; Vg =10V
Switching times
Icon=1A; IBon = —IBoff=0,1 A
turn-on time
Turn-off time

Second-breakdown collector current
VCE =40 V; tp = 0,1 5; non-repetitive

VcBo
VCEO

VEBO

IcBo
IcBO
IcEO

IEBO

hFE
hFE

VBE
VCEsat
fr

ton
toff

1(sB)

* Measured under pulse conditions: tp < 300 us; § < 2%.

** \/gg decreases by about 2,3 mV/K with increasing temperature.

max.

max.
max.

max.

max.

max.

N

typ

typ.

30933|935|937|939|941

45
45

60
60

100
80

5

3

7

0,5

30

—65 to + 150
150

4,17
70

0,1

0,5

40 to 250
25

1.3

0,6

120
100

140 V
120 V

K/wW
K/W

mA
mA
mA

mA

MHz

us
us
us
us
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BD933; 935

Silicon epitaxial base power transistors BD937; 939
BD941
1, 7277499.5 -
> -
90% |F———|F————=—= I— !Bon
6|
10% ===
1
— =g off
90% — Icon
Ic
10%
> ]L—ld > |=tf t
- |<- > tS -
ton > toff |<-

Fig. 2 Switching times waveforms.

Vee = 20V

ViMm = 16V

~Vgg = 64V

R1 = 82Q

R2 = 82Q

Vim — R3 = 820
R4 = 208

0 tr=tf = 15ns
—- ‘4— tp tp = 10MS

T =500 us

- T —»

7278131

Fig. 3 Switching times test circuit.
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BD933; 935
BD937; 939

BD941
02 7277850.2
Ic
(A)
10 §=0,01
E | CMmax =
| A AN AN
i N AN A
| T NN N 1 N
Cmax NN\ A
SONNTTL e
0,1ms
(b \:\\ ’ K
1 \ N N
-
N
I
AEALY
\ \!
2
(2) \015
NRE
10~1 \
A} 10
d.c.
BD9337]
8093511 H] ]
809374
BD939"4//
BD941]
10—-2 11
1 10 102 Vee (V)

Fig. 4 Safe Operating ARea; Ty, = 25 OC.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits, independent of temperature.
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BD933; 935
Silicon epitaxial base power transistors BD937; 939
BD941
102 7282178
My
M
106 0,01
AN 0,05
0,1
0.2 <<
—\‘\\
0,33 N~ N
o
—0,501——F— S~
- [
075 T
\}_\ \:_':N ,_‘_Q:‘N’-
1
10~1 1 10 tp (ms) 102
Fig. 5 Second-breakdown voltage multiplying factor at the Icmayx level and
second-breakdown current multiplying factor at the VoEQmax level.
6 7282150
Zthj-mb
(K/W)
-o=1
410,75 h— == =
=11 A
| = A
| 05 I " P
7
-
= 27
- 0,3 A /
2 — /
— 0,2 ¢ —
S =2 TLTL
B ——»‘ tp i . =t—g
0,01 — T 5 T
ol L
1072 107! 1 10 102

Fig. 6 Pulse power rating chart.

3
10 tp (ms) 104
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BD933; 935

BD937; 939
BD941 /
104 7282161
1)
T
1\
VCEsat 1\ ‘\
(mv) | A
\ \
103 \
I‘ \
\ \ o=
A\ N \ 4A
\ \ ~N
N\ ™~ 12A
™ N
N L
102 \ e 1 1 A
- 05A
10
1 10 102 103 Ig (mA) 104
Fig. 7 Typical collector-emitter saturation voltage as a function of base current with collector
current as a parameter.
7282907 7282153
30
\
2
Piot |
W
(W) Ic I
Y (A) /
20 N\
X ’ typ
\ 1 [
I
|
10 C
\
/
/
0 0 100 200 0 1.5
. (O 0 0,5 R
Tt Vge (V)
Fig. 8 Power derating curve.

Fig.9 Vcg=2V;Tj=250C.
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BD933; 935

Silicon epitaxial base power transistors BD937; 939
BD941
103 7282166.1
— o
hEE Tj 1?5 C ne
-~ 1= T T P
25°C
NN
102 >
NG
QN
N\
AN
\\
N
N
N
10
10-2 10~1 1 Ic (A) 10

Fig. 10 Typical static forward current transfer ratio as a function of the collector current. Vgg =2 V
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BD934,; 936
BD938; 940
BD942

)

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in output stages of audio and television
amplifier circuits where high peak powers can occur.
N-P-N complements are BD933; 935; 937; 939 and 941.

