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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic components, sub-
assemblies and materials; it is made up of four series of handbooks each comprising several parts.

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS " PURPLE

COMPONENTS AND MATERIALS ; ’ GREEN

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

Where ratings or specifications differ from those published in the preceding edition they are pointed
out by arrows. Where application information is given it is advisory and does not form part of the
product specification.

If you need confirmation that the published data about any of our products are the latest available,
please contact our representative. He is at your service and will be glad to answer your inquiries.

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
under any patent or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of

. goods mentioned in it are subject to-change without notice; it is not to be reproduced in any way, in whole or in part without the
written consent of the publisher.
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ELECTRON TUBES (BLUE SERIES)

Starting in 1980, new part numbers and corresponding codes are being introduced. The former code of
the preceding issue is-given in brackets under the new code.

Part 1 February 1980 T1 02-80 Tubes for r.f. heating
(ET1a 12-75)

Part 2 April 1980 T2 04-80 Transmitting tubes for communications
(ET1b 08-77)
Part 2b May 1978 ET2b 05-78 Microwave semiconductors and components

Gunn, Impatt and noise diodes, mixer and detector diodes,
backward diodes, varactor diodes, Gunn oscillators, sub-
assemblies, circulators and isolators.

Part 3 June 1980 T3 06-80 Klystrons, travelling-wave tubes, microwave diodes
(ET2a 11-77)

Part 3 January 1975 ET3 01-75 Special Quality tubes, miscellaneous devices

Part4  September 1980 T4 09-80 Magnetrons
(ET2a 11-77)

Part5 August 1981 T5 08-81 Cathode-ray tubes
Instrument tubes, monitor and display tubes, C.R. tubes
for special applications.

Part 6 July 1980 T6 07-80 Geiger-Miiller tubes
(ET6 01-77)

Part 7a  March 1977 ET7a03-77  Gas-filled tubes
Thyratrons, industrial rectifying tubes, ignitrons,
high-voltage rectifying tubes,

Part 7b  May 1979 ET7b 05-79  Gas-filled tubes
Segment indicator tubes, indicator tubes, switching diodes,
dry reed contact units.

Part 8 July 1979 ET8 07-79 Picture tubes and components
Colour TV picture tubes, black and white TV picture tubes,
monitor tubes, components for colour television, components
for black and white television.

Part 9 June 1980 T9 06-80 Photo and electron multipliers
(ET9 03-78) Photomultiplier tubes, phototubes, single channel electron
multipliers, channel electron multiplier plates.

Part 10 May 1981 T10 05-81 Camera tubes and accessories, image intensifiers
(ET5b 12-78)

June 1981



SEMICONDUCTORS (RED SERIES) -

Starting in 1980, new part numbers and corresponding codes are being introduced. The former code of
the preceding issue is given in brackets under the new code.

Part 1 March 1980 S1 03-80 Diodes .
(SC1b 05-77) Small-signal germanium diodes, small-signal silicon diodes, -
special diodes, voltage regulator diodes (< 1,5 W), voltage
reference diodes, tuner diodes, rectifier diodes

Part 2 May 1980 S2 05-80 Power diodes, thyristors, triacs
(SC1a 08-78) Rectifier diodes, voltage regulator diodes (> 1,5 W),
rectifier stacks, thyristors, triacs

Part 3 April 1980 S3 04-80 Small-signal transistors
(SC2 11-77, partly)
(SC3 01-78, partly)

Part4  September 1981 S4 09-81 Low-frequency power transistors
)

(SC2 06-79)

Part 4a December 1978 SC4a12-78 Transmitting transistors and modules

Part 5 October 1980 S5 10-80 Field-effect transistors
(SC3 01-78, partly)

Part 7 December 1980 S7 12-80 Microminiature semiconductors for hybrid circuits
(SC4c 07-78)

Part 8 April 1980 S8 06-81 Devices for optoelectronics
(SC4b 09-78) Photosensitive diodes and transistors, light-emitting diodes,
displays, photocouplers, infrared sensitive devices, photo-
conductive devices

Part 10 September 1981 S10 09-81 Wideband transistors and wideband hybrid IC modules
(SC3 01-78, partly)
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INTEGRATED CIRCUITS (PURPLE SERIES)

Starting in 1980, new part numbers and corresponding codes are being introduced. The former code of
the preceding issue is given in brackets under the new code. Books with the purple cover will replace
existing red covered editions as each is revised.

Part 1 May 1980 IC1 05-80 Bipolar ICs for radio and audio equipment
(SC5b 03-77) .
Part 2 May 1980 IC2 05-80 Bipolar ICs for video equipment
(SC5b 03-77)

Part 5a November 1976 SC5a 11-76  Professional analogue integrated circuits

Part 4 October 1980 IC4 10-80 Digital integrated circuits
(SC6 10-77) LOCMOS HE4000B family

Part 6b  August 1979 SC6b 08-79  ICs for digital systems in radio and television receivers

Signetics integrated circuits Bipolar and MOS memories 1979
Bipolar and MOS microprocessors 1978
Analogue circuits 1979
Logic- TTL 1978
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Starting in 19

COMPONENTS AND MATERIALS (GREEN SERIES)

80, new part numbers and corresponding codes are being introduced. The former code

of the preceding issue is given in brackets under the new code.

Part 1

Part 2

Part 3

Part 4a

Part 4b
Part 6

Part 7a

Part 8
Part 9

Part 10
Part 11

Part 12
Part 13
Part 14

Part 15

July 1979

June 1981

January 1981

November 1978

February 1979
May 1981

January 1979

June 1979
August 1979

October 1980
December 1979

November 1979
December 1979
April 1980

May 1980

cMm1 07-79

C2 06-81
(CM3a 09-78)

C301-81
(CM3b 10-78)

CM4a 11-78

CM4b 02-79

C6 05-81
(CM6 04-77)

CM7a 01-79

CM8 06-79
CM9 08-79

CM12 11-79
CM13 12-79

C14 04-80
(CM2b 02-78)

C15 05-80
(CM2b 02-78)

Assembilies for industrial use

PLC modules, high noise immunity logic FZ/30 series,
NORbits 60-series, 61-series, 90-series, input devices, hybrid
integrated circuits, peripheral devices.

FM tuners, television tuners, video modulators, surface
acoustic wave filters

Loudspeakers

Soft Ferrites
Ferrites for radio, audio and television, beads and chokes,
Ferroxcube potcores and square cores, Ferroxcube trans-
former cores

Piezoelectric ceramics, permanent magnet mateyials

Electric motors and accessories
Permanent ragnet synchronous motors, stepping motors,
direct current motors

Assemblies
Circuit blocks 40-series and CSA70 (L), counter modules
50-series, input/output devices

Variable mains transformers

Piezoelectric quartz devices
Quartz crystal units, temperature compensated crystat
oscillators

Connectors
Non-iinear resistors
Voltage dependent resistors (VDR), light dependent resist-

ors (LDR), negative temperature coefficient thermistors
(NTC), positive temperature coefficient thermistors {(PTC)

Variable resistors and test switches
Fixed resistors

Electrolytic and solid capacitors

Film capacitors, ceramic capacitors, variable capacitors
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INDEX OF TYPE NUMBERS
Data Handbooks S1 to S10

The inclusion of a type number in this publication does not necessarily imply its availability.

type no. book section type no. book section type no. book section
AA119 s1 PC BAS21 s7 Mm BB110G  sS1 T
AAZ13 S1 GB BAT17 s7 Mm BB119 S1 T
AAZ15 s1 GB BAT18 s7 Mm BB204B  S1 T
AAZ17 s1 GB BAV 10 S1 WD BB204G  S1 T
AAZ18 s1 GB BAV18 s1 WD BB212 s1 T
BA182 s1 T " BAV19 S1 WD BB405B  S1 T
BA220 s1 WD BAV20 s1 WD BB405G  S1 T
BA221 s1 WD BAV21 s1 WD BBY31 's7 Mm
BA223 S1 T BAV45 s1 Sp BBY40 S7 Mm
BA243 s1 T BAV70 s7 Mm BC107 s3 sm
BA244 s1 T BAV99 s7 Mm BC108 S3 Sm
BA280 s1 T BAW56 s7 Mm BC109 Ss3 Sm
BA314 s1 Vrg BAWG2 s1 WD BC140 s3 sm
BA315 s1 Vrg BAX12 s1 WD BC141 s3 Sm
BA316 s1 WD BAX12A 81 WD BC146 s3 Sm
BA317 s1 WD BAX 13 S1 WD BC147 s3 sm
BA318 s1 WD BAX14A  S1 WD BC148 s3 sm
BA379 s1 T BAX16 s1 WD BC149 S3 Sm
BA482 s1 T BAX17 s1 WD BC157 s3 sm
BA483 s1 T BAX18A  S1 WD BC158 s3 Sm
BAS11 s1 WD BB105B s1 T BC159 Ss3 sm
BAS16 s7 Mm BB105G  S1 T BC160 s3 sm
BAS17 s7 Mm BB106 s T BC161 S3 Sm
BAS19 s7 Mm BB109G ST T BC177 S3 Sm
BAS20 s7 Mm BB110B  S1 T BC178 s3 Sm

GB = Germanium gold bonded diodes Sp = Special diodes

Mm = Microminiature semiconductors T = Tuner diodes

for hybrid circuits Vrg = Voltage regulator diodes
PC = Germanium point contact diodes © WD =Silicon whiskerless diodes

Sm = Small-signal transistors
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type no. book section . type no. book section type no. book  section
BC179 s3 Sm BCW31;R S7 Mm BD131 sS4 P
BC200 s3 sm BCW32;R S7 Mm BD132  s4 3
BC264A S5 FET ) BCW33;R S7 Mm BD135  S4 P
BC264B S5 FET BCW60*  s7 Mm BD136 sS4 P
BC264C S5 FET BCW61*  S7 Mm BD137 sS4 P
BC264D S5 FET BCW69;R S7 Mm BD138 sS4 P
BC327 s3 Sm BCW70;R 87 Mm BD139 sS4 P
BC328 S3 Sm BCW71;R 87 Mm BD140 sS4 P
BC337 ' s3 Sm BCW72;R S7 Mm BD201 sS4 P
BC338 s3 Sm BCW81;R 87 Mm BD202 sS4 P
BC368 S3 Sm BCW89;R S7 Mm BD203 sS4 P
BC369 s3 Sm BCX17;R S7 Mm BD204 sS4 P
BC375 S3 Sm BCX18;R 87 Mm BD226 s4 P
BC376 s3 sm BCX19;R S7 Mm BD227  S4 P .
BC546 s3 sSm BCX20;R S7 Mm BD228  s4 P
BC547 S3 Sm BCX51 s7 Mm BD229 54 P
BC548 S3 Sm BCX52 s7 Mm BD230 sS4 P
BC549 S3 Sm BCX53 S7 Mm BD231 sS4 P
BC550 S3 Sm BCX54 s7 Mm BD233 s4 P
BC556 s3 Sm BCX55 s7 Mm BD234  s4 P
BC557 S3 Sm BCX56 s7 Mm BD235 sS4 P
BC558 s3 sm BCX70*  s7 Mm BD236  S4 P
BC559 s3 sm BCX71*  §7 Mm BD237 sS4 P
BC560 S3 Sm BCY30A S3 Sm BD238 sS4 P
BC635 S3 sm BCY31a  s3 Sm BD291 sS4 P
BC636 S3 - sm BCY32A  s3 Sm BD292 sS4 P
BC637 S3 Sm BCY33A S3 Sm BD293 S4 P
BC638 Ss3 Sm BCY34A S3 Sm BD294 sS4 P
BC639 s3 Sm BCY56 S3 Sm BD295 sS4 P
BC640 S3 Sm BCY57 s3 Sm BD296 s4 P
BCF29;R S7 Mm BCY58 s3 Sm BD329 54 P
BCF30;R S7 Mm BCY59 s3 Sm BD330 sS4 P
BCF32;R 87 Mm BCY70 S3 Sm BD331 sS4 P
BCF33;R 87 Mm BCY71 s3 Sm BD332 sS4 P
BCF70;R S7 Mm BCY72 s3 Sm BD333 sS4 P
BCF81;R S7 Mm BCY78 s3 Sm BD334 sS4 P
BCV71;R 87 Mm BCY79 s3 Sm BD335 sS4 P
BCV72;R S7 Mm BCY87 s3 sm BD336  S4 P
BCW29;R 87 Mm BCY88 S3. sm BD337 sS4 P
BCW30;R 87 Mm BCY89 S3 sm BD338 S4 P

* = series

FET = Field-effect transistors P = Low-frequency power transistors

Mm = Microminiature semiconductors Sm = Small-signal transistors

for hybrid circuits
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type no. book  section type no. book  section type no. book  section
BD433 sS4 P BD843 sS4 P BDT32B S4 P
BD434 sS4 P BD844  S4 P BDT32C S4 P
BD435  s4 P BD933  S4 P BDT41  S4 P
BD436 sS4 P BD934  S4 P BDT41a S4 P .
BD437 s4 P BD935 sS4 P BDT41B S4 P
BD438 sS4 P BD936 = S4 P BDT41C sS4 P
BD645 sS4 P BD937  S4 P BDT42  S4 P
BD646  S4 P BD938  S4 P BDT42A S4 P
BD647 sS4 P BD939 sS4 P BDT42B S4 P
BD648 g4 P BD940  S4 P BDT42C S4 P
BD649  s4 P BD941 54 P BDT60  S4 P
BD650  S4 P BD942  S4 P BDT60A S4 P
BD651 sS4 P BD943  S4 P BDT60B S4 P
BD652 sS4 P BD944 sS4 P BDT60C sS4 P
BD675 sS4 P BD945 sS4 P BDT61  S4 P
BD676 sS4 P BD946 sS4 P BDT61A S4 P
BD677  s4 P BD947 54 P BDT61B S4 P
BD678  S4 P BD948  S4 P BDT61C sS4 P
BD679  s4 P BD949 4 P BDT62  S4 P
BD680  s4 P BD950  S4 P BDT62A S4 P
BD681 sS4 P BD951  s4 P BDT62B S4 P
BD682  S4 P BD952  S4 P BDT62C S4 P
BD683  s4 P BD953  S4 P BDT63  S4 P
BD684  S4 P BD954 sS4 P BDT63A S4 P
BD813 54 P BD955 sS4 P BDT63B S4 P
BD814 g4 P BD956  S4 P BDT63C S4 P
BD815 sS4 P BDT29  S4 P BDT64  S4 P
BD816 sS4 P BDT29A S4 P BDTG4A S4 P
BD817 54 P BDT29B S4 P BDT64B S4 P
BD818 54 P BDT29C S4 P BDT64C S4 P
BD825  s4 P BDT30  S4 P BDT65 sS4 P
BD826 54 P BDT30A S4 P BDT65A sS4 P
BD827 sS4 P BDT30B S4 P BDT65B S4 P
BD828  S4 P BDT30C S4 P BDT65C S4 P
BD829 84 P BDT31 sS4 P BDT91 94 P
BD830 sS4 P BDT31a S4 P BDT92 sS4 P
BD839  s4 P BDT31B S4 P BDT93  s4 P
BD840  S4 P BDT31C S4 P BDT94 S4 P
BD841 sS4 P BDT32 S4 P BDT95 sS4 P
BD842  S4 P BDT32A S4 P BDT96  S4 P

