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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 forguidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
un(:jer 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.

May 1980



COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks is comprised of the following parts:

C1 Assemblies for industrial use
PLC modules, PC20 modules, HNIL FZ/30 series, NORDbits 60-, 61-, 90-series, input devices,
hybrid ICs

c2 Television tuners, video modulators, surface acoustic wave filters

c3 Loudspeakers

ca Ferroxcube potcores, square cores and cross cores
C5 Ferroxcube for power, audio/video and accelerators
Cc6 Electric motors and accessories

Permanent magnet synchronous motors, stepping motors, direct current motors
Cc7 Variable capacitors
Cc8 Variable mains transformers

c9 Piezoelectric quartz devices

Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators,

quartz crystal cuts for temperature measurements

C10 Connectors

Cc11 Non-linear resistors
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)

C12  Variable resistors and test switches

C13  Fixed resistors

C14  Electrolytic and solid capacitors

C15  Film capacitors, ceramic capacitors

C16  Piezoelectric ceramics, permanent magnet materials

January 1983



e e e P T
iv January 1982\\

ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks is comprised of the following parts:

T

T2

T3

ET3

T4

T5

T6

T7

T9

T10

T11

Tubes for r.f. heating

Transmitting tubes for communicat

Klystrons, traveiling-wave tubes, microwave diodes
Special Quality tubes, miscellaneous devices (will not be reprinted)
Magnetrons

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

Geiger-Miller tubes

Gas-filled tubes

Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial
rectifying tubes, ignitrons, high-voitage rectifying tubes, associated accessories

Picture tubes and components

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data
graphic display, monochrome monitor tubes for data graphic display, components for colour
television, components for black and white television and monochrome data graphic display
Photo and electron multipliers

Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron
multiplier plates

Camera tubes and accessories, image intensifiers

Microwave sermiconductors and components

|



SEMICONDUCTORS (RED SERIES)

The red series of data handbooks is comprised of the following parts:

S1

S2

S3

Sda

S4b

S5

S6

S7

S8

S9

S10

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

Power diodes, thyristors, triacs .
Rectifier diodes, voltage regulator diodes (> 1,5 W), rectifier stacks, thyristors, triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Microminiature semiconductors for hybrid circuits

Devices for optoelectronics

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

Taken into handbook T11 of the blue series

Wideband transistors and wideband hybrid 1C modules

October 1983



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks is comprised of the following parts:

IC1 Bipolar ICs for radio and audio equipment

12 Binolar ICs for vides equipment

1C3 ICs for digital systems in radio, audio and video equipment
% Ic4 Digital integrated circuits
i CMOS HE4000B family

iC5 Digital integrated circuits — ECL

ECL10000 (GX family), ECL100000 (HX family), dedicated designs

icé Professional analogue integrated circuits

IC7 Signetics bipolar memories

1C8 Signetics analogue circuits

IC9  Signetics TTL logic

IC10  Signetics Integrated Fuse Logic (IFL)

IC11  Microprocessors, microcomputers and peripheral circuitry

vi July 1983
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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 Sl GD BAS19 s7/S1  Mm/SD BBL09G Sl T
AAZ15 S1 GD BAS20 s7/s1  Mm/SD BBLl12 sl T
AAZ17 Sl GD BAS21 s7/s1  Mm/SD BB119 sl T
AAZ18 Sl GD BAT17 §7/S1 Mm/T BB130 Sl T
BA220 sl SD BAT18 S7/S1  Mm/T BB204B Sl T
BA221 si SD BATS81 3 T BB204G Sl T
BA223 S1 T BAT82 Sl T BB212 Sl T
BA243 s T BAT83 si T BB405B Sl T
BA244 sl T BAT85 s1 T BB40O5G Sl T
BA280 Sl T BAV10 Sl SD BB417 Sl T
BA314 sl Vrg BAV18 sl SD BB809 sl T
BA315 sl vrg BAV19 sl Sh BB909A Sl T
BA316 sl SD BAV20 sl SD BBY90O9B Sl T
BA317 sl SD BAV21 st SD BBY31 S7/S1  Mm/T
BA318 s1 D) BAV45S sl Sp BBY40 §7/S1  Mm/T
BA379 Sl T BAV70 §7/S1  Mm/SD BC107 s3  Sm
BA423 S T BAV99 s7/S1  Mm/SD BC108 S3 Sm
BA481 sl T BAWS6 S§7/S1  Mm/SD BC109 S3 Sm
BA482 sl T BAW62 sl SD BCl46 S3 Sm
BA483 sl T BAX12 sl sD BC177 S3 Sm
BA484L sl T BAX12A Sl SD BC178 S3 Sm
BAS11 sl SN BAX14 Sl SD : BC179 s3 Sm
BASL16 $7/S1  Mm/SD BAX18 Sl SD BC200 s3 Sm
BAS17 s7/S1  Mm/Vrg BB105B Sl T BC264A S5 FET
BAS18 sl SD BB105G Sl T BC264B S5 FET

FET = Field-effect transistors
GD = Germanium diodes
Mm = Microminiature semiconductors
for hybrid circuits
SD = Small-signal diodes

Sm = Small-signal transistors
Sp = Special diodes

T = Tuner diodes

Vrg = Voltage regulator diodes
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typeno. book  section type no. book section typeno. book section
BC264C S5 FET BC868 S7 Mm BCY71 S3 Sm
BC264D S5 FET BC869 s7 Mm BCY72 S3 Sm
BC327;A S3 Sm BCF29;R S7 Mm BCY78 S3 Sm
BC328 S3 Sm BCF30;R S7 Mm BCY79 S3 Sm
BC337;A 83 Sm BCF32;R 87 Mm BCY87 S3 Sm
BC338 S3 Sm BCF33;R S7 Mm BCY88 S3 Sm
BC368 S3 Sm BCF70;R S7 Mm BCY89 S3 Sm
BC369 S3 Sm BCF81;R 87 Mm BD131 S4a P
BC375 S3 Sm BCV71;R S7 Mm BD132 Sha P
BC376 S3 Sm RCV72;R 87 Mm BD13 Sha P
BC546 S3 Sm BCW29;R S7 Mm BD136 Sha P
BC547 s3 Sm BCW30;R  S7 Mm "BD137 Séa P
BC548 S3 Sm BCW31;R S7 Mm BD138 Sha P
BC549 S3 Sm BCW32;R S7 Mm BD139 S4a P
BC550 S3 Sm BCW33;R S7 Mm BD140 Sha P
BC556 sS3 Sm BCW60* s7 Mm BD201 S4a P
BC557 S3 Sm BCW61* S7 Mm BD202 S4a P
BC558 S3 Sm BCW69;R S7 Mm BD203 Sha P
BC559 S3 Sm BCW70;R S7 Mm BD204 Sha P
BC560 S3 Sm BCW71;R S7 Mm BD226 Sba P
BC635 S3 Sm BCW72;R S7 Mm BD227 Sha P
BC636 S3 Sm BCW81;R S7 Mm BD228 Sha P
BC637 s3 Sm BCW89;R 87 Mm BD229 Sha P
BC638 S3 Sm BCX17;R S7 Mm BD230 S4a P
BC639 S3 Sm BCX18;R S§7 Mm BD231 Sha P
BC640 s3 Sm BCX19;R S7 Mm BD233 S4a P
BC807 s7 Mm BCX20;R S7 Mm BD234 Sha P
BC808 Ss7 Mm BCX51 s7 Mm BD235 Sha P
BC817 S7 Mm BCX52 S7 Mm BD236 Sha P
BC818 S7 Mm BCX53 S7 Mm BD237 S4a P
BC846 s7 Mm BCX54 s7 Mm BD238 Sha P
BC847 S7 Mm BCX55 S7 Mm BD239 Sha P
BC848 S7 Mm BCX56 s7 Mm BD239A Sha P
BC849 s7 Mm BCX70% s7 Mm BD239B S4a P
BC850 S7 Mm BCX71%* S7 Mm BD239C Sha P
BC856 S7 Mm BCY56 S3 Sm BD240 S4a P
BC857 S7 Mm BCY57 S3 Sm BD240A Sha P
BC858 s7 Mm BCY58 S3 Sm BD240B S4a P
BC859 S7 Mm BCY59 S3 Sm BD240C  S4a P
BC860 s7 Mm BCY70 S3 Sm BD241 Sba P
= series
FET = Field-effect transistors P = Low-frequency power transistors

Mm = Microminiature semiconductors
for hybrid circuits

Sm = Small-signal transistors

viii
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typeno. book  section type no. book  section type no. book  section
BD241A  Ska P BD676 Sha P BD940 S4a P
BD241B  Sia P BD677 Sha P BD941 Sha P
BD241C  Sha P BD678 Sta P BD942 Ska P
BD242 Sha P BD679 Sha P BD943 Sha P
BD242A  Sbka P BD680 Ska P BD944 Ska P
BD242B  Sha P BD681 Ska P BD945 Sha P
BD242C  Sha P BD682 Ska P BD946 Ska P
BD243 Sha P BD683 Ska P BD947 Sha P
BD243A  Ska P BD684 Sha P BD948 Ska P
BD243B  Sia P BD813 Sha P BD949 Sha P
BD243C  Ska P BD814 Ska P BD950 Sha P
BD244 Ska P BD815 Sha P BD951 Sha P
BD244A  Sha P BD816 Sha P BD952 Sha P
BD244B  Ska P BD817 Ska p BD953 Sha P
BD244C  Sha P BD818 Sha P BD954 Sha P
BD329 Sha P BD825 Ska P BDI55 Sha P
BD330 Sha P BD826 Sha P BDI956 S4a P
BD331 Sba P BD827 Ska P BDT20 Sha P
BD332 Sha P BD828 Sha P BDT21 Sha P
BD333 Ska P BD829 Sha P BDT29 Sha p
BD334 Sha P BD830 Ska P BDT29A  S4a P
BD335 Ska P BD839 Ska P BDT29B  Sha p
BD336 Sha P BD840 Ska P BDT29C  S4a P
BD337 Sha P BD841 Sha P BDT30 Sha p
BD338 Sha P BD842 S4a P BDT30A Sha P
BD433 Sha P BD843 Ska p BDT30B  S4a P
BD434 Sha P BD844 Sha P BDT30C  Sia P
BD435 Sha P BD845 Ska P BDT31 Sha P
BD436 Sha P BD846 Sba P BDT31A  S4a P
BD437 Sha P BD847 Ska P BDT31B  S4a P
BD438 Sha P BD848 Ska P BDT31C  Sia P
BD645 Sha P BD849 Sha P BDT32 Ska P
BD646 Sha P BD850 Ska P BDT32A  Sha P
BD647 Sha P BD933 Sha P BDT32B  S4a P
BD648 Ska P BD934 Ska P BDT32C  S4a P
BD649 Ska p BD935 Sta p BDT41 Sha P
BD650 Ska P BD936 Sta P BDT41A  Sha P
BD651 Sha P BD937 Sha P BDT41B  Séa p
BD652 Sha P BD938 S4a P BDT41C Sba P
BD675 Sha P BD939 Sha P BDT42 S4a P

P = Low-frequency power transistors
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type no. book  section type no. book  section type no. book  section
BDT42A  Ska P BDV65C  Ska P BDX64B  Sha 2
BDT42B  Sha P BDV66A  Ska P BDX64C  Ska P
BDT42C Sha P BDV66B S4a P BDX65 S4a P
BDT60 Sha P BDV66C S4a P BDX65A Sha P
BDT60A Sha P BDV66D Sba P BDX65B S4a P
BDT60B | S4a P BDV67A Sha P BDX65C Sha P
BDT60C Sha P BDV67B S4a P BDX66 Sha P
BDT61 Sha P BDV67C Sha P BDX66A Sha P
BDT61A S4a P BDV67D Ska P BDX66B S4a P
BDTA1R Sha P BDVIl Sha P BDX66C Séa P
BDT61C S4a P BDVI92 S4a P BDX67 S4a P
BDT62 Sha P BDVI93 Sha P BDX67A Sha P
BDT62A  Ska P BDV94 Sha P BDX67B Ska P
BDT62B Sba P BDVI5 Sha P BDX67C S4a P
BDT62C Sba P BDV96 S4a P BDX68 Ska P
BDT63 Sha P BDW55 Sha P BDX68A Sha P
BDT63A Sba P BDW56 Sba- P BDX68B S4a P
BDT63B S4a P BDW57 S4a P BDX68C Ska P
BDT63C S4a P BDW58 Sba P BDX69 Sha P
BDT64 Sha P BDW59 Sha P BDX69A  S4a P
BDT64A S4a P BDW60 Sba P BDX69B S4a P
BDT64B  Sha P BDX35 S4a P BDX69C  S4a P
BDT64C  Sé4a P BDX36 S4a P BDX77 Sha P
BDT65 S4a P BDX37 S4a P BDX78 Sha P
BDT65A S4a P BDX42 Sha P BDX91 ‘Sha P
BDT65B S4a P BDX43 S4a P BDX92 Sha P
BDT65C S4a P BDX44 Sha P BDX93 Sha P
BDTI91 S4a P BDX45 | S4a P BDX94 Sha P
BDT92 S4a P BDX46 S4a P BDX95 S4a P
BDTI93 S4a P BDX47 Sha P BDX96 Sha P
BDT94 S4a P . BDX62 S4a P BDY90 Sha P
BDTI95 S4a P BDX62A Sha P BDY90A Ska P
BDT96 S4a P BDX62B S4a P BDY91 Sba P
BDV64 S4a P BDX62C Sha P BDY92 Sha P
BDV64A  S4a P BDX63 Sha P BF180 ' s3 Sm
BDV64B Sha P BDX63A S4a P BF181 S3 .Sm
BDV64C S4a P BDX63B S4a P BF182 S3 Sm
BDV65 Sta P BDX63C  Sé4a P BF183 S3 Sm
BDV65A Sba P BDX64 S4a P BF198 S3 Sm
BDV65B  S4a P BDX64A  S4ha P BF199 83 Sm

P = Low-frequency power transistors
Sm = Small-signal transistors
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typeno. book  section type no. book  section type no. book  section
BF200 S3 Sm BF569 S7 Mm BFGI1A S10 WBT
BF240 S3 Sm BF579 s7 Mm BFG96  S10 WBT
BF241 S3 Sm BF620 s7 Mm BFP90A = S10 WBT
BF245A S5 FET BF621 s7 Mm BFP91A  S10 WBT
BF245B S5 FET BF622 s7 Mm BFP96 S10 WBT
BF245C S5 FET BF623 - S7 Mm BFQL0 S5 FET
BF246A S5 FET BF660;R S7 Mm BFQll S5 FET
BF246B S5 FET BF689K  S10 WBT BFQ12 S5 FET
BF246C S5 FET BF767 s7 Mm BFQl3 S5 FET
BF256A S5 FET BF819 S4b HVP BFQl4 S5 FET
BF256B S5 FET BF820 S7 Mm BFQl5 S5 FET
BF256C S5 FET BF821 s7 Mm BFQl6 S5 FET
BF324 S3 Sm BF822 s7 Mm BFQl7 s7 Mm
BF370 s3 Sm BF823 s7 Mm BFQ18A  §7 Mm
BF410A S5 FET BF857 S4b HVP BFQL9 S7 Mm
BF410B S5 FET BF858 S4b HVP BFQ22 S10 WBT
BF410C S5 FET BF859 S4b HVP BFQ22S  S10 WBT
BF410D S5 FET BF869 S4b HVP BFQ23 s10 WBT
BF419 S4b AVP BF870 S4b HVP BFQ24 S10 WBT
BF422 s3 Sm BF871 S4b HVP BFQ32 S10 WBT
BF423 S3 Sm BF872 S4b HVP BFQ33 S10 WBT
BF450 S3 Sm BF926 s3 Sm BFQ34 S10 WBT
BF451 S3 Sm BF936 S3 Sm BFQ34T  S10 WBT
BF457 S4b HVP BF939 S3 Sm BFQ42 S6 RFP
BF458 S4b HVP BF960 S5 FET BFQ43 S6 RFP
BF459 S4b HVP BF964 S5 FET BFQ51 S10 WBT
BF469 S4b HVP BF966 S5 FET BFQ52 S10 WBT
BF470 S4b HVP BF967 S3 Sm BFQ53 S10 WBT
BF471 . S4b  HVP .BF970  S3 Sm BFQ63  S10  WBT
BF472 S4b" HVP BF979 S3 Sm BFQ65 S10 WBT
BF480 S3 Sm BF980 S5 FET BFQ66 S10 WBT
BF494 S3 Sm BF981 S5 FET BFQ68 S10 WBT
BF495 S3 Sm BF982 S5 FET BFR29 S5 FET
BF496 S3 Sm BF989 s7 Mm BFR30 s7 Mm
BF510 s7 Mm BF990 s7 Mm BFR31 s7 Mm
BF511 s7 Mm BF991 S7 Mm BFR49 S10 WBT
BF512 s7 Mm BF992 s7 Mm BFR53;R S7 Mm
BF513 57 Mm BF994 S7 Mm BFR54 sS3 Sm
BF536 37 Mm BF996 S7 Mm BFR64 S10 WBT
BF550;R  S7 Mm BFG90A  S10 WBT BFR65 S10 WBT

FET = Field-effect transistors

HVP = High-voltage power transistors

Mm = Microminiature semiconductors
for hybrid circuits

RFP = R.F. power transistors and modules
Sm = Small-signal transistors
WBT = Wideband hybrid IC transistors

\ ﬁugus‘c 1983
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HiH

Mm = Microminiature semiconductors

for hybrid circuits
RFP = R.F. power transistors and modules
RT = Tripler

ThM = Thyristor Modules
WBM = Wideband hybrid IC modules
WBT = Wideband hybrid IC transistors

type no. book  section type no. book  section typeno. book section
BFR84 S5 FET BFX29 S3 Sm BGY55 S10 WBM
BFRI0 S10 WBT BFX30 S3 Sm BGY56 s10 WBM
BFR90A S10 WBT BFX34 S3 Sm BGY57 S10 WBM
BFRIL sS10 WBT BFX84 S3 Sm BGY58 S10 WBM
BFRI1A S10 WBT BFX85 S3 Sm BGY58A S10 WBT
BFR92;R S7 Mm BFX86 S3 Sm BGY59 S10 WBM
BFR92A;R S7 Mm BFX87 S3 Sm BGY60 s10 WBM
BFRI93;R S7 Mm BFX88 S3 Sm BGY61 s10 WBT
BFR93A;R S7 Mm BFX89 S10 WBT BGY65 S10 WBT
BFR%% 310 WBT . BFY50 S3 Sm BGY67 s10 WBT
BFR95 S10 WBT BFY51 S3 Sm BGY70 S10 WBT
BFR96 S10 WBT BFY52 S3 Sm BGY71 S10 WBT
BFR96S  S10 WBT BFY55 S3 Sm BGY74 S10 WBM
BFRLO1A;B S7 Mm BFY90 S10 WBT BGY75 S10 WBM
BFSL7;R S7 Mm BG2000 S1 RT BLV10 S6 RFP
BFS18;R S7 Mm BG2097 S1 RT BLV11 S6 RFP
BFS19;R S7 Mm BGX11#* S2 ThM BLV20 S6 RFP
BFS20;R S7 Mm BGX12#* S2 ThM BLV21 S6 RFP
BFS21 S5 FET BGX13* S2 ThM BLV25 S6 RFP
BFS21A S5 FET BGX14%* S2 ThM BLV30 S6 RFP
BFS22A S6 RFP BGX15%* S2 ThM BLV31 S6 RFP
BFS23A S6 RFP BGX17%* S2 ThM BLV32F S6 RFP
BFT24 S10 WBT BGY22 S6 RFP BLV33 56 RFP
BFT25;R S7 Mm BGY22A S6 RFP BLV33F S6 RFP
BFT44 S3 Sm BGY23 S6 RFP BLV36 S6 RFP
BFT45 S3 Sm BGY23A S6 RFP BLV57 S6 RFP
BFT46 s7 Mm BGY32 S6 RFP BLW29 S6 RFP
BFT92;R S7 Mm BGY33 S6 RFP BLW31 S6 RFP
BFT93;R S7 Mm BGY35 S6 RFP BLW32 S6 RFP
BFW10 S5 FET BGY36 S6 RFP BLW33 S6 RFP
BFW11l S5 FET BGY40A S6 RFP BLW34 S6 RFP
BFW12 S5 FET BGY40B S6 RFP BLW50F S6 RFP
BFW13 S5 FET BGY41A S6 RFP BLW60 S6 RFP
BFW16A S10 WBT BGY41B S6 RFP BLW60C S6 RFP
BFW17A S10 WBT BGY43 S6 RFP BLW64 S6 RFP
BFW30 s10 WBT BGY50 S10 WBM BLW75 S6 RFP
BFW61 S5 FET - BGY51" 510 WBM BLW76 S6 RFP
BFW92 S10 WBT BGY52 s10 WBM BLW77 S6 RFP
BFW92A S10 WBT BGY53 S10 WBM BLW78 S6 RFP
BFW93 S10 WBT BGY54 S10 WBM BLW79 S6 RFP
* = series
FET = Field-effect transistors Sm = Small-signal transistors

xii
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typeno. book  section typeno. book  section type no.  book section
BLW8O S6 RFP BLY87A S6 RFP BSR18;R S7 Mm
BLW81 S6 RFP BLY87C S6 RFP BSR18A;R S7 Mm
BLW82 S6 RFP BLY88A S6 RFP BSR30 s7 Mm
BLW83 S6 RFP BLY88C S6 RFP BSR31 S7 Mm
BLW84 S6 RFP BLY8YSA  S6 RFP BSR32 S7 Mm
BLW85 S6 RFP BLY89C S6 RFP BSR33 s7 Mm
BLW86 S6 RFP BLY90 S6 RFP BSR40 s7 Mm
BLW87 S6 RFP BLY91A S6 RFP BSR41 s7 Mm
BLW89 S6 RFP BLY91C S6 RFP BSR42 s7 Mm
BLW90 S6 RFP BLY92A S6 RFP BSR43 s7 Mm
BLW91 S6 RFP BLY92C S6 RFP BSR50 S3 Sm
BLW95 S6 RFP BLY93A S6 RFP BSR51 S3 Sm
BLW96 S6 RFP BLY93C S6 RFP BSR52 S3 Sm
BLW98 S6 RFP BLY94 S6 RFP BSR56 s7 Mm
BLX13 S6 RFP BLY97 S6 RFP BSR57 Ss7 Mm
BLX13C S6 RFP BPF10 S8 PDT BSR58 s7 Mm
BLX14 S6 RFP BPF24 S8 PDT BSR60 S3 Sm
BLX15 S6 RFP BPW22A S8 PDT BSR61 S3 Sm
BLX39 S6 RFP BPW50 S8 PDT BSR62 s3 Sm
BLX65 S6 RFP BPX25 S8 PDT BSS38 S3 Sm
BLX66 S6 RFP BPX29 S8 PDT BSS50 S3 Sm
BLX67 S6 RFP BPX40 S8 PDT BSS51 S3 Sm
BLX68 S6 RFP BPX41 S8 PDT BSS52 S3 Sm
BLX69A S6 RFP BPX42 S8 PDT BSS60 S3 Sm
BLX91A  S6 RFP BPX71 S8 PDT BSS61 S3 Sm
BLX92A S6 RFP BPX72 S8 PDT BSS62 S3 Sm
BLX93A S6 RFP BPX95C S8 PDT BSS63;R S7 Mm
BLX94A S6 REFP BR100/03 S2 Th BSS643;R ST Mm
BLX94C S6 RFP BR101 S3 Sm BSS68 S3 Sm
BLX95 S6 RFP BRY39 S3 Sm BST15 s7 Mm
BLX96 S6 REP BRY56 s3 Sm BST16 s7 Mm
BLX97 S6 RFP BRY61 S7 Mm BST50 s7 Mm
BLX98 S6 RFP BRY62 s7 Mm BSTS51 s7 Mm
BLY33 S6 RFP BSR12;R S7 Mm BST52 S7 Mm
BLY34 S6 RFP BSR13;R S7 Mm BST60 S7 Mm
BLY35 S6 RFP BSR14;R S7 Mm BST6H1 s7 Mm
BLY36 S6 RFP BSR15;R S7 Mm BST62 S7 Mm
BLY83 S6 RFP BSR16;R S7 Mm BSV15 S3 Sm
BLY84 S6 RFP BSR17;R S7 Mm BSV16 S3 Sm
BLY85 S6 RFP BSR17A;R S7 Mm BSV17 S3 Sm