QUICK REFERENCE DATA

BD934|936| 938 |940 |942

Collector-base voltage —-VcBo max. 45| 60100120140 V
Collector-emitter voltage —VceQ max. 45| 60| 80]100(120 V
Collector current (d.c.) —ic max. 3 A
Total power dissipation up to Ty =25 °C Ptot max. 30 w
Junction temperature TJ- max. 150 oc
D.C. current gain
—lc=150mA; -Vgg =2V hgg 40 to 250
—lc=1A;=Vgg=2V hgrg > 25
Transition frequency
—lc=2560mA; -Vgg=10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. 10.3 4.5
max = max [
Collector connected
to mounting base. =36 - v 13—+ | 4
aika = 59
* B min
= ] ¥ 158
I' | : max
) Lo 1 L l
i "
1 3,5 max 51
not tirM»_J AL max
4 I —
3 13 12,7
max < ’ t min
(2x) )
112]|f 3
»lile0gmax (3x) +|le0g
—! -— - - 2.4
2,54 254
7265872.4 -
See also chapters Mounting instructions and Accessories.
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BD934; 936
BD938; 940
BD942

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Coilector-base voltage (open emitter)
Collector-emitter voltage (open base)

Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to Ty, =25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS

Tj=25 OC unless otherwise specified

Collector cut-off current
—lg=0;-VcB = —VcBOmax
—lg=0;-Vcp =—VcBOmax: Tj =150 °C
Ig=0; —V¢E = —VCEOmax

Emitter cut-off current
Ic=0;,-Vgg=5V

D.C. current gain (note 1)
—lc =150 mA; -Vcg =2V
~lc=1A;=Vcg=2V

Base-emitter voltage (notes 1 and 2)
—lg=1A;—Vgg=2V

Collector-emitter saturation voltage (note 1)
—lc=1A;-1g=0,1A

Transition frequency at f =1 MHz
—lg=260 mA; -Vgg =10V

Switching times

—Icon="1A; ~Igon = IBoff = 0.1 A
turn-on time

turn-off time

Notes

—-VcBO
—VCcEO
—VEBO
_|C
—lcm
_|B
Ptot
Tstg

Tj

Rth j-mb
Rth j-a

—lceo
—IcBoO
~Iceo

—-lEBO

—VCEsat

fr

toff

1. Measured under pulse conditions: tp < 300 us; 6 <2%.

2. —VRE decreases by about 2,3 mV/K with increasing temperature.

max.
max.

max.
max.
max.
max.

max.

max.

N

typ.

typ.

BD934|936 |938 940|942

45
45

60
60

100
80

5

3

7

0,5

30

—65 to + 150
150

4,17
70

0,1

0,5

40 to 250
25

1,3
0,6

3
0,2
0,6

0,7
2,4

120
100

140 V
120 Vv

K/W
K/w

mA
mA
mA

mA

MHz

us
us
us
Ms
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BD934; 936

Silicon epitaxial base power transistors BD938, 940
BD942
102 7277851.1
(A)
10 ¢ 5=0,01
=lcMmax £ b
I N X
1 ANEAN
- NSO
Cmax NN S
N N
(1)\
1 NN \
N1\
AN =
\ \[tp=
I (2 0,1ms
0,5
N\ 1
N o
10~!
Nd.c
BD9341—T}
BD936 11 5
BD938 :*r =
BD940 T 1]
BD942 [ |
1072 ;
1 10 102 —Veg (V)

Fig. 2 Safe Operating ARea; Tryp, = 25 ©C.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits independent of temperature.
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BD934; 936

BD938; 940
BD942
102 7282178
My
M
10 0,01
N 0,05
=~ 0,1
0,2 <<
\\Q§
0,33 ey g
_— —— \\\‘.,.\
— 0,50 =
0,75 ~“F‘-~:‘\\E\:‘-«-
Tt e Y B S N
1 -
1071 1 10 tp (ms) 10?

Fig. 3 Second breakdown voltage multipiying factor at the igmax level and second breakdown current
multiplying factor at the Veceomax level.