P = Low-frequency power transistors
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type no. book  section type no. book section type no. book section
BDV64  S4 P BDX64C sS4 P BF245B S5 FET
BDV64A S4 P BDX65 sS4 P BF245C S5 FET
BDV64B S4 P BDX65A sS4 P BF246A S5 FET
BDV64C S4 P BDX65B sS4 P BF246B S5 FET
BDV65  S4 P BDX65C sS4 P BF246C S5 FET
BDV65A S4 P BDX66 s4 P BF256A S5 FET
BDV65B  S4 P BDX66A 84 P BF256B S5 FET
BDV65C S4 P BDX66B  S4 P BF256C S5 FET
BDV91 s4 P BDX66C  S4 P BF324 s3 sm
BDV92 sS4 P BDX67 s4 P BF336 S3 Sm
BDV93 sS4 P BDX67A sS4 P BF337 s3 sm
BDV94 s4 P BDX67B s4 P BF338 s3 Sm
BDV95 s4 P BDX67C s4 P BF362 S3 Sm
BDV96  S4 P BDX77 s4 P BF363 s3 sm
BDW55  S4 P BDX78 sa P BF410A S5 FET
BDW56 sS4 P BDX91 sS4 P BF410B s5 FET
BDWS7  S4 P BDX92 s4 P BF410C S5 FET
BDW58  S4 P BDX93 s4 P BF410D S5 FET
BDW59  S4 P BDX94 s4 P BF419 54 P
BDW60 sS4 P BDX95 s4 P BF422 S3 Sm
BDX35 sS4 P BDX96 s4 P BF423 s3 Sm
BDX36  S4 P BDY90 s4 P BF450 S3 sm
BDX37 s4 P BDY90A  S4 P BF451 s3 Sm
BDX42  S4 P BDY9 1 s4 P BF457 s4 P
BDX43  S4 P BDY92 s4 P BF458 s4 P
BDX44 sS4 P BF115 S3 Sm BF459 S4 P
BDX45  S4 P BF180 s3 Sm BF469 sS4 P
BDX46  S4 P BF181 s3 sm BF470 s4 P
BDX47 sS4 P BF182 s3 Sm BF471 sS4 P
BDX62  S4 P BF183 s3 Sm BF472 s4 P
BDX62A S4 P BF194 s3 Sm BF480 s3 sm
BDX62B S4 P BF195 S3 Sm BF494 S3 Sm
BDX62C S4 P BF196 S3 Sm BF495 s3 sm
BDX63 s4 P BF 197 s3 Sm BF496 S3 Sm
BDX63A 5S4 P BF198 S3 Sm BF510 S7 Mm
BDX63B S4 P BF199 s3 Sm BF511 s7 Mm
BDX63C 5S4 P BF200 s3 Sm BF512 s7 Mm
BDX64 sS4 P BF240 S3 Sm BF513 s7 Mm
BDX64A sS4 P BF241 S3 Sm BF536 s7 Mm
BDX64B  S4 P BF245A S5 FET BF550;R S7 Mm

FET = Field-effect transistors P = Low-frequency power transistors

Mm = Microminiature semiconductors Sm = Small-signal transistors

for hybrid circuits
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type no. book section type no. book section type no. book section
BF569 s7 Mm BFQ43 sC4a Tra BFT93;R S7 Mm
BF579 s7 Mm BFQ51 S10  WBT BFW10 S5 FET
BF622 s7 Mm BFQ52 S10  WBT BFW11 s5 FET
BF623 s7 Mm BFQ53 $10  WBT BFW12 S5 FET
BF660;R S7 Mm BFQ63 S10  WBT BFW13 s5 FET
BF767 s7 Mnm BFQ68 $10  WBT BFW16A  S10 WBT
BF819 s4 P BFR29 S5 FET BFW17A  S10 WBT
BF857 s4 P BFR30 s7 Mm BFW30 s10 WBT
BF858 s4 P BFR31 s7 Mm BFW6 1 S5 FET
BF859 s4 P BFR49 S10  WBT BFW92 S10 WBT
BF869 s4 P BFR53;R S7 Mm BFW93 s10 WBT
BF870 s4 P BFR54 s3 Sm BFX29 s3 Sm
BF871 s4 P BFR64 s10  WBT BFX30 s3 Sm
BF872 54 P BFR65 S10  WBT BFX34 s3 sm
BF926 s3 Sm BFR84 S5 FET BFX84 s3 sm
BF936 S3 Sm BFR90 S10  WBT BFX85 s3 Sm
BF939 s3 Sm BFRO0A  S10  WBT BFX 86 s3 Sm
BF960 S5 FET BFRO1 s10  WBT BFX87 83 ‘Sm
BF967 s3 Sm I BFR91A  S10  WBT BFX88 S3 Sm
BF970 s3 Sm ‘~ BFR92;R 87 Mm BFX82 sS10 WBT
BF979 S3 Sm 1 BFRO3;R 87 Mm BFYS50 s3 Sm
BFO81 s5 FET | BFR94 S10  WBT BFY51 s3 Sm
BFQ10 s5 FET | BFR95 s10 WBT BFY52 s3 Sm
BFQ11 S5 FET BFR96 S10 WBT BFY55 s3 Sm
BFQ 12 S5 FET BFR96S  S10 WBT BFY90 s10 WBT
BFQ13 $5 FET BFS17;R 87 Mm BGY22 SC4a Tra
BFQ 14 s5 FET BFS18;R 87 Mm BGY22A SC4a Tra
BFQ15 S5 FET BFS19;R 87 Mm BGY23 SC4a Tra
BFQ16 S5 FET BFS20;R S7 Mm BGY23A  SCda Tra
BFQ17 s7 Mm BFS21 S5 FET BGY32 sc4a Tra
BFQ18A  S7 Mm BFS21A S5 FET BGY33 SC4a Tra
BFQ19 87 Mm BFS22A SC4a Tra BGY35 SC4a Tra
BFQ22 sS10 WBT BFS23A SC4a Tra BGY36 SC4a Tra
BFQ22S  S10  WBT BFS28 S5 FET BGY50 s10 WBM
BFQ23 s10 WBT BFT24 S10 WBT BGY51 S10 WBM
BFQ24 s10 WBT BFT25;R 87 Mm BGY52 s10 WBM
BFQ32 s10 WBT BFT44 s3 sm BGY53 S10 WBM
BFQ33 S10  WBT BFT45 s3 Sm BGY54 s10 WBM
BFQ34 S10  WBT BFT46 s7 Mm BGYS55 s10 WBM
BFQ42 SC4a Tra BFT92;R S7 Mm BGY56 S10  wBM
FET = Field-effect transistors Sm = Small-signal transistors

Mm = Microminiature semiconductors

P

for hybrid circuits

= Low-frequency power transistors

Tra

= Transmitting transistors and modules
WBM = Wideband hybrid IC modules
WBT = Wideband transistors
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type no. book section type no. book  section type no. book section
BGY57 s10 WBM BLX67 sC4a Tra BPX95C s8  PDT
BGY58 s$10 WBM BLX68 SC4a  Tra BR100/03 s2 Th
BGY59 s10 WBM BLX69A scda  Tra BR101 S3 Sm
BGY60 s10 WBM BLX9 1A SC4a  Tra BRY39P s3 sm
BGY74 s10 WBM BLX92A sC4a  Tra BRY39S s3 sm
BGY75 510 WBM BLX93A SCd4a Tra BRY39T 52 Th
BLV10 sC4a Tra BLX94A sC4a  Tra BRY39T s3 sm
BLV11 ScC4a Tra BLX95 SC4a Tra BRY56 s3 Sm
BLV20 SC4a Tra BLX96 Sc4a  Tra BRY61 $7  Mm
BLV21 sC4a Tra BLX97 sC4da Tra BSR12;R s7 Mm
BLW29 SCda Tra BLX98 ScCda Tra BSR13;R s7 Mm
BLW31 SC4a Tra BLY87A sc4a  Tra BSR14;R  S7 Mm
BLW32 SC4a Tra BLY87C SC4a Tra BSR15;R s7 Mm
BLW33 Sc4a  Tra BLY88A SC4da Tra BSR16;R s7 Mm
BLW34  SC4a Tra BLY88C SC4a  Tra BSR17;R  S7 Mm
BLW60O SC4a Tra BLY89A SC4da Tra BSR30 s7 Mm
BLW60C SC4a Tra BLY89C SC4a  Tra BSR31 S7  Mm
BLW64  SC4a Tra BLY90 SC4a  Tra BSR32 S7  Mm
BIW75  SC4a Tra BLY9 1A sC4a Tra BSR33 S7  Mm
BLW76 sc4a Tra BLY9 1C SC4a  Tra BSR40 S7  Mm
BLW77 sCd4a  Tra BLY92A SC4a  Tra BSR41 S7  Mm
BLW78 sc4a  Tra BLY92C sc4a  Tra BSR42 S7  Mm
BLW79 SC4a Tra BLY93A SCd4a  Tra BSR43 S7  Mm
BLW80  SC4a Tra BLY93C SC4a  Tra BSR50 S3  sm
BLWS1 sC4a Tra BLY94 sC4a  Tra BSR51 s3 sm
BLWS82 SCda Tra BPW22A s8 PDT BSR52 s3 sm
BLW83 sC4a Tra BPW44 s8 PDT BSR56 s7 Mm
BLW84 sC4a  Tra BPW45 s8 PDT BSR57 S7  Mm
BLW8S  SC4a Tra BPW50 s8 PDT BSR58 S7  Mm
BLW86  SCd4a Tra BPX25 s8 PDT BSR60 S3  Sm
BLW87 sC4a  Tra BPX29 s8 PDT BSR61 s3 sm
BLW95 sC4a Tra BPX40 s8 PDT BSR62 S3 sm
BLW98  SC4a Tra BPX41 s8 PDT BSS538 s3 sm
BLX13 sc4a  Tra BPX42 s8 PDT BSS50 s3  sm
BLX13C $SC4a Tra BPX47B/18 S8 PDT BSS51 s3  Sm
BLX14 sCd4a Tra BPX47B/20 S8 PDT BSS52 s3 sm
BLX15 SC4a Tra BPX47C/36 S8 PDT BSS60 s3 sm
BLX39 SC4a Tra BPX70 s8 PDT BSS61 S3  Sm
BLX65  SCd4a Tra BPX71 s8 PDT BSS62 s3  sm
BLX66  SC4a Tra BPX72 s8 PDT BSS63;R  S7 Mm

Mm = Microminiature semiconductors

for hybrid circuits

PDT = Photodiodes or transistors
Sm = Small-signal transistors

Th = Thyristors
Tra = Transmitting transistors and modules

WBM = Wideband hybrid |C modules
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type no. book section type no. book section type no. book section
BSS64;R S7 Mm BTW41 * 82 Tri BY164 S2 R
BSS68 s3 sm BTWA2 * S2 Th BY179 s2 R
BSV15 s3 Sm BTW43 * S2 Tri BY 184 s1 R
BSV16 Ss3 Sm BTW45 * 82 Th BY206 S1 R
BSV17, s3 Sm BTW47 * S2 Th BY207 s1 R
BSV52;R 87 Mm BTW92 * 82 Th BY208 * 81 R
BSV64° s3 Sm BTX18 * 82 Th BY210 s1 R
BSV78 s5 FET BTX94 * g2 Tri BY223 s2 R
BSV79 s5 FET BTY79 * S2 Th BY224 * S2 R
BSV80 55 FET BTY87 * S2 Th BY225 * 2 R
BSV81 s5 FET BTY91 * S2 Th BY226 s1 R
BSW66A S3 Sm BU208A S4 P BY227 S R
BSW67A S3 Sm BU326 sS4 P BY228 S1 R
BSW68A S3 Sm BU326A S4 P BY229 * g2 R
BSX 19 s3 sm BU426 s4 P BY256 s2 R
BSX20 s3 Sm BU426A  S4 P BY257 s2 R
BSX21 s3 sm BU433 s4 P BY260 s2 R
BSX45 s3 Sm BUS11;A S4 P BY261 S2 R
BSX46 s3 Sm BUS12;A S4 P BY277 * S2 R
BSX47 s3 Sm BUS13;A S4 P BY409 s1 R
BSX59 s3 sm BUS14;A S4 P BY409A 81 R
BSX60 s3 Sm BUVS2 s4 P BY438 s1 R
BSX61 S3 Sm BUV83 sS4 P BY448 S1 R
BSY95A 83 Sm BUW84 s4 P BY458 s1 R
BT136 * g2 Tri BUW8S5 sS4 P BY476 S1 R
BT137 * 82 Tri BUX46;A S4 P BY477 S R
BT138 * 52 Tri BUX47;A S4 P BY478 s1 R
BT139 * g2 Tri BUX48;A S4 P BY509 s1 R
BT151 * 82 Th BUX80 sS4 P BYV21 * S2 R
BT152 * g2 Th BUX81 sS4 P BYV30 * S2 R
BT153 s2 Th BUX82 s4 P BYVO2 * 32 R
BT 154 s2 Th BUX83 s4 P BYV95a 81 R
BTW23 * S2 Th BUX84 s4 P BYV95B 81 R
BTW24 * S2 Th BUX85 s4 P BYV95C  S1 R
BTW30S* S2 Th BUX86 s4 P BYV96D,E S1 R
BTW3 1W* S2 Th BUX87 s4 P BYW19*  S2 R
BTW33 * S2 Th BUX98 s4 P BYW25 s2 R
BTW34 * S2 Tri BUY89 sS4 P BYW29 * 82 R
BTW38 * g2 Th BY126M  S1 R BYW30 * S2 R
BTW40 * S2 Th BY127M  S1 R BYW31 * 82 R