Mm = Microminiature semiconductors

for hybrid circuits

PDT = Photodiodes or transistors

Sm = Small-signal transistors

Th

= Thyristors

RFP = R.F. power transistors and modules
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HHH

type no. book  section type no. book  section typeno. book  section
BSV52;R S7 Mm BTW58% S2 Th BUX82 S4b SP
BSV64 S3 Sm BTW63* S2 Th BUX83 S4b SP
BSV78 S5 FET BTW92%* S2 Th BUX84 S4b spP
BSV79 S5 FET BTX18%* S2 Th BUX85 S4b Sp
BSV80 S5 FET BTX94%* S2 Tri BUX86 S4b SP
Bsv81 S5 FET BTY79* S2 Th BUX87 S4b SP
BSW66A S3 Sm BTY87%* S2 Th BUX88 S4b SP
BSW67A S3 Sm BTY9L1* S2 Th BUX90 S4b SP
BSW68A S3 Sm BU208A S4b SP BUX98 S4b SP
B3X1% 33 Sm BU208B  S4b Sp BUX98A  S4b SP
BSX20 S3 Sm BU326 S4b SP BUY89 S4b SP
BSX45 S3 Sm BU326A S4b SP BY184 S1 R
BSX46 S3 Sm BU426 S4b SpP BY188G Sl R
BSX47 S3 Sm BU426A S4b SP BY223 52 R
BSX59 S3 Sm BU433 S4b SP BY224%* S2 R
BSX60 S3 Sm BU505 S4b SP BY225%* S2 R
BSX61 S3 Sm BU508A S4b SP BY228 S1 R
BSY95A S3 Sm BU705 S4b SP BY229%* S2 R
BT136*  S2 Tri BU8B06 S4b Sp BY249 S2 R
BT137% S2 Tri BU8O7 S4b SP BY260* S2 R
BT138% 52 Tri BU824 S4b Sp BY261* 52 R
BT139*  §2 Tri BU826 S4b SP BY277*%  S2 R
BT149%* S2 Th BUSL1;A S4b SP BY438 S1 R
BTL51%* S2 Th BUS12;A S4b SP BY448 S1 R
BT152% S2 Th BUSL3;A S4b SP BY458 S1 R
BT153 S2 Th BUSL4;A S4b SP BY476 S1 R
BT154 52 Th BUT11;A S4b SP BY477 S1 R
BT155% 52 Th BUV82 S4b SP BY478 Sl R
BTV24%* S2 Th BUV83 S4b SP BY505 S1 R
BTV34#* 52 Tri BUV89 S4b SP BY509 S1 R
BTV58%* S2 Th BUW1l;A S4b SP BY527 Sl R
BTW23* S2 Th BUW12;A S4b SP BY584 Ss1 R
BTW30S* 52 Th BUW13;A S4b SP BY609 S1 R
BTW31W* S2 Th BUW84 S4b SP BY610 S1 R
BTW38* S2 Th BUW85 S4b SP BYV20 S2 R
BTW40* S2 Th BUX46;A S4b SP BYV21* S2 R
BTW42%* 52 Th BUX47;A S4b SP BYV22 52 R
BTW43#* S2 Tri BUX48;A S4b SP BYV23 S2 R
BTW4 5% S2 Th BUX80 S4b SP BYV24 52 R
BTW47* S2 Th BUX81 S4b Sp BYV27 S1 R
* = series

FET = Field-effect transistors
Mm = Microminiature semiconductors

for hybrid circuits
= Rectifier diodes

R
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Sm = Small-signal transistors
= Low-frequency switching power transistors

SP
Th
Tri

= Thyristors
= Triacs
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type no. book  section type no. book  section type no. book  section
BYV28 38 R BYX90 S1 R CNX38 S8 PhC
BYV30* S2 R BYX91%* S1 R CNX44 S8 PhC
BYV32* S2 R BYX94 Ss1 R CNX48 S8 PhC
BYV92* S2 R BYX96* S2 R CNX62 S8 PhC
BYV95A Sl R BYX97% S2 R CNY50 S8 PhC
BYV95B S1 R BYX98%* S2 R CNY52 S8 PhC
BYV95C s1 R BYX99%* S2 R CNY53 S8 PhC
BYV96D S1 R BZTO3 S1 Vrg CNY57 S8 PhC
BYVI6E S1 R BZV10 sl Vrf CNYS57A S8 PhC
BYW19* S2 R BZV1l Sl Vrf CNY62 S8 PhC
BYW25 S2 R BZV12 sl Vrf CNY63 S8 PhC
BYW29* S2 R BZV13 Sl Vrf €Q209s S8 D
BYW30* S2 R BZV14 S1 Vrf CQ216X S8 D
BYW31* S2 R BZV15%* S2 Vrf cQ216Y S8 D
BYW54 sl R BZV37 sl Vrf CQ327;R S8 D
BYW55 Sl R BZV46 Sl Vrg CQ330;R S8 D
BYW56 S1 R BZV49* S1/s7 Vrg CQ331;R S8 D
BYW92*  S2 R BZV85 s1 Vrg CQ332;R S8 D
BYW93* S2 R BZW70% S2 TS CQ427;R S8 D
BYW94* S2 R BZW86%* 52 TS CQ430;R S8 D
BYWI5A S1 R BZWILl#* S2 TS CQ431;R S8 D
BYW95B Sl R BZX55 sl Vrg CQ432;R S8 D
BYW95C Sl R BZX70% S2 Vrg CQF24 S8 Ph
BYW96D Sl R BZX75 sl Vrg CQL10A S8 Ph
BYW96E S1 R BZX79% Sl Vrg CQL13 S8 Ph
BYX10 sl R BZX84*  S7/S1 Mm/Vrg CQL13A  s8 Ph
BYX22% S2 R BZX87*% , sl Vrg CQL14A S8 Ph
BYX25% S2 R BZX90 Sl Vrf CQL14B S8 Ph
BYX30* S2 R BZX91 Sl Vrf CQN10 S8 LED
BYX32* S2 R BZX92 sl Vrf CQN11 S8 LED
BYX38% S2 R BZX93 S1 Vrf CQT10 S8 LED
BYX39%* S2 R BZX94 Sl Vrf CQT11 S8 LED
BYX42%* S2 R BZY91* S2 Vrg CQT12 S8 LED
BYX45%  S2 R BZY93*  S2 Vrg CcQV60(L) S8 LED
BYX46*  S2 R BZY95%  S2 Vrg CQV60A(L)SS LED
BYX49%* 52 R BZY96%* S2 Vrg CQV61A(L)S8 LED
BYX50*  S2 R CNX21 S8 PhC CQV62(L) S8 LED
BYX52%* S2 R CNX35 S8 PhC CQV70(L) s8 LED
BYX56%* S2 R CNX36 S8 PhC CQV70A(L)S8 LED
BYX71%* S2 R CNX37 S8 PhC CQV71A(L)S8 LED
*  =series
D = Displays PhC = Photocouplers

LED = Light emitting diodes
Mm = Microminiature semiconductors
for hybrid circuits

Ph = Photoconductive devices

R = Rectifier diodes

TS = Transient suppressor diodes
Vrf = Voltage reference diodes
Vrg = Voltage regulator diodes
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type no. book section type no. book section type no. book section
CQV72(L) s8 LED CQY97A S8 LED PH4O0* S2 R
CQV80L S8 LED 0A90 Sl GD PH70%* 52 R
CQV80AL S8 LED 0A91 Sl GD RPY58A S8 Ph
CQV81L S8 LED 0A95 Sl GD RPY76B S8 Ph
CQV82L S8 LED 0M320 S10 WBM RPY86 S8 I
CQW10(L) s8 LED 0oM321 S10 WBM RPY87 S8 I
CQW10A(L)S8 LED 0oM322 s10 WBM RPY88 S8 I
CQW1OB(L)S8 LED 0M323 S10 WBM RPY89 S8 I
CQW11A(L)S8 LED OM323A s10 WBM RPY90* S8 I
CQW11R(L)S8 LED OM335 510 WBM RPY91l* g8 1
CQW12(L) s8 LED 0M336 S10 WBM RPY93 S8 I
CQW12B(L)S8 LED OM337 S10 WBM RPY94 S8 I
CQW20A S8 LED OM337A S10 WBM RPY95 S8 I
CQW21 S8 LED 0M339 s10 WBM RPY96 S8 I
cQw22 S8 LED OM345 S10 WBM RPY97 S8 I
CQW24(L) S8 LED 0OM350 S10 WBM RTC901 S8 Ar
CQW54 S8 LED OM360 S10 WBM RTC902 S8 Ar
CQX10 S8 LED OM361 S10 WBM RTC903 S8 Ar
CQX11 S8 LED 0M370 S10 WBM RTC904 S8 Ar
CQX12 S8 LED 0M931 Sha P 1N821;A S1 Vrf
CQX24(L) S8 LED oM961 Sha P IN823;A s1 Vrf
CQX51 S8 LED 0SB9110 s2 St 1IN825;A sl Vrf
CQX54(L) s8 LED 0SB9210 S2 St IN827;A S1 Vrf
CQX64(L) S8 LED 0SB9410 S2 St IN829;A sl Vrf
CQX74(L) s8 LED 0SM9110 s2 St 1N914 51 SD
CQX74Y S8 LED 0SM9210 S2 St 1N916 S1 SD
CQY11B S8 LED 0SM9410 s2 St 1N3879 S2 R
CcQYllic S8 LED 0SM9510 s2 St 1N3880 S2 R
CQY24B(L)S8 LED 0SM9511 s2 St 1N3881 S2 R
CQY49B S8 LED 0SM9512 s2 St 1N3882 S2 R
CQY49C S8 LED 0859110 s2 St 1N3889 S2 R
CQY50 S8 LED 0889210 s2 St 1N3890 S2 R
CQY52 S8 LED 0SS9410 s2 St 1N3891 S2 R
CQY54A S8 LED PH2222;R S3 Sm 1N3892 S2 R
cQyss8a 58 LED PH2222A;RS3 Sm IN3899  S2 R
CQY89A 58 LED PH2369 S3 Sm 1N3900 S2 R
CQY94 S8 LED PH2907;R S3 Sm 1IN3901 S2 R
CQY94B(L)S8 LED PH2907A;RS3 Sm 1N3902 S2 R
CQY958B S8 LED PH2955T S4a P 1N3903 S2 R
CQY96(L) s8 LED PH3055T S4a P 1N3909 S2 R

*  =series

Ar = Arrays R = Rectifier diodes

GD = Germanium diodes SD = Small-signal diodes

1 = Infrared devices Sm = Small-signal transistors

LED = Light emitting diodes St = Rectifier stacks

P = Low-frequency power transistors Vrf
WBM = Wideband hybrid IC modules

Ph = Photoconductive devices

= Voltage reference diodes

Xvi
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type no. book  section type no. book  section type no. book  section
1N3910 S2 R 2N2369A S3 Sm 2N4392 S5 FET
1N3911  S2 R 2N2483  S3 Sm 2N4393 S5 FET
1N3912 82 R 2N2484 83 Sm 2N4427  S6 RFP
1N3913  S2 R 2N2904  S3 Sm 2N4856 S5 FET
1N4001G S1 R 2N2904A S3 Sm 2N4857 S5 FET
1N4002G Sl R 2N2905 83 Sm 2N4858 S5 FET
1N4003G Sl R 2N2905A S3 Sm 2N4859 S5 FET
1N4004G Sl R 2N2906 S3 Sm 2N4860 S5 FET
1N4005G Sl R 2N2906A S3 Sm 2N4861 S5 FET
1N4006G S1 R 2N2907 s3 Sm 2N5415 S3 Sm
1N4007G Sl R 2N2907A S3 Sm 2N5416  S3 Sm
1N4148 Sl sD 2N3019 S3 Sm 61SV S8 I
1N4150 Sl SD 2N3020 S3 Sm 375CQY/B S8 Ph
1N4151 Sl SD 2N3053 s3 Sm 497CQF/A S8 Ph
1N4154 Sl SD 2N3375 S6 RFP 498CQL S8 Ph
1N4446 sl SD 2N3553 S6 RFP 56201d S4b A
1N4448 Sl SD 2N3632  S6 RFP 56201j S4b A
1N4531 Sl SD 2N3822 S5 FET 56230 S2 HE
1N4532 Sl SD 2N3823 S5 FET 56231 S2 HE
1N5059 Sl R 2N3866 S6 RFP 56245 $3,6,10A
1N5060 Sl R 2N3903  S3 Sm 56246 $3,5,10A
1N5061 Sl R 2N3904 S3 Sm 56253 S2 DH
1IN5062 S1 R 2N3905 s3 Sm 56256 S2 DH
2N918 S10 WBT 2N3906  S3 Sm 5626la  S4b A
2N929 S3 Sm 2N3924  S6 RFP 56262A  S2 A
2N930 S3 Sm 2N3926  S6 RFP 56264A  S2 A
2N1613  S3 Sm 2N3927 S6 RFP 56268 52 DH
2N1711  S3 Sm 2N3966 S5 FET 56290 S2 HE
2N1893 s3 Sm 2N4030 S3 Sm 56295 S2 A
2N2218 s3 Sm 2N4031 S3 Sm 56312 S2 DH
2N2218A S3 Sm 2N4032 S3 Sm 56313 S2 DH
2N2219  S3 Sm 2N4033  S3 Sm 56316 S2 A
2N2219A 83 Sm 2N4091 S5 FET 56317 S2 A
2N2221 S3 Sm 2N4092 S5 FET 56326 S4b A
2N2221A S3 Sm 2N4093 S5 FET 56339 S4b A
2N2222  S3 Sm 2N4123 83 Sm 56348 S2 DH
2N2222A S3 Sm 2N4124  S3 Sm 56350 52 DH
2N2297 S3 Sm 2N4125 S3 Sm 56352 S4b A
2N2368  S3 Sm 2N4126  S3 Sm 56353 S4b A
2N2369 S3 Sm 2N4391 S5 FET 56354 S4b A

A = Accessories
DH = Diecast heatsinks

FET = Field-effect transistors
HE = Heatsink extrusions

| = Infrared devices

Ph = Photoconductive devices

R = Rectifier diodes
RFP = R.F. power transistors and modules
SD = Small-signal diodes

Sm = Small-signal transistors
WBT = Wideband hybrid IC transistors
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56359b S4b A 56364 S52,S4b A 56369 S2,84b A
56359¢ S4b A 56366 S2 A 56378 S4b A
56359d S4b A 56367 S2 A 56379 S4b A
56360a S4b A 56368a S4b A 56387a,b S4b A
56363 S52,S4b A 56368b S4b A

A = Accessories
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TYPE NUMBER
SURVEY

A

TYPE NUMBER SURVEY POWER TRANSISTORS

type number Piot type number Piot
NPN PNP envelope |y [T NEN PNP envelope |y
BD131 BD132 TO-126 15 BD651 BD652 T0-220 62,5
BD135 BD136 T0-126 8 BD675 BD676 TO-126 40
BD137 BD138 TO-126 8 BD677 BD678 TO-126 40
BD139 BD140 TO-126 8 BD679 BD680 TO-126 40
BD201 BD202 TO-220 60 BD681 BD682 TO-126 40
BD203 BD204 T0-220 60 BD683 BD684 TO-126 40
BD226 BD227 TO-126 12,5 BD813 BD814 T0-202 2
BD228 BD229 TO-126 12,5¢ BD815 BD816 T0-202 2
BD230 BD231 TO-126 12,5} BD817 BD818 T0-202 2
BD233 BD234 TO-126 25 BD825 BD826 T0-202 2
BD235 BD236 TO-126 25 BD827 BD828 T0-202 2
BD237 BD238 TO-126 25 BD829 BD830 T0-202 2
BD239 BD240 TO0-220 30 BD839 BD840 T0-202 2
BD239A BD240A T0-220 30 BD841 BD842 T0-202 2
BD239B BD240B TO0-220 30 BD843 BD844 T0-202 2
BD239C BD240C TO-220 30 BD845 BD846 T0-202 2
BD241 BD242 TO0-220 40 BD847 BD848 T0-202 2
BD241A BD242A T0-220 40 BD849 BD850 TO-202 2
BD241B BD242B TO-220 40 BD933 BD934 T0-220 30
BD241C BD242C T0-220 40 BDI935 BDI936 TO0-220 30
BD243 BD244 TO-220 65 BDI937 BD938 TO-220 30
BD243A BD244A T0~-220 65 BDI939 BDY940 T0-220 30
BD243B BD244B T0-220 65 BD941 BD942 T0-220 30
BD243C BD244C T0-220 65 BD943 BD944 T0-220 40
BD329 BD330 TO-126 15 BD945 BD946 T0-220 40
BD331 BD332 S0T-82 60 BD947 BD948 T0-220 40
BD333 BD334 S0T-82 60 BD949 BD950 T0-220 40
BD335 BD336 S0T-82 60 BD951 BD952 T0-220 40
BD337 BD338 S0T-82 60 BD953 BD954 T0-220 40
BD433 BD434 TO-126 36 BD955 BD956 T0-220 40
BD435 BD436 TO-126 36 BDT21 BDT20 T0-220 62,5
BD437 BD438 TO-126 36 BDT29 BDT30 T0-220 30
BD645 BD646 TO-220 62,5§f BDT29A BDT30A T0-220 30
BD647 BD648 TO-220 62,5} BDT29B BDT30B T0-220 30
BD649 BD650 T0-220 62,5] BDT29C BDT30C T0-220 30

X
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TYPE NUMBER
SURVEY
type number Piot type number Piot
NPN PNP envelope w NPN PNP envelope w
BDT31 BDT32 T0-220 40 | BDX43 BDX46 TO-126 5
BDT31A BDT32A T0-220 40 | BDX44 BDX47 TO-126 5
BDT31B BDT32B TO-220 40 BDX63 BDX62 TO-3 90
BDT31C BDT32C T0-220 40 | BDX63A BDX62A TO-3 90
BDT41 BDT42 TO-220 65 | BDX63B BDX62B TO-3 90
BDT41A BDT42A T0-220 65 | BDX63C BDX62C TO-3 90
BDT41B BDT42B T0-220 65 | BDX65 BDX64 TO-3 117
BDT41C BDT42C T0-220 65 | BDX65A BDX64A TO-3 117
BDT61 BDT60 T0-220 50 | BDX65B BDX64B TO-3 117
BDT61A BDT60A TO-220 50 | BDX65C BDX64C T0-3 117
BDT61B BDT60B TO-220 50 | BDX67 BDX66 T0-3 150
BDT61C BDT60C T0-220 50 | BDX67A BDX66A TO-3 150
BDT63 BDT62 T0-220 90 | BDX67B BDX66B T0-3 150
BDT63B BDT62B TO-220 90 | BDX67C BDX66C TO-3 150
BDT63C BDT62C TO-220 90 | BDX69 BDX68 TO-3 200 -
BDT65 BDT64 T0-220 125 | BDX69A BDX68A TO-3 200 =
BDT65A BDT64A TO-220 125 | BDX69B BDX68B TO-3 200 =
BDT65B BDT64B T0-220 125 BDX69C BDX68C T0-3 200
BDT65C BDT64C T0-220 125 | BDX77 BDX78 T0-220 60
BDTI1 BDT92 T0-220 90 BDX91 BDX92 TO-3 90
BDTI3 BDT94 T0-220 90 | BDX93 BDX94 TO-3 90
BDT95 BDT96 TO-220 90 | BDX95 BDX96 TO-3 90
BDV65 BDV64 S0T-93 125 | BDY90 TO-3 40
BDV65A BDV64A S0T-93 125 BDY90A TO-3 40
BDV65B BDV64B S0T-93 125 | BDY91 T0-3 40
BDV65C BDV64C SO0T-93 125 | BDY92 TO-3 40
BDV67A BDV66A S0T-93 200 | BF419 T0-126 6
BDV67B BDV66B SOT-93 200 | BF457 TO-126 6
BDV67C BDV66C S0T-93 200 | BF458 T0-126 6
BDV67D BDV66D SO0T-93 200 | BF459 TO-126 6
BDVIL BDV92 S0T-93 100 | BF469 BF470 TO-126 1,8
BDV93 BDV94 S0T-93 | 100 | BF471 BF472 TO-126 1,8
BDV95 BDV96 S0T-93 100 | BF819 T0-202 6
BDW55 BDW56 T0-126 8 | BF857 T0-202 6
BDW57 BDW58 T0-126 8 | BF858 T0-202 6
BDW59 BDW60 TO-126 8 | BF859 T0-202 6
BDX35 T0~126 15 | BF869 BF870 T0-202 5
BDX36 T0-126 15 | BF871 BF872 TO-202 5
BDX37 TO-126 15 | BU208A TO-3 80
BDX42 BDX45 TO-126 5 | BU208B TO-3 80
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TYPE NUMBER

SURVEY
type number envelope Ptot type number envelope Ptot
NPN PNP w NPN PNP w
BU326;A TO-3 60 BUV82;83 S0T-93 70
BU426;A S0T-93 70 BUV89 SOT-93A 125
BU433 S0T-93 70 BUW11;A S0T-93 100
BU505 T0-220 75 BUW12;A SO0T-93 125
BU508A SO0T-93A 125 BUW13;A SO0T-93 175
BU705 SO0T-93A 75 BUWS84 ;85 SOT-82 50
BU8B06 T0-220 60 BUX46;A TO-3 85
BU8QY7 T0-220 60 BUX47;A TO-3 125
BU824 T0-202 2 BUX48;A TO-3 175
BU826 S0T-93 125 BUX80; 81 TO-3 100
BUS1L1;A TO-3 100 BUX82;83 TO-3 60
BUS12;A TO-3 125 BUX84;85 T0-220 40
BUS13;A TO-3 175 BUX86;87 TO-126 20
BUS14;A TO-3 250 BUX88 TO-3 160
BUTL1;A T0-220 100 BUX90 TO-3 125
BUX98;A TO-3 250
BUY89 TO-3 80
PH3055T PH2955T TO-220 75
TYPE NUMBER SURVEY ACCESSORIES
type number description envelope
56201d mica washer (up to 500 V) TO-3
56201j insulating bushes (up to 500 V) TO-3
56261a insulating bushes (up to 500 V) TO-3
56326 metal washer TO-126
56339 mica washer (500 to 2000 V) TO-3
56352 insulating mounting support TO-3
56353 spring clip TO-126/SOT-82
56354 mica insulator TO-126/SOT-82
56359b mica washer (up to 1000 V) TO-220
56359¢ insulating bush (up to 800 V) TO-220
56359d rectangular insulating bush (up to 1000 V) TO-220
56360a rectangular washer (brass) TO-220
56363 spring clip (direct mounting) TO-220
56364 spring clip (insulated mounting) TO-220
56367 alumina insulator (up to 2000 V) TO-220
56368a mica insulator (up to 800 V) SOT-93
56368b insulating bush (up to 800 V) SOT-93
56369 mica insulator (up to 2 kV) TO-220
56378 mica insulator (up to 1500 V) SOT-93
56379 spring clip SOT-93
56387a mica insulator (up to 300 V) TO-126
56387b insulating bush (up to 300 V) TO-126

XXii August 198ﬂ (




SELECTION GUIDE



qiqd

|

SELECTION
GUIDE

A g
) 089Xad | 489xag | vg9oxad| g9xag d
€-01L 00¢ 069X0¥ | 969XA9 | V69XAd| 69Xag N (4
099Xad | 999Xad | v99xXad| 99xag d
€-01 0¢T JL9Xad | €/9Xad | v/9Xad| ,9Xag N
09904 | €99Ad9 | v99Aaad| 99nqag d
€6-10S 00¢ JL9AQY | €/9AAY | V/9AQE | £9Aqd N 91
OY9XA¥ | €Y9Xag | vy9xad| +9xag d
€-0L LTT 059Xad | 4S9Xad | vs9xad | ¢9xag N
O¥9AQ8 | €y9AQd | Vy9Add| +9Adg d
€6-10S 6Z1 069AQ9 | 959A09 veoAad S9AQd N
O0791d€ | 9v91a€ | vv9lad| +9Iag d
0¢z-01 YA 0691ad | €591ad | vS9Iad| <9rag N 1
0¢910¢ | 9291d9 | vezolad| z9iag d
0¢z-0L 06 OE91ad | 9€91a9 | ve9rad | €91qg N 01
OC9X0¥ | €79Xa9 | vz9xad | z9xag d
€-0L 06 JE9Xad | 9€9Xad | ve9xad | £9xag N
oziag d
022-01| §‘Z9 Te1ag N
0¢c-01 09 90804 | Losnd N
: 259ad | os9ag 8%9ad | 9v9ag d
022-0L| S°29 16904 | 6v9ad %904 | sw9ag N 8
8€€Qd | 9gead beead | ceead d
28-10S 09 LEEQd | cgeag €€eqd | 1€€aq N 9
00910€ | 909149 | v09I1ad | 091ag d
0¢2-01 0S 019149 | 919149 | V19149 | 19Iag N
¥89ad | zg89ag 089dd | 8/9ag 9.9ad d
9¢1-01 oy €89a¢ | 189ag 6£9a4 | //9ad S/9ad N Y
#L9XAL | ¥9%XA9 | ¥SHXAg d
921-01L S *79XAd | »EvXag *CHXad N 1
M 00¢ 0§l 0oglL ocl ool 08 09 14 . v
2seo 101 ‘lod o)
d (A) O30/ (aseq uado) abeijon Ja11iwis-10108]|00 |

SHOLSISNVHL NOLONITHVYA 3SOdHNd TYHINID

August 1983 (/'

XXiv




SELECTION
GUIDE

|

dE,
€-0L 0S¢ vg6X0d 86xnd N
€-0L 0S¢ vy1sng #1804 N 0¢
£-0L SLT v8yxng 8vXnd N
€-01 GLT ve1sng ¢1sng N
€6-10S SLT veimnd £1MNg N [
€-0L 091 88xXnd N 1
€-0L 001 18%X04 08xnd N 01
€-01 (748 v/ 4X04 LyX09 N 6
€6-10S (Y48 v80snd N
€-01 141 vz1sng z1sng N
£6-10S (Y41 vyzimng FATINL: N
€6-10S (YA 68A0d N 8
€-0L 08 68404 N
€6-10S 0L €8ANg 78And N
€-0L 09 £8xn4 78xXnd N
£6-10S 0L gevnd N
€6-10S 0L vozvnd | 9evnd N
€-0L 09 v9zend | 9zend N 9
€-0L 001 vit1sng 118n€ N
£6-10S 001 viimng 11M0g N
022-01 001 V11109 11109 N S
€-01 ] v9¥X0d 9%Xnd N G‘g
072¢-01 o¥ c8xXnd #8X0d N
78-10S 0s c8mMng #8MNg N 4
921-01 0T £8X0d 98Xng N ‘o
66849 | 85844 16849 N
202-0L 9 61844 N
6Svad | 8Svdd 1GYad N
921-0L 9 61vag N 10
¥7/849 | 0,849 :
202-01 9 #1/849 | 69849 N
¥glvdd | 0Lvdd a
9z1-0L| 8°T ¥1/9d9 | 69vdd N S0‘0
M 008 00L 0S¥ (00}% GLE 00g (01514 09l v
oseo 103 (A) O30 (aseq uado) aBe1|OA Ja111Wa-10193]{0D od 9