6 7282150.1
Zthj-mb
(K/W)
- 5= 1
410,75 i — -
Lot ,%
! ™! /1 ot
_0’5 e H . %
T
L~ 74
| 1 A /4
2 024 z
s 7 7
0,245 —
L 01 2a - ] -
»" —»ltp|4—~ I =t—p_
L 0,01 -7l 8T
0 —2] 1 2 3 4
10 10 1 10 10 10 tp (ms) 10

Fig. 4 Pulse power rating chart.
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BD934; 936

Silicon epitaxial base power transistors BD938; 940
BD942
104 7282162
Y T
3\ A8 A ¥
st N
~VCEsat
(mV) N
\ NG
103 \» = \ —IC=
AV 4A
N s
AN N b —12A
N
S~ 1A
N
102 i 05A
10
1 10 102 103 ~1g (mA) 10*

Fig. 5 Typical collector-emitter saturation voltage as a function of base current with collector current

as a parameter.

-Ic
(A)

0

7282154

|
|
I

ltw

|

|

/
0 0,5 1 1,5
—VBE(V)

Fig. 6 Typical collector current as a function of base-emitter voltage. —=Vcg =2 V; Tj =25 0C.
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BD934; 936
BD938; 940
BD942

7Z282165.1

102

10
1072 10~7 1 ~1c(A) 10

Fig. 7 Typical static forward current transfer ratio as a function of the collector current. -V =2 V;
Tj<250°C.
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BD943
BD945
BD947

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in audio output stages and general
purpose amplifier applications. P-N-P complements are BD944; 946 and 948.

QUICK REFERENCE DATA

BD943 | 945 | 947

Collector-base voltage (open emitter) Vego  max. 22 32 45 Vv
Collector-emitter voltage (open base) Vceo  max. 22 32 45 Vv
Collector current (d.c.) Ic max. 5 A
Total power dissipation up to Ty, = 25 °C Piot max. 40 w
Junction temperature T max. 150 oC
D.C. current gain
Ic= 10mA;Vcg=5V hgg > 25
Ic=500mA; V=1V hEg 85 to 475
Ic= 2A;Veg=1V hEE > 50 | 50 | 40
Transition frequency at f =1 MHz
Ic=250mA; V=1V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. - 08 . - -
Collector connected > 3,6 [« 1,3
to mounting base. ¥ v
£ 59
[ min
T i R
| | max
|
2 N l
1 (i — L] ~—_ Y
3,5‘mux 51
! not tinned AL max
12,7
12 ) | p o
(2x) I
1112}l 3
T
- | «-09max (3x) +|l«0p
— . - ! 4-2,4
2,54 254
7265872.4 —
See also chapters Mounting instructions and Accessories.
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BD943
BD945
BD947

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage {open base)
Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to Ty = 26 0C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient in free air

CHARACTERISTICS
Tj= 25 OC unless otherwise specified
Collector cut-off current
Ie=0:VeB = VeBOmax
lg=0;VeB = VeBOmax: Tj = 150 °C
15 V; BD943
Ig =0; Vg =20 V; BD945
25 V; BD947
Emitter cut-off current
Ilc=0;VEg=5bV
D.C. current gain (note 1)
Ic= 10mA;Veg=5V
lc=500mA; Veg=1V
Ilc=2A;Vgg=1V
Ic=3A; V=1V
Base-emitter voltage (notes 1 and 2)
Ic=2A;Vgg=1V
Ic=3A;Vgg=1V

Collector-emitter saturation voltage (note 1)

Ic=2A:1g=0,2A
ic=3A:lIg=03A

Notes

Vceo
VcEo
VEBO

IcBo
IcBo

IcEO

lEBO

hrE

NFE
hre

VBE
VBE

VCEsat
VCEsat

1. Measured under pulse conditions; tp <300 ps; § <<2%.

2. VgE decreases by about 2,3 mV/K with increasing temperature.

max.
max.
max.
max.
max.
max.
max.

max.

BD943 | 945 | 947

22
22

32
32

Q0 o,

1
40

—65 to + 150

150

3,12

70

25

85 to 475

50

11

0,5

50

45
45

40
30

1.3

0,7

\
\

K/W
K/wW

mA
mA

mA

mA
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Silicon epitaxial base power transistors

BD943
BD945
BD947

Knee voltage*
Ic =2 A; ig value for which
Ic=22AandVgg=1V

Transition frequency at f= 1 MHz
Ic=260mA; Ve =1V

Veek < 08V

T > 3 MHz

72672571

100

Ptot max

(/o)

75

50

25

\N

100 150

Tmpl°C)

Fig. 2 Power derating curve.