* =series

FET = Field-effect transistors R = Rectifier diodes

Mm = Microminiature semiconductors Sm = Small-signal transistors

for hybrid circuits Th = Thyristors
P = Low-frequency power transistors Tri = Triacs
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type no. book section type no. book section type no. book section
BYW54 S1 R BZW10 s2 TS CQ430;R S8 D
BYW55 S1 R BZW70 * 82 TS CQ431;R S8 D
BYW56 s1 R BZW86 * S2 TS CQ432;R S8 D
BYW92 * S2 R BZW91 * g2 TS CQL10 S8 LED
BYW9O5A s1 R BZX61 * S1 Vrxg Ccow10 S8 LED
BYW95B s1 R BzX70 * g2 Vrg cow11 S8 LED
BYW95C  S1 R BZX78 * §7 Mm coW12 s8  LED
BYW96D,E S1 R BZX79 * g1 Vxrg COX10 S8 LED
BYX10 s1 R BZX84 * g7 Mm COX11 S8 LED
BYX22 * g2 R BZX87 * $1 Vrg COxX12 S8 LED
BYX25 * g2 R BZX90 s1 Vxf COX51 S8 LED
BYX30 * S2 R BZX91 s1 Vxf COX54 S8 LED
BYX32 * g2 R BZX92 S1 Vxf CQOX55 S8 LED
BYX36 * S1 R BZX93 s1 Vrf COX56 S8 LED
BYX38 * 82 R BZX94 S1 Vxf CQx57 S8 LED
BYX39 * S2 R BZY88 * $1 Vrg CQX58 S8 LED
BYX42 * S2 R BZY91 * §2 Vrg COxX60 S8  LED
BYX45 * S2 R BZY93 * g2 Vrg COX61 S8 LED
BYX46 * S2 R BZY95 * s2 Vrg COX62 s8 LED
BYX49 * S2 R BZY96 * S2 Vrg CQX63 s8 LED
BYX50 * 82 R CNX21 s8 PhC CQxX64 S8 LED
BYX52 * sS2 R CNX35 s8 PhC CQX65 S8  LED
BYX55 * St R CNX36 S8 PhC COX66 s8 LED
BYX56 * S2 R CNX38 S8 PhC CQX67 S8 LED
BYX71 * S2 R CNY48 S8 PhC CcQx68 S8 LED
BYX90 S1 R CNY50 S8 PhC COX74 S8 LED
BYX91 * s1 R CNY52 S8 PhC COX75 s8 LED
BYX94 s1 R CNY53 "~ S8 PhC CQX76 S8  LED
BYX9% * S2 R CNY57 S8 PhC CQx77 s8 LED
BYX97 * S2 R CNY57A s8 PhC CQX78 s8 LED
BYX98 * S2 R CNY62 S8 PhC CQY11B S8 LED
BYX99 * sS2 R CNY63 S8 PhC cQY11C S8 LED
BZV10 s1 vrf C209s S8 D CQY24B s8 LED
BZV11 s1 Vrf CcQ216X S8 D CQY49B S8 LED
BZzV12 S1 Vrf cQ216Y S8 D CcQY49C S8 LED
BZV13 S1 Vxf CQ327;R S8 D CQY50 S8 LED
BZV14 s1 Vrf CQ330;R S8 D CcQY52 S8 LED
BZV15 * g2 Vxg CQ331;R S8 D CQY54 S8 LED
BZV46 s1 Vrg CQ332;R S8 D CcQY58A S8 LED
BZV85 s1 Vrg CQ427;R S8 D cQY89A s8 LED
* = series
D = Displays Mm = Microminiature semiconductors

FET = Field-effect transistors

GB = Germanium gold bonded diodes
| = Infrared devices

LED = Light-emitting diodes

for hybrid circuits
P = Low-frequency power transistors
PC = Germanium point contact diodes
Ph = Photoconductive devices
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type no. book section type no. book section type no. book section
cQY94 s8 LED 0OSM9410 s2 st 1N9 16 s1 WD
CcQY95 S8  LED 0SM9510 s2 st 1N3879  S2 R
CQY96 S8  LED OsSM9511 s2 st 1N3880  S2 R
cQY97 S8  LED 0SM9512 s2 st 1N3881 s2 R
OA47 s1 GB 0S8s9110 S2 St 1N3882 S2 R
0A90 s1 PC 0SS$9210 s2 st 1N3889  s2 R
0Aa91 S1 PC 0S8S9310 S2 st 1N3890 S2 R
0A95 S1 PC 0Ss9410 S2 St 1N3891 S2 R
0A200 S1 WD PH2369 s3 Sm 1N3892 S2 R
0A202 s1 WD RPY58A s8 Ph 1N3899  s2 R
OM320 S10 WBM RPY82 s8 Ph IN3900 S2 R
oM321 S10 WBM RPY84 s8  Ph 1N3901 s2 R
OM322 S10 WBM RPY85 S8 Ph 1N3902 s2 R
OoM323 S10 WBM RPY86 S8 I 1N3903 s2 R
OM323A S10 WBM ‘RPY87 S8 1N3909 S2 R
oM335 S10 WBM RPY88 S8 I 1N3910 S2 R
OM336 S10 WBM RPY8% S I 1Nz2911 S2 R
oM337 S10  WBM RPY90* s8 I 1N3912  s2 R
OM337a S10 WBM RPY9 1* s8 I 1N3913  S2 R
OM339 S10 WBM RPY93 s8 I
0M345 S10 WBM RPY96 s8 I 1N4001
OM350 S10 WBM sD205 S5 FET to 4007 S1 R
OM360 s10 WBM SD210 S5 FET 1N4148 S1 WD
oM36 1 S10  WBM sD211 S5  FET 1N4150  S1 WD
OM370 S10 WBM sD212 S5 FET 1N4151 S1 WD
0OM931 s4 P sSD213 S5 FET 1N4154 s1 WD
OM96 1 s4 P SD214 S5 FET 1N4446 S1 WD
ORP60 S8  Ph sD215 S5  FET 1N4448 ST WD
ORP61 S8 Ph SsD217 S5 FET 1N5060 S1 R
ORP62 s8 Ph sD220 s5  FET 1N5061 s1 R
ORP66 S8 Ph SD222 S5 FET 1N5062 s1 R

. ORP68 s8 ph SD226 s5  FET 2N918 S10  WBT
ORP69 S8 Ph SD304 s5 FET 2N929 S3 Sm
0SB9110 S2 St SD306 S5 FET 2N930 S3 Sm
0SB9210 s2 st 1N821 S1 Vrf 2N1613 S3 Sm
0SB9310 s2 St 1N823 s1 Vxf 2N1711 S3 Sm
0SB9410 S2 st 1N825 s1  Vxf 2N1893  S3 Sm
osM9110  s2 st 1N827 s1  Vxf 2N2218  S3 Sm
0sM9210 S2 St 1N829 sS1 Vrf 2N2218A 83 Sm
0OSM9310 S2 St 1N9 14 s1 WD 2N2219 S3 Sm

PhC = Photocouplers
R = Rectifier diodes

Sm = Small-signal transistors

St = Rectifier stacks

TS = Transient suppressor diodes

Vrf = Voltage reference diodes
Vrg = Voltage regulator diodes
WBM = Wideband hybrid IC modules
WBT = Wideband transistors

WD = Silicon whiskerless diodes
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type no. book section type no. . book section type no. book  section
2N2219A sS3 Sm 2N4091 s5 FET 56313 S2 DH
2N2221 S3 Sm 2N4092 S5 FET 56314 S2 DH
2N2221A S3 sm 2N4093 S5 FET 56315  S2 DH
2N2222 S3 Sm 2N4123 S3 Sm 56316 S2 A
2N2222A ' S3 Sm 2N4124 S3 Sm 56317 S2 A
2N2297 s3 Sm 2N4391 S5 FET 56318  s2 DH
2N2368 S3 Sm 2N4392 S5 FET 56319 S2 DH
2N2369  S3 sm 2N4393 S5 FET 56326 - S4 A
2N2369A S3 sm 2N4427  sC4a Tra 56333 sS4 a
2N2483  S3 sm 2N4856 S5 FET 56334 82 DH
2N2484 S3 Sm 2N4857 s5 FET 56339 sS4 A
2N2904 S3 Sm 2N4858 s5 FET 56348 S2 DH
2N2904A S3 sm 2N4859 S5 FET 56349 82 DH
2N2905  s3 sm 2N4860 S5 FET 56350  S2 DH
2N2905A S3 Sm 2N4861 s5 FET 56352 sS4 A
2N2906 S3 Sm 2N5415 S3 Sm 56353 S4 A
2N2906A S3 Sm 2N5416 S3 Sm 56354 54 A
2N2907 S3 Sm 61SV S8 I 56359b sS4 A
2N2907A 83 Sm 368BPY s8 PDT 56359c sS4 A
2N3019 S3 Sm 562014 s4 A 563594 sS4 A
2N3020 S3 Sm 562013 S4 A 56360a S4 A
2N3053 S3 Sm 56230 s2 HE 56363 S2,84 A
2N3375 SCd4a Tra 56231 S2 HE 56364 S2,84 A
2N3439 S3 Sm 56233 S2 A 56366 s2 A
2N3440 S3 Sm 56234 s2 A 56367 S2,84 A
2N3553 SCda Tra 56245 $3,4a,10 A 56368a S4 A
2N3632 SC4a Tra 56246 s3,5,10 A 56368b 54 A
2N3822 S5 FET 56253 S2 DH 56369 s2,84 A
2N3823 S5 FET 56256 S2 DH 56378 s4 A
2N3866  SC4a Tra 56261a S4 A 56379 sS4 A
2N3903 S3 Sm 562624 S2 A 56387a sS4 A
2N3904  S3 Sm 56264A  S2 A 56387b sS4 A
2N3924 SC4a Tra 56268 S2 DH
2N3926  SC4a Tra 56271 s2 DH
2N3927 SC4a Tra 56278 s2 DH
2N3966 S5 FET 56280 s2 DH
2N4030  S3 sm 56290 s2 HE
2N4031 s3 sm 56293 s2 HE
2N4032 S3 Sm 56295 s2 A
2N4033 S3 Sm 56312 s2 DH

A = Accessories I = Infrared devices

DH = Diecast heatsinks

FET = Field-effect transistors

HE = Heatsink extrusions

PDT = Photodiodes or transistors

Sm = Small-signal transistors
Tra = Transmitting transistors and modules
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MAINTENANCE TYPE LIST

The type numbers listed below are included in this handbook except for those marked with an asterisk.
Detailed information will be supplied on request.

BD291 BU204*
BD292 BU205*
BD293 BU206*
BD294 BU207A*
8D295 BU209A*
BD296
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TYPE NUMBER

SURVEY

TYPE NUMBER SURVEY POWER TRANSISTORS

In this alphanumeric list we present all low-frequency power transistors mentioned in this handbook.

type number Ptot type number Ptot
NPN PNP envelope |y I"NPN PNP envelope |
BD131 BD132 TO-126 15 BD825 BD826 TO-202 2
BD135 BD136 TO-126 8 BD827 BD828 TO-202 2
BD137 BD138 TO-126 8 BD829 BD830 TO-202 2
BD139 BD140 TO-126 8 BD839 BD840 TO-202 2
BD201 BD202 T0-220 60 BD841 BD842 TO=-202 2
BD203 BD204 TO~220 60 BD843 BD844 TO-202 2
BD226 BD227 TO-126 12,5 BD933 BD934 TO-220 30
BD228 BD229 TO-126 12,5 BD935 BD936 TO=-220 30
BD230 BD231 TO-126 12,5 BD937 BD938 TO=-220 30
BD233 BD234 TO-126 25 BD939 BD940 TO=-220 30
BD235 BD236 TO-126 25 BD941 BD942 TO-220 30
BD237 BD238 TO-126 25 BD943 BD944 TO=-220 40
BD291 BD292 SOT~-82 60 BD945 BD946 TO-220 40
BD293 BD294 SoT~82 60 BD947 BD948 TO-220 40
BD295 BD296 SOT~82 60 BD949 BD950 TO-220 40
BD329 BD330 TO~126 15 BD951 BD952 TO-220 40
BD331 BD332 SOT-82 60 BD953 BD954 TO~220 40
BD333 BD334 SOT~82 60 BD955 BD956 TO-220 40
BD335 BD336 S0T-82 60 BDT29 BDT30 TO-220 30
BD337 BD338 SoT-82 60 BDT29A BDT30A' T0-220 30
BD433 BD434 TO=-126 36 BDT29B BDT30B TO-220 30
BD435 BD436 TO-126 36 BDT29C BDT30C T0=-220 30
BD437 BD438 TO-126 36 BDT31 BDT32 TO=-220 40
BD645 BD646 TO-220 62,5 BDT31A BDT32A TO~220 40
BD647 BD648 TO-220 62,5 BDT31B BDT32B TO-220 40
BD649 BD650 TO=-220 62,5 BDT31C BDT32C TO-220 40
BD651 BD652 TO~220 62,5 BDT41 BDT42 TO-220 65
BD675 BD676 TO-126 40 BDT41A BDT42A TO=-220 65
BD677 BD678 TO-126 40 BDT41B BDT42B TO-220 65
BD679 BD680 TO-126 40 BDT41C BDT42C TO-220 65
BD681 BD682 TO-126 40 BDT61 BDT60 TO-220 50
BD683 BD684 TO-126 40 BDT61A BDT60A TO-220 50
BD813 BD814 TO-202 2 BDT61B BDT60B TO-220 50
BD815 BD816 TO-202 2 BDT61C BDT60C TO-220 50 -
BD817 BD818 TO-202 2 BDT63 BDT62 TO-220 90
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TYPE NUMBER