[0J1U024010UW - SIS - UOII08|43P - Ind1N0 03PIA SHOLSISNVHL 3DVLTONA-HOIH

\ ﬂugust 1983




SELECTION
GUIDE

8evad 9evad | yevad d

921-01 9¢ LEYad sevad | eevag N 4
ozelad | 9zelad | vzelag zerag d
OT€lad | 91€1a9 | viglag 1e1ag N
v6ag ov6ad | scead 9¢6ag v€6a9 d
022-01 (0] 17609 6£60d | /c6ag S€6ad €£€60d N
oggad d
6cedd N
zetad d
921-01L <1 1€109 N
00%2ag | 90%cad | voyzag ovezag d

022-0L o€ 06£20d | 96£2A9 | vegzag 6€zag N €
818ad 918ag v18ag d
20z-01| <zt L1804 1804 £18ag N
8¢cad 9gcad veead d

921-01L (%4 L€cag sezag geead N z
0s8ad 84v8ag 9v8ad | 4v8ag v8ag ov8ad d
202-01 01| 6%8ad L%8ad S%8ad | €vgag 1¥8ag 6€£80d N
1€209 6ceag Lzeag d

9Z1-0L| ¢Szt ogzag 8czag 9zzag N St
00€1a€ | 90€1a9 | vogiag oglag d
022-01 o¢ 062109 | 962109 | V62Iag 6z1ag N
ogmag 8smMag 9smMag d
9Z1-01 6smag LSmag ssmag N
0€8ad 8z8ag 9z8ag d
202-01 6z8ad Le8ag sz8ad N
cv1ad 8€1ag 9¢1ad d

921-0L 8 6£1ad Le1ag se1ad N 1

Mm ovlL 114} 00l 08 09 *14 ov ze 44 0z od v

a5 01y (A) O30 (aseq uado) aberjon 19111 Wa-10193||02 1o ]

SHOLSISNVHL HIMOd 3S0OdHNd TVYHINID

August 1983 (

XXVi




SELECTION
GUIDE

J

XXVii

M(O.H OQ <Om%ﬂm N NA
£-01 (00 06409 16404 C6A04 N 01
ose M 0ol 08 09 v
0 .
10y (A) OO (aseq uado) abel|on Ja11iWwa-10193]]0d lod 0
SHOLSISNVH.L ONIHOLIMS 3DVLITOA-MOT
96109 76 AQd Z6A0E d
£6-10S 001 S6Add £6A09 T6AQE N
96104 76109 76149 d
0¢Z-0L 06 G61ad €61dd Teldd N
I16S6CHd d
072-0L SL I1GG0EHd N 01
96Xdd 76X04 c6Xad d
€-0L 06 s6xad £6Xag 16Xad N
8.Xad %0204 20cag d
0¢¢-01L 09 [1XAd €0cad 10204 N 8
oChlad| dcvlad verlad y1ag d
0CZ-0L <9 o1v1ad| 91vlad Vivlad v1ad N
ovyTad| dyvead vyvead 7%2ad d
0Cc-0L <9 oghead| devead vevead €ycad N 9
766d4d 966d4d 256ad 05644 87604 9%604d 79604 d
0¢¢-01 [0)4 £66d4 GG6ad 166049 67604 Lv6dd Shedd £v6ad N
9¢€Xag N
9Z1-0L [ gexag N
o0%7ag | dovwcad vovcad ovczad d
07Z-0L oy o1%cad | 91vcdd Vivead Tvcad N S
M orlL ocl 00l 08 09 14 oy (A (44 014 v
aseo 101 ‘|od o)
d (A) O30 (eseq uado) abeijon Ja111wa-10303]|0D l

SHOLSISNVH.L HIMOd 3SOdHNd TVHINID

\ (August 1983




SELECTION
GUIDE

LY

ACCESSORIES
CLIP MOUNTING
direct mounting insulated mounting
envelope
clip mica alumina clip

TO-126 56353 56354 56353

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

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

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

TO-126 56326 M3

(S0T-32)

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

(S0T-78) 56360a M3

up to 800 V 56359b 56359¢ 56360a M3

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

(S0T-3)

up to 500 V 56201d 562013 or M3

56261la
up to 2000 V 56339 56352 M3

The accessories mentioned can be supplied on request.
See also chapter Mounting Instructions.

xviii August 1983



SELECTION

GUIDE
TO-126
(SOT-32)
type number Piot | VCEO type number Ptot | VcEO
NPN PNP w v NPN PNP w %
BUWSA 50 400 BF469 BF470 1,8 | 250
BUW85 450 BF471 BF472 300%
42 DX45 *
BD331 BD332 60 60 ggim gnx% > 23*
BD333 | BD334 80 BDX44 | BDX47 8O*
BD335 BD336 100
BD337 BD338 120 BF419 6 250
BF457 160
BF458 250
BF459 300
SOT-93 BD135 BD136 8 45 _
(SOT-93) BD137 BD138 60 e
BD139 BD140 80 -_—
BDWS5 BDWS6 8 45 -
BDW57 BDW58 60
type number Piot VCEO BDW59 BDW60 80
PNP W v BD226 BD227 12,5 45
NPN N BD228 BD229 60
BU426 70 375 BD230 BD231 80
ggzggA ggg BD131 BD132 15 45
BUV82 200 BD329 BD330 20
BUVS3 450 BDX35 60
BDX36 60
BDVI1 BDV92 100 60 BDX37 80
BDV93 BDV94 80
BDV95 BDV96 100 BUX86 20 400
BUW11 400 BUX87 450
BUW11A 450 BD233 BD234 25 45
BDV65 BDV64 125 60 BD%%; ggggg gg
BDV65SA | BDV64A 80 BD
BDV65B BDV64B 100 BD433 BD434 36 22
BDV65C | BDV64C 120 BD435 BD436 32
BUW12 400 BD437 BD438 45
450
gggé;i 700 BD675 | BD676 40 45
BUV8Y 800 BD677 BD678 60
BD679 BD680 80
BUWL3 175 400 BD681 BD682 100
BUWL3A 450 BD683 BD684 120
BDV67 BDV66 200 60
BDV67A | BDV66A 80 £y
BDV67B BDV66B 100 CER
BDV67C BDV66C 120

\ (August 1983
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TO-3
(SOT-3)
type number Piot | VCEO

NPN PNP W \Y
BDY90 40 100
BDY90A 100
BDY91 80
BDY92 60
BU326 60 375
BU326A 400
BUX82 60 400
BUX83 450
BUY89 80 800
BUX46 85 400
BUX46A 450
BDX63 BDX62 90 60
BDX91 BDX92 60
BDX63A BDX62A 80
BDX93 BDX94 80
BDX63B BDX62B 100
BDX95 BDX96 100
BDX63C BDX62C 120
BUS11 100 400
BUS11A 450
BUX80 100 400
BUX81 450
BDX65 BDX64 117 60
BDX65A BDX64A 80
BDX65B BDX64B 100
BDX65C BDX64C 120
BUS12 125 400
BUS12A 450
BUX47 400
BUX4TA 450
BDX67 BDX66 150 60
BDX67A BDX66A 80
BDX67B BDX66B 100
BDX67C BDX66C 120
BUX88 160 800

type number Piot Vceo
NPN PNP w v
BUS13 175 400
BUS13A 450
BUX48 400
BUX48A 450
BDX69 BDX68 200 60
BDX69A BDX68A 80
BDX69B BDX68B 100
BDX69C BDX68C 120
BUS14 250 400
BUS14A 450
BUX98 400
" BUX98A 450
TO-202
(SOT-128)
type number Piot Vceo
NPN PNP w \
BF869 BF870 5(1,6) | 250
BF871 BF872 300%
BF819 6(1,2) | 250
BF857 6(2) 160
BF858 250
BF859 300
BD825 BD826 8(2) 45
BD827 BD828 60
BD829 BD830 80
BD839 BD840O 10(2) 45
BD841 BD842 60
BD843 BD844 80
BD845 BD846 100
BD847 BD848 120
BD849 BD850 140
BD813 BD814 12,5 45
BD815 BD816 (2) 60
BD817 BD818 80
* Vv
CER
() free air dissipation
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TO-220
(SOT-78)
type number Piot VCEO type number Piot VcEO
NPN PNP w \ NPN PNP w \Y
BD239 BD240 30 45 BD645 BD646 62,5 60
BD239A BD240A 60 BD647 BD648 80
BD239B BD240B 80 BD649 BD650 100
BD239C BD240C 100 BD651 BD652 120
BDI933 BD934 30 45 BDT21 BDT20 62,5 130
BD935 BD936 60
BD937 BDI938 80 BD243 BD244 65 45
BD939 BD940 100 BD243A BD244A 60
BD941 BD942 120 BD243B BD244B 80
BDT29 BDT30 40 BD243C BD244C 100
BDT29A BDT30A 60 —_—
BDT29B BDT30B 80 BDT41 BDT42 65 40 —_
BDT29C BDT30C 100 BDT41A BDT42A 60 =
. BDT41B BDT42B .80 —
BD241 BD240 40 45 BDT41C BDT42C 100 '
BD241A BD241A 60
BD241B BD241B 80 PH3055T | PH2955T 75 60
BD241C BD241C 100 . o
BDT91 BDT92 90 60
BD943 BD944 40 22 BDTI3 BDT94 80
BD945 BD946 32 BDT95 BDT96 100
BD947 BD948 45
BD949 BD950 60 BDT63 BDT62 90 60
BD951 BD952 80 BDT63A BDT62A 80
BD953 BD954 100 BDT63B BDT62B 100
BD955 BD956 120 BDT63C BDT62C 120
BDT31 BDT32 45
BDT31A BDT32A 60 BUT11 100 400
BDT31B BDT32B 80 BUTL1A 450
BDT31C BDT32C 100
BDT65 BDT64 125 60
BUX84 40 400 BDT65A BDT64A 80
BUX85 450 BDT65B BDT64B 100
BDT65C BDT64C 120
BDT61 BDT60 50 60
BDT61A BDT60A 80
BDT61B BDT60B 100
BDT61C BDT60C 120
BD201 BD202 60 45
BD203 BD204 60
BDX77 BDX78 80
BU8SO7 60 150
BU806 200
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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

VecBmax 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.

VEBmax (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

VCEmax 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.

l:]
NOTE: The term ""cut-off” is sometimes replaced by Vgg > x volts, or A <y which are equivalent
E

conditions under which the device may be cut-off.

VcEmax (I = x mA) The maximum permissible instantaneous voltage between collector and emitter
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 tc ensure that
thermal runaway due to excessive collector leakage current does not occur in
this condition.

Due to the current dependency of V¢ 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
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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:

Rp VBB
— , R, ZBg, VBE, Ig or —= .
Rg B ZBg VBE. IBor Ra

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

7275911 7275910
I
C -
1
|
|
{ \
area 1 \
\
area2 \
\
\l
Fig. 1. Fig. 2.

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

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

Emitter current ratings )

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

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

IER(AV)max The maximum 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.

IERM The maximum permissible instantaneous value of the total reverse emitter

current allowable in the reverse breakdown region.
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Base current ratings
1Bmax The maximum permissible base current. Without further qualification, the d.c.
value is implied.
IB(AV)max The maximum permissible average value of the total base current.
IBR(AV)max The maximum permissible average value of the total reverse base current allow-
able in the reverse breakdown region.
IBM The maximum permissible instantaneous value of the total base current. The
rating also includes the switch off current.
IBRM The maximum permissible instantaneous value of the total reverse current

allowable in the reverse breakdown region.

Transistor power ratings

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

Piot = VCE X ICc + 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
Prot

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 (R¢p ) normally
expressed in degrees kelvin per watt (K/W). For mounting base rated devices, the added effect of the
contact resistance (R¢p j) must be taken into account.

The effect of heatsinks of various thermal resistance and contact resistance is often included in the
above chart.
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Thus for any heatsink of known thermal resistance and any given ambient temperature, the maximum
permissible power dissipation can be established. Alternatively, knowing the power dissipation which
will occur and the ambient temperature, the necessary heatsink thermal resistance can be calculated.

A general expression from which the total permissible steady state power dissipation can be calculated

IS:

where Ry, .5 is the thermal resistance from the transistor junction to the ambient. For case rated or
mounting base rated devices, the thermal resistance Reth j-a is made up of the thermal resistance junction
to case or mounting base (Ryty mb), the contact thermal resistance {Rtn il and the heatsink thermai

resistance Rih h-

0 -

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. :

Zih t

— Tt (=

t
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 Fa‘chj-a
Ztht +d (Reh )

Pp

where Zyp, ¢ and d are given in the above chart and Rth c-a is the thermal resistance between case and
ambient for case rated device. For mounting base rated device, it is equal to Ryp , + Ry  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 Zy 1.

Temperature ratings

ijax

ijax.(continous
operation)

Timax (intermittent
operation)

Tmb

Tcase

March 1979

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.

The maximum permissible continuous value.

The maximum permissible instantaneous junction temperature usually allowed
for a total duration of 200 hours.

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.

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

The rating systems described are those recommended by the International 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 determiné 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 al! 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 FOR TRANSISTORS AND SIGNAL DIODES

LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS

Basic letters

The basic letters to be used are:

based on IEC Publication 148

i

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
(AV), (av)
B, b
(BR)
C,c

Ao

2O0ZRQ
HO‘B?T‘U'Q -0 C

(RMS), (rms)

S, s

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

Anode terminal

Average value

Base terminal, for MOS devices: Substrate

Breakdown

Collector terminal
Drain terminal
Emitter terminal

Forward
Gate terminal

Cathode terminal

Peak value

As third subscript: The terminal not mentioned is open circuited
As first subscript: Reverse. As second subscript: Repetitive.
As third subscript: With a specified resistance between the terminal

R.M.S. value

not mentioned and the reference terminal.

As first or second subscript: Source terminal (for FETS only)

As second subscript: Non-repetitive (not for FETS)

As third subscript: Short circuit between the terminal not mentioned

Specified circuit

and the reference terminal

Replaces R to indicate the actual working voltage, current or power

of voltage reference and voltage regulator diodes.

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

b) instantaneous total values
Example ip

c) average total values
Example IB(AV)

d) peak total values
Example I\

€) root-mean-square total values
Example IB(RMS)

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

a) instantaneous values
Example ip

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

c) peak values
Example Iy,

d) average values
Example In(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 : Ip, ip, ip, Ihm

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: I, Iy, if, If(rms)

10 —‘ ‘ ” Fehriaye 1074
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Subscripts for voltages

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

Examples: V__, v__, v _, V
xampies: Vpg YBE' “pe’ ' 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: V_, V,, Vv

\%
F° 'R* F rm

Subscripts for supply voltages or supply currents

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

¢ les: V
Examples ac 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: 1 = continuous (d.c.) current flowing

B2 X X
into the second base terminal
\Y = continuous (d.c.) voltage between
B2-L .
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.

i

continuous (d.c.) current flowing
into the collector terminal of the
second unit

Examples: Iy

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

Vic-2c
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Application of the rules

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

collector
current
I<:(uvl
e Iciav
(no signal)
0 l

time 7265988

LETTER SYMBOLS FOR ELECTRICAL PARAMETERS
Definition

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

Basic letters

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

B,b = susceptance; imaginary part of an admittance
C = capacitance

G, g = conductance; real part of an admittance

H,h = hybrid parameter

L = inductance

R,r = resistance; real part of an impedance

X,x = reactance: imaginary part of an impedance
Y,y = admittance;

Z,7z = impedance;

12 ” February 1974
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Upper-case letters shall be used for the representation of:

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

b) all inductances and capacitances.

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

Subscripts

General subscripts

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

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

L,1 = load

O, o (or 2) = output

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

Examples: ZS, hf, hF

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

static value of forward current transfer ratio in common-
emitter configuration (d.c. current gain)

RIZ = 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.

It

Examples : hFE

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

Examples: h[e = 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

Exe es: , ho
Examples: hFE’ YRE e
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Subscripts for four-pole matrix parameters

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

i 11
h™ (or h2’ )
h_ (or h Z)

1 f (or 1‘12] )

V)
A further subscript is used for the identification of the circuit configuration. When no
confusion is possible, this further subscript may be omitted.

o]

Examples: hfe (or 11218), hFE (or hZIE)
Distinction between real and imaginary parts

If it is necessary to distinguish between real and imaginary parts of electrical parame-
ters, no additional subscripts should be used. If basic symbols for the real and imagina-
ry parts exist, these may be used.
Examples: Z, =R, + jX,
i i i
Yie = 8fe * bee

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

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

Im (hib) cte. for the imaginary part of hib

14 ‘ ‘ ” February 1974
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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.

Collector current

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

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

Collector-emitter voltage

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

Power dissipation

Maximum power dissipation 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. 1aand 1b given in the data sheets. With it, maximum allowable power dissipation can be
calrulated for any mounting base temperature up to Tj max-

7282917 7277038

150
maximum permissible dissipation
80 versus mounting base temperature
Prot
Prot (%)
(W)
60 100
N
40
50
20
\C Fig. 1 Power derating curve.
0 0
0 50 00 150 (a b
b (90 ) (b) 0 100 T, (°C) 200
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16

Total power dissipation is given by

Ptot=IcVCE t IBVBE

The second term can usually be disregarded, so Proy ~ IcVcE.

Heat dissipated in the collector-base junction flows through the thermal resistance between junction

and mounting base, see Fig. 2.

mounting

juncti
! on base

i Rthj—mb mb

Ptot == O———"F——0 — P,

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#. operation)

Tj — Tmb
Rthj-mb

Ptot

There are two limitations to Pyg¢
— When Tip < Tmp spec
P _ ATj-mb max
tot T TR
ot max Rthj-mb

— when Tnp > Typ spec

ATj max — Tmb

Ptot max = Rin i-mb

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

ATj.mb max = Timax — 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.
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Analogy with

p. - 1i~Tmb
" Rinj-mb
yields

b _ Ti - Tmb
M Zth j-mb

where Piot M is the total pulsed power and Zyp j.mb is the thermal impedance between junction and
mounting base. Thermal impedance depends on pulse duration t, and duty factor § = tp/T. Tis the
pulse period. A family of curves of thermal impedance against pulse duration with duty factor as

parameter is shown in Fig. 3.

Zthj-mb

T

72730191

RthJ-mb

Ziy, (8=1) curve
made to coincide
with  Ripj-mp curve

pulse duration t,

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

Similar limitations apply as in the steady-state conditions:

(a) When Tip < Trp spec

Tj~mb max

Ptot M max =

Zthj-mb

(b) When Tk > Tmb spec

Ptot M max =

Tj max — Tmb

Zthj-mb

\] (July 1981
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In essence, at or below Tp spec there is a fixed limit to Pyot p max: above Tmb spec: Ptot M max
declines linearly with increasing mounting base temperature. As illustrated in Fig. 4, for non-rectangular
pulses
t2
Ptot max ° = f P- .
t

7289360
7,5 T T T T T
equivalent I
Prot rectangular _| |
pulse -
(W) Y
/ :
13
L]
5 1
1
e— 1 Pm
— |
— 2,5 /
/ \
f 11 \
\
‘t
4 N
) / 4 Y™
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 VcE is
greater than VCEQmax, the chance of second breakdown is always present. This is a particular hazard
in timebase and converter applications.
18 July 1981
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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 Igmax and Vg
equals the maximum allowable power dissipation. From this point I 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 Trpspec: 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 Typ, the second breakdown boundary may be excluded altogether.

100 7273000
Ic
(A) I, limit
V.. tot
10 - limit
N
A
\
\
second
breakdown
\ limit
1
\
Veg limit
o (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 wili refer to Figs 5, 6 and 8.
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IcMmax

The extent to which the I boundary can be extended for pulse operation depends on pulse duration
and duty factor, the limit being I cpmax. which applies at a duty factor of 0,01 and a pulse length of
20 ms or less. Together the 1cpimax and VCEOmax boundaries form a rectangle that in no circumstance
should be exceeded. Moreover, the rectangle may be reduced by further restrictions imposed by power
dissipation and second breakdown. The example shown in Fig. 6 is for an ICMmax of 12 A and a

VCEOmax of 60 V.

102 723335:
Ic
(A)
|CMmax
10 1 X
1 1 T AN
[ ICmax \\ N
N\ N
N Y
— AYA
= \
—_— 1
\
VCEOmax\—-—-
g
! 10 Vce (V) 10
Fig. 6 Maximum collector current and
collector-emitter voltage boundaries.
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Ptot max
The Pyot max boundary given in the data sheet usually applies to:

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

PtotMmax = Zeh imb
j-m

Tj max is stated in the data sheets; Z}, j.mb can be read from the curve, similar to Fig. 3, also given in
the data sheets. Thus Pyt Mimax ¢an be calculated and an appropriate boundary can be drawn in the
SOAR curve parallel to the Pyot max line. An example will illustrate this. Assume:

T max = 150 °C; Tmb spec = 250C; t,=0,2msand 5 = 0,1.
From Fig. 7, Zthj-mb = 0,42 K/W for the given values of t, and 6.

150 — 80
PiotMmax = gz~ 106 W-

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

7280138
3 T |
Zihj-mb
(K/W) { i
i T T
r6=1 ! Rip j-mb
2 I — =g
l T ot g
|t =t = L
1 = 1
= . = - /’ o
- p
0,7 = = L P! LA
[ A
T | g’
05 1 vl
1 __OJ—"‘ } ; P!
e
vl
A 2
| B
Bes A
L'Ovz = /V
L 01 BE s e
Z_—L— s’ e
F0.05 T |
0= 001 I
1075 1074 103 1072 107! 1Tt (s) 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).

100 7280197
MV
§=0,01_10,02/.40,05
10
Nd
- ‘\
— \\ Ny
0'1‘\ NN
020
05 _-—-‘T\
= 1 1
i 0,01 0] 1 t, (ms) 10
e (a)
"00 [i} 7280196
ST
007
|
M1 P— 0.0> M
N \
0,05 \\ 1
10 0,1 A\ \
1 SO
I N
02
|
05
] RN
-\\ .H
: T
001 0 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 VCEOmax boundary at which voltage derating must
commence as I ¢ increases. Similarly, M| is used to calculate the point on the Icpmax line at which
current derating must commence as V(GE increases.

* Prior to 1973 My was known as MsB(1) and M) as MsB(v)-
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Referring to Fig. 9,.where B is the point on the VCEOmax boundary at which voltage derating
commences, B’ can be calculated by:

Ice) = lc(s) x My
Similarly for Ic; 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
Piot max did not intervene. A’ is then given by

Vea(s') = Vee(a) x My.

7289356
Ic ‘
(A) PtotMmax .
| (Trmp < 80°C)
CM max Vs | u
10 —=— !Cmax AS———A,=F rectangular pulse
L =f X
FES SN o:pertauonoz
=uUl, =4,Z£ms
e PtotmaxK/ “‘ Y > p
| (Tmp < 25°C) L’ N
| \
d.c.
operation\ 81\
1 X
\
\
\
By
VCEO max
10~ Hll2 ,
1 10 10 Veg (V) 10

Fig. 9 Construction of the pulse operating area.

An example is worked in Fig. 9 for t = 0,2msand § =0,1.
From Fig. 8, My = 2,4 and My = 7,3:

lcB) = 0,22x73=16A
VCE(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.

3
P
AN
N
power , , , J v
' ’ ] I l I:’ heat
. ! | | [
T [ T T4
L
0
1 BRES
. | I I
| | R
| | —t
to t t2 tg l '
|
AT
,| > heat
, I
l
II > cool
|
l ATC1J
l
|
l

.i
f
l

7254036.2

Fig. 10 The heating effect of three equidistant, equal-magnitude
pulses. Tj 5y is the average junction temperature. P = 100 w,
tp= 100 us; T=1msand 6§ =0,1.

24
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Referring to Fig. 10, where P = 100 W, tp = 100 us and & = 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 tq. 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 T; for any point in the pulse train. For instance, the cumulative change in junction tempera-
ture at the end of the third pulse is:

ATj =ATh1 — AT + ATh2 — ATeo + ATh3,

where the subscripts h and ¢ 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)

Tc2 = —PZth(1,0 ms)
Taking values for Zyy, from Fig. 11 we get

AT = 100(0,68 — 0,56 + 0,61 — 0,51 + 0,32) = 34 °C.

102 72730394
Zth j-mb I
(K/W) —>|tpie - }_p
<+ T—> T
10
4 | LUt
6=0, L
="
’ﬂ
107!
10_210‘5 1074 1073 1072 107! 1 10
tp(s)

Fig. 11 Curve of Zgh j-mpb = f(tp).
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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 P4y as shown in Fig. 12. By this method

ATj=AThayt AThy — ATgq + ATpo.

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

l l ’ ATy
AT l /%:
’ s

T, yd |/ !
ki

|
Tamb | !
I i
Fig. 12.

Figure 13 shows the current, voltage and power waveforms of the out put transistor in a television
receiver vertical output stage. Ptot 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 = P181 + P82 + P383+ P4dq
= (16 x 0,003) + (13 x 0,11) +
+ (5,2 x 0,66) + (40 x 0,0007)
= 4,936 W.

Assuming that the R¢p j-mb for the transistor is 2,5 K/W, the average rise in mounting base temperature
will be about 12,5 ©C.

Vee Ic
(V) (mA) Vee
500 250t l A
400 200} / \ | [
i I l
me N
e ~
100 50t L/ | < \ | |
0 0 \I
l4——|——— scan ———————>|flybackl¢
I | Ppeak =40W i |
ol | | ESEITER R : |
N o
(W) l | l |
301 | I | :
o |
o o
l
P =16W
20 I‘ pef::st;ps 1 l
| Preak=13W |
7 ¥ pe:::hehms | I
S
10 7 Ppeak =5,2W | |
é tp=111ms | |
/ §WW7L@ |zr:°s>=wI
P @P P % P % Y
o 1 Y 2& 3 A b[\ l }
|—— 16,7ms i
0 L
7 0 |
(°c) t t, t3 ty ts tg
P et | |
a A | | —‘II_SVE;:"C l
10} J/V I N
» | | l |
T L L ] !