* Measured under pulse conditions; tp < 300 us; § < 2%.
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BD943
BD945
BD947

102 7277801.1
l'c
(A)
10 |CMm.ax 6=001
¥ \ N\
- 1Cmax A\ A o= -
N\ 0,1ms
N\ \

N
1 \ 1
AY
N\\

Y10

T

d.c.
ol vl ~
<| <f «
EE
107! 3 @ =

2
1 10 Veg (V) 10

Fig. 3 Safe Operating ARea, Tynp, = 25 °C.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD943

Silicon epitaxial base power transistors BD945
BD947
a 7282140.1
Zthj-mb
(K/W)
-6=1 o
3 = ili Zy M
ail I
0,75 3 S - - .
!‘// P f",
/’ !'/‘/
L A
2 0,5 - H / //
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- ] ¢ /
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0,33] L1 pe //,/
1 ! L L
02 T [ LW
Lt 1 | | |
0,1 L ot B
|11 —»I tp|<r— | ﬂtp
_——1—0——' <—-T———>I b= T
0
1078 1075 1074 10-3 1072 1071 sy 1
Fig. 4 Pulse power rating chart.
102 7282145
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0,01
0,05
10 ~—
— 0,1 >
'\\ ~ < M
__ NN TN
0'2 \N\~‘
—~ wEnj \\
L Ny
0,5 \Qt\\
=ttt L] H N~.:=§
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10758 1074 103 tp (s) 1072

Fig. 5 S.B. voltage multiplying factor at the Igmax level.
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BD943

BD945
BD947
102 7282147
M
! e
0,01
0,05 4
N
k.\\
0,1 NN
10 Y
~~ SNSONC
| N NN
0,2 ~—1 .
~§§~ ‘\
—— \t -
~LU NN
—_——
=l \§§§
1
-5 -4 -3 -2
10 10 10 tp (s) 10
Fig. 6 S.B. current multiplying factor at the VcgOmax level for BD943 and BD945.
102 7282146
My §=
0,05 0.0!
‘ B N
_—
N
0,1 SN
10 —] ~
I AN
- ™
0.2 NN
] N\
(<
0,5 i \‘N:
NEHESSS
] —-\SS::~~~
RRECSss
1 S
-5 -4 -3 -2
10 10 10 tp (s) 10

Fig. 7 S.B. current multiplying factor at the VogOmax level for BD947.
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BD943

Silicon epitaxial base power transistors BD945
BD947
103 7282138
heo
FE
" o
r__/ ’—_—%—‘ ~4\\
102 \
\
AN
\
10
1072 107! 1 Ic (A) 10

Fig. 8 Typical d.c. current gainat Vog = 1V; Tj =250C.
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BD944
BD946
BD948

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in audio output stages and general

purpose amplifiers. N-P-N complements are BD943; 945 and 947.

QUICK REFERENCE DATA

BD944 | 946 ] 948

Collector-base voltage (open emitter) -VeBo max. 22 ’ 32 ’ 45 V
Collector-emitter voltage (open base) -VCEO max. 22 32 45 V
Collector current (d.c.) —Ic max. 5 A
Total power dissipation up to Ty = 25 C Ptot max. 40 w
Junction temperature T max. 150 oc
D.C. current gain
—lg= 10mA; -Vcg=5V hge > 25
—ig=500mA; -Veg=1V hEg 85 to 475
—lg= 2A;-Vgg=1V heE > 50 | 50 | 40
Transition frequency at f = 1 MHz
~lc=250mA; -Veg=1V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. — 03 - D e
Collector connected -+ 3,6 [< 1,3+
to mounting base. - v
. ...2_’8 59
4 min
T 1 158
| | max
|
2 .
1 | * v L
3,5 max 51
not tinned o
3 o I max
1,3 * 12,7
max™ [ [ ! min
(2x) 1
11l 2|l 3 1
‘ -»ll «-0,9max (3x) -+ le086
— - - 24
2,54 254

T

See also chapters Mounting instructions and Accessories.

72658724
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BD944
BD946
BD948

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

Total power dissipation up to Ty = 25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base
From junction to ambient (in free air)

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current
Ige=0:-VcB =—VcBOmax
Ig=0;-VcB = —VcBOmax: Tj = 150 °C
Ig=0; Vg = 15 V; BD944 I
—VcE =20 V; BD946
—VcE =25V, BD948 [
Emitter cut-off current
~lg=0;,-Vgg=56V
D.C. current gain (note 1)
—lg= 10mA;-Vcg=56V

—Ilg=500mA; —=Vcg =1V
—lg=2A;=Vgg=1V
—lc=3A;-Vgg=1V
Base-emitter voltage (notes 1 and 2)
—lc=2A;-Veg=1V
—lc=3A;=Vcg=1V

Collector-emitter saturation voltage (note 1)
—lc=2A;-1g=02A

—-lg=3A;-1g=03V

Notes

—VcBo
—VCEO
—VEBO
—_ | C
—lcm
—1 B
Ptot
Tstg

Tj

Rth j-mb
Rth j-a

—IcBo
—lcBo

—Iceo

—lEBO

hre
hFE
hFE
hFE

—VBE
—VBE

—VCEsat
—VCEsat

1. Measured under pulse conditions; th < 300 us; § < 2%.
2. VgEg decreases by about 2,3 mV/K with increasing temperature.

max.
max.
max.
max.
max.
max.
max.