SURVEY
type number Ptot type number Ptot
NPN PNP envelope |\ I"NpN PNP envelope w
BDT63A BDT62A TO-220 90 | BDX93 BDX94 TO-3 90
BDT63B BDT62B TO=-220 90 | BDX95 BDX96 TO-3 90
BDT63C BDT62C TO-220 90 | BDY90 TO-3 40
BDT65 BDT64 TO-220 125 | BDY90A TO-3 40
BDT65A BDT64A TO-220 125 BDY91 TO-3 40
BDT65B BDT64B TO-220 125 | BDY92 TO-3 40
BDT65C BDT64C TO-220 125 | BF419 TO-126 6
BDT91 BDT92 TO-220 90 | BF457 TO-126 6
BDT93 BDT94 TO-220 90 | BF4ss TO=-126 6
BDT95 BDT96 TO-220 90 | BF459 TO-126 6
BDV65 BDV64 SOT=-93 125 | BF469 BF470 TO-126 1,8
BDV65A BDV64A SOT-93 125 | BF471 BF472 TO-126 1,8
BDV65B BDV64B SOT-93 125 | BF819 TO=-202 6
BDV65C BDV64C SOT=-93 125 | BF857 TO=-202 6
BDV91 BDV92 SOT=-93 100 | BF858 T0-202 6 —
-
BDV93 BDV94 SOT-93 100 | BF859 TO-202 6 —
BDV95 BDV96 SOT-93 100 | BF869 BF870 TO-202 5 -
BDW55 BDW56 TO-126 8 | BrF871 BF872 TO-202 5
BDW57 BDW58 TO-126 8 | Bu20sa TO-3 80
BDW59 BDW60 TO-126 8 | BU326;a TO-3 60
BDX35 TO-126 15 | BU426;A SOT-93 70
BDX36 TO-126 15 | BU433 soT-93 70
BDX37 TO-126 15 | BUS11;A TO-3 100
BDX42 BDX45 TO-126 5 | BUS12;a TO-3 125
BDX43 BDX46 TO-126 5 | BUS13;a TO-3 175
BDX44 BDX47 TO-126 5 | BUS14;A TO~3 250
BDX63 BDX62 TO-3 90 | BUVS2;83 SOT-93 70
BDX63A BDX62A TO-3 90 | BUWS4;85 sor-82 50
BDX63B BDX62B TO-3 90 | BUx46;a TO-3 100
BDX63C BDX62C TO-3 90 | Bux4a7;a T0-3 125
BDX65 BDX64 TO-3 117 | BUX48;A TO-3 175
BDX65A BDX64A TO-3 117 | BUXB0;81 TO-3 100
BDX65B BDX64B TO-3 117 | BUX82;83 TO-3 60
BDX65C BDX64C T0-3 117 | BUX84;85 TO-220 40
BDX67 BDX66 TO-3 150 | BUX86;87 TO-126 20
BDX67A BDX66A TO-3 150 | BUX98;A TO-3 250
BDX67B BDX66B TO-3 150 | BUY89 TO-3 80
BDX67C BDX66C TO-3 150
BDX77 BDX78 TO=~220 60
BDX91 BDX92 TO-3 90
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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
56333 metal washer l

mica washer {up to 250 V) TO-126

insulating bush [
56339 mica washer (500 to 2000 V) TO-3
56352 insulating mounting support
56353 spring clip TO-126/SOT-82
56354 mica insulator TO-126/S0T-82
56359b mica washer (up to 1000 V) TO-220
56359¢c 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 mounfing) 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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GENERAL PURPOSE DARLINGTON TRANSISTORS

Ic collector-emitter voltage (open base) Vggo (V) Piot
ol. case
A |P 45 60 80 100 120V w
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
4 N BDT6 1 BDT6 1A BDT6 1B BDT61C 50 TO=-220
P BDT60 BDT60A BDT60B BDT60C
6 N BD331 BD333 BD335 BD337 60 SOT-82
P BD332 BD334 BD336 BD338
8 N BD645 BD647 BD649 BD651 62,5 TO=-220
P BD646 BD648 BD650 BD652
8 N BDX63 BDX63A BDX63B BDX63C 90 TO-3
P BDX62 BDX62A BDX62B BDX62C
10 N BDT63 BDT63A BDT63B BDT63C 90 TO-220
P BDT62 BDT62A BDT62B BDT62C
12 N BDT65 BDT65A BDT65B BDT65C 125 TO-220
P BDT64 BDT64A BDT64B BDT64C
12 N BDV65 BDV65A BDV65B BDV65C 125 soT=-23
P BDV64 BDV64A BDV64B BDV64C
12 N BDX65 BDX65A BDX65B BDX65C 117 TO-3
P BDX64 BDX64A BDX64B BDX64C
16 N BDX67 BDX67A BDX67B BDX67C 150 TO-3
P BDX66 BDX66A BDX66B BDX66C
LOW-VOLTAGE SWITCHING TRANSISTORS
o collector-emitter voltage (open base) Vogg (V) Ptot
ol. case
A | P 45 60 80 100 120V | w
10 N BDY92 BDY91 BDY90 TO-3
12 N BDY90A TO-3
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CLIP MOUNTING

ACCESSORIES

direct mounting insulated mounting
envelope
clip mica clip

TO-126 1 56353 56354 56353

(soT-32)
SOT-82 56353 56354 56353
TO=-220 56363 56369 or | 56364

(SOoT-78) 56467
SOT-93 56379 56378 56379
SCREW MOUNTING

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

T0-126 56326 M3

(S0T-32)

up to 250 V 56333 > M2,5

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 56359d 56360a M3
S0T-93 - MYy 56368a 56368b M3
TO-3 - MY

(S0T-3)

.up to 500 V 56201d 56201j or M3

56261a
up to 2000 V 56339 56352 M3

The accessories mentioned can be supplied on request.

See also chapter Mounting Instructions.
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TO-202
(SOT-128)
type number Ptot VCEO
NPN PNP w \
BF869 BF870 5(1,6)| 250
BF871 BF872 300%
BF819 6(1,2)| 250
BF857 6(2) 160
BF858 i 250
BF859 300
TO-126
(SOT-32)
type number Ptot | VCEO
NPN PNP w \Y
BF469 BF470 1,8 250
BF471 BF472 300%
BDX42 BDX45 5 45%
BDX43 BDX46 60*
BDX44 BDX47 80*
BF419 6 250
BF457 160
BF458 250
BF459 300
BD135 BD136 8 45
BD137 BD138 60
BD139 BD 140 80
BDW55 BDW56 8 45
BDW57 BDWS58 60
BDW59 BDW60 80
BD226 BD227 12,5 45
BD228 BD229 60
BD230 BD231 80

type number Piot VCEO

NPN PNP w \%
BD825 BD826 8(2) 45
BD827 BD828 60
BD829 BD830 80
BD839 BD840 10(2) 45
BD841 BD842 60
BD843 BD844 80
BD813 BD814 12,5 45
BD815 BD816 (2) 60
BD817 BD818 80

() free air dissipation.
type number Ptot VcEO

NPN PNP w \%
BD131 BD132 15 45
BD329 BD330 20
BDX35 60
BDX36 60
BDX37 80
BUX86 20 400
BUX87 450
BD233 BD234 25 45
BD235 BD236 60
BD237 BD238 80
BD433 BD434 36 22
BD435 BD436 32
BD437 BD438 45
BD675 BD676 40 45
BD677 BD678 60
BD679 BD680 80
BD681 BD682 100
BD683 BD684 120
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SOT-82 *
(S0T-82)
type number Ptot | VCEO type number Ptot | VCEO
NPN PNP w \% NPN PNP w \Y
BUW84 50 400 BD331 BD332 60 60
BUWSS 450 BD333 BD334 80
BD335 BD336 100
BD291 BD292 60 45 BD337 BD338 120
BD293 BD294 60
BD295 BD296 80
TO-220
(SOT-78)
type number Ptot | VCEO type number Ptot | VCEO
NPN PNP w \Y NPN PNP w \
BD933 BD934 30 45 BD201 BD202 60 45
BD935 BD939 60 ' BD203 BD204 60
BD937 BD938 80 BDX77 BDX78 80
BD939 BD940 100
BD941 BD942 120 BD645 BD646 62,5 60
BDT29 BDT30 40 BD647 BD648 80
BDT29A BDT30A 60 BD649 BD650 100
BDT2 9B BDT30B 80 BD651 BD652 120
BDT29C BDT30C 100
BDT41 BDT42 65 40
BD943 BD944 40 22 BDT4 1A BDT42A 60
BD945 BD946 32 BDT41B BDT42B 80
BD947 BD948 45 BDT41C BDT42C 100
BD949 BD950 60
BD951 BD952 80 BDT91 BDT92 90 60
BD953 BD954 100 BDT93 BDT94 80
BD955 BD956 120 BDT95 BDT 96 100
BDT31 BDT32 45
BDT31A BDT32A 60 BDT63 BDT62 20 60
BDT31B BDT32B 80 BDT63A BDT62A 80
BDT31C BDT32C 100 BDT63B BDT62B 100
BDT63C BDT62C 120
BUX84 40 400
BUX85 450 BDT65 BDT64 125- 60
BDT65A BDT64A 80
BDT6 1 BDT60 50 60 BDT65B BDT64B 100
BDT6 1A BDT60A 80 BDT65C BDT64C 120
BDT6 1B BDT60B 100
BDT6 1C BDT60C 120
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SELECTION GUIDE

SOT-93
(S0T-93)
type number Piot | VCEO
NPN PNP W Vv

BU426 70 375
BU426A 400
BU433 375
BUV82 400
BUV83 450

TO-3

(SOT-3)

type number Ptot | VCEO

NPN PNP W Vv
BDY90 40 100
BDY90A 100
BDY91 80
BDY92 60
BU326 60 375
BU326A 400
BUX82 60 400
BUX83 450
BU208A 80 700
BUY89 800
BDX63 BDX62 90 60
BDX91 BDX92 60
BDX63A BDX62A 80
BDX93 BDX94 80
BDX63B BDX62B 100
BDX95 BDX96 100
BDX63C BDX62C 120
BUS11 100 400
BUS11A 450
BUX80 100 400
BUX81 450

type number Piot | VCEO
NPN PNP w \
BDV91 BDV 92 100 60
BDV93 BDV94 : 80
BDV95 BDV 96 100
BDV65 BDV64 125 60
BDV65A BDV64A 80
BDV65B BDV64B 100
BDV65C BDV64C 120
type number Ptot | VCEO
NPN PNP w \
BDX65 BDX64 m7 60
BDX65A BDX64A 80
BDX65B BDX64B 100
BDX65C BDX64C 120
BUS12 125 4oo
BUS12A 450
BDX67 BDX66 150 60
BDX67A BDX66A 80
BDX67B BDX66B 100
BDX67C BDX66C 120
BUS13 175 400
BUS13A 450
BUS14 250 koo
BUS14A 450
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TYPE
DESIGNATION

PRO ELECTRON TYPE DESIGNATION CODE
FOR SEMICONDUCTOR DEVICES

This type designation code applies to discrete semiconductor devices — as opposed to integrated
circuits —, multiples of such devices and semiconductor chips.

A basic type number consists of:
TWO LETTERS FOLLOWED BY A SERIAL NUMBER

FIRST LETTER

The first letter gives information about the material used for the active part of the devices.
GERMANIUM or other material with band gap of 0,6 to 1,0 eV.

SILICON or other material with band gap of 1,0to 1,3 eV.

GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more.
COMPOUND MATERIALS (e.g. Cadmium-Sulphide).

2O®p

SECOND LETTER
The second letter indicates the function for which the device is primarily designed.

DIODE; signal, low power

DIODE; variable capacitance

TRANSISTOR; low power, audio frequency (Rth] mb > 15 °C/W)

TRANSISTOR; power, audio frequency (Rp j-mb < 15 °C/W)

DIODE; tunnel

TRANSISTOR; low power, high frequency (Rth j-mb > 15 °C/W)

MULTIPLE OF DISSIMILAR DEVICES — MISCELLANEOUS; e.g. oscillator
DIODE; magnetic sensitive

TRANSISTOR; power, high frequency (Rt j.mp < 15 °C/W)

PHOTO-COUPLER

RADIATION DETECTOR,; e.g. high sensitivity phototransistor

RADIATION GENERATOR; e.g. light-emitting diode (LED)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Rt j.mp > 15 OC/W)
TRANSISTOR; low power, switching (Rth j-mb > 15 °C/W)

CONTROL AND SWITCHING DEVICE;e. g thyristor, power (Rh jmb < 15 °C/W)
TRANSISTOR; power, switching (R¢h j.mp < 15 °C/W)

DIODE: multiplier, e.g. varactor, step recovery

DIODE; rectifying, booster

DIODE; voltage reference or regulator (transient suppreséor diode, with third letter W)

NXXCHPIPOZrIOMMOO®p
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TYPE

DESIGNATION

SERIAL NUMBER

Three figures, running from 100 to 999, for devices primarily intended for consumer equipment.
One letter (Z, Y, X, etc.) and two figures, running from 10 to 99, for devices primarily intended for
industrial/professional equipment.

This letter has no fixed meaning except W, which is used for transient suppressor dicdes.

VERSION LETTER

It indicates a minor variant of the basic type either electrically or mechanically. The letter never has a
fixed meaning, except letter R, indicating reverse voltage, e.g. collector to case or anode to stud.

SUFFIX

Sub-classification can be used for devices supplied in a wide range of variants called associated types.
Following sub-coding suffixes are in use:

1.

VOLTAGE REFERENCE and VOLTAGE REGULATOR DIODES: ONE LETTER and ONE
NUMBER

The LETTER indicates the nominal tolerance of the Zener (regulation, working or reference) voltage
A. 1% (according to IEC 63: series E96)

B. 2% (according to IEC 63: series E48)

C. 5% (according to IEC 63: series E24)

D. 10% (according to |EC 63: series E12)

E. 20% (according to |EC 63: series EB)

The number denotes the typical operating (Zener) voltage related to the nominal current rating for
the whole range. : :

The letter “V’ is used instead of the decimal point.

. TRANSIENT SUPPRESSOR DIODES: ONE NUMBER

The NUMBER indicates the maximum recommended continuous reversed (stand-off) voltage VR. The
letter ‘V” is used as above.

. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS:

ONE NUMBER

The NUMBER indicates the rated maximum repetitive peak reverse voltage (VRRp) or the rated
repetitive peak off-state voltage (Vpg), whichever is the lower. Reversed polarity is indicated by
letter R, immediately after the number.