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

Tj-mb(t1) = PavRth jmb — 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 Tmp of 100 °C, T; will remain

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

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

time 1 to t3 t4 tg tg(tg)
ATimb 8,54 11,34 18,1 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
| veE NED 200V /div.
200 V/div. 7 _
'c
+ HH HHTHHHHH Giias 1 A/div.
. A\ .
'C 3 /! 'C
1A /div. L/ 1 A/div.
~N A
200 V/div.
5 us/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

P. xT t
'=m$—and5'=?p.

tp o

First, from Fig. 17, heating and cooling pulses are plotted'as in Fig. 18. Parameters are then tabulated
as shown:

Pturn-on = 66W Psat = 10W Prn-off = 56 W

tpon = 0,8us tpsat = 2,2 us tp off = 06us

don =0,04 dgat =011 doff =0,03
turn-on saturation turn-off 7289363

power loss power loss  power loss

Voo ’

L
5/ A 3
3 v
E : I v
HHTPRTHH UUYE ORIV |
E 1
4 -
/IR
| L ¥ .
- % 2 TP 77 B Fig. 16 Power loss and resultant rectangular
' power pulses.
[ | | 1
[ | | |
[ | : | :
! I
% ! : I 7
|
Pon : Z Pturn-off Pon
| |
|
| |
o
| Psat
tpon | |_ 1 tpsat | |1 tpoff L
—_— |- | | —» - I .
= T —~E Fig. 17.
1 ] | |
| 1 | — heating
! i | [Pon
! : lFturn-off tp3 (14,4 us) 1
[ Psat Tp1 (1884s)
| Psat Tp2 (16,645)
lPturn-off tp4 (13,8us)
cooling Fig. 18.
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From Fig. 17 we can determine 5p and tp for each condition and from the BU426 data sheets the
relevant Zyp,.

p1 p2 p3 p4 l p5 ‘ unit
t 18,8 16,6 14,4 13,8 0,8 us
§ 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 = AT + AThg ~ ATgo + ATh3

ATi-mb(ta) = (Psat X Zth(tp1)) — (Psat x Zth(tp?)) +
+ (Pturn-off x Zth(tp3)) — (Prurn-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-mb 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
(T4) and average dissipation.

From
Piotay = P181+ Padg + P3d3 + Pads
Ptotav = 8on X Pon + 8sat X Pgat + Sturn-off X Poff

=0,04x66+0,11x 10+0,03x 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
Ptot av 54

Rth mb-a = =7,4 K/W.

I this is the case, the peak junction temperature at the end of the turn-on power pulse will be
107,76 OC, which is well within the maximum allowable junction temperature of 150 OC.

The pulse SOAR can be calculated using M, My, 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, Pon) and duration ti,.

Ptotav = P’ =66 W.

54
8" =22 = 0,082.
o5 = 0,082

tb + 68T =1,64us.

From the BU426A data, for this power pulse Zyp, j-mb = 0,10 K/W; M| ~ 12; My ~ 7,5;
VCE(A)=7.5x12=90V; Ic(B’) = 12 x 40 = 480 mA.,
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Ptot max =

Ti—Tmb _ 150 — 100

= =500 W.
Zthj-mb 01

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.

Fig.

(1)
(2)
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19 Safe Operating ARea BU426A at Ty, <73 oC.
Region of permissible d.c. operation.
Permissible extension for repetitive pulse operation.

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

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

Ptot max and Ppeak max lines.
Second-breakdown limits (independent of temperature).
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BF419

HIGH—VOLTAGE TRANSISTOR

Silicon n-p-n transistor in TO-126 plastic envelope intended for use as a driver for line output transistors
in colour tv receivers.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) VcBO max. 300 \
Collector-emitter voltage (open base) VCEO max. 250 \
Collector current (peak value) lcm max. 300 mA
Total power dissipation up to Tpp = 90 °C Ptot max. 6 w
Junction temperature Tj max. 150 oC
D.C. current gain

Ic=20mA; Vg =10V hre typ. 45
Storage time tg typ. 0.5 us
MECHANICAL DATA Dimensions in mm

Fig.1 TO-126 (SOT-32)

Collector connected to
mounting base

113max

15'3min

2.29 7259324

458, o5 ossm

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

See also chapters Mounting Instructions and Accessories.

\ (T\/Iarch 1979
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RATINGS

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

Collector-base voltage (open emitter)

Collector-emitter voltage (Rgg < 1 k§2)

Collector-emitter voltage (open base)

Emitter-base voltage (open collector)

Collector current (continuous)

Collector current (peak value) *

Total power dissipation up to Tmp=900°C
up to Tamp = 70 °C

Storage temperature

Operating junction temperature

THERMAL RESISTANCE
From junction to mounting base

From junction to ambient

VeBo
VCER

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

300
300
250

100
300

6
0.8

—65 to +150

max.

150

10
100

< < <L

oc

K/w
K/w

* Precautions should be taken during switch-on of the BF419 where an overshoot of current is likely

to occur. The amplitude of the overshoot depends on the relative magnitude of éfray external

capacities to the transistor collector capacity. It is desirable to keep the stray capacities to a minimum
by short lead lengths etc. so as to minimise the area of the switching path.

36
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High-voltage transistor BF419

CHARACTERISTICS
Tj=259C
Collector cut-off current

lg=0;Vcg =250V icBO < 50 nA
Emitter cut-off current

Ilc=0;VEg=3V IEBO < 50 nA
D.C. current gain

Ic=20mA; Vg =10V hre typ. 45
Collector-emitter saturation voltage

Ic=200 mA; Ig =20 mA * VCEsat < 1 Y
Collector output capacitance at f = 1 MHz

lg=0;Vcg=30V Cte < 45 pF
Storage time

(in the typical circuit below) g typ. 0.5 us

* The BF419 is controlled to0 VCEsat max. 11.0 V and is thermally stable under all operating
conditions where T} max of 150 OC is not exceeded. For the typical circuit shown below, a heatsink

is not required for operation with Tamp < 70 ©C.

g O 160V

m————

o—

TBAS20
TBA2590

(o

Fig.2 Typical circuit.

** Rp is chosen so that the end-of-scan base current for the BU208A is 1.4 A under nominal
conditions. Typical value of Rg is 0.5 2 plus 0.1 £2 lead resistance.
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08249

: 6=0.01 I I
Ie CM ma): ty = I
- - p=
(mA) | Repetitive pulse operation \\‘\ \\‘\\\\ 5ps TS 90°C
\ N
Ic 5ms \\\ N\ \\ l200
max
102 N 30
\ I
ANEA Y
\ \\\ 50
Second N\ I
breakdown N
(independent of \\\ 100
temperature \\\\ 200
\\ 500
d.c.
10 }—
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1 10 102 103 Vee (V) 104
Fig.3 Safe Operating AReas with the transistor forward biased.
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High-voltage transistor BF419

08251
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BF419
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BF457 to BF459

SILICON PLANAR TRANSISTORS

for video output stages

N-P-N transistors in a SOT-32 plastic envelope intended for video output stages in black-and-white and

in colour television receivers.

QUICK REFERENCE DATA

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

Collector current (peak value)
Total power dissipation up to Ty = 90 oC
Junction temperature

D.C. current gain at Tj = 25 0C
Ic=30mA; Vcg = 1m0V

Transition frequency
Ic=15mA; Vg =10V

Feedback capacitance at f =1 MHz
1g=0;Vcg=30V

VcBo
VcEo

Icm
Ptot

hrEe
fr

Cre

max.

max.

BF457 |BF458 |BF459

160
160

250 l 300
250 | 300

300
6
150

26

90

3,5

\%
\

mA

oC

MHz

pF

MECHANICAL DATA

Collector connected to metal part of mounting surface

TO-126 (SOT-32)

- ) -

Dimensions in mm

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

See also chapters Mounting instructions and Accessories.

72593

15,3
min

l

262

\ ﬁugust 1983
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BF457 to 459

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134)

Voltage BF457 | BF458 | BF459
Collector -base voltage (open emitter) Vepo max. 160 250 I 300 V
Collector -emitter voltage (open base) VCEO max. 160 250 300 V
Emitter -base voltage (open collector) VEBO max. 5 5 5 Vv
Current

Collector current (d.c.) IC max. 100 mA
Collector current (peak value) Icm max. 300 mA
Base current (d.c.) I3 max. 50 mA
Power dissipation

Total power dissipation up to Ty = 90 °c Prot max. 6 W
Temperature

Storage temperature Tstg -55to +150 °C
Junction temperature Tj max. 150 ©°C
THERMAL RESISTANCE

From junction to ambient Ry joa = 104  K/w
From junction to mounting base Rth j-mb = 10 K/W
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BF457 to 459

CHARACTERISTICS

Collector cut-off current

Ig=0; Vgp = 100 V for BF457
IE =0; Vgp = 200 V for BF458
Ig = 0; VCB = 250 V for BF459

Emitter cut-off current

Ic=0; VEB=3V

D.C. current gain

Collector -emitter saturation voltage

IC=30mA;IB=6mA

High frequency knee voltage at Tj = 150 °c

Tj = 25 °C unless otherwise specified

ICBO < 50 nA
IEBO < 50 nA
hFE > 26
VeEsat < 1 v
Verk typ. 15 \4

The high frequency knee voltage of a transistor is that value of the collector -emitter
voltage at which the small signal gain, measured in a practical circuit, has dropped to
80% of the gain at Vo =50 V. A further reduction of the collector -emitter voltage re-
sults in a rapid increase of the distortion of the signal.

Transition frequency at f = 100 MHz
Ic=15mA; Vgp =10V

Feedback capacitance at f = 1 MHz
Ig=0;Veg =30V

Qutput capacitance at f = 1 MHz

IEZO;VCB:"}OV

fT typ. 90 MHz
Cre < 3,5 pF
Coe < 4,5 pF




BF457 to 459
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BF457 to 459

7267877.1
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BF457 to 459
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BF469
BF471

SILICON PLANAR EPITAXIAL TRANSISTORS

N-P-N transistors in plastic envelope intended for class-B video output stages in television receivers and
for high-voltage i.f. output stages.
P-N-P complements are BF470 and BF472 respectively.

QUICK REFERENCE DATA

BF469 |BF471

Collector-base voltage (open emitter) Vego  max. 250 300 V
Collector-emitter voltage
open base Veceo  max. 250 -V
RBg = 2,7 k2 VCER max. — 300 V
Collector current (peak value) lcm max. 100 mA
Total power dissipation up to Ty < 114 ©C Piot max. 1,8 W
Junction temperature Tj max. 150 oC
D.C. current gain
Ic=25mA;Vcg=20V hrg > 50
Transition frequency
Ilc=10mA; Vcg =10V fr > 60 MHz
Feedback capacitance at f = 0,56 MHz
lIg=0;Vcg=30V Cre < 1,8 pF
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126 (SOT-32).
2,7
- O/ <+ 7.8 max -+
Collector connected max
to mounting base i 4
. v 3,75
i 3,2 | v
- 30 |
O - max
[ 1
1
254
max M
- * e B ¥4
15,3
min
. . ’ | 0,88_, 72593242
! e - max
See also chapters Mounting instructions and Accessories. P
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BF469
BF471

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BF469 | BF471

Collector-base voltage (open emitter) VeBo max. 250 300 V
Collector-emitter voltage

RBg = 2,7 k& VCER max. — 300 v

open base VCEO max. 250 -V
Emitter-base voltage (open collector) VEBO max. 5 \
Collector current (d.c.) Ic max. 50 mA
Coiiector current {peak value) lem max. 100 mA
Total power dissipation up to Tmp=1140C* Piot max. 1,8 w
Storage temperature Tstg —65 to + 150 ©°C
Junction temperature TJ- max. 150 oC
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 20 K/w
From junction to ambient in free air * Rth j-a = 100 K/w

* Transistor mounted on a printed-circuit board, maximum lead length 4 mm, mounting pad for
collector lead minimum 10 mm x 10 mm.
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Silicon planar epitaxial transistors

BF469

BF471

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

lIg=0;Vgg=200V IcBO < 10 nA

RBE =2,7 kQ; Vcg =200 V; Tj = 150 °C ICER < 10 HA
Emitter cut-off current

Ic=0;VEg=5V lEBO < 10 A
D.C. current gain

lc=25mA; Vg =20V heg - > 50
High-frequency knee voltage at Tj =150 oC*

Ic=25mA VCEK typ. 20 Y
Transistion frequency

Ic=10mA; Ve =10V fr > 60 MHz
Feedback capacitance at f = 0,5 MHz

Ig=0;Veg=30V Cre < 1,8 pF

-

* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at

which the small-signal gain, measured in a practical circuit, has dropped to 80%. of the gain at

Ve =50 V.

A further reduction of the collector-emitter voltage results in a rapid increase of the distortion of

the signal.

\ ﬁugust 1983
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BF469

BF471
7278609
103
I'c
(mA)
'Civimax 6=0,01
102 < < < 3 N AN
AN N N
\\ N AN ¢
-l omax \\ \X@)% Ctp=
A AN — 5
N it \ B
20
N J30
(1) g~ 50
~100
I 200
~500
10 —1ms
57
~d.c.
1
10 102 Veg (V) 103
Fig. 2 Safe Operating ARea at Tmp = 114 ©C.
I Region of permissible d.c. operation.
I 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 expitaxial transistors BF4692

BF471
200 7278606
o 20mA
—
(mA) A~ - 15 mA
LT | et
T 10mA
// I o
> ”
100 m—— 5mA
”'"—_
LT
P
0
—10 0 10 20 30 50
Ve (V)
Fig. 3 Tj=25°C. -
50 7278608.1 E
5=1,0
20 ————
05 L
10 -
0,211
Zthj-mb 01 =T FH
(K/W) 00 ]|
% 0,02
1 0,01
0
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Fig. 4.
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BF469

BF471
7278599 7278596
150
i
0,8
'C 11
(mA) = VBE
typ 2 4
/ VgE (V) \\
100 7 0,7 N
JI 17 N
P
\iyp
Jilri X
/ 06 A
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0 0,4
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Fig. 5 Vg =20 V;Tj=25 oC, Fig. 6 Ic =25 mA; Ve =20 V.
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\
N
typ
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1
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Fig. 7 Ig =0; f=1MHz; Tj=250cC.
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Silicon planar epitaxial transistors BF469
j K BF471
200 7278603 103 7278601
fT "
(MHz) EE
Ve =
150 p Sy CE typ a
/r \20V 102 1 N
7 \ i
A min Lk — \
/ // N \\ = o= P J v
i \
100 \ \ \\
10VY N
\ 1 \
| 10
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|
|
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0 0? 1 1 10 A) 102
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Fig. 8 fy = 35 MHz; Tamp = 25 °C.

4 7278605
10 =
lcBo 7/
(nA) /
103 "
yA
max/’
/
/'’ [
102 £ >
y4 //
// typ,
Vil
/
10 4 =
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Fig. 10 Vcg =200 V.

Fig. 9 VGE =20 V; Tamp = 25 °C.
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BF470
BF472

SILICON PLANAR EPITAXIAL TRANSISTORS

P-N-P transistors in a plastic envelope intended for class-B video output stages in television receivers

and for high-voltage i.f. output stages.

N-P-N complements are BF469 and BF471 respectively.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) —-V¢cBO
Collector-emitter voltage
open base -VCcEO
RBE = 2,7 k& -VCER
Collector current (peak value) —lcm max. 100 mA
Total power dissipation up to Ty = 114 °C Piot max 1,8 w
Junction temperature Tj max 150 oC
D.C. current gain
—lg=25mA; -Vcg=20V hrg > 50
Transition frequency
‘—lg=10mA; -Vcg=10V fr > 60 MHz
Feedback capacitance at f = 0,5 MHz
lg=0;-Vcg=30V Cre < 1.8 pF
MECHANICAL DATA Dimensions in mm
Fig. 1 T0O-126 (SOT-32). 27
1 max < 7,8 max
Collector connected — 5
to mounting base. | ] 375
i L ¥

2,54

___Mmax

*II*

See also chapters Accessories and Mounting Instructions.

(1l}

¥

ww
oN

T
P{%}’

LA

max
15,3
min

l

7259324.2
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BF470

BF472

RATINGS

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

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

RBE = 2,7 kQ —=VCER

open base -VCEO
Emitter-base voltage (open collector) —-VEBO
Collector current (d.c.) —lc
Collector current (peak value) —lcm
Total power dissipation up to Tmp = 1140C* © Pt
Storage temperature Tstg
Junction temperature Tj

THERMAL RESISTANCE

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

max

max.

max.

max. 5 \%

max. A0 mA

max. 100 mA

max. 1,8 ‘W
—65to + 150 ©OC

max. 150 oC

20 oc/w
= 100 oc/w

* Transistor mounted on a printed-circuit board, maximum lead length 4 mm; mounting pad for

collector lead minimum 10 mm x 10 mm.

56
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Silicon planar epitaxial transistors

BF470

: BF472

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

lg=0;-Vcp =200V —IcBO < 10 nA

RBE = 2,7 k§2; —VE = 200 V;T]'= 150 °C —ICER < 10 uA
Emitter cut-off current

Ic=0;,-VEg=5V —lgBO < 10 pA
D.C. current gain

—lg=25mA; -Vgg =20V hgg > 50
High-frequency knee voltage at Tj =150 °C*

—lc=256mA —-VGCEK typ. 20 \
Transition frequency

—lc=10mA; -Vgg =10V fr > 60 MHz
Feedback capacitance at f = 0,5 MHz

lg=0;-Vcg=30V Cre < 1,8 pF

* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at

which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at
—VGE = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of

the distortion of the signal.

\ (August 1983
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BF470

BF472
7278609
103
Ic
(mA)
I!‘I\/Im,a,\( §=0,01
102 L« <SS A N .
AW NERAN
ANANAN \\ AN
I NS \— -y o=
Cmax ? J \\i VZ\) th
N o \ NS — 5 us
\\ \\ ~10
\Y \ \ N 20
N \\ O 30
(1) N \188
1 \ N 200
~500
10 —1ms
5 T
a.c.
1
10 102 Veg (V) 103
Fig. 2 Safe Operating ARea at Tmp =114 0C.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.
(1) Ptot max and Pyt peak max lines.
(2) Second breakdown limits (independent of temperature).
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Silicon planar epitaxial transistors BF47O

BF472
200 7278607
__IC IB=30mA
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BF470

BF472
150 7278598 7278597
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Fig. 5 —Vep=20V; Tj=25 oC. Fig.6 —Vep=20V; —Ig =25 mA.
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Silicon planar epitaxial transistors
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Fig. 8 fjy =35 MHz; Tamp = 256 °C.
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BF819

SILICON PLANAR TRANSISTOR

N-P-N transistor in TO-202 plastic envelope intended for use as a driver for line output transistors in
colour television receivers.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) VcBO max. 300 V
Collector-emitter voltage (open base) VCcEO max. 250 V
Collector current (peak value) lem max. 300 mA
Total power dissipation up to T = 75 °C Piot max. 6 W
Junction temperature Tj max. 150 ©°C
D.C. current gain
Ic=20mA,Vcg=10V hee typ. 45
Storage time tg typ. 0,56 us
MECHANICAL DATA < 10.4max o Dimensions in mm
Fig. 1 TO-202. ~l b - +"+
| v
Collector connected | : ) 38
to mounting base. - T3
(1) Plastic flash allowed
within this zone. |
L ‘ 24,2
BF819 | max T
f | 86
N max
3 ' | ! '
26max” ; :
*
7278593 1 24 max 12,2
min
1| 2f)f 3 l
BF819A
3 R
‘ l* <28 30 - le05
— - - |le—16
2 2,54 2,54
7267145 1 I ma’asx
10 ——— 7275737

BF819A is available on request. It has ebc pinning instead of ecb.
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BF819

RATINGS

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

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

Collector current (peak value) *

Base current (d.c.)

Total power dissipation up to Tymi, = 76 OC
Total power dissipation up to Tp = 75 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

VeBo max. 300
VcEOo max. 250
VEBO max. 5
Ic max. 100
Ilcm max. 300
I max. 50
Piot max. 1,2
PtOt max. 6
Tstg —65 to + 150
Tj max. 150
Rthj-a = 62,5
Rthjmb = 12,5

mA
mA
mA

ALY

ocC
oC

K/W
K/wW

* Precautions should be taken during switch-on of the BF819 where an overshoot of current is likely
to occur. The amplitude of the overshoot depends on the relative magnitude of stray external

capacities to the transistor collector capacity. It is desirable to keep the stray capacities to a minimum

“by:short lead lengths etc. so as to minimise the area of the switching path.
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Silicon planar transistor

CHARACTERISTICS
Tj=25 oC
Colliector cut-off current

Ig=0; Vg =250V lcBO
Emitter cut-off current

Ic=0;Vgg=3V IEBO
D.C. current gain

Ic=20mA; Vg =10V hFE

Collector-emitter saturation voltage

Ic =200 mA; Ig = 20 mA* VCE sat
Collector output capacitance at f = 1 MHz

lIg=0;Vgg=30V Cob
Storage time

(in the typical circuit below) tg

BF819

<

typ.

50 nA

50 nA

45

1V

4,5 pF

0,5 us

* The BF819 iscontrolledto VEsat max. 11,0 V and is thermally stable under all operating conditions
where Tj max of 150 °C is not exceeded. For the typical circuit shown below, a heatsink is not

required for operation with Tamp < 75 ©C.

-0 160V

O
TBA920

TDA2576
TDA2593

(o

Fig. 2 Typical circuit.

D8248A

** Rp is chosen so that the end-of-scan base current for the BU208A is 1,4 A under nominal condi-

tions. Typical value of Rp is 0,5 © plus 0,1  lead resistance.
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BF819

1 7285021.1

N \ 10 us
N
10-1 ICmax \\\\ %

X 00
AN
N\ 200

1ms

|CMmax s

v

BF8197]

2
10 10 Veg (V) 103

Fig. 3 Safe Operating ARea; Ty = 25 ©C.

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

(1) Second breakdown limits (independent of temperature).
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Silicon planar transistor BF819

103 7282956
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+ Fig. 4 D.C. current gain. Vg = 10 V.
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Fig. 5 Pulse power rating chart.
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BF819
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Fig. 6 S.B. voltage multiplying factor at the ICmax level.
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Fig. 7 S.B. current multiplying factor at the VGEQOmax level.
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Silicon planar transistor

BF819

Cob
(pF)

10

7282951

typ

50

Veg (V)

100

Fig. 8 Collector output capacitance

f=1MHz; lIg=0.
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BF857
BF858
BF859

SILICON PLANAR VIDEO OUTPUT TRANSISTORS

N-P-N transistors in TO-202 plastic envelopes intended for video output stages in black-and-white
and in colour television receivers.

QUICK REFERENCE DATA

BF857 | BF858 | BF8E9

Collector-base voltage (open emitter) Vego  max. 160 250 300 V
Collector-emitter voltage (open base) Vceo  max. 160 250 300 V
Collector current (peak value) lew max. 300 mA
Total power dissipation up to Ty = 75 °C Piot max. 6 w
Junction temperature Tj max. 150 oc
D.C. current gain
Ic=30mA; Vg =10V hee > 26
Transition frequency at f = 35 MHz
Ic=15mA; Vgg =10V fr typ. 90 MHz
Feedback capacitance at f =1 MHz
lg=0;Vcg=30V Cre < 3 pF
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-202.
<«— 10,4 max —>
Collector connected 318 05
to mounting base. “*” 6 .“ : _" -
(1) Plastic flash allowed | 1 |
within this zone. ] »_M_3‘_8
¢
2
I
24,2
3 = / max —_— -.j
; — !
‘ 86 max
7278593 1 i max [}
c L T
Avversion zvl“"l"‘_m, ! Top view
3 i 2 zﬁ
4 max 12]2
min
2
11 2|l 3 Y
7267145 1 _,L_g,g 13%) Lo le-05
! P & la—16
2,54 254 2275737

An A-version is available on request. It has ebc pinning instead of ecb.
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BF857
BF858
BF859

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
BF857 | BF858 | BF859

Collector-base voltage (open emitter) VeBO max. 160 250 300 V
Collector-emitter voltage (open base) VCEO max. 160 250 300 V
Emitter-base voltage (open collector) VEBO max. 5 5 5 V
Collector current (d.c.) Ic max. 100 mA
Collector current (peak value) lcm max. 300 mA
Base current (d4.) Ir max. 50 mA
Total power dissipation up to Tamp = 25 °C Piot - max. 2 w
Total power dissipation up to Tyyp = 75 OC Piot max. 6 w
Storage temperature Tstg —65 to + 150 oC
Junction temperature Tj max. 150 oC

THERMAL RESISTANCE
from junction to ambient in free air Rth j-a = 62,5 K/wW
12,5 K/w

1]

from junction to mounting base Rin j-mb

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

ig=0;Vcg =100 V for BF857 IcBO < 0,1 uA

Ig =0; Vcg =200 V for BF858 IcrO < 0,1 uA

Ig=0; Vcg =250 V for BF859 lcBO < 0,1 MA
Emitter cut-off current

Ic=0;VEg =5V IEBO < 100 nA
D.C. current gain

Ilc=30mA; Vcg =10V hEE > 26
Collector-emitter saturation voltage

Ic=30mA; Ig =6 mA V(CEsat < 1 \
Transition frequency at f = 35 MHz

Ic=15mA; V=10V fr typ. 90 MHz
Feedback capacitance at f = 1 MHz

lg=0;Vcg=30V Cre < 3 pF
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BF857

Silicon planar video output transistors BF858
BF859
1 7278531.1
Ic 5=0,01
'cMmax —
(A) N
tp=
N \ 10 us
| I 20&
10— Cmax . 50
NN
AN
N §§ \,
100
A\ l
NN
N \\5w
\\ :12 ms
| 2
1072 d.c. =
BF857 —] i
BF858 — -
BF859 —1 T |
103
10 102 Ve (V 103
ce (V)

Fig. 2 Safe Operating ARea; Trpp = 75 °C.

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

(1) Second-breakdown limits (independent of temperature).