BD944 | 946 | 948

22
22

32
32

o o o

1
40

—65 to + 150

150

3,12

70

25

85 to 475

50

11

0,5

50

11

0,5

45 V
45 V

8C'O>E>>><

K/wW
K/w

mA
mA

mA

mA

40
30

07V
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BD944

Silicon epitaxial base power transistors BD946
BD948
Knee voltage *
—Ig =2 A; —1g = value for which
—lc=22Aand—Vgg=1V 08 V
Transition frequency at f = 1 MHL
—lc=250mA; -V =1V~ 3 MHz

72672571

100
Ptoi max N
(°/o)
75 N
N\
N
50 \C
\
25 A\
N\
N\
AN
N\
0
0 50 100 150
Tmp(°C)

Fig. 2 Power derating curve.

* Measured under pulse conditions; tp < 300 us; § <2%.
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BD944
BD946
BD948

102 7277802.1
(A)
10 F ~ 1 oMmax §=0,01
4 T
L —| ty= 1]
Cmax S Notms
N\ \ \

10~!

Fig. 3 Safe Operating ARea, Ty = 25 ©C.
| Region of permissible d.c operation.
11 Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD944

Silicon epitaxial base power transistors BD946
BD948
4 7282140.1
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Fig. 4 Pulse power rating chart.
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Fig. 5 S.B. voltage multiplying factor at the —Icmax level.
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BDS44
BD946
BD248

102 7282147
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Fig. 6 S.B. current multiplying factor at the —VcEOmax level for BD944/946.
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Fig. 7 S.B. current multiplying factor at the —VcEQmax leve! for BD948.

354 March 1979



BD944

Silicon epitaxial base power transistors BD946
BD948
103 7282139
hee
typ
),
1 ‘47\\
102 AN
AN
10
1072 107! 1 —lc (A) 10

Fig. 8 Typical d.c. current gainat =V =1V; Tj =25 0C.
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BD949; 951
BD953; 955

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N transistors in a plastic TO-220 envelope. With their p-n-p complements BD950; 952; 954 and
956 they are intended for use in a wide range of power amplifiers and for switching applications.

QUICK REFERENCE DATA

BD949 | BDY51 | BD953 | BDI55

Collector-base voltage (open emitter) Vego max. 60 80 100 120 vV
Collector-emitter voltage (open base) Vcep max. 60 80 100 120 vV
Collector current (d.c.) Ic max. 5 A
Collector current (peak value) lem max. 8 A
Total power dissipation up to Ty, =25 °C Piot max. 40 w
Junction temperature Tj max. 150 oC
D.C. current gain
Ic=05A;Vcg=4V hgg > 40
Ic=2A;Vcg=4V hre > 20
MECHANICAL DATA
Fig. 1 TO-220AB. Dimensions in mm
10,3 45
Collector connected to T max 77 | max
mounting base. - 3,6 |- ' 1,3 l<— V
— N A
E 28 . 59
* min
7 —] | Y
2 : ! ! i mx
|
: L] L
' | ' . 4
3 3,5 max 51
not'tinned | | Il || oo
(% 127
r1'11é13x_> ~ ? * min
(2x) )
i 21 3
| *H<~0,9 max (3x) »|le06
See also chapters 254 250 - 2
Mounting instructions 7265872.4 -
and Accessories. Eﬁ
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BD949; 951
BD953; 955

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD949 | 951 | 953 | 955

120 v
120 v

Collector-base voltage {open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Total power dissipation up to Typ, = 25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
from junction to mounting base
from junction to ambient (in free air)

CHARACTERISTICS

Tj=25 OC unless otherwise specified

Collector cut-off current
IE=0; VB = VCBO max
Ig=0;VeB =% VCBO max: Tj =150 90C
18 =0; VCE = % VCEO max

Emitter cut-off current
Ic=0;Vgg=5V

D.C. current gain (note 1)
Ic=05A;Veg=4V
Ic=2A;Vgg=4V

Base-emitter voltage (notes 1 and 2)
Ic=2A;Vgg =4V

Collector-emitter saturation voltage (note 1)
Ic=2A;13=0,2A

Transition frequency at f = 1 MHz
Ic=05A;Vcg=4V

VcBO
VCEO
VEBO
Ic
Icm
Ptot
Tstg

Tj

max.
max.
max.
max.
max.
max.

max.