. RADIATION DETECTORS: ONE NUMBER, preceded by a hyphen (—)

The NUMBER indicates the depletion layer in um. The resolution is indicated by a version LETTER.

. ARRAY OF RADIATION DETECTORS and GENERATORS: ONE NUMBER, preceded by a stroke

(N.
The NUMBER indicates how many basic devices are assembled into the array.
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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 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.

VCBmax (IE=0) The maximum permissible instantaneous voltage between collector and base
terminals, when the emitter terminal is open circuited.

Emitter to base voltage ratings

VEBmax 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.

VEBr‘nax (lc=0) The maximum permissible instantaneous reverse voltage between emitter and
base terminals when the collector terminal is open circuited.

Collector to emitter voltage ratings

VGEmax 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.

VCEmax (Cut-off) - 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.

R
NOTE: The term “cut-off” is sometimes replaced by Vg > x volts, or ﬁE , <y which are equivalent
E

conditions under which the device may be cut-off.

VCEmax (Ic = x mA) The maximum permissible instantaneous voltage between collector and emitter
terminals when the collector current is at a high value, often the max. rated
value. -

VCEmax (1B =0) 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).

\ (March 1979 1



TRANSISTOR

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:

Rg VBB
—, R, Zgq. VBE. ! —
Rg’ 1B “Bg VBE. IBOr Rg

R
An example of this type of curve is given in Fig. 2 as Vo versus — for two different values of
collector current. Re

7275911 7275910
IC -—9
|
|
{
area 1 \
\
area2 \
\
\l
Fig. 1. ' Fig. 2.

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

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

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

Emitter current ratings

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

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

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

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

lERM The maximum permissible instantaneous value of the total reverse emitter

current allowable in the reverse breakdown region.
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TRANSISTOR
RATINGS

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.

| The maximum permissible instantaneous value of the total reverse current
BRM P ;
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:

Ptot = 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 (Rn ) normally

expressed in degrees centigrade per watt (°C/W). For mounting base rated device, the added effect of
the contact resistance (Ryp j) must be taken into account.

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

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:
Tj - Tamb

Rthj-a

Ptot

where Ry, 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}, j-a is made up of the thermal resistance junction

to case or mounting base (Ryp, j-mb): the contact thermal resistance (Ry}, ;) and the heatsink thermal
resistance Rip . .

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.

Ztht

d (duty factor) = 't?

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

_ Tj- Tamb - Ps x Rth j-a

Ziht+d (Rth c-a)
where Zy}, t and d are given in the above chart and Ry, ¢-5 is the thermal resistance between case and
ambient for case rated device. For mounting base rated device, it is equal to Ry j + 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 Zyp, .

Pp

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.

Timax (continous The maximum permissible continuous value.

operation)

Tjmax (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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GENERAL

RATING SYSTEMS

The rating systems described are those recommended by the International Electrotechnical 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 chosen 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 normal 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
Specified circuit
Replaces R to indicate the actual working voltage, current or power
of voltage reference and voltage regulator diodes.

N X
NX

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

| I



LETTER SYMBOLS

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 tofal values
Example Igpg

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 i}

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

c) 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: Ig, i, ip, Ipy

Diodes : 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: Ip, Ig, iF, If(rms)
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LETTER SYMBOLS

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__, v__, v, ,V
Xampies: Vpgr YBE' 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: VF’ VR’ Ve Vrm

Subscripts for supply voltages or supply currents

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

Examples: VCC’ IEE

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

Example : VocE

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: L = 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: Ipn = 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 ©




LETTER SYMBOLS

Applicaﬁon 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

Ic
(no signal)

time 7255388

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 impoxrtant 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;
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LETTER SYMBOLS

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
I,i(or 1) = input

L,1 = load

O, o (or 2) = output

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

Examples: ZS’ 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 )

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

Note: If more than one subscript is used, subscripts for which both styles exist shall

either be all upper-case or all lower-case
Examples: h hf

FE’ JRE’ fe




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 hll)
h (or h2 )
Ef ((Orr l;121 )
r OF M2
A further subscript is used for the identification of the circuit configuration. When no
confusion is possible, this further subscript may be omitted.

Examples: h (or h e)’ 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: Zi = Ri + JXi

Yie = 8te + 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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TRANSISTOR SAFE OPERATING AREA

If 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.

Cotlector current

Maximum collector current Icmax is specified in the data sheets for d.c. operation. For pulsed
operation a higher collector current |omax is permitted, for a defined maximum pulse length (usually
10 ms) and duty factor (usually 0,01).

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

Collector-emitter voltage

Maximum collector-emitter voltage VcgQ 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 Pyot max is specified in the data sheets for a given mounting base
temperature. This is usually 25 ©C but may be any, much higher temperature. Pygt 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 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
50 versus mounting base temperature
Prot o
Ptot (%)
(W)
[ |
60 N 100
N
40
N 50
AN
20 -
N N Fig. 1 Power derating curve.
00 50 100 150 (a) (b) 0 :
a
Top (°C) 0 100 7., (°c) 200
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SOAR

Total power dissipation is given by

Ptot = ICVCE * IBVBE:

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

mounting

junction
] base

j chj—mb mb
Prot —>= O———F——0 —» Py

-~ ATj—mb —_——
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)

Tj ~Tmb
Rthj-mb

Ptot

There are two limitations to Pyo¢
— When Typ < Tmp spec

ATj»mb max

Ptot max = Rth jmb

— when Typ > Tpp spec

ATj max ~ Tmb

Ptot max = Rth i-mb
j-m

Tmb spec being the mounting base temperature at which Pyt may is specified in the data sheets, and

ATimbmax = Tjmax — Tmb spec-

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.

-~

July 1981



SOAR

Analogy with
P - Ti—Tmb
Y Rihjmb
yields
Tj —Tmb

PtOt M= Zth i-mb

where Pyor |y is the total pulsed power and Zgh j.mb is the thermal impedance- between junction and
mounting base. Thermal impedance depends on pulse duration t, and duty factor § = 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.

72730191

Z+th j-mb

Rih j-mb

f

Zyy (8=1) curve
made to coincide
with Ry mp curve

pulse duration t,

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

Similar limitations apply as in the steady-state conditions:

(a) When Typ < Tmb spec

Ti-mb max

Ptot Mmax = Zinjmb

(b) When T > Tmb spec

Tj max ~ Tmb

Ptot M max = Zthj-mb
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In essence, at or below Tpp spec there is a fixed limit to Pyt M max: @bove Tmp spec: Ptot M max
declines linearly with increasing mounting base temperature. As illustrated in Fig. 4, for non-rectangular
pulses
t2
Ptotmax - tp = f Pty
t

7289360
7,5 T T T T T T T
equivalent ]
Piot rectangular _| |
pulse |}
(W) i
‘ T
5 |
T Py
!
25 /
/ \
y 17 \
} \
Y N
oL : L
0 200 400
t (us)

Fig. 4.

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 have a 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 independent of mounting base tempera-
ture, which is related to the average junction temperature. Under reverse-bias conditions, when Vg is
greater than VGEOmax. the chance of second breakdown is always present. This is a particular hazard
in timebase and converter applications.

N
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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 VcEQmax, Which extends up
to a collector current of about 300 mA. Above this point, as ¢ is increased Vg must be reduced to
prevent second breakdown.

The upper boundary is formed by Icmax. which extends to where the product of Icmax and Vg
equals the maximum allowable power dissipation. From this point | must be reduced with increasing
V¢E. 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 Tmpspec: 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 Tp, the second breakdown boundary may be excluded altogether.

727300

100
(Ic
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pad P ?to;
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second
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| (VCEOmux)
0/
1 10 Veg (V) 100

Fig. 5 A typical SOAR graph with boundaries named.

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 8.
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IcMmax

The extent to which the ¢ boundary can be extended for pulse operation depends on pulse duration
and duty factor, the limit being | cpmax. which applies at a duty factor of 0,01 and a pulse length of
20 ms or less. Together the IcMmax and VCEQOmax 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 Igpmax of 12 A and a
VCEOmax ©of 60 V.

102 7289357
I'c
(A)
1
'CMmax
10 SN
|
| 'Cmax \\ ~
N\ N,
\\ N
\\
\
1
A}
\
VCEO max H1H
107! ‘ j H
1 10 102
Vce (V)

Fig. 6 Maximum collector current and
collector-emitter voltage boundaries.

~. -~
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Ptot max
The Piot max boundary given in the data sheet usually applies to:

Tmb =25°C; 8 =0,01 and tp = a range of values, say, 5 us to 2 ms.
For any deviations from these values a new Pyt max boundary must be constructed.
From
Tj max — Tmb )

PtotMmax = Zah b
th j-m

Tj max s stated in the data sheets; Z¢p j.mp can be read from the curve, similar to Fig. 3, also given in
the data sheets. Thus Pygt Mmax can be calculated and an appropriate boundary can be drawn in the
SOAR curve parallel to the Piot max line. An example will illustrate this. Assume:

Tjmax = 150 °C; Tmb spec = 25 °C; tp = 0,2 ms and & = 0,1.
From Fig. 7, Zthj-mb = 0,42 K/W for the given values of ty and &.

150 — 80
PtotMmax = 042 166 W.

Thus from an arbitary point (say 8,3 A, 20 V) we can draw a line parallel to the Pigt max line
(see Fig. 6).

3 7290198__’_
zthj-mb
(K/W)
, [ §=1 Rih j-mb
i
2 —" it -
Lt L LT L+ I
= footet"T] sl ~ -
1T o Bg)
=07 . L A
A
L ,/

- 5 =

1 0.
P
U 7
=
= A

L o2 W |

iy =

p—t ol

£0,057]
o 200

1075 1074 10-3 102 107! 1t () 10

Fig. 7 Transient thermal impedance for example.
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Second breakdown

The permissible extension to the second breakdown boundary is found with the aid of two multi-
plying factors:

My, — the voltage multiplying factor

M; — the current multiplying factors.*

Curves for these two factors are given in the data sheets as functions of pulse time with duty factor as
parameter (see Fig. 8).

P

100 7280197
My
620,01 _10,02/10,05
10
P
——
0,1 T
\~
0,2 Sy
05 —.-—-‘-‘-\( ~~.'\_-.
|
1
0,01 0 1 tp (ms) 10
(a)
100 %7 ]; % 7280196
X
|
M 1 0, (’)7 \\
N \
0,05 N
T \
10 01 SN \:
T - _ i
02 ~
N
™~
05 i X
-_—---'1'1\1\\
N
L sl
001 01 1 t, (ms) 10

(b)

Fig. 8 Second breakdown multiplying factors as a function
of pulse time, with duty factor as a parameter.

My is used to calculate the point on the VcEQmax boundary at which voltage derating must

commence as |¢ increases. Similarly, M) is used to calculate the point on the lcMmax line at which
current derating must commence as Vg increases.

* Prior to 1973 My was known as Mgp(j) and M) as Mgg(y).
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Referring to Fig. 9, where B is the point on the VoEQmax boundary at which voltage derating
commences, B’ can be calculated by:

lci) = Ic(B) x M.
Similarly for I; although here A, the point on the I curve at which current derating commences, is -

first determined by extending the second breakdown boundary to where the two would intersect if
Ptot max did not intervene. A’ is then given by

VCA(S') = VCE(A) X My.

7289356
I'c
(A) PtotMmax
(Tmp < 80°C)
ICMmax ¥
|1
10 =— ICmax A¥‘—"‘A1:‘r rectangular pulse
- = )
1 SN 5 oipertanonoz
I =uUl, =U,Zms
I ProtmaxK T NER NS P
| (Tmp < 25°C) L N
d.c.lx \
operation\ 81\
: \
X
\
\
\
A
VCEO max
10" HlJ2 ,
1 10 10 Vee (V) 10

Fig. 9 Construction of the pulse operating area.

An example is worked in Fig. 9 for tp= 0,2 msand 6 =0,1.
From Fig. 8, My = 2,4 and M) = 7,3:

lcg)=022x73=16A
Vee(A)=13x24=31V.

These two points are then joined as in Fig. 9.
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PULSE TRAINS AND COMPOSITE WAVEFORMS
Straightforward techniques exist for calculating the thermal and second breakdown effects of pulse
trains and composite waveforms.

Thermal considerations

Consider a train of rectangular pulses as shown in Fig. 10. The junction will alternately heat and partly
cool until a steady-state temperature is reached as shown in the lower part of Fig. 10. To approximate
the final junction temperature only the effects of the first two or three pulses need be considered.

<+ D >

! |
o T
power i | | J ¥
| l ! | ] I:‘ fheqt
+ i | | [ ]
T | ! T3
R
0 J
= ] 14
E - ' l 1 | 4 > cool
= | | R
N
AT,
> heat
0
> cool
ATy |

..l
|
|

7254036.2

Fig. 10 The heating effect of three equidistant, equal-magnitude
pulses. Tj ay is the average junction temperature. P = 100 W,
= 100 us; T=1msand 6§ =0,1.
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Referring to Fig. 10, where P = 100 W, = 100 us and 8 = 0,1, the first pulse causes the junction to
heat up; at the end of the pulse it starts to cool down until the second pulse recommences the heating
cycle. We can replace the first pulse with a continuous heating pulse at tg and a continuous cooling
pulse starting at t1. Similarly for the second pulse, we can superimpose a continuous heating pulse
starting at t and a cooling pulse starting at t3. Repeating this for successive pulses allows us to
calculate Tj for any point in the pulse train. For instance, the cumulative change in junction tempera-
ture at the end of the third pulse is:

ATi = ATy — ATgq + ATho — AT + ATh3,

where the subscripts h and c refer to heating and cooling respectively. With times taken from Fig. 10,

Th1 = PZth(2,1 ms)

Th2=PZth(1,1 ms)

Th3 = PZth(0,1 ms)
and

Te1 = ~PZth(2,0 ms)

Te2 = =PZih(1,0 ms)
Taking values for Z¢, from Fig. 11 we get

ATj=100(0,58 — 0,56 + 0,51 — 0,561 +0,32) = 34 ocC.

102 72730384 E
Zth jomb
(K/W) *tp’* | 5. te
<—~T—bl T
10
1 | pp—T"]
6=0;1 L
"
L1
107!
1072
-5 —4 -3 —2 —1
10 10 10 10 10 1 tpls) 10
Fig. 11 Curve of Zy, j.mp = fltp).
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The same procedure can be used for long or continuous pulse trains, but calculating for a large number
of pulses is very tedious. A sufficiently close approximation can be made by calculating for two pulses,
assuming that the first is preceded by a continuous pulse of Py, as shown in Fig. 12. By this method

AT]- = AThayt ATh1 — ATeq + ATho.