\) (l\/larch 1981



BF857

BF858
BF859
7272204 7282952
Cre
100 ' (pF)
A 10
Ptot max \
(%)
75 8
L \
\
Ay
\ 6
50 \
: \
i
4
\
25 \ \\
. 2 ] typ
A
\
% 50 100 150 0
L T (°C) 0 0 veg (v) 100
Fig. 3 Power derating curve. Fig. 4 Feedback capacitance f = 1 MHz.
E 15 ; 7282957
Zthj-mb 5=1
(K/wW)
‘1, el f]
il I L= =
0,75 — =T el
10 T — >
Lo Lot PP %
05 ==+ B2 anss
./‘!/ A l: A
0,33 r
!
~ d
5 o1 0’20 v | P
. /1
77 l— '—
11 27
| et ,//
A YV | S
— —o {1y t
o 0,10 ’ P ‘ -P
——=E 005 Tl 077
— T 0,02 T T 1T
0 - . [ L1717
- -1
10 10 1 10 102 10 ¢, (ms) 104

Fig. 5 Pulse power rating chart.
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BF857
Silicon planar video output transistors BF858
BF859
10 7282954
C5=0
o |
= 0,05 ST~
—0,1 N
My |22 RN
0,33 NN
L 05 S e N
o] \:\N~
0,75 e~ T
1 1
1077
1072 107" 1 tp (ms) 10

Fig. 6 S.B. voltage multiplying factor at the Icmax level.

7282953
I
M 5=0
! 0,02
0,05
10 3
0,1 TN
0.2 QNG
0,33 3 '\\
0,5 --\\
0,75 —— T
e — L1
1 ! = I
107!
102 1077 1 10 tp (ms) 102

Fig. 7 S.B. current multiplying factor at the VcEmax level.

\ (I\/Iarch 1981



BF857
BF858
BF859

7282956

103

typ

1072 - 1 10 10 (mA) 102
Fig. 8 D.C. current gain. Vece=10V.

7282955

typ

50

25

o : 2
1 10 'C,(mA) . | 10
Fig. 9 Transition frequency. Vg =10 V; f =35 MHz.
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BF869
BF871

SILICON PLANAR VIDEO OUTPUT TRANSISTORS

N-P-N transistors in a TO-202 plastic envelope intended for class-B video output stages in colour
television receivers. P-N-P complements are BF870 and BF872.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) Vego — max.
Collector-emitter voltage (open base) VcEg — max.
Collector-emitter voltage (Rgg = 2,7 k€2) VCER  max.
Collector current (peak value) lem max. 100 mA
Total power dissipation up to Tp =25 °C Ptot max. 5 w
Junction temperature Tj max 150 ocC
D.C. current gain
Ic=25mA; Vcg =20 V; Tj=250°C hEg > 50
Transition frequency
—lg=10mA;Vcg =10V fr > 60 MHz
Feedback capacitance at f = 1 MHz
Ig=0;Vgg=30V Cre < 2 pF
MECHANICAL DATA Dimensions in mm
Fig. 1 T0-202. =10, bmax ~> o
Collector connected *‘ 3;2 ’* —>|’<—
to mounting base. | '
ENRE:
' B
‘ | 24,2
2 — : max _j
i T 4.6
3 l 86 max
i mi:x
7267145 A Y o : + -~ 10— 72773
24 max ‘ 1
) [} top view
(1) Plastic flash allowed 2,4 max 12,2
within this zone. min
1|y 2|f 3
e o
— - | 16
2,54 254 !
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BF869
BF871

RATINGS

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

Collector-base voltage (open emitter) VeBO
Collector-emitter voltage (open base) VGEO
Collector-emitter voltage (Rgg = 2,7 k) VCER
Emitter-base voltage (open collector) VEBO
Collector current (d.c.) Ic
Collector current (peak value) lem
Total power dissipation up to Tymp = 25 °C Ptot
Total power dissipation up to Ty, = 25 °C Piot
Storage temperature Tstg
Junction temperature Tj

THERMAL RESISTANCE

From junction to ambient Rthj-a

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

max.

From junction to mounting base Rthjmb =

CHARACTERISTICS
Tj=25 OC unless otherwise specified

typ.

typ.

BF869 BF871

250 300 Vv
250 -V
- 300 Vv
5 \%
50 mA
100 mA
1,6 w
5 w
—65to +150 ©OC
150 oC
78 K/W
25 K/W

BF869 BF871

10 10

10

10

50

0,75

20

60

nA
MA
MA

MA

MHz

pF

— Collector cut-off current
— Ig=0;Vcg =200V IcBO
— R =27 k; Vg =300V ICER
Rpe =27 kQ;VCE=200V,‘Ti=1500C ICER
Emitter cut-off current
lc=0;VEp=5V 'EBO
D.C. current gain
Ic=25mA; Vgg=20V hrg
Base-emitter voltage
Ic=25mA; Veg =20V VBE
High frequency knee voltage
Ic=25mA:Tj=150°C VCEK
Transition frequency
—Ilg=10mA;Veg =10V fr
Feedback capacitance at f = 1 MHz
|E=0;VCB=3OV Cre
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Silicon planar video output transistors BF869

BF871
103 7282567
I'c
(mA)
lcMmax 2=0,01
102 ~ tp:
XN 50 ps
T
- |Cmax 100
200
500
(1‘)\\L 10ms
ANER
d.c.
I
10
1
10 102 Vee (V) 103

Fig. 2 Safe Operating ARea at Tp =25 ©C.

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

(1) Ptot max and Ptot peak max lines.
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Fig. 4 Pulse power rating chart.
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Silicon planar video output transistors

BF869

K BF871

6 7282570 150 7277425
Cre T T
(pF) . i ; (MHz)
4 100
typ
A
A THI
2 \typ 50
R
0 0 5
0 50 Veg (V) 100 1 10 Ic (mA) 10
Fig. 5 Ig=0; f=1MHz; TT‘=25 oC. Fig. 6 Vcg=10V;T;=250C.
7282672
hrE
typ
102 ==z
—iiail AN
J—— AN
AN
\\
N
\\
\\
10
1
110~ 1 10 102 | (ma) 10°

Fig. 7 D.C. current gainat Vo = 20 V; Tamp = 25

oC.
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BF870
BF872

SILICON PLANAR VIDEO OUTPUT TRANSISTORS

P-N-P transistors in a TO-202 plastic envelope intended for class-B video output stages in colour
television receivers. N-P-N complements are BF869 and BF871.

QUICK REFERENCE DATA

Collector-base voltage {open emitter) -VeBO max.
Collector-emitter voltage (open base) —-VCEO max.
Collector-emitter voltage (Rgg = 2,7 k§2) —-VCER max.
Collector current (peak value) —lcm max. 100 mA
Total power dissipation up to Ty = 25 °C Piot max. 5 w
Junction temperature Tj max. 150 oC
D.C. current gain
—lg=25mA; —Vcg =20 V;Tj=25 oC hrg > 50
Transition frequency
lg=10mA; -Vgeg =10V fr > 60 MHz
Feedback capacitance at f = 1 MHz
lg=0;,-Vcg=30V Cre < 2,2 pF
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-202. < 10,4max —+|
05
Collector connected —>‘ gig ‘4— -
to mounting base. | v : ’
ENRE
IR
2 ) | 24,2 {
. =" ! max ¥
| T 46
3 . 1 86 max
: max "‘j
7267146 A b + [L ‘ — 10 -——> 7275737
m !
2v“"*B‘_A ) i H top view
(1) Plastic flash allowed 24max 122
within this zone. min
1] 2| 3
' +"+g'g(3x) > le-05
’ =l la—1p
2,54 2,54
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BF870
BF872

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

BF870 BF872

Collector-base voltage (open emitter) —VcBo max. 250 300 Vv

- Collector-emitter voltage (open base) —~VCEQ max. 250 -V
Collector-emitter voltage (Rgg = 2,7 kQ) —VCER max. - 300 Vv
Emitter-base voltage (open collector) —VEBO max. 5 \
Collector current (d.c.) ~le max. 50 mA
Collector current (peak value) —lcm  max. 100 mA
Total power dissipation up to Ty = 25 °C Piot max. 1,6 w
Total power dissipation up to Tmb =250°C Piot max. 5 w
Storage temperature Tstg —65to +150 OC
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE
From junction to ambient Rthj-a 78 K/W
From junction to mounting base Rthjmb = 25 K/w

CHARACTERISTICS
T; = 25 OC unless otherwise specified

Collector cut-off current

lg=0; —Vep =200V —lcgo <

Rgg =27 k§2; =Vcg =300 V —lcer <

RBE = 2,7 kQ; -V¢E = 200 V;Tj= 150 °C =lcer <
Emitter cut-off current

lc=0;,-Vgg=5V —lego <
D.C. current gain

—lc=25mA; -Vcg=20V hrg >
Base emitter voltage

—lc=25mA; -Veg=20V ~VBE  typ.
High-frequency knee voltage

—lc=25mA; Tj=1500°C —VCEK typ.
Transition frequency

IE=10mA; —=Vcg =10V fr >
Feedback capacitance at f = 1 MHz

lg=0;~Vep =30V Cre <

50

0,75

20

60

2,2

MHz

pF
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Silicon planar video output transistors BF87O

BF872
103 7282568
__|C
(mA)
1 5=0,01
102 CMmax tp=
QU 50 s
T
-~ !Cmax 100
200
500
(1\ ]Ioms
N 50
d.c.
|
10
! 3
10 102 —Vgg (V) 10

Fig. 2 Safe Operating ARea; Tryp = 25 °C.

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

(1) Ptot max and Ptot peak max lines.

o]

[&a]
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BF870

BF872
72672571
100
Ptot max \Y
(/o) N
75 \
AN
N
N\
50
AN
A
25 AN
N\
N\
\\
\
0
0 50 100 150
Tmp(°C)
Fig. 3 Power derating curve.
E 30 7282569
Zthj-mb 5=1
(K/W) mment —
0,75 [ =TT
20 S =
P =
2
0,5H4 =
_A—‘r‘!’
0,3;{, 7
10 0214
Pl
%
g JLIL
0.1 *’“p“—‘ e
X 0005 - Tl 77
—~p002 |
0
0 il C T 110
1072 10~! 1 10 102 103 ¢ (ms) 104
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lFig. 4 Pulse power rating chart.




Silicon planar video output transistors

'BF870

BF872
6 7282571 150 7277431
Cre fr
(pF) (MHz)
4 100
NP
\
2 ty 50
0 0 2
0 50 —Vgg (V) 100 1 10 ~l¢ (mA) 10
Fig. 5 Ig =0; f= 1 MHz; Tamp = 25 °C. Fig. 6 —Vgg =10 V; Tj =25 °C.
7282573 E
PFE
_.._./_,_.__._._ =
102 =
1
1}
\
\
10
1 2 3
10~ 1 10 102 —1c(ma) 10

Fig. 7 D.C. current gain at =V¢g = 20 V; Tamp, = 25 °C.
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MAINTENANCE TYPE

J L BU208A

Successor type is BUS08A

SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed switching n-p-n transistor in a metal envelope intended for use in horizontal

deflection circuits of colour television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0, peak value) VCESM max. 1500 V
Collector current (d.c.) Ic max 5 A
Total power dissipation up to Ty = 25 °C Piot max 80 W
Collector-emitter saturation voltage

Ic=45A;1g=2A VCEsat < 1V
Fall time

Ilcm =45A; 1g(end) = 1,4 A tf typ. 0,7 us
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected to case.

—| 9max |<—
<« 266 max ———*| —| |25
1=k
I
T
20,3 ¥
max 10
l A
12,8
72697001 - 11'2 -~

See also chapters Mounting Instructions and Accessories.
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BU208A

[EEREEE]

RATINGS
Limiting values in accordance with the Absclute Maximum System (IEC 134)
Collector-emitter voltage

(VBEg =0, peak value) VCESM max. 1500 V
Collector-emitter voltage (open base) VCEO max. 700 Vv
Collector current (d.c.) Ic max. 5A
Collector current (peak value) lewm max. 75 A
Collector current (non-repetitive peak) lcsm max. 15 A
Base current (peak value) lam max. 4 A
Reverse base current (d.c. or

average over any 20 ms period) —lg(av)  max. 100 mA
Reverse base current (peak value) * —IBm max. 4 A
Total power dissipation up to Ty = 25 °C Ptot max. 80 W
Storage temperature Tstg —65t0+ 115 °C
Junction temperature T max. 115 oC

THERMAL RESISTANCE
From junction to mounting base Rthjmb  max. 1,12 K/W

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

VBE = 0; VCE = VCESMmax IcES < 1,0 mA
D.C. current gain

Ilc=45A;Vcg=5V hrg > 25
Emitter-base voltage

lc=0,'||_:_= 10 mA +VEBO > 5V

Ic=0; Ig =100 mA +VEBO typ. 7V
Saturation voltage '

Ilc=45A;Ig=2A VCEsat < 1TV

Ic=45A;Ig=2A VBEsat < 15V
Collector-emitter sustaining voltage

|B=0;|C=100 mA; L=25mH VCEOsust > 700 V
Transition frequency at f = 5 MHz

Ic=0,1TA;Vcg=5V fr typ. 7 MHz
Collector capacitance at f = 1 MHz

IE=1eg=0;Vcg=10V Ce typ. 125 pF

Switching times (in line deflection circuit)
Lg=6uH; =V|y=4V;
Ilcm=45A; IB(end) = 1.4 A
(—dig/dt =0,6 A/us) tf typ. 0,7 us
tg typ. 6,5 us

* Turn-off current.
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MAINTENANCE TYPE J L BU208B

Successor type is BU508

SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed switching n-p-n transistor in a metal envelope especially intended for use in
supply and horizontal deflection systems of colour television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (VBE = 0, peak value) VCESM max. 1500 V
Collector current (d.c.) Ic max. 5 A
Total power dissipation up to Tpyp =25 °C Ptot max. 80 W
Collector-emitter saturation voltage : ' o
lc=40A;Ig=2A VCEsat < (Y
Fall time
lcM =40 A; Ig(end) = 1.4 A tf typ 0.7 ps
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.

Collector connected to case.

= 266 max — > > =25
| | |
| ol
| T2
‘ {40
R 4
T
20,3 v
max ————— 10
[
|
LA
1 12,8
72687001 - 11.'2 -

See also chapters Mounting instructions and Accessories.
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BU208B

RATINGS

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

Collector-emitter vdltage
(VBE = 0, peak value)

Collector-emitter voltage
(RBg < 100 &, peak value)

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

Collector current (peak value)
Coliector current {non-repetitive peak)
Base current (peak value)

Reverse base current (d.c. or
average over any 20 ms period)

Reverse base current (peak value) *
Total power dissipation up to Tmp =25°C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current
VBE = 0; VCE = VCESMmax
D.C. current gain
Ilc=40A;Vgg=5V

Emitter-base voltage
Ic=0;1g= 10mA
Ic=0; g =100 mA

Saturation voltage
Ic=40A;1g=2A
Ilc=40A;Ig=2A

* Turn-off current.

VCESM

VCERM
VCEO
Ic

lcm
Icsm
IBM

—IB(AV)
—IBm
Pot
Tstg

Tj

Rth j-mb

IcES

+VEBO
+VEBO

VCEsat
VBEsat

max 1500
max 1500
max. 700
max. 5
max 7.5
max 15
max. 4
max. 100
max 4
max. 80
—65to+ 115
max. 115
max. 1,12
< 1,0
> 2,5
> 5
typ. 7
< 1
< 1,5

K/wW

mA

<
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BU326
BU326A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed switching n-p-n power transistors in TO-3 envelopes, intended for use in the
switched-mode power supply of 900 and 1109 colour television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (Vgg = 0; peak value) VCESM Mmax.
Collector-emitter voltage (open base) VCEQ  max.
Collector current (d.c.) Ic max.
Collector current (peak value; tp <2ms) lem max.
Total power dissipation up to Ty = 50 °C Piot max.
Collector-emitter saturation voltage

Ic=25A; Ig=05A Vegsat < 1,5 \%
Fall time

Icon=25A; Igon =05 A; —Igoff = 1A o typ. 0,3 us
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.

Collector connected to case.

— 9max |<—
<-—— 266 max —> - 25
; BN
42
Y i Y
T T
16,9 T
39,5 l 20,3
max 301 max v1,0
e l_.__‘_\_.
v [~
‘ :
12,8
72697001 - 1,2 -

See also chapters Mounting instructions and Accessories.
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BU326
BU326A

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

BU326 | BU326A

Collector-emitter voltage (Vg = 0; peak value) VCcESM max. \
Collector-emitter voltage (open base) VcEO max. \Y
Collector current (d.c.) Ic max. 6 A
Collector current (peak value; tp <2 ms) lem max. 8 A
Base current (d.c.) Ig max. 2 A
Base current (peak vaiue) E ('Bm max. 3 A
Reverse base current (d.c. or average
over any 20 ms period) —lg(ay) max. 0,1 A
Reverse base current (peak value; turn-off current) —1Bm max. 3 A
Total power dissipation up to T = 50 OC * Ptot max. 60 w
Storage temperature Tstg —65 to + 150 oC
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE
From junction to mounting base Rth jfmb = 1,65 K/wW
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current * !
VBE = 0; VCEM = VCESMmax ICES < 1 mA
= VBE = 0; VCEM = VCESMmax;: Tj = 125 °C ICES < 2 mA
Emitter cut-off current
Ic=0;Vgg=10V " IEBO < 10 mA
Saturation voltages
Ic=25A;I1g=05 VCEsat < 1,56 \%
VBEsat < 1,4 \%
Ic=4A;1g=125A VCEsat < 3 Y
VBEsat < 1,6 Vv
Collector-emitter sustaining voltage (see Figs 2 and 3)
IBoff=0;1c=0,1TA; L=25mH BU326 VCEOsust > 375 \%
BU326A VCEOsust > 400 Y
D.C. current gain
Ic=06A;Vcg=5V hrg typ. 30
Transition frequency at f = 1 MHz
Ic=02A;Vgg=10V fr typ. 6 MHz

* Measured with a half sine-wave voltage (curve tracer).
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Silicon diffused power transistors

BU326
BU326A

. 1
min Vego sust |
1

Vego (V)

7262340

Fig. 2 Oscilloscope display for VCEQsust-

Switching times (see Figs 4 and 5)
lcon=25A;V¢ce = 250 V;

30-60Hz

hor.

oscilloscope

vert.

n

-E 3000
_:'; 7262283
2

Fig. 3 Test circuit for VCEQsust-

ig (%)

t,<30ns

904 __Xi]:—::—-lgon
10 ===

Igon = 0.5 A; —Igoff = 1 A e
. typ. 0,3 us
Turn-on time ton <vp 0,5 ZS 90— — -}
- i =t + :
Tu;rt\ off tT;e (toff = tg + tf) L e 2 (Jf)
orage time S < 35 s o
Fall time t¢  typ. 03 ps 10 f———
Fall time at Ty,p = 95 °C g < 1 us 0 < [ P
ton —l ts le—
Fig. 4 Waveforms.
+25V
BD226
120 ‘i 680
a HF 1000
=100 Ve
— T 410 WF 250V
L| \ TUT.
Vim
?—J |<— 150
tp
! e
' 82 t] 680
o} - WF
Pulse generator BD227
¢ =20 us - Fig. 5 Test circuit.
'rp = 2 ms m 72731911
Vim=15V

7272640
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BU326
BU326A

96

5=0101 7272650.3
1Ol:ICMmu ] t‘ I_T'
— O NN ;o]
— ANON WA NI AN 10us
Cmax AN NN |
Ie NNCANYY NANE B
(A) (1) N N \
N
I 50
1 \\ \\ \\ AV
AVANEAWNAN 100
3\ N NN nn 34
NN 200}
NN N
500
A\ 0
I (2,\ Tms
10~1 A\ WY
\\ - 2
5
\
10
A !
Nd.c
it
10~2
O,
Tmp < 50°C BU326 |
BU326 A=
v
10—3 > |
2 10 10 Veg (V)

Fig. 6 Safe Operating ARea.

I Region of permissible d.c. operation

I Permissible extension for repetitive pulse operation
Il Area of permissible operation during turn-on in

single-transistor converters, provided RBg < 100 £ and tp <0,6 us

IV Repetitive pulse operation in this region is permissible
provided Vgg < 0 and tp<2ms

(1) Piot max and Ppeak max lines.

’

(2) Second-breakdown limits (independent of temperature).
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Silicon diffused power transistors BU32 6

BU326A
7272731
100
Ptot max .
(/o)
50
N
\
A
N\
0
0 50 100 150
T (°C)
Fig. 7 Power derating curve.
102 7272653 1
Ztp jomb '
(K/W) o]yl .
=2
«— T— T
10
—075 e
=03 -
:_0,2l-"""‘" EENEL
01 e
: | ' __.//:;:’
10" | 0,05 =t
1 T ,I
"_|0,0l2
<001
07) —6 -5 —4 -3 -2 -
10 10 10 10 10 10 tp (s) 1

Fig. 8 Pulse power rating chart.
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BU326

BU326A
7272652
S.B. voltage multiplying factor at the Icmax level
My
102
“5=
0,01
%o,pz
=~
\'\Q
0,05 NN
o \!\\ NG
01 NN
—u'\ N
I - ~
| 02 NN
—— ] ~NN
T el
033 —
T ey [ NN
05 T TR
T L T
0,75 TS !
1 ' = =
10-5 10-4 1073 102 tp (s) 101
Fig. 9 S.B. voltage multiplying factor at the ICmax level.
= 7272651
E S.B. current multiplying factor at the VcEOomax level
— "
6=
102001
70,02
™~ \\\
™~
0,05 M \
10 ! N\
P . -
0,2 = N
T —— AN
0,33 ‘~~-.\>\
~-——_
05 —-_\\
075 =
1 11 I
-5 - -3 -2 -1
10 104 10 10 tp (s) 10
Fig. 10 S.B. current multiplying factor at the VCEOmax level.
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Silicon diffused power transistors

BU326
BU326A
103 7272649 15 7272648
Veg = 5V typ.values
Tj=25°C T=25°C :
=
heg VaEsat LA
v) e
////ﬂ“—--aA
102 1 [,//,’
==t 1 A
..'.‘{YP
\\
10 P . 05
AN
K
1 0
10 L a0 0 LA PRV 2

Fig. 11 D.C. current gain. Fig. 12 Base-emitter saturation voltage.

10.0 72726411
AL ) ) .
HEH \ T;=25°C

Veesat i \ \ Pl =6Al \\ ===~ max. values

(V) =| 1 \ — = = - typ. values
1}
1 \ \ \
CN R .Y ‘
| \ 3A- \ \ \\
I N )
| ‘\ ‘.‘ \ ‘ \\
1 \ A\ A\
50 |I' \ 2A \“ \ \ \‘ N\
i \ \ N
\ ) N
i1 \\ \ N N
25 \ \\ N\ \\
' 1A\ \ \\ \ AN \\
AN \ N\ N <Z
\ . \\‘ T . h
\ \ r ) B e O s )
0 1= I ] |
0 0,25 0.5 0,75 10 1,25 I, (A) 15

Fig. 13 Collector-emitter saturation voltage.
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BU326
BU326A

i

APPLICATION INFORMATION BU326A (detailed information on request)

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the
supply output transistor and the base drive conditions during turn-off. In SMPS circuits for CTV re-
ceivers the duty factor of the collector current generally varies between 0,35 and 0,6.

The operating frequency lies between 15 kHz and 35 kHz and the shape of the collector current varies
from rectangular in a forward converter to a sawtooth in a flyback circuit.

As the BU326A will mainly be used in flyback converters the information on optimum base drive and
device dissipation given in the graphs on page 10 is concentrated on this application. In these figures
Icm represents the highest repetitive peak collector current that can occur in the given circuit, e.g.
during overload.

The totai power dissipation for a limit-case transistor is given in Fig. 18 which applies for a mounting
base temperature of 100 ©C. The required thermal resistance for the heatsink can be calculated from

_ Tmb max = Tamb max

Rth mb-a max * Prot
(o]

* Including additional thermal resistances resulting from mounting hardware.

To ensure thermal stability the thermal resistance of the heatsink used must not exceed the values
plotted in Fig. 19.

A practical SMPS output circuit for an output power in the order of 180 W is given in Fig. 15.

At a collector current of 2,5 A and a base current of 0,25 A in this circuit the following turn-off times
can be expected.

Tmb=25°C | =1000C
tvp. 1.4 ’ < 20 us

Storage time

Fall time typ. 0,15 < 05 us

d At

— 2 —»

|
|
|
Ic v I I
Ic | : 01 1¢em
T
T | | e
| |
| | T
Vee ' J VeE (11
| | CE (t})
| | v
|
: J |
| t1 =05us
|

=

. |
N |T )\’\‘L
g ) IB(end) \J\

i

ty —|

~Vdrive

= |
Vg hy

!
|
!

I~ L
1 17744693
|

Fig. 14 Relevant waveforms of switching transistor.
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BU326
BU326A

Silicon diffused powér transistors

+290V

.]. 100 T2

18k 100k2 nF

5,6 nF

| — BY208

§—@‘- 22 4F 1
BAX12 Sm .

@L_

T 1,6nF
° 100
n1 n2 100 2
®
BY208
BSX21 | l 22k
160 pF !
22k
7 7 »f\ 7 7 7274470.2

Fig. 156 Practical SMPS output circuit.

TR1 = BU326A

T1 (driver transformer): Core U20; n1 =400 turns; n2 = 25 turns
total inductance in base circuit =~ 4,5 uH

T2 (output transformer): Lp= 6 mH

VCE(t1) <500 V (see Fig. 14)

Next page:
Fig. 16 Recommended nominal "end” value of the base current versus maximum peak collector current.

Fig. 17 Minimum required base inductance and recommended negative drive voltage versus maximum
peak collector current.

Fig. 18 Maximum total power dissipation of a limit-case transistor if the base current is chosen in
accordance with Fig. 16.

Fig. 19 Maximum permissible thermal resistance of the heatsink versus maximum peak collector current
to ensure thermal stability.

Note: For all curves the duty factor § = 0,5, as shown in Fig. 14.