Rthj-mb =

Rthj-a

IcBO
lcBO
Iceo

IEBO

hrE
hre

VBE

VCEsat

(1) Measured under pulse conditions: 1 < 300 us, § < 2%.
(2) Vgp decreases by about 2,3 mV/K with increasing temperature.

ANA

A

60
60

|

80 |1oo[
80 | 100
5
5
8

40
—65 to 150
150

3,12
70

0,1

0,5

40

1,4

\%
A
A
W
oC
ocC

K/W
K/w

mA
mA
mA

mA

MHz
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BD949; 951

Silicon epitaxial base power transistors

BD953; 955
CHARACTERISTICS (continued)
Switching times
(between 10% and 90% levels)
Icon=1A;IBon=—IBoff=0,1 A
Turn-on time ton typ. 0,3 us
Turn-off time toff  typ. 1,5 us
7277499.A
90+-————f=—=—==——==—= | Ison
ig (%)
10 f===
t
90 +———+
ic
(%)
10 f———-
0 e —’kfﬂ* t
ton —| tors e
Fig. 2 Switching times waveforms.
Vim = 30V
Vee = 20V
vgg =-35V
R1 = 82Q
R2 = 150 &
R3 = 39 Q
R4 = 20 Q@
Vim— tr=tf <15 ns
o = 10 us
0 l l l l T = 500 us

-~ 'p

- T —=

7278131

Fig. 3 Switching times test circuit.
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BD949; 951

BDO53; 955
5=0,01
! 277852,
10 - 'CMmax 7277852.1
4 1 .~ \\
- ICmax AN RNAN
| N\ N
(E) SN
N
(1) NN )
\
. 0,1ms
1 \\
AY
\\\ 0'2
\
(2)
N\ [NV
| V 10
10~
d.c.
1072
BD949
BD951 |
1H~ BD953
[—BD955
10—3 i |
1 10 102 Vg (V)

Fig. 4 Safe Operating ARea; Trjyp < 25 ©C.
| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptotmax and Ppeak max lines.
(2) Second-breakdown limit (independent of temperature).
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Silicon epitaxial base power transistors

BD949; 951

BD953; 955
72672571
100
Ptot max A
(/o) N\
75 N
\
N
N
50
AN
A
25 \
N
\
1\
0
0 50 100 150
Tmb(OC)
Fig. 5 Power derating curve.
7282140.1
4
Zthj-mb
(K/W)
L 5=1 an
3 %'F
T —“'% I
L 0,75 =usll A
- r- "/z/ A 7
= "/4/ /
205 12, eI 2 q11)) 2 77
1 /
11 b
L LT 29%
0,331 [T U P
1 il
= 0[2 Lt P
| L A
0,1 | Lt —
0 /‘_—' -——o-l tpl<— ) =t_p
-+ T —» T
0
10-6 10-5 104 10°3 1072 107! tp(s) 1

Fig. 6 Pulse power rating chart.
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BD949; 951

BD953; 955
102 7282147
M
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10-5 1074 10-3 tp (s) 102
Fig. 7 S.B. current multiplying factor at the VGEQ max level for BD949/951.
102 7282146
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Fig. 8 S.B. current multiplying factor at the VoEQ max level for BD953/955.
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Silicon epitaxial base power transistors BD949; 951

BD953; 955
102 7282145
My
5=
0,01
0,05
10 ~
— 0,1
—
0.2 \t‘N\
N\N"h %\
g
0,5 0
T I ~
T T
H—
1
1075 10-4 103 tp (s) 10-2
Fig. 9 S.B. voltage multiplying factor at the 1C max level.
08 7282141.2
hee
FT. = o
T;=125°C I -4
_____——-“\ ~
/7 \§
102 /”’ %i\\
— BN
T \‘\
25%C ™
NN
\\
N\
N
N\
N
10 2 1
10 10 1 Ic (A) 10

Fig. 10 Typical d.c. current gain at Vo =4 V.
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BD949; 951

BD953; 955
4 7282143
10 I
BT
Vee
(mV)
103 A
=| “\ le=
o=
|\ \\ 74
~ 5A
\ N ___13A
\\ 2A
N
2 NN
10 ~— 0T A
~ 1]
05A
10
1 10 102 0% 5 (ma) 10

Fig. 11 Collector-emitter voltage as a function of base current.
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BD950; 952
BD954; 956

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P transistors in a plastic TO-220 envelope. With their n-p-n complements BD949; 851; 953 and
955 they are intended for use in a wide range of power amplifiers and for switching applications.