The calculations are then made as before. To remove any doubt as to the closeness of the approxima-
tion the effect of a third pulse can be calculated. Composite waveforms can be treated similarly: divide
the composite waveform into equivalent rectangular pulses and calculate the junction temperature
accordingly. '

power
%
f=to > ’ |
fo—T7— |
| l I ATy
]
l

N T
Tiav i \ | actual Tj

l
Tamb .|
}

7254038.2

Fig. 12.

Figure 13 shows the current, voltage and power waveforms of the out put transistor in a television
receiver vertical output stage. Pyot has been divided into four equivalent rectangular parts having the
same peak values and energy content as the original waveform.
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Piotav = P11 + P2do + P33+ P4d4
= (16 x 0,003) + (13 x 0,11) +
+(5,2 x 0,66) + (40 x 0,0007)
=4,936 W.

Assuming that the Ryh j.mb for the transistor is 2,5 K/W, the average rise in mounting base temperature
will be about 12,5 OC,

Vee Ic
(V) (mA) v
500 250} A ce
400 200} | \ |
300 150} | | I a }
[ . C
200 100} ! // \ : ‘
100 50} 7T T
0 o0 54/ l : \\i I
{‘ { scan Iflyback|<~
| | P 40W | o
40} l | tp=13ps ' l
o o
W | | | |
sof | | | !
I 1 ] |
| o
Poeak=16W
20 : petu:-SAps | |
I Ppeqk=13w | l
¥ tp=184ms ! ‘
Ppeak =5,2W
10 pe;::ﬁﬂms } |
1 7 |
/ |
0 ”i ;
N e o
I 16,7ms ﬁ|
30}
not |
(°c) t ty ts ty ts tg
05 | e Tms*181°C | | [
-] g Toes |
: |1 I
+Tmb l | | | | I

7273044

Fig. 13 Power waveforms showing their division into rectangular pulses
and the junction temperature variations which they cause.
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Using the same method as for pulse trains, peak temperatures at the end of each pulse can be calcul-

" ated by

Ti-mb(t1) = PavRth j-mb — PavZth j-mb(16,1 ms) * P1Zth(16,1 ms)-
For the temperature at the end of the second pulse (t9) two further terms are added:

—P1Zth(16,04 ms) * P2Zth(16,04 ms)-
For t3 yet another two terms:

—P3Zth(13,02 ms) * P4Zth(13,03 ms)-
For each successive pulse a negative term (end of the previous pulse) and a positive term (start of the
succeeding pulse) are added. Calculated temperatures are shown in Table 1: note that the highest
temperature is reached at the end of pulse 2 (t3). Even assuming a Typ, of 100 ©C, T; will remain

within the Tj qax of 150 OC specified for this transistor.

TABLE 1 Calculated temperatures for the power waveform of Fig. 13.

time 11 t t3 t4 tg tg(ts)
ATjmb 8,54 11,34 181 12,76 12,3 8,54 oc

EXAMPLE OF A SOAR CALCULATION

To illustrate the foregoing we will take the example of a BU426A transistor operating in a 200 W
switched-mode power supply (SMPS).

Waveforms of collector current, collector-emitter voltage and power dissipation are shown in Figs 14,
15 and 16. These are translated into an equivalent rectangular pulse train in Fig. 17. This will enable
us to calculate peak junction temperature at any instant.

7289362 7289361
3
sevafosea]oenafocanfe ..: VCE
VCE WNIEED 200 V/div.
200 V/div. p*
/div /_/ -
E 'c
- HHHHH HHHHHHHH T 1 A/div.
ic A ic
1A/div. ',/ 1A /div.
—~ A
L veE
200 V/div.
5us/div. 0,2 us/div.
Fig. 14 Collector-current and collector-emitter Fig. 15 Waveforms during turn-on and turn-off
voltage waveforms of a BU426A transistor in a (lower part).

200 W SMPS.
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The duration of this equivalent pulse train is then given by

PtO xT t'
. _ﬂ__ and §" = 2.
P P T
First, from Fig. 17, heating and cooling pulses are plotted as in Fig. 18. Parameters are then tabulated
as shown:
Pturn-on = 66 W Psat 0w Pturn-off = 56 W
tpon = 0,8 us tp sat 2,2 us tp off 0,6 us
don =0,04 8gat  =0,11 doff =0,03
turn-on saturation turn-off 7289363
power loss power loss  power loss
4
'? 7
HHA H + A
AN S
Z 3
, £
I 22430 9 Fig. 16 Power loss and resultant rectangular
1 power pulses.
[ | | [
[ | | [
[ [ : | :
| |
7 | : | V
|
Pon : Pturn-off Pon
|
Z :
’ |
' |
|
| Psat I
t It ' ot L
pon |  Upsat | poff It
— |- — ! l— l ]
< T | Fig. 17.
1
] i I |
1 : : — heating
: | i IP_on
1 : JPturn~off tp3 (14,4us) T
| Psat tp1 (18.8us)
| Psat tp2 (16,6us)
IPturn-off tp4 (13,8us) l
' cooling Fig. 18.
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From Fig. 17 we can determine 6, and tp, for each condition and from the BU426 data sheets the
relevant Zyp.

pl p2 p3 pd p5 unit
t 18,8 16,6 14,4 13,8 0,8 us
13 0,94 0,83 0,72 0,7 0,04
Zth 1,05 0,95 0,85 0,8 0,06 K/W

From
ATj=ATh1 — ATcq + ATho — ATep + ATh3
ATj-mb(ta) = (Psat X Zth(tp1)) — (Psat X Zth(tp2)) +
+ (Pturn-off X Zth(tp3)) — (Pturn-off X Zth(tp4)) + (Pon X Zth(tp on))
ATj.mb(ta) = 10(1,05 — 0,95) + 56(0,83 — 0,8) + 66(0,06) = 7,76 K.

Thus, at time t, the peak junction temperature is 7,76 K higher than the average mounting base
temperature. The ATj.mp, arising from the other power pulses can be calculated in the same way.

Average mounting base temperature depends on the size of the heatsink, ambient temperature

- (T,) and average dissipation.
e From
— Ptotav = P161 + Pobo + P383 + P4d4
Ptotav = 8on X Pon * 8sat X Psat * 8turn-off X Poff
=0,04x66+0,11x 10+0,03 x 56 = 5,4 W.
Assuming a maximum mounting base temperature of 100 ©C and an ambient temperature of 60 °C
the thermal resistance of the heatsink required will be
Tmb—Ta_ 100 — 60
R - = = =7,4 K/W.
thmb-a ™ Pt av 5,4
If this is the case, the peak junction temperature at the end of the turn-on power pulse will be
107,76 ©C, which is well within the maximum allowable junction temperature of 150 ©C.
The pulse SOAR can be calculated using Mj, Myy and Zy, factors as described earlier. The turn-on,
saturation and turn-off power pulses should be combined into a single pulse of amplitude P’ equal
to the highest amplitude power pulse (here, Poy) and duration ti).
PtOt av=— P’ =66 W.
5,4
8" =——=0,082.
66
tb +§'T=1,64us.
From the BU426A data, for this power pulse Zyp j.;mp = 0,10 K/W; My ~ 12; My ~ 7,5;
VeE(A) =7.5x 12=90V; Ig(g’) = 12 x 40 = 480 mA.
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Ptot max =

Ti—Tmb _ 150 — 100

=500 W.
Zth j-mb 0,1

The relevant pulse SOAR is shown in Fig. 19, in which the operating point for the full cycle has also
been plotted. It can be seen that it remains well within the SOAR.
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Fig. 19 Safe Operating ARea BU426A at Ty, <73 ©C.

v
(1
(2)

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

Area of permissible operation during turn-on in single-transistor converters, provided
Rgg < 100 2 and tp < 0,6 us.

Repetitive pulse operation in this region is permissible, provided Vgg < 0 and ty <2 ms.

Ptot max and Ppeak max lines.
Second-breakdown limits (independent of temperature).
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BD131

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

N-P-N transistor in a SOT-32 plastic envelope for general purpose, medium power applications. P-N-P
complement is BD132.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) Vego max. 70 V
Collector-emitter voltage (open base) Veceg max. 45V
Collector current (peak value) lem max. 6 A
Total power dissipation up to Ty =60 °C Ptot max. 15 W
Junction temperature Tj max. 150 OC
D.C. current gain

lc=05A;Vcg=12V hege > 40
Transition frequency at f = 35 MHz

Ic=025A;Vcg=56V fr > 60 MHz
MECHANICAL DATA Dimensions in mm

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

Collector connected
to metal part of
mounting surface.

< 7.8 max |

‘ |
Lo
g P
w

{ A
Zn
*
15,3
min
e l
. . 0,88 ! ! 7259324.2
dEme e

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

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) IBM
Reverse base current (peak value) —~IgMm
Total power dissipation up to Tmp =60°C : Ptot'
Storage temperature Tstg
Junction temperature T;

THERMAL RESISTANCE
From junction to mounting base Rth j-mb

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

885>>>><<

oc/w
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Silicon planar epitaxial power transistor

BD131

CHARACTERISTICS

Tj=25 OC unless otherwise specified

Collector cut-off current
IE=O;VCB=50V
IE=0;Vgg =50 V; Tj=150°C

Emitter cut-off current
Ilc=0;Vgg=56V

Saturation voltages
Ic=05A;Ig=50mA

Ic=2A; Ig =200 mA

D.C. current gain
Ic=05A;Vcg= 122V
Ic=2A;Vcg=1V

Collector capacitance at f = 1 MHz
Ig=1g=0;,Vcp=5V

Transition frequency at f = 35 MHz

Ic=0,25 A; VCE = 5 V: Tamp = 25 °C

D.C. current gain ratio of the
complementary pairs
Ic=05A;Vcg= 12V

IcBO
IcBO

IEBO

VCEsat
VBEsat
VCEsat
VBEsat

hrE
hFE

Ce

fr

hre1/hFE2

AN

A

AN AN

\2ARY

60

60

HA
MA

<< <<

pF

MHz
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D5110A
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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 and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).
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Silicon planar epitaxial power transistor BD131

VCER[- Ic<10mA D1687
max Rg<10kl 7]
B< HH
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When the emitter is common, a value of 1L —
should be used in calculation of Rg/Rg HE
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Fig. 3 Maximum allowable collector-emitter voltage as a function of base-emitter resistance.
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Fig. 4 Pulse power rating chart.
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Fig. 5 S.B. voltage multiplying factor at the Igmax level.
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Fig. 6 S.B. current multiplying factor at the VoEQmax level.
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Silicon planar epitaxial power transistor BD131

IcBo D513
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Fig. 7 Collector-base current (open emitter) as a function of the junction temperature.
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Silicon planar epitaxial power transistor BD131

D7547
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Sttt 1 T=25° T
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200
min| max
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I
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Fig. 10.
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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
—lg=05A;-Veg=12V

Transition frequency at f = 35 MHz
—lg=0,28A; =Vcg=5V

-Vego max. 45V
—Vgegp max. 45 V
—lcm max. 6 A
Piot max. 15 W

T max. 150 °C
hee > 40
fr > 60 MHz

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

Collector connected
to metal part of
mounting surface.

Dimensions in mm

< <+ 7 8 max |
) 4
LA Y N Y
3,2 . J S
301 & 1,1
' : max
2,54
] max M 12
15,3
min
el ¢ v
! ! 0/'88 ! 7259324.2
-l |- max_" 1‘ L_
2,29

See also chapters Mounting instructions and Accessories.

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

i

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage (open emitter) ‘ -VeBo
Collector-emitter voltage (open base) ' -VcEOo
Emitter-base voltage {open collector) —VEBO
Collector current (d.c.) —Ic
Collector current (peak value) —lcm
Base current (peak value) —Igm
Reverse base current (peak value) +1gm
Total power dissipation up to Tmb =60 °C Piot
Storage temperature Tstg
Junction temperature TJ-

THERMAL RESISTANCE
From junction to mounting base Rth j-mb

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

lg=0; —Veg =40V _'CBO
lE=0;,-Vgg=40V; Tj=1500C —IcBo
Emitter cut-off current
ic=0,-Vgg=3vVv —leBO
Saturation voltages
—lc=0,5A; —Ig =50 mA *VCEsat
—VBEsat
—lc=2A;-Ig=200mA —VCEsat
~VBEsat
D.C. current gain
—lc=0,5A; =Veg=12V hgg
—|C=2A;—VCE=1V hFE
Transition frequency at f = 35 MHz
—-lc=0,25A; —Veg=5V; Tamb =25 0C fr

D.C. current gain ratio
of the complementary pairs
—ic =500 mA; —Veg=12V hpg1/hEE2

max. 45
max. 45
max. 4
max. 3
max. 6
max. 0,5
max. 0,5
max. 15
—65 to + 150
max. 150
= 6
<. 5
< 500
< 5
< 0,3
< 1,2
< 0,7
< 1,56
> 40
> 20
> 60
< 1,2

gg§>)>>)><<<

o
Q
=

MA
MA

MA

<K <K<

MHz
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Silicon planar epitaxial power transistor

BD132

0.1

0.01

D5224A
T <60°C 111
"4 20.01 .
- Pulse
width=
] N 10us
N\ AL
“Icmax \NN \\\ ne
N \\\
(1) \ \
A AW
X \\ \C 500us
: \ 1
‘\ LIT
2N\ NNHoms
2.0ms
N | TTTT
\ 10ms
\ D.C
w 7 0 ! s " 00
“VeelV)

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 and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).
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Fig. 3 S.B. voltage multiplying factor at the —lomay level. ]
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Fig. 4 S.B. current multiplying factor at the —VcEQmax level.
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Silicon planar epitaxial power transistor

BD132

102 7272003
Zth j-mb
°C/W
{ ) —> tp|<~ . 2
«—T— T
10
——0=1
- . ﬁ;
— 05 i ;f:
IO |2 //’,4:::
,2 | L1 1
1 7
=01 -
i
| 10,01
107!
|
1072
1078 1074 1073 1072 107! 1 10

Fig. 5 Pulse power rating chart.

tp(s)
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BD132

hee [ BD132 D5229
LT
] Tj=25'C
]
40 uy <
AN
30 y
Min:
/ Inlmu,,n hF
/V ey E ai -Vc N
20 Pt O E 12y
& N
- M
2V
10
0
0 2:0 40 60 -Ig(A)
Fig. 6 D.C. current gain.
hre BD131 {Complcmzn(ury D1830
BD132 pair
RN
100 TTTTT
Tj=25 C
75 2]
N
Vo N, Min .
50 -— N h ”’Imum
FEap *V
~ = Eq{*vcE(lesu
™~ T Ce( -
N . 0132) 12y
25 - P
- ey '2y
] —
b
]
o [
0 20 40 60

for BD131+ 1c(A) for BD132 -I¢ (A)

Fig. 7 D.C. current gain ratio.
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Silicon planar epitaxial power transistor BD132

D5228

CBO |;f ]

mAT 1

pAlmOO i: : i

"

I |
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I
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100

L

10

0 50 100 150 200 T (°c)

Fig. 8 Collector-base current (open emitter) as a function of the junction temperature.