~
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BU326

BU326A
7277059 7277060
600 1
lc1/lCM=OorO,4 ° 6
/
'8 (end) y Lg =Vdrive 1=~ —Vdrive
(mA) 4 (uH) = (V)
j!
/ 1
400 / [ 5= 4
= 1/ N
T=32us \\
- \\\
| /| P h
/ A Q
] AT Nlls
200 5 - 5 S 2
64 us T~
1 ~ A
Pl
0 0
1 low (A 3 ! 2 aemiar 3
Fig. 16. Fig. 17.
05 7277061 35 7277062
% Alg(end) =+ 20% T=32usor64 pus
. Tmp < 100°C | _ A
tot thmb-a
T=32usor64us \
(W) PO R oc/w) I
\
10 25
[ \
4
- \
Ic1/lom =04 \
\IC1/ICM=0
/
l/ O
A N, N
5 A 15 N\, N
[ | o N AN
P N AN
A AN
e =
1 NG
= 0,4 ™
Ny
N
L 2 gyia 3 L 2 gyia 3
Fig. 18. Fig. 19.
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BU426
BU426A
BU433

A

SILICON DIFFUSED POWER TRANSISTORS

High voltage, high speed switching n-p-n power transistor in plastic SOT-93 envelope, intended for use
in the switched-mode power supply of 909 and 110° colour television receivers.

QUICK REFERENCE DATA

BU426 | 426A | 433

Collector-emitter voltage (Vg = 0; peak value) VCESM max. 800 | 900 | 800 V
Collector-emitter voltage (open base) VCEQ ~ max. 375 | 400 | 375 V
Collector current (d.c.) e max. 6 A
Collector current (peak value) .
tp=2ms lem max. 10 A
Total power dissipation up to Tryp =73 °C Piot max. 70 w
Collector-emitter saturation voltage
Ic=25A;1g=05A VeEsat < 1,5 Vv
Fall time
ICon = 2.5 A; Igon = 0,5 A; —Igoff = 1 A t typ. 03 | 03 [045 us
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-93.
Collector connected to - 152 o
. \ max
mounting base “
- .
s i [+
s -2
- v
L4 -1
4 =
T 21
max
| 12,7
l max
v ? - By ,_i___
T
dimensions within 136
this zone are min
uncontrolled
bl c e
N o) leou
; 115 ol e
. 0,95 18 7275220
i

See also chapters Mounting instructions and Accessories.

~
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BU426
BU426A
BU433

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BU426 | 426A | 433

Collector-emitter voltage (Vg = 0, peak value)

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

Collector current (peak value)
tp <2ms

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

Reverse base current (d.c. or average
over any 20 ms period)

Reverse base current (peak value)*
Total power dissipation up to Tmp=730C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

CHARACTERISTICS
Tj =25 9C uniess otherwise specified
Collector cut-off current **

Veem =900 V; VBg =0

Vcem =900 V; VBg =0; Tj =125 0C
D.C. current gain

Ic=0,6 A; Vcg =5 V; BU426; BU426A

Ic=0,6A; Vg =5 V; BU433

Transition frequency at f = 1 MHz
Ic=02A; V=10V

*

Turn-off current.

VCESM
VCEO
Ic

lcm
In

'Bm
—=IB(AV)
—IBM

Ptot
Tstg

Rth j-mb

IcEs
ICES

hFE

fr

** Measured with a half sine-wave voltage (curve tracer).

max.
max.

max.

max.
max.

max.

max.
max.
max.

max.

typ.

typ.

typ.

800 | 900
375 | 400
6

10
2
3

100

3

70

—65 to + 150
150

1.1

30

40

800 Vv
376 V
A

K/w

mA
mA

MHz

March 1981



BU426

Silicon diffused power transistors BU426A
BU433
CHARACTERISTICS (continued)
Tj= 25 OC unless otherwise specified
Emitter cut-off current
Ic=0;Vgg=10V IEBO < 10 mA
Saturation voltages
Ic=25A;lg=05A V(CEsat < 15V
VBEsat < 1.4V
Ic=4A;1g=125A V(CEsat < 3V
VBEsat < 16V
Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L = 26 mH; BU426; BU433 VCEOsust -~ 375 V
Ic =100 mA; Igoff = 0; L = 25 mH; BU426A VCEOsust > 400 V
7275254
min Ve (V) :
VCEOsust -

Fig. 2 Oscilloscope display for VCEQsust-

30-60Hz OV

7262283

Fig. 3 Test circuit for VCEQsuyst-

l (I\/Iarch 1979 105



BU426
BU426A
BU433

CHARACTERISTICS (continued)
Switching times (between 10% and 90% levels)

lcon=25A; Ve =250V
IBon=05A; —Igofs=1A

. typ. 0,5 us
Turn-on time ton <yp 0.6 ZS
Storage time tg typ. 2 ps
’ < 3,5 us
] BUA426; 426A tf typ. 03 us
Fall time i 0.45 us
Turn-off time (tgee = t5+15) ! BU433 tf <yp. 6,7 ZS
| BU433 SRS ?'(7) Hs
Fall time, Ty, =95°C s
| BU426;426A t < 075 s
tr 7277639.2
— je—
904~ ——| === | Ison
ig (%)
10 £===
— ~Igost
sl LTy o
— ic
(%)
[0 SN t § L_
0
—> |<— ts <—:|tfl;—
ton = tors e
Fig. 4 Waveforms.
+25V
BD226
120 J'i.seo
a WF 1000
100 Ve
T 470 HE 250V
‘| | TUT.
Vim
T—»l L- 150 ‘
P
o[
' 82{ | *L e80
_ n WF
tp =20ps BD227
T = 2ms
VIM = 15 V 7273191.1
2
_Fig. 5 Test circuit.
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BU426

Silicon diffused power transistors ' BU426A
BU433
§=0,01 s
— A 7277412.2
| 10 \\:\ \\ N . \\\\ -
lCMm_ax \\\\‘\ NC \\\‘ \\\ = tp=
Cmax Ic \\‘\\ NI (10 us
(A) (1) \ NN Y : 11+20
N
\\ N N \\ s\\ 150
TN [ \ L to0
1 N — 1t 200
AN AN ]
AN N
AR \VANANEAN \
\ANANVENE ||
NN 1] | [ 500 7
AN T
\\\\\\ L LL1ms
(2\\ mijpLt2
10—1 \ r 1 ,5
N P2 10
N\ - _—'20
T dec
1072 -
BU433| =
BU426/ =
BU426A -
Tmb S73°C
WK
10-—3 |11
3
10 10? 10 veg (v)

Fig. 6 Safe Operating ARea.
| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

11l Area of permissible operation during turn-on in single-transistor converters, provided
RBg < 100 £ and tp < 0,6 us.

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

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BU426

BU426A
BU433
7277019
maximum power dissipation versus
mounting base temperature
100
\
Ptot Y
(%) \
0 \
\
50 \
\
\
0
0 50 100 150 200
Trmp (°C)
Fig. / Power derating curve.
"2 7277023 1
Zthj-mb : — _, I
(K/W) -—-»’tp|<— ’ 1:p
- T — 6_?
10
5=
1 0,75 a =
0,50 =
0,33
T 0,20 TTTTT] -
T 0,10 T T TE
10-1 ] 0,05 -&T]
T
10,02
ETR-0.01
7/ = 0
1072 | \
10-3 10~2 1071 1 10 102 tp (ms) 103

Fig. 8 Pulse power rating chart.
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BU426

Silicon diffused power transistors BU426A
BU433
7277022
S.B. voltage multiplying factor at the o5 level
My
102
5§=0
0,01
g 0,02
10 ¥
0,053
0,103 IS I=C
0,20 ™ - <
0,33 I :
0,50 - My
0,75 1
1 1,00 | -
1072 107" 1 10 t, (ms) 102
Fig. 9 S.B. voltage multiplying factor at the Igmax level.
7277021 =
S.B. current multiplying factor at the Vg Qmax level =
M
5=0
102
0,01
T
0,02 SIS
NN
L 0,05
10 0,10 \\\
R—
0,20 NI
0,33 Tl TR
0,50 T T N
0,75 T
1 1,00 IR t
10-2 107! 1 10 tg (ms) 102

Fig. 10 S.B. current multiplying factor at the VCEQmax level.
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BU426
BU426A
BU433

1 5 7272648 1 5 727760%

typ.values

T =25°C _

J _— _IC" V]
VBEsct - LA BEsat |
(v) S e (V) 3CA
,/ ] A |
pemmmt 2 A L= 9 A\
9 /,C/—w— ] /'// 2
==l 1 A f L——T1A

05 0,5
0 0
0 T 2 0 g 2
Fig. 11 Typical values. Base-emitter saturation Fig. TTA. Typical values. Base-emitter saturation
voltage tor BU426 and BU426A. voltage for BU433; Tj=25 OC.
7282788
102
L max
- :" .
%.\M =
AN ~
\v
N~ ™~ ~
heE ]
N \\\ ~
i b T A
— min N =
P i e | \\ ~
[ o ~
™ M ™~ \
™~ TN ~ N N N
10 A “\ \ Ry - ~
N N ST
AN AN ANA
EUEENERN A
\\ > \\ N |1 {!
NN
S,
N
-,
A N
N
N
! 1
10™ 1 10 I (A) 102
Fig. 12 D.C. current gain BU426 and BU426A. Tj=25 OC.————atVgg =5V, ——atVeg=1V.

.
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BU426

Silicon diffused power transistors BU426A
BU433
7282789
102 T
" max .
™ typ S . N
heE SN ~. I
™ ~ N
\\\ \\\:\
e N
min \:" ~ \\\\ A -
N T N \ N
NS N N
10 N A
<N
N S
SN
\\ \ ‘\ ~
‘~ A
AN
N
AN >
N
\\
N
1
107! o 10 e (A) 102
Fig. 13 D.C. current gain BU433; T; = 25 0C;————atVgg =56V, ——atVgg =1V.
7286934 —_
6 -

2
\\BU426/433
\\\ BU426A|
Id
0
0 500 Veg (V) 1000

Fig. 14 Reverse bias SOAR.
~Vrive=2106V;Lg=01t04,7 uH; Tryp =100 ocC.

hYd
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BU426
BU426A
BU433

it

APPLICATION INFORMATION (detailed information on request)

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the
supply output transistor and the base drive conditions during turn-off. In SMPS circuits for CTV
receivers the duty factor of the collector current generally varies between 0,35 and 0,6.

The operating frequency lies between 15 kHz and 35 kHz and the shape of the collector current varies
from rectangular in a forward converter to a sawtooth in a flyback circuit.

All these variables influence the collector dissipation, so that a simple presentation of the design
information is only possible if the information is restricted to the main application area of the relevant
transistor type. Therefore, as the BU426 or BU426A will mainly be used in flyback converters and the
BU433 in forward SMPS, the information of Figs 17 up to 22 is based on these applications:-

The total power dissipation for a limit-case transistor BU426 or BU433 is given in Figs 19 and 22,
which apply for a mounting base temperature of 100 OC. The required thermal resistance for the
heatsink can be calculated from:

Tmb max — Tamb max

Rth mb-a max”™ = P
tot

* Including additional thermal resistances resulting from mounting hardware.

To ensure thermal stability minimum value of Tymp in this equation is 40 OC. As indicated, the BU433
will mainly be used in (non-isolated) forward converters, where the turn-off losses are limited by the
maximum collector emitter voltage (= 300-350 V). The rate-of-rise of the voltage during turn-off must
be below 1000 V/us. Application of this transistor in low-power flyback converters is also possible,
provided that the rate-of-rise is limited to 500 V/us. For the BU426(A) a rate-of-rise of 1000 V//us is
permissible. Practical SMPS output circuits for an output power in the order of 180 W are given in

Figs 17 and 20. At a coiiector current of 2,5 A and a base current of 0,25 A in these circuits the
following turn-off times can be expected.

Tmb
25 0C 100 °C
BU426 (426A)  Storage time tg typ. 1,4 < 2,0 us
Fall time t¢ 0,15 < 0,5 us
BU433 Storage time tg typ. 1,4 < 2,0 pus
Fall time t¢ 0,18 < 0,6 us

112
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BU426
Silicon diffused power transistors BU426A
BU433

|
| % | N
A IT | 0.91cw
Ic | M
Il ‘\ l : \ 0.1 1em
T | | ——+[H+—
| | | T S ~—
| | T
Ve ; } / VCE (t1)
! | _ !
| |
‘l : 11 =05us
g 4
's \\] i1 } 18 (end)

N

le— tg —|

17744693

Al

Fig. 15 Relevant waveforms of switching transistor.

7277060

15 6
Lg —Vdrive 4 = —Vdrive
(uH) 1 (V)
1
1
10 e 4
N
\\
N
\\
\\
\‘\ \LB
5 - 2
B —
0
1 2 igya 3

Fig. 16 Minimum required base inductance and recommended negative drive voltage versus maximum

peak collector current.
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BU426
BU426A
BU433

+290V
T2
.L 100
18k 100k nF i l|
56nF : :
Y—r— BYV96E : I
|
o)
\ < ;l > [ 2,2 uF
BAX12A
= 1,6 nF
104 B
BU426
100 Q2 or J
BU426A
BYV96E
2,2 kﬂr]
22k
7 ;/ 7 7 7Z74470.2A

Fig. 17 Practical output circuit of a flyback SMPS of BU426 or BU426A.

T1 (driver transformer)
core U20; n1 =400 turns
n2 = 25 turns

LBtOt ~4,5uH

T2 (output transformer)
Lp =6 mH
VCE(11) <500V (see Fig. 15)

114
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Silicon diffused power transistors

BU426
BU426A
BU433

600 7277059
'C1/|CM=00r 0,4
IB(end) /
{mA)
/
400 4
/
y4
(=32 s
/ vd
/|
200 >
L 1
7]
— 64 us
V.
0
1 2 gyt 3
7277061
15
Alg(end) = £ 20%
o Tmp < 100°C
tot
T=32usor64us
(W) " '
10 4
/V
4
Ic1/lcm=0.4
A 0
5 7
P
7 P
|+
0
2 iom (A3

Fig. 18 Recommended nominal “end” value
of the base current versus maximum peak
collector current.

Fig. 19 Maximum total power dissipation of a
limit-case transistor of the base current is chosen
in accordance with Fig. 18.

N
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BU426
BU426A
BU433

290V

lr :

BAX12A

18k&2

3mH

27 Q2
100 BYV95C
50uH

1122k 2,2nF
BSX 21
TlBOpF

Fig. 20 Practical output circuit of a forward SMPS with BU433.

T (driver transformer): Core U20
n1 =400 turns; n2 = 25 turns

I BYX71

.lf L
|
A

7277610.A

LBtOt ~ 4,5 MH
750 7z7l7so7 15 7277608
32us |
/ 64 us /
(B(end) / Ptot
(mA) (W)
lc1/1em =09 /
4
32us,
500 ?/ // / 10
/ / / /
/ / z
7 :
/ y
4 64 usA
N X _ 5
250 A )4 o 5 ]
////// /// g
//// A lci/iem=04 -
V. r 1~ >
S ,
C—T
0 0
! 2 igwa 3 ! 2 gy 3
Fig. 21 Recommended nominal "end” value Fig. 22 Maximum total power dissipation of a
of the base current versus maximum peak limit-case transistor if the base current is chosen
collector current. in accordance with Fig. 21.
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DEVELOPMENT SAMPLE DATA

This information is derived from deveiopment samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

SILICON POWER TRANSISTOR

BUS505

High-voltage, high-speed switching, glass passivated n-p-n power transistor in a TO-220 envelope,
intended for use in horizontal deflection circuits of television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = O; peak value)

Collector-emitter voltage (open base)
Collector current (d.c.)
Collector current (peak value, tp = 2 ms)
Total power dissipation up to Tmp = 25 °C
Collector-emitter saturation voltage
Ilc=2A;1g=09A
Fall time
lcon=2A;1Bon = 09 A

VeESyM max 1500 V
VCeo  max 700 V
Ic max 25 A
Ilcm max 4 A
Piot max 75 W
VCEsat < 5V
tf typ. 0,7 us

MECHANICAL DATA
Fig. 1 TO-220.

Collector connected to

10,3
“ max

> 3,6 |<—

mounting base
{ 28
4
BE
| |
L1
2 )
v ' ¥
3,5 max 51
1 not tinned -*L max
7278181A 3 rrlg)(.,‘ 4.1 * K{Z
(2x) ‘
i1 2])] 3
l - 1 «-09max (3x)
— -
2,54 2,54

T

See also chapters Mounting instructions and Accessories.

1,3+

Dimensions in mm

< 0,6
<24

T265872.4

/"
l January 1983
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BU505

RATINGS

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

Collector-emitter voltage (peak value; Vgg = 0) VCESM max. 1500 Vv
Collector-emitter voltage (open base) VCEQ  max. 700 Vv
Collector current (d.c.) Ic max. 25 A
Collector current {peak value); tp <2 ms lem max. 4 A
Base current (d.c.) IB max. 2 A
Base current (peak value); t; <2 ms IBM max. 4 A
Total power dissipation up to T, = 26 0G Piot max. 5w
Storage temperature Tstg —65to +150 °C
Junction temperature Tj max. 150 °C
THERMAL RESISTANCE
From junction to mounting base Rth j-mb*= 1,67 K/W
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut off current*
VCE = VCESMmax; VBE = 0 lces < 0,15 mA
VCE = VCESMmax: VBE = 0; Tj = 125 °C lces < T mA
Emitter cut-off current
ic=0;VEg=bV lEBO < 1T mA
= sustonelom Vo < s
w— BEsat < 1.3V
- Collector-emitter sustaining voltage
Ic=100mA; Ig=0; L=50mH VCEQsust™ 700 V
D.C. current gain
Ic=2A;Vgg=5V hrg > 2,22
* Measured with a half sine-wave voltage (curve tracer).
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BU505

Silicon power transistor

DEVELOPMENT SAMPLE DATA

+6V

hor.

250
200 oscilloscope
Ic
(mA) \
] h—— vert.

min Veeo sust

] L_[:)_; 7262752
2

Veeo (V)

7262340

Fig. 2 Oscilloscope display for Fig. 3 Test circuit for VCEQsust-

sustaining voltage.

Second-breakdown current

VCE =120V; T =200 us IsB > 2 A
Transition frequency at f = 5 MHz ;
Ic=0,1A;Vcg=5V fr typ. 7 MHz
Collector capacitance at f =1 MHz
lg=1lg=0;Vgg =10V Ce typ. 65 pF
Switching times
in horizontal deflection circuit
~Vipm=4V.Lg= 25 uH;
Icm=2A; Igend) = 0.9 A
fall time tf typ. 0,7 us
storage time tg typ. 10 us
. ICM_
lc TN — - 90%
— 10%o0
time
ity
i
<+ g
_____ —Ig (eng)
time

7259204.5

Fig. 4 Switching times waveforms.
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BUS505

7288796

I

!CMmax

5=0,01

Ay

ICmax

th

AN

(2)

Fig. 5 Safe Operating ARea at Tmb < 250C.

102

Vee (V)

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

(1) Ptot max and Pyoq peak max lines.

103

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

120
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Silicon power transistor J L BU505

DEVELOPMENT SAMPLE DATA

72887
3 95
Zthj-mb §=1
(K/W) 0,75 L —— SE———
Lo T I —==T
1 ,
7 =
0,33
= Z
05 0,20 ==
03 0,10 ,/::
— | oos LA
/%/
01 0,02
001
ki
0,05 I
1072 107! 1 10 102

t (ms)

Fig. 6 Pulse power rating chart.

72672574

100

Ptot max
(°/o)

75

50

25 A\

AN

0 50 100 50

1
Tmp(°C)

Fig. 7 Power derating curve.
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SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed switching n-p-n transistor in a plastic envelope intended for use in horizontal
deflection circuits of colour television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (Vgg = 0, peak value) Vcesm  max. 1500 V

Collector-emitter voltage (open base) VCEO max. 700V

Collector current (d.c.) Ic max. 8 A
Collector current (peak value) lcm max. 15 A
Total power dissipation up to Tmp = 25 °C Ptot max. 1256 W
Collector-emitter saturation voltage

Ic=45A;1g=2A Vegsat < 1V
Saturation collector current Icsat typ. 4,5 A
Fall time

Icm =4.5A;18(end) = 1,4 A tf typ. 0,7 us

MECHANICAL DATA Dimensions in mm

Fig. 1 SOT-93A.
15,2 )
Collector connected max
to mounting base. - 1 ——> L6
| max [
25
L,15’ -2
, v
L -1
} 8
} T 21
max
12,7
} max
i - |
2,2max__ . ) T
dimensions within
this zone are :3;?:
uncontrolled
| v
b c el
! |
*‘ 5,5 L— +!la{glos ® <0,4
1,15 ] _’r<_
] 095 16 7283916
l«—1—

See also chapters Mounting instructions and Accessories.
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BU508A

N

HHEkIEd

RATINGS

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

Collector-emitter voltage
(VBE =0, peak value)

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

Collector current (peak value)

Base current (d.c.)

Base current (peak value)

Reverse base current
(d.c. or average over any 20 ms period)

Reverse base current * (peak value)

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

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

CHARACTERISTICS
Tj =25 OC unless otherwise specified
Collector cut-off current *
VBE = 0 VCE = VCESMmax
VBE =0 VCE = VCESMmax; Tj = 125 °C
Emitter cut-off current
VER=6V;ic=¢
Saturation collector current
VCEsat <1V
Collector-emitter sustaining voltage
IB=0;1c=100mA; L =25mH
Saturation voltage
Ic=45A;1g=2A
Ic=45bA;Ig=2A
Transition frequency at f = 5 MHz
Ilc=0,1 A;Vcg=5V
Collector capacitance at f = 1 MHz
lE=1eg=0;Vecg=10V
Second-breakdown current
VcE =120 V; t = 200 us

*  Turn-off current.

** Measured with a half-sinewave voltage (curve tracer).

124

VCESM
VCcEO

Ices
IcES

lEBO
Icsat
VCEOsust

VCEsat
VBEsat

fr

Ce

I(sB)

max. 1500 V
max. 700 V
max. 8 A
max. 15 A
max. 4 A
max 8 A
max. 100 mA
max. 5A
max. 125 W
—65 to +150 °C
max. 150 °C
= 1 K/W
< 1,0 mA
< 2,0 mA
< 10 mA
typ. 45 A
> 700 v
< 1V
< 1,3V
typ. 7 MHz
typ. 125 pF
> 11A
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Silicon diffused power transistor BU 5087AV

+6V

hor.

oscilloscope

——— vert.
Veeo (V)
ZZ"SZJAU ~
30-60Hz 2V T Joa 10
: 7262752
2
Fig. 2 Oscilloscope display for VCEQsust- Fig. 3 Test circuit for VCEQsust:

Switching times (in line deflection circuit)
Lg=6uH; =V|y=4V;
Icm=45A; IB(end) = 14 A
(—dlg/dt=0,6 A/us) tf typ. 0,7 us
tg typ. 6,5 us

ic lem_

time
—
ig -— g ——
T 's (end)
Fig. 4 Switching times waveforms.
time
7269204.6

w August 1282



BU508A

NI T

102 7288066.1
Ic
(A)
5=0,01
ICMmax N
10t tp=
r 'Cmax -5 us
\ LLL 10
N\ AN It
\ 20
(1) \
I | 1150
! N~ HH-100
AV
ARNAN
AN SR
\\\§ [T 500
AN
| L —1ms
(2)
| L2
1071 — \C
[T 5
(L 10
=20
[ - d.c.
1072
1 10 102 Veg (V) 103

Fig. 5 Safe Operating Area; T, < 25 OC.,

1. Ptot max line.

2. Second-breakdown limits (independent of temperature)

| Region of permissible d.c.operation.
Il Permissible extension for repetitive pulse operation.
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Silicon diffused power transistor

‘BU508A

1 =1 7288402
T
0,75
0, ==
Zthiemb 033 e
| — |11 L]
(K/W) 0201 T =
e &
0,10 |1
11
10-1 0,05 |-
<0,02
0,01
10-2 5 ;
10— 10 1 10 102 tp (ms) 103
Fig. 6 Pulse power rating chart.

102 T T T T . . ; ; : . 75534?1,
C1g=05mA 3 L ! L 1 L I I ——H
E1g=0, R 2 5210 20 5021~ 100 49200 75001 1000 J4-H

000 mA
"FE
typ
0 | =TT <\\
P
! 2
- -1
10 10 1 10 ic(A) 102
Fig. 7 Typical values d.c. current gain at VCg =5 V: Tmp = 259C.
600 7288398 1000 7288397
VeEsat
(mV) VBEsat
500 (mV)
400 900 /
300 /
200 800
) /|
A
100
LU
0 700
107! 1 Ic (A) 10 10! 1 Ic (A) 10

Fig. 8 Typical values Ic/lg=2; Tj= 250C.

Fig. 9 Typical values Ic/lg = 2; Tj =250C,
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BU5S08A

APPLICATION INFORMATION - HORIZONTAL DEFLECTION CIRCUIT WITH BU508A

In designing horizontal deflection circuits, allowance has to be made for component and operating
spreads in order not to exceed any Absolute Maximum Rating. Extensive analysis has shown that, for
the peak collector current and the collector-emitter voltage of the output transistor, the total
allowance need not be higher than 15%, and the following recommended base-drive and heatsink
conditions are based on this figure.

To simplify the presentation, the design curves given refer to nominal conditions. Where the collector
current will be modulated by the E-W correction circuit, the average value of the peak collector current
applies provided the modulation is less than + 10%.

To obtain a short fall time and minimum turn-off dissipation with a high-voltage transistor, the storage
time must he sufficiently long and, during turn off, the negative base-emitier vuitage must be sufficient-
ly high. Both requirements can easily be realized by including a small coil in series with the base of the
output transistor. However, to reduce base current variations, a series base resistor is also added to
most designs. This has the disadvantage of reducing the energy in the base inductance du ring turn-off,
which in turn reduces the negative base-emitter voltage and with large resistor values may lead to an
insufficient negative voltage for correct device turn-off. This can be improved by shunting the base
resistor by a diode and/or a capacitor. Instead of giving various detailed base circuits based on these
considerations, it is a more direct approach to specify the recommended —dlg/dt, see Fig. 12.