QUICK REFERENCE DATA

BDY5O | 952

954 | 956

Collector-base voltage (open emitter) —Vego max. 60 ! 80 ’ 100 [ 120 v
Collector-emitter voltage (open base) —~Vecgp max. 60 | 80 | 100 {120 V
Collector current (d.c.) —l¢ max. 5 A
Collector current (peak value) —-lgm max. 8 A
Total power dissipation up to Ty, = 25 °C Piot max. 40 w
Junction temperature Tj max. 150 oC
D.C. current gain )
—lc=05A; -Vcg=4V hgpe > 40
—lc=2A;—Vcg=4V hEg > 20
MECHANICAL DATA Dimensions in mm
ig. - . 10,3 4.5
Fig. 1 TO-220AB - > max [
Collector connected > 3,8 = ' 1,3+
to mounting base. E_<){> ”—M
4
li Lo
2 | :
L1
! . v ' ; 0
,5 max
3 not tinned R
. i
13 TR o127
méx”l [~ I t min
(2x) i
M 2)i 3
i | |le-0,9max (3x) > l+0,6
—l - el a2
2,54 2,54
7265872.4 P
See also chapters @
Mounting instructions '
and Accessories.
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BD950; 952
BD954; 956

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BD950 | 952 | 954 | 956

120 V
120 V

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)
Collector current (d.c.)

Collector current (peak value)

Total power dissipation up to Ty, = 25 °C
Storage temperature '

Junction temperature

THERMAL RESISTANCE
from junction to mounting base
from junction to ambient (in free air)

CHARACTERISTICS

TJ- = 25 OC unless otherwise specified

Collector cut-off current
Ig =0; -VcB = —VCBO max
Ige=0;-Vcg =—"% VCBO max; Tj= 150 °C
I =0; —VcE = —"% VCEO max

Emitter cut-off current
Ilc=0; —‘VEB =5V

D.C. current gain (note 1)
—lc=05A; -Vcg =4V
—|C=2A;——VCE=4V

Base-emitter voltage (notes 1 and 2)
—lc=2A;—Vcg =4V

Collector-emitter saturation voltage (note 1)
—lc=2A;-Ig=02A

Transition frequency at f = 1 MHz
—Ilc=05A;-Vcg=4V

—VcBO
—VCcEO
—VEBO
—1 C
—lcwm
Ptot
Tstg

T

Rth j-mb
Rth j-a

—IcBo
—-lcBo
—-Iceo

—lgBO

hrE
hre

—VBE
—VCEsat

fr

(1) Measured under pulse conditions: tp < 300 ps, § < 2%.
(2) VEp decreases by about 2,3 mV/K with increasing temperature.

max.
max.
max.
max.
max.

max.

max.

AWAWAY

Vv

60
60

80 | 100
5
5
8
40
—65 to 150
150

180 ‘100’

3,12
70

0,1

0,5

40
20

1,4

\
A
A
w
oc
oc

K/wW
K/wW

mA
mA
mA

mA

MHz
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Silicon epitaxial base power transistors BD950, 952

BD954; 956
CHARACTERISTICS (continued)
Switching times
(between 10% and 90% levels)
Icon=1A; —Igon = IBoff = 0,1 A
Turn-on time ton typ. 0,1 us
Turn-off time toff typ. 0,4 us
7277491.A
904~ ———
~ig (%)
0 foc=
90 +———
_ic
(%)
10 +———-
0 — '4— —éhf<— t
ton - toff .«
Fig. 2 Switching times waveforms.
—Vim = 30V
-Vge = 20V
Vgg = 35V
R1 = 82Q
R2 = 150 Q
R3 = 39 Q
R4 = 20 Q
ty=t4<15 ns
tp = 10 us
T = 500 us

7278130

Fig. 3 Switching times test circuit.
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BD950; 952
BD954; 956

| 5 =O’O1 7277853.1
10 = ~'CMmax
I )| ] \\ \‘ AN
- —!Cmax PO \\
o ANVEA W N
(Al NN
(1) \\\ N
tp=
0,1ms
1 \ \\ \
\]
\
0,2
(2) :
| 1
1071 £10
\d.c.
1072
BD950 {
- BD952
111~ BD954
BD956
10—3 1 L
1 10 102 —Vg (V)