"
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BD132
D7549
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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 BD 136, BD138 and BD140 are complementary to the BD135, BD137 and BD 139 respect-

ively.
QUICK REFERENCE DATA
BD135 | BD137 | BD139
Collector-base voltage (open emitter) Vcgo  max. 45 60 100V
Collector-emitter voltage (open base) Vego  max. 45 60 80 V
Collector-emitter voltage Rpgg = 1 k<) VCEr max. 45 60 100 v
Collector current (peak value) Iem max. 1,5 1,5 1,5 A
Total power dissipation up to Typ = 70 O°C  Peoe max. 8 8 8 W
Junction temperature Ty max. 150 150 150 oC
D.C. current gain
> 40 40 40
Ic=150mA; Vg =2V hpg < 250 250 250
Transition frequency
I[c=50mA; Vg =5V fr typ. 250 250 250 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)
2,7
Collector connected max[™ < 78 max -+
to metal part of 5 — - Iy
mounting surface // ////¢ L-- 3%.___._ 3,75
¢©/ B B KN 1
//// i A ‘ max
74 ! l l
! |
2,54 i
- o B, | T
’ 15,3
| min

»i le —>0H5<v max U

2,29

2

b

e

For mounting instructions see section Accessories type 56326 for non-insulated mounting

and set 56333 for insulated mounting.

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

|



BD135
BD137
BD139

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

Voltages ' BD135 | BD137 | BD139
Collector-base voltage (open emitter) Vepo  max. 45 60 100 V
Collector-emitter voltage (open base) Vcepow max. 45 60 80 V
Collector-emitter voltage Rgg = 1 k) Vegr  max. 45 60 100 V
Emitter-base voltage (open collector) VEBO  max. 5 5 5V
Currents

Collector current (d.c.) I max. 1,0 1,0 1,0 A
Collector current (peak value) IeMm max. 1,5 1,5 1,5 A

Power dissipation

Total power dissipation up to Ty = 70 °C Prot max. 8 W
Temperatures

- Storage temperature Tstg =65 to+150 ©°C
Junction temperature Tj max. 150 ©C
THERMAL RESISTANCE
From junction to ambient in free air Rth j-a 100 °c/w

From junction to mounting base R j-mb 10 oC/W

2 || [



BD135

Silicon planar epitaxial power transistors BD137
BD139

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

Ig=0;Vcg=30V lcBO < 100 nA

|E=0;VCB=30V;Ti=125°C lcBO < 10 pA
Emitter cut-off current

Ic=0;VEg=5V IEBO. < 10 pA
Base-emitter voltage

Ic =500 mA; Vee=2V VBE < 1V
Saturation voltage

Ic =500 mA; Ig = 50 mA VCEsat < 05V
D.C. current gain

ic= 5mA;Vgp=2V hrg > 25

Ic=150 mA; V=2V hrg 40 to 250

Ic =500 mA;Vcg=2V hgg > 25
Transition frequency at f = 35 MHz

Ic=50mA;Vcg=5 \% fr typ 250 MHz
D.C. current gain ratio of matched pairs

BD135/BD136; BD137/BD138; BD139/BD140 13

t ’
llcl= 150 mA; IVcgl =2V hepe1/hFE2 <yp 16

\ ﬁune 1977



BD135

BD137
BD139
10 72621144
BD135
BD137
Ig [T
(A) Tmb=70 °C ]
1 §=0,01
CM max A }
.
1 I max \ \ 11
A\NEAN AN Tp= -
P, BANRVAY 20ps
i B NANG) NANTAAN
ANA\VAN
ANNN
Q
Oo\\\\ |1
00,\ 50
% A l
% 100
. 05\ [l
NN
10-1 ~ NIN1500 1
1lmls_.
R N d.c -
28 BN
[3aN Nasl
ala
1072 o
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

4 ” ” September 1972



BD135
BD137
BD139

10

Ic
(A)

10”1

1) Independent of

726212641

BD139
]
[ [
Tmb=<70 °C H+
1 6=0,01
CM max P A \
I max \\:\\\\\ \\
ANNEAY AN AY
P, \\\‘\\ \\ AN ! \
tot max \\\ \ X
ANM\'AN \
A\\AVAWAVERY FAS
! @QL\\\ i 2|0.|JS
D\ |
(g
ég 50
. % ]
C [ 100
— (mA) ZNAH
— 4! ANNN 0!
— Ry 500
— llrlns
2 dc.
L 111
60 80 100
B VCE V o
| 3
| :
-
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 pulsed operation

III Repetitive pulse "operation in this region is allowable,
provided RBE < 1 k2

temperature
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BD135

BD137
BD139
7266819.1
100
Prot max \
%)
\
75
\
\
\
50
\
\
25
\
\
\
0
0 50 100 150
Tmb (°C)
—
SRR 103 7262964
P . ]
Zth j-mb F—-
(°C/W) - F‘-_J 5o P
ja— T - T
102
5
10 -
==——=x0,75 H
0,50 —
0,33 L
+0,20 5
0,10F =4
1 —1T"] J.J-H*6/
Ill“l
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w0 1075 1074 1073 1072 1071ty (s) 1

| |
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BDI135

BDi137"-
BD139
7262965
S.B. voltage multiplying factor at the Ig max level
Msp(1)
102
00| 9% 12=0.01
0,10 TSN
10 N
A\
T NETANA ¥
—0,20 N
B = S AN
0,33 \:.§\
0,5[} r-~\\\:§
T NS
0,75 R
1 I - =
10”6 1075 1074 1073ty (s) 10~2
7262966 E
S.B. current multiplying factor at the VoEQ max level (45V) BD135 E
Msp(v) '
102
0,05 5=0,01
210,02 §
0,10 NN
10 ; H N
: »——ofzo \‘E‘
1 FH N
0,33 <N\
0:50 \K‘\\'\‘:\
B, o
0,75 T ]
1 |
1070 1075 1074 1073t (s) 1072

C Aantarmhar 10792 I | l | 7



BD135

BD137
BD139
7262967
S.B. current multiplying factor at the VoEOmax level (60 V) BD137
Mgp(v)
102
A
O,Qi\ 0,02 6=0,01
0,1 N
10 . e
AW
! — 1t
-—0,20 — -
I e \\
0,33 I~ NN
T ‘NN
0,50 T TR
f —_—
panSSSN
1 ] ==
1076 1073 1074 1073t (s) 1072
: - 7262968
e S.B. current multiplying factor at the VOEO max level (80V) BD139
Msp(v)
102
0,02 {6 =0,
—0,05 ANRY
\\\ \\::\
L_0,10 =N
10 Sa
i L S
0,20 .
- NN
0,33 T TN
0,50 TR
]
0’75 H~-—~-V-> ==§
—
1 ! %L-L
106 1075 10-4 1073ty (s) 1072
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BD135
8D137
BD139
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BD135
BD137
BD139
600 ‘ 7210646 AOO B 7272439
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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 BD139 are complementary to the BD136, BD138 and BD 140 respect-
ively.

QUICK REFERENCE DATA
BD136 {BD138 | BD140

Collector-base voltage (open emitter) ~Vepo max. 45 60 100 V
Collector-emitter voltage (open base) -Vcgo max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 kQ) ~Vcgr max. 45 | 60 100 V
Collector current (peak value) ~-IcMm max. 1,5 1,5 1,5 A
Total power dissipationuptoTmp = 700C Peot max. 8 8 8 W
Junction temperature Tj max. 150 150 150 °c
D.C. current gain - 40 A0 n

-Ig =150 mA; ~Veg =2V hrg - 256 2;6 2;6
Transition frequency

-lg=50mA; -Vcg =5V fT typ. 75 75 75 MHz

MECHANICAL DATA > nzm7x - < 78max—+ Dimensions in mm

TO-126 (SOT-32)

Collector connected
to metal part of
mounting surface

T
H 1
1 1
PRy Sup S
ww
—>to-N ‘4—
V Lw
2>
o
-
=
“_.

2,54
";:x " " I
: 15,3
# min
e b l
H i 0,88 ! 7259324.2
~ 59 - S

)

For mounting instructions see section Accessories type 56326 for non-insulated mounting
and set 56333 for insulated mounting.

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

R H || 1



BD136
BD138
BD140

fifl

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

Voltages

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector -emitter voltage Rgg = 1 k<)

Emitter-base voltage (open collector)

Currents
Collector current (d.c.)

Collector current (peak value)

Power dissipation

Total power dissipation up to Tyyp = 70 °C

Temperatures

‘Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

-VcBo
-VCcEO
-VCER
-VEBO

-Ic
-IcMm

Ptot

Rth j-a
Rth j-mb

max.

max,

max.

max,

max.

max,

BD136 | BD138 | BD140
45 60 | 100 V
45| 60 80 V
45 60 | 100 V
5 5 5 vV
L0 | 1,0 | 1,0 A
L5 | 1,5 | 1,5
max. 8 W
~65 to+150 ©oC
max., 150 ©C
100 OC/W
10 oC/wW

H Anonst 1978



BD136

Silicon pianar epitaxial power transistors BD138
BD140

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

lg=0;-Veg=30V —IcBO < 100 nA

|E=0;—VCB=30V;T1=125°C —lcBO < 10 uA
Emitter cut-off current .

Ic=0;,-VEg=5V —IgEBO < 10 pA
Base-emitter voltage

—Ilc=500mA; —-Vcg=2V —VEB < 1V
Saturation voltage

—lc =500 mA; —Ig =50 mA —VeEsat < 05 V
D.C. current gain

—lc= 5mA;—-Vgg=2V heg > 25

—lc=150mA; -Vcg =2V hgg 40 to 250

—1g=500mA; —-Vcg=2V hgg > 25
Transition frequency at f = 35 MHz

—lc=50mA; -Vcg=5V fr typ 75 MHz
D.C. current gain ratio of matched pairs

BD135/BD136; BD137/BD138; BD139/BD 140

llcl = 150 mA; Vgl = 2 V hegt/hEE2 :g

'
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BD136
BD138
BD140

7Z621141A

10
BD136
BD138
e , []
(#) Tmb=<70 0C
o §=0,01
CM max }
I |
-1 it
Cmax
1 ALY =0
Prot ANNRVAN 20ps
tot max \\\ \ \ 1
A\VAN
ARNN
[\
O%\ A 5011
s
A I
A 100
I % I
2N\ N2
10-1 I 5001
jlln’}s_
Nd.c.[
O | ©
acf
ala
1 10 -Veg (V) 102

Safe Operating Area with the transistor forward biased

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

1y Independent of temperature

o I
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BD136
BD138
BD140
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_IC

1072

7262126.1A

BD140
1
[
TmbS70 °C H-
-1 §=0,0
CM max , A
‘ I
~lomax \\
ANNEAN AN \
o \{\\\ ™ 11T
tot max \\\ \ \
ANANYAN \
AN\ AVAWAVER Y FAR
! @b\\\\ \ I\ 20ps
|
% \\ AN
A 50
Q,
. AN
C <% 100
- (mA) NN
B N \}°00
N 1 ms
2 dc
L 111
60 80 100
B -Vce (V) o
=
1 10 -V¢E (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse ' operation

III Repetitive pulse operation in this region is allowable,
provided Rpg <'1 kQ.

1y Independent of temperature




BD136

BD138
BD140
7266819.1
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BD136

BD138
BD140
7262965
S.B. voltage multiplying factor at the Ic max level
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BD136

BD138
BD140
7262967A
S.B. current multiplying factor at the ~VcEQOmax level (60V) BD138
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BD136
BD138
BD140
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BD136

BD138
BD140
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BD201
BD203

A

SILICON EPITAXIAL-BASE POWER TRANSITSTORS

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 25 _W into a4 £ or 8 2 load.

QUICK REFERENCE DATA

Collector-emitter voltage (open base)

Collector current (d.c.)

Total power dissipation up to Tp = 25 °C

Cut-off frequency

Ic=03A;Vcg=3V

VcEo

Ptot

Thie

BD201 BD203
max. 45 60 V
max. 8 8 A
max. 60 60 W
> 25 25 kHz

MECHANICAL DATA

Fig. 1 TO-220.

Collector connected

to mounting base.

10,3
max
-+ 36 |e
’ v
e
4
E |
| ‘.
L}l __1
; ? '
3,5 max 54
not tinned max
13 —»[ = ‘ * 1237
max min
(2x) !

bce‘ l

i *‘iL—O,Qmox (3x)
-

5l 2,50

7

—
2

See also chapters Mounting Instructions and Accessories.

Dimensions in mm

4.5
max
¥
59
min
4 158
max

+| <06

- 2,4

7265872.3

w (June 1977



BD201
BD203

RATINGS

Limiting values in accordance with the Absclute 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, tp < 10 ms)

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

Base current (d.c.)