The maximum transistor dissipation largely depends on the tolerances in the drive conditions. The
dissipation given in Fig. 13 allows for base current and —dlg/dt tolerances of + 15%.
The curve applies for a limit-case transistor at a mounting base temperature of 85 OC,

85 — Tamb max

The thermal resistance for the heatsink can be calculated from Rth mb-a = in which
Tamh max is the maximum ambient temperature of the transistor. In arder to ass
thermal resistance at which thermal stability is ascertained, the minimum value fo
equation is 45 OC,

= <

.
5
¢

TR1 7273468.1A

driver

Fig. 10 Simplified horizontal deflection circuit.
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Silicon diffused power transistor BU 59_8A

ig
IB(em:ll
0
t
dlg/dt
« ts—»|
— VBE
—_VI
- -
0t
L_
7o
~Vim
o PRy
—lc \\/ /// \\ Iem
- \ s <
e \ // \
A [
/
//
0
I P r
/ t I/
1/ 1/
4 '4
VcE z
0 ——
t
7Z273469.2

Fig. 11 Fundamental waveforms.
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BUS08A

'8(end)
(A)

10

7288399.1
-
F 967 T _dig/dt
/ (Alus)
1,4
| 1
'B(end)
"
V 7
] v
74 A ~dig/dt
[ .
1 3 4 5
Icm (A)
7288400.1
[ T=48us
— /.
/ 64pus
/]
2 3 4 5
Iem (A)

Fig. 12 Nominal end value of the base current and
its rate of fall during turn-off as a function of
nominal peak collector current.

A 15% spread allowance is included on these
nominal values. Qg is defined as IB1/1B(end)

(see Fig. 11). The reverse drive voltage during the
storage and fall time (—V)p) must be > 2 V),

Fig. 13 Worst-case dissipation of BUS08A
under limited operational conditions according
to Fig. 12. Ty =85 ©C.
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples BU705
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed switching, glass passivated n-p-n power transistor in a SOT-93A envelope, in-
tended for use in horizontal deflection circuits of television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0; peak value) VCESM max. 1500 V
Collector-emitter voltage (open base) VCEO max. 700 V
Collector current (d.c.) Ic max. 25 A
Collector current (peak value, tp <2 ms) lem max. 4 A
Total power dissipation up to Tpyp =25 °C Ptot max. 75 W
Collector-emitter saturation voltage

Ic=2A;1=09A VGEsat < 5V
Fall time

Icon =2 A;lB(end) =09 A . tf typ. 09 us
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-93A.

Collector connected to case.
- 152 .

max
[—— 14— . 4.6 -
4,25 max
| 1 -

a,15{ |2

: v
4

' 4L -

\V A -
| T & 2

max

| 12,7
‘ max
|

—1. 1}

2,2m0%__ B _4* T

dimensions within T 05 136
this zone are i i

min !
uncontrolled min

4 |

b c el
4h i
~ B3 = = HLO,L

7283916.2

See also chapters Mounting instructions and Accessories.
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BU705

RATINGS

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

Collector-emitter voltage (peak value; Vgg =0)
Coll‘ector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value; tp <2ms)

Base current

Base current {peak value; th <2 ms)

Total power dissipation up to T =280C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

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

VCE = VCESMmax: VBE =0

VCE = VCESMmax; VBE =0;Tj = 126 °C
Emitter cut-off current

Ic=0,Vgg=5V
Emitter-base voltage

Ic=0;lg=10mA
Saturation voltage

Ic=2A;1g=09A

Collector-emitter sustaining voltage
Ic=100 mA;Ig=0;L=25mH
Collector saturation current
Vcg =5V
D.C. current gain
Ic=2A;Vgg=5V
Second breakdown current
VcE =120 V;t =200 ps
Transition frequency at f =5 MHz
Ic=0,1A;Veg=5V
Collector capacitance at f = 1 MHz
Ig=1g=0;Veg=10V

* Measured with a half-sinewave voltage (curve tracer).

VCESM
VCEO

ICES
IcES

iEBO
VEBO

VCEsat
VBEsat

VCEOsust
ICsat

hrE

I(sB)

fr

max. 1500
max. 700
max. 2,5
max. 4
max. 2
max. 4
max. 75
—65 to + 150
max. 150
= 1,67
< 0,15
< 1
< 1
> 6
< 5
< 1,3
> 700
= 2
> 2,2
> 2,0
typ. 7
typ. 65

K/wW

mA
mA

mA

<<

MHz

pF
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Silicon diffused power transistor

i |
min Veeo sust |
1

\ v
ceo (V) 7262340

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times (in horizontal deflection circuit)
—V|M=4V;LB=15;1H;|CM =2A
IB(end) = 0.9 A; —dlg/dt =0,24 Alus
fall time
storage time

vert.

~

30-60Hz “Y 1000 1n
4

Fig. 3 Test circuit for sustaining voltage.

tf typ. 0,9 us
ts typ. 75 wus

] time
tg b
ig

ts

————— —Ig(enc)

time
72532045

Fig. 4 Switching times waveform.
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BU705

10 7286783
Ic M max
(A)
Cmax t =
N >
N 10 us
MmN [y
20
1 \ 1
X H H
50
N H]
0,1
\\\\\\ 1 ms
A\ /]
AN\ |
1 (2) H
0,5
101 [
\C 1
\ r
T
N 5
20
o
d.c.
1072
103
{
M
1 [
2
10 10 108 Veg (V) 104

Fig. 5 Safe Operating ARea; Tmb =25 °C.

(1)
(2)
|

I}
1

Ptot maxand Ppeak max lines.
Second breakdown limits (independent of temperature).

Region of permissible d.c. operation.

Permissible extension for repetitive pulse operation,
Repetitive pulse operation in this region is allowable,
provided Rgg < 100 £, th= 20 us, d = 0,25.
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Silicon diffused power transistor

BU705

7292106
Zth
(K/wW) |
. T fubeter
B2
z
10-! £
o,
001
—o
|
2 fr} 2 3 4
10 10 1 10 10 10 to(ms) 10
Fig. 6 Pulse power rating chart. t
Rthj-mb = 167 K/W;Ic =1A; Vg =25 V;d =,
100 7792108 800 7292107
VeEsat
(mV)
hfE 600
™~
NN
10 N 400 /
\
N\
200
IO ey il
1 0
0,01 01 1) 10 01 ! Ic (A) 10

Fig. 7 Typical d.c. current gain.

Fig. 8 Typical values VgEgat
le/lg =2;Tj=26°C.

7292109

1,2

VBEsat
(mV)

0,9

0,6

03

0

0,1

1

Ic (A) 10

Fig. 9 Typical values VBEsat: Ic/lg = 2; Tj =25 °C.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regutar production.

A

BUB06
BU8O7

SILICON DARLINGTON POWER TRANSISTORS

High voltage n-p-n Darlington circuit with integrated speed-up diode in a plastic TO-220 envelope for
industrial fast switching applications and horizontal deflection circuits of monitors and b/w television

receivers.

QUICK REFERENCE DATA

BU806 BU807
Collector-base voltage (open emitter) Vcgo  max. 400 330 V
Collector-emitter voltage (Vg = 6 V) Vcex  max. 400 330 V
Collector-emitter voltage (open base) Vceo max. 200 150 V
—_—
Collector current (d.c.) Ic max. 8 A
Collector current (peak value)
tp=03ms; 4= 10% lcm max. 15 A
Total power dissipation up to Typ = 25 °C Piot max. 60 W
Junction temperature ! T max. 150 oC
Fall time ) . _
lcon=5A; IBon = EO mA; —Igoff = 500 mA tf typ. 0,2 us
MECHANICAL DATA Dimensions in mm
i - 4.5
Fig. 1 TO-220AB. Jr?&i -y 2 .
Collector connected -+ 3,6 |- 1,3+
to mounting base. I | v L
™ 28 59
’ [} min
T | 4 158
| | max
! |
L_— 4 l
v ¥
3,5 max 51
not tinned _L max
*
12,7
S } o2
(2x)
bi|| ¢
top view ' i
«-0,9max (3x) »| 06
— - - |24
2,54 254

See also chapters Mounting instructions and Accessories.

7265872.3
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BUB0O6

BU8BO7
I/l C
b
b
— {1
R1 R2
7288074
e
Fig. 2 Circuit diagram.
RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Collector-base voltage (open emitter)
Collector-emitter voltage (Vgg = 6 V)

Collector-emitter voltage (open base)

Emitter-base voltage (open collector)
Collector current (d.c.)
Coilecior current {peak vaiue)

tp = 0,3ms; 5§ =0,1
Base current (d.c.)
Total power dissipation up to Ty = 25 OC
Storage temperature

Junction temperature*

THERMAL RESISTANCE*
From junction to mounting base

CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current**
VCE = VCESmax; VBE =0
VCE = VCEXmax: VEB =6V
Emitter cut-off current
Ic=0;Vgg=6V

Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L= 25 mH

VeBo
VeEX
VcEo

VEBO
Ic
Icm
B
Ptot
Tstg

Rthj-mb

IcES
ICEX

IEBO

VCEOsust

BU8B06 BU807
max. 400 330 V
max. 400 330 Vv
max. 200 150 Vv

—_—
max. 6 \
max. 8 A
max. 15 A
max. 100 mA
max. 60 w

—65to +150 ©OC
max 150 ocC
= 2,08 K/W
< 100 MA
< 100 uA
< 3 mA

BUS06 | BUBO7
> 200 ] 150 V

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
** Measured with a half sine wave voltage (curve tracer).
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Silicon Darlington power transistors

BUB0O6

DEVELOPMENT SAMPLE DATA

BU80O7
Saturation voltages v
< 15V
Ic=5A;1g=50mA CEsat ,
¢ B VBEsat < 28V
Diode, forward voltage
Ig=4A VE < 2V

+50V
100-2000

hor.

oscilloscope

—— vert.

~
30-60Hz &Y ‘[[::‘3"0“ 10
7262283
v

Fig. 3 Test circuit for VCEQsust-

Switching times (between 10% and 90% levels)
Icon= 5 A;Vgc =100V

Igon = 50 MA; —Igoff = 500 mA
Turn-on time
Turn-off time: Storage time

Fall time

7275254

goj ===
iB(O/o)
0 ===

90 +———+

ic
(®f)

R

Fig. 5 Waveforms.

min  Vee (V)
VCEOsust

Fig. 4 Oscilloscope display for VGEQsust-

ton typ. 0,35 us
tg typ. 0,55 us
tf typ. 0,2 us

RS Ei

w (August 1981
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BU806
BU807

7288115
102
Ic
(A)
o 5=0,01 o=
CMmax ‘p
10 us
N \
10 \
C \\ \
_Cmax \ R
AN \\
1 A,
N 100
I
1 \l \. AN
A UAY \
ATAY
(2)
\
\ N 0,5ms
N
NN .
N !
10— \\
10
Yd.c.
BUBO7 -]
BUB06-]
10-2 L]
2
1 10 102 yep(v) 108

Fig. 6 D.C. Safe Operating ARea.

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

(1) Ptot max and Pot peak max lines.
(2) Second breakdown limits (independent of temperature).
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples BU824
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

SILICON N-P-N DARLINGTON TRANSISTOR

Monolithic high voltage n-p-n Darlington transistor with integrated speed-up diode in a TO-202 envelope
intended for fast switching applications such as small motor control and switch-mode power supplies.

QUICK REFERENCE DATA

Collector-emitter voltage

VBE = 0; peak value VCESM max. 650 V
Collector-emitter voltage (open base) VGCEO max. 375 V
Collector current (d.c.) Ic max. 05 A
Collector current (peak value) Ilem max. 1A
Total power dissipation

up to Tamp =25 °C Piot max. 2 W

up to Tryp =26 °C Piot max. 126 W
Collector-emitter saturation voltage

Ic =200 mA; g = 600 uA VCEsat < 5V
Collector saturation current ICsat 02 A
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-202. <~ 104max >

38 05
Collector connected —’, 36 ’* —>| -~
to mounting base. | {
ENRE:
' K
2 L | 24,2
| max Y
3 ‘ T 46
86 max
H max ‘
7267145 A 1 + l * ‘ !l 10— 7275737
2.4 maxm_ ) : ) v H T
o 2.4max 12 top view
min
1) 2| 3 l
i l—»}L—gvgﬁx) o la-05
—»! - - lea—16
254 254

See also chapters Mounting instructions and Accessories.
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BU824

» L—Lﬁ R typ. 600 Q
R

e 7287150

Fig. 2 Circuit diagram.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-emitter voltage

VBE = 0; peak value VCESM max. 650 V
Collector-emitter voltage (open base) VCEO max. 375 V
Collector current (d.c.) e max. 05 A
Collector current (peak value) Ilcm max. 1A
Base current (d.c.) Ig max. 02 A
Base current IBm max. 1A
Total power dissipation

up to Tamp =25 9C Piot max. 2 W

upto Ty =260C Piot max. 125 W
Storage temperature Tstg —65 to+ 150 °C
Junction temperature T; max. 150 oC

THERMAL RESISTANCE

From junction to mounting base Rthj-mb = 10 K/W
From junction to ambient Rthj-amb = 62,5 K/W
CHARACTERISTICS

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

VCE = VCESMmax: VBE =0 IcES < 0,1 mA

VCE = VCESMmax: VBE =0;Tj = 125 °C Ices < 0,2 mA
Emitter cut-off current -

Ic=0;Veg =5V IEBO 3,3t020 mA
Collector-emitter sustaining voltage

Ig=0;1c =250 mA; L =25 mH** VCEOsust > 375 V
Saturation voltages

\Y < 5V
=200 Jlg = CEsat
Ic mA; g =600 uA VBEeet < 2 v

¥ Measured with a half-sinewave voltage (curve tracer).
** Clamped at rated VGEQsust-
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Silicon NPN Darlington transistor

BU824

DEVELOPMENT SAMPLE DATA

180Q

510 2 BC107
Vi

JUL 220
120 pF Q

Fig. 3 Switching times test circuit.

Switching times
Icon =200 mA; Vcc =250 V; Tj= 100 ©C;
IBM=5mA;Ig=09mA;VEg=1V
rise time
storage time
fall time

=1V s

] 7287149

Fig. 4 Base current waveform.

+8V

+Vee

100 uF

-Vee 7287151
ty < 1 us
tg < 1,5 us
tf < 1 ws




BU824

\ 5=0,01
. CMmax A— 7287148.1
A\ th=
P
20us
» AN
ICmax I
e N \ 50
(A) \
10(1
(1) \\ 200
N 500
10~1 |
'\\ \\ 1ms
ANEEAVEAN
\ \
\ 5
2\ \
20
\ 100
! d.c.
10~2
10-3
10 102 103

Vee (V)

Fig. 5 Safe Operating ARea, Tmb < 250C.

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

(1) Ptot max and Ppeak max lines.

(2) Second-breakdown limits (independent of temperature).
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

728BDY
(BU826)

SILICON DARLINGTON POWER TRANSISTOR

Monolithic high voltage n-p-n Darlington circuit with integrated speed-up diode in a plastic SOT-93

envelope, intended for fast switching application.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0; peak value)
Collector-emitter voltage (open base)
Collector current {d.c.)

Collector current (peak value)
tp<2ms

Total power dissipation up to Tmp = 25 oC
Collector-emitter saturation voltage
Ilc=25A;Ig= 55 mA
lc= 4A; Ig =200 mA
Collector saturation current

Fall time
Icon = 2,6A; Igon = 55 mA; —Igofr =1 A

Vcesm max. 800
Vcepo  max. 375
Ic max. 6
lcm max. 8
Ptot max. 125
VCEsat < 2,0
VCEsat < 25
ICsat = 2,5
tf typ. 0,2

< <

A

us

MECHANICAL DATA

Fig. 1 SOT-93. ) 15,2
max
Collector connected to
i e
mounting base.
4,25
e z.,15‘*
; v
Ll
*
' I
2,2 max  [] .
smansions with
Imensions within
this zone are K;i
uncontrolied
b| c el l
gl
095
[

See also chapters Mounting instructions and Accessories.

Dimensions in mm

46
| max

| 2 |-

T

|
o
ol -
16

72752201
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728BDY

(BU8B26)
c
b '/,
| R1 typ. 200 Q
R2 typ. 100
— e
4
R1 R2
e
Fig. 2 Circuit diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Collector-emitter voltage (Vg = 0, peak value) VCESM max. 800 Vv
Collector-emitter voltage (open base) VCEO max 375 Vv
Collector current (d.c.) Ic max. 6 A
Collector current (peak value)
tp<2ms icm max. 8 A
Base current (d.c.) Ir max. 2 A
— Base current (peak value) IBM max. 3 A
- Total power dissipation up to Tmp =250°C Ptot max. 126 W
—_ Storage temperature Tstg —65 to + 150 °C
Junction temperature* TJ- max. 150 oC
THERMAL RESISTANCE*
From junction to mounting base Rth j-mb = 1,0 K/W

146

* Based on maximum average junction temperature in line with common industrial practice. The

resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlington power transistor

728BDY

DEVELOPMENT SAMPLE DATA

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

VCE = VCESMmax; VBE =0

VCE = VCESMmax: VBE = 0; Tj=1259C
Emitter cut-off current

Ic=0;VEg =8V
Collector-emitter sustaining voltage

Ic =100 mA; Igoff = 0; L=25mH

Saturation voltages
Ic=25A;Ig=55mA

Ic=4A;1g =200 mA

Collector saturation current
VCEsat <2V

hor.

oscilloscope

‘—aj ——— vert.

30-60Hz

Fig. 3 Test circuit for VCEQsust-

* Measured with a half sine wave voltage (curve tracer).

3000 10
3 7262283
4

(BU826)
ICES < 1 mA
ICES < 2 mA
| < 150 mA
EBO > 50 mA
VCEOsust ~ 375 vV
VCEsat < 20V
VBEsat < 2,2 V
V(CEsat < 25V
ICsat = 2,5 A

7275256

min Vee (V)
VCEOsust

Fig. 4 Oscilloscope display for VCEQsust:

\ (October 1981
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728BDY
(BU8S26)

CHARACTERISTICS (continued)

Switching times (between 10% and 90% levels)
Icon =25 A;Veg = 250 V

IBon =55 MA; ~Iggfr=1A

Turn-on time ton < 1,3 us
Turn-off time: Storage time tg < 2,0 us
Fall time tf typ. 0,2 us
Fall time; T, = 100 °C ts < 0,6 us
tr 277699 2
—b| e
904 -~ —— o - Igon
ig (%)
0 +==-
t
90
ic
(%)
10
0
—p ’4— ts ltf - t
ton = torr e
Fig. 5 Waveforms.
+25V
BD226 _i r
120 680
a wF 1000
+|
) =100 Vec
IQ—T—-‘»I 4700 r HF 250V
‘- TUT.
Vim Y
tp :
v 100
i 0
' 82 | *L es0

BD227

7273191.2

a 1—uF
P

Fig. 6 Test circuit. T =2 ms; ty = 20 us; V=15 V.
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728BDY

DEVELOPMENT SAMPLE DATA

Silicon Darlington power transistor
) (BU826)
7288075.1
| il
l §=0,01 ty=
A
10 | 'cMmax N 10 us
: 1 \\\ \\\‘ LT 20
‘lCmax \\\ H \\ \\ - H 60
|C | AN\ NN N N =
) SSANANR \\ [T1%-100
A
(A) \ \\ (111200
BRI
! =X T 500
LW\
\\
\{\\\\
Tms
\\\ N ,
. (2\k\ il 15
10 A EEds 20
= -d.c
1
1072
v
10-3 .
1 10 102 g (V) 10°

Fig. 7 Safe Operating ARea at Tgmp = 25 ©C.

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

Il Area of permissible operation during turn-on in single-transistor converters, provided
tp <1,3 us.

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

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

\ (October 1981



728BDY

(BU826)
10 7288187
Zthj-mb
(K/W)
1 8=] I il
0,75 = -
0,5 =2
0,33 =
- 02 I
L Lo T
1071 = 0,05 B
5{/
ST
0,02
— | _Lrdlltoo]
= "0 _"‘
10~2 ‘ |
»llpl« ' th_p
- | —» T
10_3 3 2 1
10 10 10 1 10 10 tp (ms) 10

Fig. 8 Pulse power rating chart.
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A

BUSM
BUSTA

SILICON DIFFUSED POWER TRANSISTORS

[ —
L=

High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use
in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

BUS11 [ BUST1A

Collector-emitter voltage (Vgg = 0, peak value) VcESM Mmax 850 1000 V
Collector-emitter voltage (open base) VCEo ~ max. 400 450 V
Collector current (d.c.) Ic max. 5 A
Collector current (peak value) t, <2 ms lem max. 10 A
Total power dissipation up to Tipp = 25 °C Piot max. 100 w
Collector-emitter saturation voltage

Ic= 3A/lIg=06A VCEsat < 1,5 -V

Ic=25A;1g=05A VCEsat - 1,6V
Fall time (resistive load)

Icon= 3 A;lgon=—IBoff=06A t < 0,8 — us

Icon = 2.5 A; IBon = —!Boff = 0.5 A tf < - 0,8 us
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected -+ 9max |[<-
to case. 26,6 max - 25

) BREE]
L0
] !
395 20,3
max 301 6.85 max *1 0
) e

L10,9—>

See also chapters Mounting instructions and Accessories.

Products approved to CECC 50 004-124 available on request.

7269700.1
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-

ey



BUSM
BUS11A

LRI

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

BUS11 | BUS11A

Collector-emitter voltage (Vgg = 0, peak value) VCESM max. 850 1000 Vv
Collector-emitter voltage (open base) Vceop  max. 400 450 Vv
Collector current (d.c.) Ic max. 5 A
Collector current (peak value) tp<2ms lem max. 10 A
Base current (d.c.) Ig max. 2 A
Base current (peak value); ty <2ms Ism max. 3 A
Total power dissipation up to Ty, = 25 O°C Piot max. 100 w
Storage temperature Tstg —65 to +200 oc
Junction temperature Tj max. 200 ocC
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 1,75 K/w
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current *

VCE = VCESMmax: VBE =0 lces < 1 mA

VCE = VCESMmax; VBE = 0; Tj = 125 9C lces < 2 mA
Emitter cut-off current

Ic=0;VEg=9V 'EBO < 10 mA

BUS11 BUS11A

Saturation voltages

Ic= 3A;Ig=06A VeEsat < 1,6 -V

Ic=25A;13=05A VCEsat < - 15 V

lc= 3A/lg=06A VBEsat < 1,4 Y,

Ic=25A;1g=05A VBEsat < - 1.4 V
Collector-emitter sustaining voltage

Ic =100 mA; Igofs = 0; L= 25 mH VCEOsust™ 400 450 Vv
D.C. current gain

Ic=05A;Vcp=5V hrg typ. 30

* Measured with a half sine-wave voltage (curve tracer).
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Silicon diffused power transistors

BU

BUSHA

S1

CHARACTERISTICS (continued)

7275256

min  Vee (V)
VeEosust

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)

Icon =3 A; Igon = IBoff =06 A
Turn-on time

Turn-off: Storage time
Fall time

Icon =25 A;Igon = —IBoff = 0.5 A
Turn-on time

Turn-off: Storage time
Fall time

Switching times inductive load (Figs 6 and 7)
lcon=3A;1g=0,6 A
Turn-off: Storage time

Fall time

lcon=3A;1g=0,6A;Tj=100°C
Turn-off: Storage time

Fall time
Switching times inductive load (Figs 6 and 7)

lcon=25A;1g=05A
Turn-off: Storage time

Fall time

Icon=25A;1g=05A;Tj=100°C
Turn-off: Storage time

Fall time
!

30-60Hz

+50V

100-2000

hor.

Fig. 3 Test circuit for VCEQsust-

tf

s

tf

A

VAWAN

AN

typ.

typ.

typ.

typ.

typ.

typ.

typ.

typ.

BUS11

1

4
0,8

BUST1A

11
1,4
80
150

1,2

140
300

oscilloscope

7262283

Hs

us
us

us

us
us

us
us
ns
ns

Hs
us
ns
ns

us
HS
ns
ns

us
Hs
ns
ns
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BUST1

BUSTIA
Vee =250 V
Vim=—6to+8V
1,
£ =001
T
p = 20 us
7289210
Fig. 4 Test circuit resistive load.
7289212.1
ltI' 7277699.2
—
PV+-———f-= === — Igon 90% | - 'BOH
ig (%) i} \
0 === o |
% 10% -
— “lgofr \f ~ 1B off
bl — ] |
90 L----{ ——————— .—l Con 90%’_ _______ 7‘/\ Con
= ic
= (%) Ic
10 +——eg - 10%F—— A —— L
0 — L— ts<—+kf<— t > “Ei t
ton T torr I+ —| tg la—
—»| toff |<——
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
Vee
Lg=
200uH

Ver Ve =300V
Vee= 30V
VEg= 5V

7289211

Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors BUST11

BUST1A
102 7282936
Ic
(A)
'CMmax 5=0,01
10 P—re X -
| \ \\\: BNANELY \\\ N =
\ \ T
Cmax N ' \\ 1l | 20pus
— (1R N K
A
\
\\ L\ 150
1 . \
AN \\ \\ \\
N\ AN i 100
\ AN
@2 A\ A\
AN\ | N-m200
\\ m
1 \\ NI ] -500
T
10~1 Aty - 102 —
NN 1 ms =
W AN Ic =
\\ \\ = 2 (A) 1]l -
AN
NN BUS11
\im BUSTT AT
BUS1T1 _L-NT- o
BUS11A—H
10—2 ) 10——3 |
10 102 103 Vg (V) 400  10°
Veg (V)

Fig. 8 Safe Operating ARea at Ty < 25 OC.

(1) Ptot max and Pot peak Max. lines.
(2) Second-breakdown limits (independent of temperature).

| Region of permissible d.c. operation

|1 Permissible extension for repetitive pulse operation

11l Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 £2 and tp < 0,6 us.