Fig. 4 Safe Operating ARea; Ty, < 25 OC.

| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limit (independent of temperature).
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Silicon epitaxial base power transistors BD950, 952
BD954; 956
7267257
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N
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Fig. 5 Power derating curve.
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Fig. 6 Pulse power rating chart.
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BD950; 952

BD954; 956
7282147
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Fig. 7 S.B. current multiplying factor at the —VCEQ max level for BD950 and BD952.

tp (s)

Fig. 8 S.B. current multiplying factor at the —VggQ max level for BD954 and BD956.
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BD950; 952

Silicon epitaxial base power transistors

BD954; 956
102 7282145
My
6—_-
w
0,05
10 P
=0
N
—2.2 SR
\\"~~._ \\
N
L | | s§==
N\-\d\‘*—_ \‘\
—
1
107° 10— 10-3 tp (s) 10-2
Fig. 9 S.B. voltage multiplying factor at the —Ic max level.
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Fig. 10 Typical d.c. current gain at —Vcg =4 V.
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BD950; 952

BD954; 956
7282144
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Fig. 11 Collector-emitter voltage as a function of base current.
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BDT20

SILICON DARLINGTON POWER TRANSISTOR

P-N-P silicon power transistor in monolithic Darlington circuit with integrated diode protection,
capable of withstanding repetitive high peak power, even at increased ambient temperatures. Specially
intended for inductive switching, e.g. motors and relays.N-P-N complement is BDT21. -

QUICK REFERENCE DATA

Collector-base voltage (open emitter) -VeBO
Collector-emitter voltage (open base) -VcEO
Collector current (d.c.) —l¢
Total power dissipation up to Ty = 25 °C Piot
Junction temperature Tj

Turn-off breakdown energy with inductive load
Tamb = 100°C; L=0,6 H; Rg= 100 E(BR)

max. 130 V
max. 130 V
max. 8 A
max. 62,56 W
max. 150 °C

> 100 mJ

MECHANICAL DATA
Fig. 1 TO-220AB.

10,3
Collector connected ~~ max
to mounting base. - 3,6 [« ;
9y
*
; —)
ll |
. }
9 L__,',__J
¢ __ |
1 3,5 max 51
not tinned | L1l max
3 | '\
13 12,7
max™> l ! min
(2x) )
M 24 3
| *i<—0,9max (3x) »|le06
-l 4+ e - -2.4
2,54 254

7265872.4

&

See also chapters Mounting instructions and Accessories.

Dimensions in mm
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BDT20

R1 R2 Ry typ. 12 kQ
Rp typ. 150 Q

7284624 |
e
Fig. 2 Darlington circuit diagram.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Collector-base voltage (open emitter) —VecBo max. 130 V
Collector-emitter voltage (open base) —-VCEQ max. 130 V
Emitter-base voltage (open collector) —~VEQ max. 6V
Coliector current (d.c.) —~ig ‘max. 8 A
Collector current (peak value) ~lcMm  max. 12 A
Base current (d.c.) ~ig max. 150 mA
Total power dissipation up to Ty = 25 °C Piot max. 625 W
Storage temperature Tstg —65 to +150 °C
Junction temperature * Tj 150 °C

THERMAL RESISTANCE *
From junction to mounting base Rthjmb = 2 K/W
From junction to ambient Rthja = 70 K/w

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlington power transistor BDT20

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector-emitter breakdown voltage

Ig=0;lc=10mA V(BR)CEO > 130 V
Collector cut-off current
lg=0;~Vcg =100V —lceo < 0,2 mA
lg=0;-Vcg =60 V;Ti=1SO°C -lcBo < 2 mA
Ig=0; Vg =60V —Iceo < 50 nA
Emitter cut-off current
Ic=0;~VEg=5V -leso < T mA
D.C. current gain (note 1)
—lg= B0mA; -Vgg=3V hgg > 100
—lg=250mA; -Vgcg=3V hEg 500 to 3000
—lg= 3A; —Vgg=3V hFe > 500
—lc= 8A;, —Vgg=3V hrg typ. 150
Base-emitter voltage (notes 1 and 2)
—lc=3A;-Vgg=3V -VBE < 3V
Collector-emitter saturation voltage (note 1)
—lc=1A;—-Ig= 2mA —Vegsat < 1,5V
—lc=3A;—-Ilg=12mA —VCEsat < 2V
Forward voltage collector-emitter diode