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

Junction temperature

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

CHARACTERISTICS

Tj = 25 9C unless otherwise specified

Collector cut-off current
IB=0;Vcg=30V
lg=0;Vcg =40 V,'TJ' =150 0C

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

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

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

Saturation voltage*
Ic=3A;Ig=03A
Ic=6A;Ig=06A

D.C. current gain*
BD201; Ic=3A;Vgg=2V
BD203; Ic =2 A; Vee=2V
IC=1A,‘VCE=2V
Cut-off frequency
Ic=03A;Vgg=3V

VeBo
VcEo
VEBO

IcEO
IcBo

lEBO

VBE

VCEK

VCEsat
VCEsat
VBEsat

hFE
hFE
hFE

hte

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

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
—65to+160 OC
150 ocC
2,08 K/wW
70 K/wW
1 mA
1 mA
5 mA
1,5 \%
1 \%
1 \%
1,5 \
2 \%
30
30
30
25 kHz
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Silicon epitaxial-base power transistors BD201

BD203

Transition frequency at f = 1 MHz

Ic=03A;Vgg=3V fr > 3 MHz
D.C. current gain ratio of matched

complementary pairs

lc=1A;Vge=2V hret/hre2 . < 25
Forward bias second breakdown

collector current

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

Icon =2 A;lgon = —IBoff = 0.2 A 4

Turn-on time ton

Turn-off time toff

< 1 us
<

7277699.2

—
904 -——-|
i (%)
10 ===
t
s0f-—-t 0
- |<- tp
ic
(%) - T —»
7278131
18 ===
R to el ¢ Fig. 3 Switching times test circuit.
ton > tors e
Vim= 156 V RZ = 22Q
Fig. 2 Switching time waveforms. Vee= 20 V R4 =109 .
V=4V tr=t; < 15 ns
Vi Rl = — tp = 20 us
/ R2 =33 Q T =500 us

November 1980



BD201
BD203

102

(A)

10

101

7262023.3
| §=0,01 th=
CMmax / A 0”1

N ,1ms
~

¥ X s !

Cmax A AN N
N 0,5T]
\ \ Vx
NI
(1) ol
: \\\
Y10
d.c.]
BD201-T]
+——+—H-
BD203 -]
1 10 Vee (V) 102
CE

Fig. 4 Safe Operating ARea, Tryp < 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).

November 1980




Silicon epitaxial-base power transistors

BD201
BD203

7267034

3
Zth j-mb ¢ <T‘,_ Tt
(K/W) P T_J 5=2
T
§=1 [ T
2 —T T
T ] BEI0 |
[t WP -t
S fumre] 1
0:7 ——— "] » a,l
/ e " at
P
0,5 -+ W 1
— At T
1 e il P 4
/
]
A 2z
0 ﬁ afily //
L P e’
At %’\ £0,1
i 0,05 i
— O[]} i
0 it ! I
1073 104 10-3 1072 1071 1 tp(s) 10
Fig. 5 Pulse power rating chart.
102 7262857 E
S.B. voltage multiplying factor at the Igmax level E
My
6=0,01
10 \‘!'*
;ho,oi
z~<0,05\‘ S
0’1“\ N
0.2 I ~INLTRN
B SR NN
NN
ﬁ
0,5 \\\
B o — \\\
-«\\ E:::\\.
1
1075 1074 1073 tp () 10-2
Fig. 6 S.B. voltage multiplying factor at the |gmax level.
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BD201

BD203
7262858.1
M
\5= 0,01
102 \\
N
0,02 AN
—;j\\ I J
™
0,05 AN
N
10 0,1 \\‘ &"
I "\
! N
0,2 et
N
N
0,5 ~\\
T —
NH\§\~~~-‘
7
10-5 1074 1073 1072 ¢ (s) 107
Fig. 7 S.B. current multiplying factor at the VoEQ max level.
m— 103 7262403.1
—_—
hre
== - typ
-128°C TIFHT =
Tob_ T Pit e
- = ~\\~\
oC N
2% N
102 / Ny
NN
AN
N
NG
NT S
Ay
N
N
10 5
- -1
10 10 1 Ic (A) 10

Fig. 8 D.C.current gain. Vo =2 V.
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Silicon epitaxial-base power transistors BD201

BD203
0 7262391.1
| A4
c
(A) o
jp -
L1
1
I'
— /j/
107!
1 10 102 Ig (mA) 103
Fig. 9 Collector current as a function of base current. Vog = 2 V; Tj = 25 °C.
10 7282879 :
i) | \ .
L} .
\ { :
VCEsat - 1
(mV) \\
AL\
IC =
3| 05A 1 2 3 114/[156\ 7 \9A
10 1 N
—
\ N
N1\ B
\ -
N ’\“\\ “
‘\ o faetet=t"1
N
102 >
S
=
10 > 3
4
1 10 10 10 Ig (mA) 10

Fig. 10 Typical collector-emitter saturation voltage. T]- =25 0C.
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BD201

BD203
15 72523_9_2__ 7267035
TT T
RN
Vep=2V [T 100
Ic Tgfn oc [ \
N =25 °0C [ N
( Ptot max \\
(%)
10 75 \
A\
N
typ 1A
/ 50
‘4
/ \
5
/ \\
25 A}
/ \
\
vi N\
0 .
0 I Vgg(v) 2 0 50 100 150
Tmb (°C)
Fig. 11. Fig. 12.
= 7262387
= 3 T
= I
IC -
VBEsat 1_‘=10 1]
B —
W Tj=250C [T]
2
4
A typ
1 "4
0
0 5 I @) 10
Fig. 13.

8
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Silicon epitaxial-base power transistors

BD201

BD203
3 )
T ]72 2399 10 E j{ rT I{ 1: 262387
L1]] IcBO 4 Vep=40V —
100 Vep=0V (A) mexa~
A
1 1
L~
(mA) 102 P
75 V.
Il /
typ -IE=3A—_‘“ 10 - =
50 typ 7~
p 4
//
typ -
\\ 2A 14— 1 /
25 7
v
0 10-1
-100 0 100 T (°C) 200 0 50 100 T;(°C) 150
Fig. 14. Fig. 15.
20 7262L0 E
fr -
(MHz) V=3V
T] =25 OC
15
“ NN
10 ™~ typ
Ny
N~
\\’\
~~\§
5
0
0 1 2 3 4 5-Ig (A) 6
Fig. 16.
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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 25 W into a 4 2 or 8 2 load.

QUICK REFERENCE DATA

Collector-emitter voltage (open base) —VGCEQ max. \%
Collector current (d.c.) —ic max. A
Total power dissipation up to Ty = 25 °C Ptot max. w
Cut-off frequency .

—lc=03A; -Vgg=3V fhfe > kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220.
Collector connected
to mounting base.

e n&i:\sx -

L ) — ¥
3,5 max 51
not tir;n_ﬁy ) | max
1'3 —’[ - t ’ 12-‘7
max min
(2x) ‘
bll} cjif e
l J'Lo,gmux {3x)
— -
2,54 254

T

See also chapters Mounting Instructions and Accessories.

1,3+ '4—

- 59
_ min

4 158
max

[

.

+» 0,6

> 24

7265872.3
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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 Tmb =250C
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; —V¢cg =30V
lg=0;,-Vcg=40V; Tj=1500C
Emitter cut-off current
|C=O;—VEB=5V
Collector-emitter breakdown voltage
Ic=02A;ig=0 BD202
Ic=02A;I1g=0 BD204
Base-emitter voltage *
—|C=3A;—VCE=2V
Knee voltage *
—lc=3A; —Ig = value at which
—-lg=3,3Aat -Vgg=2V
Saturation voltages*
—-lc=3A;-1g=0,3A

—-Ic=6A;—-Ig=06A

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

—VeBo

—Vceo
-VEBO

__|C
—lcm

—lcsm
Ptot
Tstg

Tj

Rth j-mb
Rth j-a

=Iceo
—=IcBo

—lEBO

—V(BR)CEO
—V(BR)CEO

—VBE

-VeEk

—VCEsat
—VCEsat
—VBEsat

hre
hFE
hFE

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

max.
max.

max.

max.
max.

max.
max.
max.

max.

A A

VvV

typ.

AWAWAY

V VvV

BD202 | BD204

60 60
45 60
5 5

—_—

8
12

25

3
60
—65 to + 150
150

2,08
70

45
60

K/wW
K/wW

mA
mA

mA

<< <
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Silicon epitaxial-base power transistors

BD202

Cut-off frequency
—lg=03A;-Vcg=3V

Transition frequency at f = 1 MHz
—l¢c=03A;-Vgg=3V

D.C. current gain ratio of matched complementary pairs
—lc=1A;-Vgg=2V

Forward bias second breakdown collector current
Vcg=40V:tp=0,1s

Switching times

—lcon=2A; —Igon = IBoff = 0.2 A
turn-on time

turn-off time

7777691.2

0 +——-r

-i¢ -

(%)

7278130
18 ———————— -—
! — L—- ts 1—'](f<— t
ton —l —
off

Fig. 2 Switching times waveforms.

BD204
fhie > 25 kHz
fr > 3 MHz

heet/hpe2 < 25

Isg > 15 A
ton < 1 ws
toff < 2 us

—Vim =16V R3 = 22Q
—Vee =20V R4 = 108
+Vgg = 4V tr=tg= 15ns
R1 =56 tp = 10 us
R2 =33Q T =500 us

w (December 1980



BD202

BD204
102 7282884
~lc
(A)
=!CcMmax 6=9'01 tp=
N <20us
10 AN
AN AN
\\ \\
r-! ™ 2 il
Cmax N \\ N 100 s
NN
(1 A
) 1ms
A, )
Q
[ N
1 K 10 ms
d.c
BD2027
BD204 ]
101 ' )
1 10 -Veg (V) 10

Fig. 4 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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Silicon epitaxial-base power transistors BD 202
BD204

3 7267034
- LI
thK]/me » | tp ____J t
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Fig. 5 Pulse power rating chart.
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Fig. 6 S.B. voltage multiplying factor at the —lcmax level.
W (December 1980 5



BD202

BD204
103 7282882
1
M
5=0,01
-\\
102
— 0,02 AN
- —— N
0,05 7~\\\\
T~
10 0.1 \\\\
1 A ¥
T
0:% \‘\ N
| SN
05 RN\
e \\
T T — )
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1075 104 1073 1072 (s 107!
Fig. 7 S.B. current multiplying factor at the ~VCEOmax level.
i 10 7262392.1
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pd
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1 L typ
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107"
1 10 102 ~1g (mA) 103

Fig. 8 Typical collector current as a function of base current. —~Vog =2 V; T;j=260°C.
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Silicon epitaxial-base power transistors

BD202

BD204
103 7262404.1
hre Tj= 12|5°c
| — — = == e ~
o T
25°C \\Nj "
NN \\
102 N
N
Sy
\w
AN
NN
AN
N
\
W
0L : \
10~ 10~ 1 -
Ig (A) 10
Fig. 9 Typical forward current transfer ratio at —Vcg =2 V.
104 1 1T A ¥ X T L | A\ 1T 7282883 E
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Fig. 10 Typical collector-emitter saturation voltage. TJ- =250C,
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BD202

BD204
20 726240
fr
(N[HZ) ’VCB = 3 V
T] =25 OC
15
A
N
N
10 ™ typ
SN
N
\ oy
S~
5 B
0
0 1 2 3 4 5 Ig@) 6
Fig. 11 Typical transition frequency.
— 7262400.1 103 7282881
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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
BD204
7282880 21262398
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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 Vv
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 Tmp =62 °C Ptot max., 12,5 | 12,5 | 12,5 W
Junction temperature Tj max. 150 150 150 oC
D.C. current gain
> 40 40 40
= ; =2
Ic=10mA; Vog =2V hpg - 250 160 160
Ic=1A;Vcg =2V hrp > 25 25 25
Transition frequency
Ic=50mA; VCE =5V fT typ. 125 125 125 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)
2,7
Collector connected "lmax i < 7.8max >
to metal part of- 3
mounting surface Y ; 3,75
3,2 . | ¥
W LS 1,1
A max
15,3
min
e l
0,88_>| !4 I | 72593242
max _’l L_

For mounting instructions see section Accessories, type 56326 for non-insulated mounting

and type 56333 for insulated mounting.

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

o

1



BD226 BD228

BD230

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

Voltages BD226|BD228]BD230
_Collector-base voltage (open emitter) Vepo max. 45 60 100 V
Collector-emitter voltage (open base) VcEO max. 45 60 80 V
Collector-emitter voltage Rpg = 1 kQ) VCcER max. 45 60 100 Vv
Emitter-base voltage (open collector) VEBO max. 5§ 5 5 V
Currents
Collector current (d.c.) I max. 1,5 A
Collector current (peak value) IcMm max. 3 A
Power dissipation
Total power dissipation up to Ty, = 62 OC Peot max. 12,5 w
Temperatures
Storage temperature Tstg -65 to +150 oC
Junction temperature Ty max. 150 oC
THERMAL RESISTANCE
— From junction to ambient in free air Rth j-a = 100 oc/w
-_ From junction to mounting base Rth j-mb = 7 oc/w
2 H 7' August 1975



BD226 BD228

BD230
CHARACTERISTICS Tj=25 °C unless otherwise specified
Collector cut-off current
- 0- - . - o

IE =0; VCB =30V; TJ =125 °C ICBO < 10 }.lA
Emitter cut-off current

IC =0; VEB =5V IEBO < 10 p.A
Base-emitter voltage 1)

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

Ic=1A;I5=0.1A VCEsar < 0,8 v
D.C. current gain BD226 | BD228 | BD230

IC = 5 mA; VCE =2V hFE > 25 ! 25 25

. . _ > 40 40 40

Ic =150 mA; Vo =2V hFE < 250 | 160 | 160

Ig= 1A ;Vegg=2V hpg > 25 25 25
Transition frequency at f = 35 MHz E

Ic= 50mA; Vg =5V fp typ. 125 MHz
D.C. current gain ratio of

matched pairs

BD226/BD227; BD228/BD229;

BD230/BD231

typ. 1,3
IICI =150 mA; WCE! =2V hrpg1/hFE2 <Yp 16

1) Vg decreases by about 2,3 mV/°C with increasing temperature.

e |l I 3



BD226 BD228 .

BD230 l
10 A ————
N N
Tmb = 62 °C -
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Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation

I Permissible extension for repetitive pulse operation

B Independent of temperature
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BD226 BD228

BD230
7262123.2
10 T BD230
I B A
Tmb =62 °C
IC §=0 O{
(8) IcMmax e .
N Y =
1 NN\ \\\ N b
NN N N Hiops
N
IC max N \
N
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ANV NAVEEA!
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I AR
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NN F 100
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Safe Operating Area with the transistor forward biased
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BD226 BD228
BD230
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BD226 BD228
BD230
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BD226 BD228

BD230
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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.
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