IV Repetitive pulse operation in this region is permissible
provided VRg < 0 and tp <2 ms.
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BUSH

BUSTIA
100 7287073 6 7288782
(%) Ic
(A)
75 y
Q3 4
LD
’Ol‘
50
2
25

0 E 0 \w 7;8‘11A

0 100 T, (°C) 200 0 500 Vgg (v) 1000
Fig. 9 Total power dissipation and Fig. 10 Reverse bias SOAR.
second-breakdown current derating curve.

102 7282932

— .- 0 — =

hee | TE LT H =<2 - LyVce=5V
_,._-J-—— |l SN
™ N NS
25°C S
i
15V N
10 AN N
~
§ N
AMNANN
AN N \\
\:\\\
N
$
N
! 2 1
10 10 1 Ic (A) 10

Fig. 11 D.C. current gain,
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Silicon diffused power transistors BUSM

BUSTA
2 7282935
|
|
VBEsat I
VCEsat |l'
(V) 4
A1
Vgg; Ti= 25°C |
I /
A1 o /
T Ti=10? C "
T =T |1 /]/
1= 1 7
= Veg: Tj=100°C 7
L A
ot “/
= T Ty=25°9C
0 J
-2 -1
10 10 1 Ic (A) 10
Fig. 12 Typical values base-emitter and collector-emitter voltage, I¢/Ig = 5.
7282934 -
10 -
v VS I
CEsat
(V) \ \ \ \ \\
NA\RR \
\ \ \x \
\
\ v \
! \ [} ‘l 1 “
\ ) \\ " A
\ \ - lc=5A
\ \
N —n
\ \
O | T4+HH
1,5A
10~"
1072 107! 1 Ig (A) 10
Fig. 13 Typ. ( ) and max. (— — —) values céllector-emitter saturation voltage at Tj =250C.
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BUST1
BUST1A
1,6 7282933
VBE
(V)
14 N
[
IC =5A —— 1
//
1,2 ___——-'_'__
- 3A T |
— !
b / ~—___—-—_'-
15A —T|
1,0 L L
/ L]
s
L~
0,8
° 05 1 Ig (A) 15
Fig. 14 Typica! values at Tj=25°C.
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Silicon diffused power transistors BUS

BUSTA

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape.

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from
rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Ic\ represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 ©C under the following conditions
(see also Fig. 15):
— collector current shape Ig1/icm = 0,2
— duty factor tp/T =0,45
— rate of rise of | during turn-on = 4 A/us
— rate of rise of V¢ during turn-off = 1 kV/us
— reverse drive voltage during turn-off =5V
— base current shape Ig1/Ige = 1,5
The required thermal resistance of the heatsink can be calculated from

100 — Tamb

Rth mb-a < i K/W
tot

To ensure thermal stability the value of the ambient temperature Tamp > 40 °C.

_f S

i \

C1/dt 011

t t . cm t
éf-\

/ VCE;(H)

t9=05pus

\
|

[}
=

_\/\
’ n ‘BI’ \li“ﬂ f\ (
I
—_

I

<—-tp—>

t

N

- tg—>|

TURN-ON TURN-OFF

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUS11
BUS11A

1 7288790 10
[ —
'8(end) Lg
(A) (uH)
0,5 , 5
\

gl |

'8(end)

0 i

15 2 25 3 35
Iem (A)

Fig. 16 Recommended nominal ““end”’ value of the base current (Ige) and optimum base inductance
(LB) at —Vqprjye = 5 V versus maximum peak collector current. dIB(end) = * 20%.

For other values of —Vgyjye (3 V to 7 V) the related Lp is:

(=Vdrive) +1
LBnom _‘T

LBnom is the value given in this graph.

——
—_
12 7288783
[ ] |
Ptot o= 1
(w) 40kHz
|
8 7 /2[(;<Hz
Ir__
4 = !
— |
|
: ]
1.5 2 25 3 3,5

lem (A)

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak
collector current. T, = 100 OC; dlIB(end) = * 20%.
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SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in

in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

BUS12
BUS12A

a TO-3 envelope, intended for use

BUS12 | BUS12A
Collector-emitter voltage (VB = 0, peak value) Vcesm max. 850 1000 V
Collector-emitter voltage (open base) Vceo max. 400 450 V
Collector current (d.c.) Ic max. 8 A
Collector current (peak value) tp <2 ms lcm max. 20 A
Total power dissipation up to Tp = 25 oC Ptot max. 125 W
Collector-emitter saturation voltage
Ic=6A;1g=12A VCEsat < 16 -V
Ic=5A;1g=1 A VeEsat < - 1.5V
Fall time (resistive load)
lCon=6A;|Bon=—|Boff= 1,2A tf < 0,8 — us
Icon=5A; lgon = —!Boff = 1 tf < - 0,8 us
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected to case. | Smax <=
<+ 266max ——™ — 25
Y M ¥
Y R
40
T _ |
]
16,9
395 l 20,3
max 30'1 6,85 max *1'0
P *
. v
) -
v B

le-109—

See also chapters Mounting instructions and Accessories.
& Pproducts approved to CECC50 004-106 available on request.

72697001
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BUS12
BUS12A

RATINGS

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

BUS12 | BUS12A
Collector-emitter voltage (Vg = 0, peak value) VCESM max. 850 1000 Vv
Collector-emitter voltage (open base) VcEO max. 400 450 v
Collector current (d.c.) Ic max. 8 A
Collector current (peak value); tp<2ms lcm max. 20 A
Base current (d.c.) I max. 4 A
Base current (peak value); ty <2ms IBMm max. 6 A
Total power dissipation up to Tmp =25 °C Ptot max. 125 w
Storage temperature Tstg —65 to +200 ocC
Junction temperature Tj max. 200 oC
THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 1,4 K/W
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current *
VCE = VCESMmax; VBE =0 Ices < 1 mA
_ VCE = VCESMmax: VBE =0, Tj= 125 °C icES < 3 mA
e Emitter cut-off current
-_— Ic=0;VEg=9V IEBO < 10 mA
BUS12 BUS12A
Saturation voltages
Ic=6A;1g=12A VCEsat < 1,5 -V
Ic=56A;lg=1 A VCEsat < - 1.5V
Ic=6A;lg=12A VBEsat = < 15 -V
Ic=5A;lg=1 A VBEsat < - 1,6 V
Collector-emitter sustaining voltage
Ic =100 mA; Igo=0; L=25mH VCEOsust > 400 450 Vv
* Measured with a half sine-wave voltage (curve tracer).
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Silicon diffused power transistors

BUS12
BUS12A

CHARACTERISTICS (continued)

7275254

min
VCEOsust

Vee (V)

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)
Icon = 6 A; IBon = —!Boff = 1,2A
Turn-on time

Turn-off: Storage time
Fall time

Icon =5 A; Igon = —IBoff = 1A
Turn-on time

Turn-off: Storage time
Fall time

Switching times inductive load (Figs 6 and 7)
lcon=6A;1g=12A
Turn-off: Storage time

Fall time

lcon=6A;Ig=12A;Tj= 100 °C
Turn-off: Storage time

Fall time
Switching times inductive load (Figs 6 and 7)
Icon=58A;Ig=1A
Turn-off: Storage time

Fall time

lcon=5A;lg=1ATj= 100 °C
Turn-off: Storage time

Fall time

hor.

oscilloscope

vert.

10

T 3000
—:; 7262283
2

Fig. 3 Test circuit for VoEQsust-

BUS12 BUS12A
ton < 1 — us
g < 4 — us
s < 0,8 — us
ton < - us
tg < - 4 us
tf < — 0,8 us
tg typ. 1,6 — us

< 21 — us
tf typ. 80 — ns
< 150 — ns
ts typ. 1,8 - us
< 2,3 — us
tf typ. 140 — ns
< 300 — ns
g typ. — 1,6 us
< - 2,1 us
tf typ. - 80 ns
< — 150 ns
tg typ. — 1,8 us
< - 2,3 us
tf typ. - 140 ns
< - 300 ns

W (January 1983
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BUS12
BUS12A

Vee=250V
Viu=—6to+8V
t
2 00
Vim o | I | T
| tp = 20 us
t
_.’ P
- T —»|
7289210
Fig. 4 Test circuit resistive load.
7289212.1
tr 7277499 2

IBon

9014 -———|f-—————= - Taen 90% | —
ig (%) I8
10 po== :
t 10% L
' t

'IBoH
— - IBoff
R 1 S, N A—— Y oo ] —— ICon
90%t———————
ic
(%) |
C
[ it 2 ittt - 0%} — -
- ’4— ts ‘——’Itf‘;— t t
ton S e ‘ fot
of f — <—
—| tg |l

—| toff |-
Fig. 5 Switching times waveforms

. L Fig. 6 Switching times waveforms
with resistive load.

with inductive load.

Vee

L¢c=
200uH

VoL =300V
VeL vge=3ov
VEB= 5V
+ig Lg=1uH EB

—0
-VBE

7289211
Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors ) BUS12

BUS12A
102 7282941
'c
(A) 5=0,01 =
A - p
IcMmax \ //,_/20;15
10 AWMLY AVEAY A AY
lCmax . RAVAY N N—NTX,
P WA\ VAV N
AL\TAVAY \NEAN 50 ‘
\ N\ NTT]
\ \ - 100
1 \ \\\ AN A
AV - \\ \\ \\ //_,200
% !
2N \MNAVANEAN 1
NN 1500
NNV
I \ 4’_,/1 ms
10~1 SANS 1072
\\\ \\ = =2 | -
AWA ; c =
ANV =5 - (A) 1 =
NN o B
e 20 BUST2 [
L . BUS12A =
BUST12 YT |
102 BUS12A+ , » 10-3 ‘ |
10 102 0% Ve (V) , 400 103
‘ Veg (V)

Fig. 8 Safe Operating ARea at Ty <25 oC.

(1) Ptot max and Ptot peak max lines.

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

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation

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

IV Repetitive pulse operation in this region is permissible

provided VBE <0 and tp <2 ms.

i
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BUS12

BUS12A
100 7287073 10 7288784
(%)
Ic
(A)

|1
=

. | HH
BUS12
N BUS12A
, N oL
0 100 T,00) 200 0 500y (v) 1000
Fig. 9 Total power dissipation and second- Fig. 10 Reverse bias SOAR.

breakdown current derating curve.

102 : 7282?37
= L Tj=125°C
MPE T == T T TN, | Vee=5V
SRS
25°C AN ‘\&\
\Z ‘\\‘\
15VEEN N
S5 NN \\
10 N a
N N N
N N\
\\‘
N SN\
RN
\\Q\
\ f
. /
1 -
-1 2
10 R 10 I (A) 10
Fig. 11 'Typical values d.c. current gain.
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Silicon diffused power transistors BUS12

BUS12A
2 ; 7282940
]
|
VBEsat ,| ]
VCEsat '/
)
(V) 4
I ]
Vo Ti=25 OC i , I
1 B/ Ti=2570% /
/ 1/
,/// yi /
1L~ 1y=100°C /
] L H -t | | | 7
| —+ = 1 1 ] 7
Veei Tj=100°C 3T
%
=1
—t = T T;=25°C
0 | |
10 1 10 Ic (A) 10
Fig. 12 Typical values base and collector voltage at I¢/ig = 5.
10 7282939 g
\ [N \ \
VCEsat V[ Y
(V) y Y
\ \ W\
YOIV Y
\ i
| \
i) \ |\
1 % ) ¥ AW Y Y
LY | | L WK \
\ 'Y \ \ ' \
\\ )\ \\\ AY
e
\ NEA A\ = 1.=8A
\ » N1 6 A
\ Ty
\\ = 3A
107" — )
10 1 10 Ig (A) 10
Fig. 13 Typ. (—) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 °C.
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BUS12

BUS12A
16 7282938
VBE
(V)
14
Let—1""]
IC - ?;é—" —— I —
1,2 ] e |
- —T| 6A —T"]
| A~ .
/, —"] B
— ol 3A —T|
pa —]
10 — —
4 l//’
I~
0,8
0 1 2 Ig (A) 3
Fig. 14 Typical values base-emitter voltage at TJ: =250,
!
-
§
|
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Silicon diffused power transistors BUS12
BUS12A

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape.

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies
from rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Iy represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 ©C under the following conditions
(see also Fig. 15):

— collector current shape Igq1/lcm = 0,9

duty factor tp/T =0,45

— rate of rise of I during turn-on = 8 Alus

— rate of rise of Vg during turn-off = 1 kV/us

— reverse drive voltage during turn-off =5V

— base current shape Ig1/Ige = 1.5

The required thermal resistance of the heatsink can be calculated from

100 — Tamb
Rth mb~a<—‘$—‘ﬂ“ K/wW
tot

To ensure thermal stability the value of the ambient temperature Tamp > 40 °C.

A /\j f —N091cy
Ic * lem i \

o I ‘ # . C1/dt . 011w
Vee ‘

0 t

_\/\
'ﬁr v \v; ST

/

P TURN-ON TURN-OFF

—|Q

‘4— tg—>

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUS12

il

e

170

BUS12A
2 7288791 4
N %
'B(end) Lg
(A) (uH)
1 Lg42
/
!Blend)
0L - 0
3 4 5 6 7

lem (A)

Fig. 16 Recommended nominal ““end” value of the base current {1gg) and optimum base inductance
{Lp) at —=Vrijve = 5 V versus maximum peak collector current. dIB(end) = * 20%.

For other values of —Vqyjye (3 V to 7 V) the related Lgis:

1 i, | 7288785
.
Plot |- ‘ ( 40? —[—' 20kHz

|
il
|

|
22

3 4 5 6 7
Iem (A)

Fig. 17 Maximum transistor dissipation under worse-case opFrating condition versus maximum
peak collector current. Ty = 100 OC; dig(end) = * 20%.
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BUS13
BUS13A

_ [ —
SILICON DIFFUSED POWER TRANSISTORS ©

High-voltage, high-speed, glass-passivated n-p-n power transistorsina T

in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

0-3 envelope, intended for use

\ BUS13 | BUS13A
Collector-emitter voltage (Vgg = 0, peak value) VCESM max. 850 1000 V
Collector-emitter voltage (open base) VCEO max. 400 450 V
Collector current (d.c.) Ic max. 15 A
Collector current (peak value) tp <2 ms lcm max. 30 A
Total power dissipation up to Tp =25 °C Ptot max. 175 W
Collector-emitter saturation voltage

Ic=10A;1g=2 A V(CEsat < 1,56 -V
Ic= 8A;Ig=16A VCEsat < 15V
Fall time (resistive load)
Icon = 10 A; 1Bon = —!Boff = 2 A i < 08 - M
Icon= 8A;lBon = —!Boff= 1.6 A tf < - 0,8 pus
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected to case. —| 9max <
<+ 266 max —— —> 2,5
"
20,3
max *1 0
l A
| A N—
L 12,8
108+ 72697001 - 1,2 -

€ Products approved to CECC 50 004—125 available on request.

See also chapters Mounting instructions and Accessories.

\ | January 1983



BUS13
BUS13A

RATINGS

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

Collector-emitter voltage (Vg = 0, peak value)
Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value); t <2ms

Base current (d.c.)

Base current (peak value); tp <2ms

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

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

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

VCE = VCESMmax; VBE = 0

= o\ =0:-T. =125 O
Vo CE™® VCESwnna)v /BE A tev v

Emitter cut-off current
Ilc=0;,VEg=9V

Saturation voltages
Ic=10A;1g=2 A
Ic= 8A;Ig=16A
Ic=10A;1g=2 A
Ilc= 8A;Ig=16A
Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L =25 mH

* Measured with a half sine-wave voltage (curve tracer).

172

VCESM
VCEO

ICES
CES

IEBO

VCEsat
VCEsat
VBEsat
VBEsat

VCEOsust

BUS13 | BUS13A
max. 850 1000 Vv
max. 400 450 Vv
max. 15 A
max. . 30 A
max. 6 A
max. 9 A

|

max. 175 w

—65 to +200 ocC
max. 200 oc
= 1,0 K/W
< 1 mA
< 4 mA
< 10 mA

BUS13 BUS13A
< 1,56 -V
< — 156V
< 1,6 -V
< — 16 V
> 400 450 Vv
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Silicon diffused power transistors BUS13
BUS13A

CHARACTERISTICS (continued)

+50V
100-2000
7275254 ° : .

hor.

oscilloscope

‘—% p———— vert.

min Ve (V) 30-60Hz OV ‘|'_'|::]1‘"Jon 10
Veeosust h(:; 7262283
2
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VCEQsust-
Switching times resistive load (Figs 4 and 5)
lcon=10A; Igon =—IBoff =2 A BUS13 | BUS13A
Turn-on time ton < 1 - us
Turn-off: Storage time tg < 4 - us
Fall time tf < 0,8 - us
Icon =8 A; Igon = —!Boff = 16A
Turn-on time ton < - 1 us
Turn-off: Storage time tg < - 4 us
Fall time : ) . tf < — 0,8 us
Switching times inductive load (Figs 6 and 7).
lcon=10A;Ig=2A ”3
. ; typ. . - us
Turn-off: Storage time tg < 3.0 _ s
. typ. 80 — ns
Fall time t < 150 _ ns
lcon=10A;1g=2A;T;=100 oC
Turn-off: Storage ti S - oom
urn-off: Storage time s < 32 _ s
. ’ typ. 140 — ns
Fall time . tf < 300 _ ns
_ Switching times inductive load (Figs 6 and 7} '
lcon=8A;ig=16A 03
. ; typ. - i : us
Turn-off: Storage time tg < _ 30 s
. typ. - 80 ns
Fall time tf < _ 150 ns
lcon=8A;Ig=16A;Tj= 100 °C
Turn-off: Storage time t typ. - 25 ps
’ S < - 3,2 s
. typ. - 140 ns
Fall time t < B 300 ns

\ ﬁanuary 1983
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BUS13

BUS13A
Vee=250V
ViM=—-6to+8V
tp = 20 us
t
P
— =001
T
7 7
= T
7289210
Fig. 4 Test circuit resistive load.
7289212.1
tr 72776992
”[ I .
NV -———fmm———== I Igon 90% | —— IBon
i (%) I8
10 t===4 o
T 10% E
t
— Igorr |
. —— ~IBoff
S O S— — —
a0 L 90% | — — — — — _ _ Con
= ic
] (%) Ic
18 {»-——:{ ——————— F-1 X 10% - — C
—| Ic— ts ltf — t | tf t
ton — tofs e | |-
—| tg |l
—| toff l<—
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
Vee -~
Vee= 30V
Ve =300V
Lg = 1uH
Lc =200 uH
Vgg= 5V
7289211
Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors BUS13

BUS13A
102 7282377.1
Ic
(A) 5=0,01
IcMmax ’\ \ \ Al
ICmax\ \ t2%=
10 EIN — =t Mk
AVAY \
\\ \\ AWAVEEAY \\ \\
TN NV E L RNV \ £
A Y\
ANAN NANEAN y
NNV VAYA i1 i1 TR
N
1 \\ AV A W W A WA ¥ b =r200
AVAY
ANAVAVEY
N\ \
2) TR R
ANAVAN LU 500
NNNVAis
INNANNViRA sy
-1 1] -2
10 NN 5 10
AWAY e il -
10 -
\\\ I 2 (A) =
\ _/,_——’20 _
in BUS13
N 9 BUS13A] v
BUS13 —] ~
BUS13ATT] 5
10—2 : 10~
10 102 103 Vg (V) 400 103
VCE(V)

Fig. 8 Safe Operating ARea at Typp < 25 OC.

(1) Ptot max and Ptot peak max lines.

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

| Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

11l Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 2 and tp <0,6 us.

IV Repetitive pulse operation in this region is permissible
provided VBg <0 and tp <2 ms.

\1 ﬁmuary 1983
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BUS13
BUS13A

7287073

100 N
(%)

75

™
xoé

50

25

o]

0

100

(0
Ti(°c)

200

Fig. 9 Total power dissipation and
second-breakdown current derating curve.

20

7288786

N %
|
500 1000

Veg (V)

Fig. 10 Reverse bias SOAR.

102 7282942
[ Ti=125°C =
hFE _J__.r_——=:" ~ VCE=5V
TS
~
25°¢ e N
1.5V N \\
N
AR N \
10 = AN
NN\
SR\ N
\_\} AN
NN
NN\
N\
N
! 1
- 2
10 1 10 IC(A) 10

Fig. 11 Typical values d.c. current gain.
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Silicon diffused power transistors BUS13
BUS13A

2 | 7282945
|
I
VBEsat 1 iy
VCEsat 7
(V) /'
/
A T1]
[
1 Vep: Ti=25°C
BE' ') | /4’4/ I
= L
T - 0, /
— TH= Tj=100"C 7 /
— = / /
/
Veg: Tj=100°C L 1|
_+ 1A
« o= g
——r T;=25°C
0 1 1
10" 1 10 Ic (A) 102
Fig. 12 Typical values base and collector voltage at I¢/Ig = b.
10 7282944 §
\ \ \\ 1
A
VCEsat \ \ \ 1
A \ 1
(V) \ v
VAL
\ | \
\ AN
1 \ 1 ‘\\ ‘\
\ \ T\ \
\\ v \‘ \\
\ ™i~=
\ \ \ lC 15 A
\} <]
\\ \ 10A
\\ N
\\.- ~Ll__
— 5A
10~!
107! 1 10 Ig (A) 102
Fig. 13 Typical (——) and maximum (— — —) values saturation voltage. T; = 25 oC.
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BUS13
BUS13A!

1,6 i 7282943
VBE
(V)
1,4 1
Ic=15A L | 41—
L]
L1 {1
= 10A+—— ]
1,2 —
|| L—"]
T Lt
5A | |4+
// LT
10 —1 ]
! L1
0,8
0
2 4 Ig (A) 6
Fig. 14 Typical values hase-emitter voltaga ot T = 9 0~
ter voltage at 259¢.
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Silicon diffused power transistors BUS13.

BUS13A

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape.

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from
rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icp represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 ©C under the following conditions
(see also Fig. 15):

_ collector current shape Ig1/lcm = 0,9

— duty factor tp/T =0,45

— rate of rise of I during turn-on =10 Alus

_ rate of rise of Vg during turn-off = 1 kV/us

_ reverse drive voltage during turn-off =6V

— base current shape Ig1/lge = 1,5

The required thermal resistance of the heatsink can be calculated from

100-T,
Rth mb-a < '—_—aTE K/W
Ptot

To ensure thermal stability the value of the ambient temperature Tamp > 40 ocC.

_f —— N 091gy
Ic v lcm S~
Ier L dlct/dt 0,11cm
0 t t t

? ——-thl<—

£¢\
- _\A / Vee ()
. ‘ L

t1=0,5us

'8 |r\i
A I I _J\ N ‘
——
J

/

t t

"“s—’

VBE hw r f’
<—tp—>
TURN-ON TURN-OFF
T ——

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUS13

3 7288792
IB(end) 2
A
(A) \\
V
2 Lg
(uH)
Lg—1
. L
| 'B(end)
0 0
4 6 8 T} 12
Icm (A)

Fig. 16 Recommended nominal ““end”’ value of the base current (Ige) and optimum base inductance
(L) at —Vrive = 5 V versus maximum peak collector current. dIg(end) = * 20%.

For other values of =V gyjye (3 V to 7 V) the related Lgis:

(—Vdrive) + 1
LBnom %

LBnom is the value given in this graph.

7288787
Ptot P
(w) S
40kHz
20
20kHz
10
-
0
4 6 8 10 12
Icm (A)

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak
collector current. T,y = 100 OC; dIB(end) = * 20%.
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BUS14
BUS14A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope,
in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

indended for use

Collector-emitter voltage (Vg = O, peak value)

Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value) tp <2ms
Total power dissipation up t0 Tmp = 25 0C

Collector-emitter saturation voltage

Ic=20A;1g=4 A
Ic=16A;1g=32A
Fall time (resistive load)

Icon=20A;lgon = —1Boff =4 A
Icon = 16 A; IBon = —IBoff = 32A

VCESM
VCEO
Ic
Icm
Ptot

VCEsat
VCEsat

t
tf

BUS14 l BUS14A
max. 850 1000 V
max. 400 450 V
max. 30 A
max. 50 A
max. 250 W
< 1,5 -V

- 1,6 V
< 0,8 — us
< — 0,8 us

MECHANICAL DATA
Fig. 1 TO-3.

Collector connected to case.

<——— 26,6 max ———>

See also chapters Mounting instructions and Accessories.

l«-10,9

—= 9max |

<t—
7283745A 1,

Dimensions in mm

N

12,8

=
N

o

\ (/January 1983
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BUS14
BUS14A

RATINGS

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

BUS14 | BUS14A
Collector-emitter voltage (Vg = 0, peak value) VCESM max. 850 1000 Vv
Collector-emitter voltage (open base) VcEo max. 400 450 Vv
Collector current (d.c.) Ic max. 30 A
Collector current (peak value); tp<2ms lem max. 50 A
Base current {d.c.} ig max. 6 A
Base current (peak value); th<2ms IBM max. 10 A
Total power dissipation up to Ty, = 25 0C Ptot max. 250 w
Storage temperature Tstg —65 to +200 oc
Junction temperature Tj max. 200 ocC
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 0,7 K/w
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current *
VCE = VCESMmax; VRE =0 Ices < ! mA
VCE = VCESMmax: VBE = 0; Tj =1250C IcES < 5 mA
E Emitter cut-off current
— Ic=0;,VEg=9V IEBO < 10 mA
BUS14 BUS14A
Saturation voltages
Ic=20A;1g=4 A VCEsat < 1,5 -V
Ic=16A;i1g=32A VCEsat < - 1,5V
Ic=20A;1g=4 A VBEsat < 1,7 -V
Ic=16A;1g=32A VBEsat < - 1,7 V
Collector-emitter sustaining voltage
lc =100 mA; Iggi=0; L =25 mH VCEOsust > 400 450 V
* Measured with a half sine-wave voltage (curve tracer).
182 January 1983\ (



Silicon diffused power transistors BUS14

CHARACTERISTICS (continued)

7275256

hor.

oscilloscope

vert.

+ 6V 3000 10
- 30-60Hz '[:‘_(_—:1___
min Vg (V) ‘:'; 7262283
2

Vceosust
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VGEQsust-
Switching times resistive load (Figs 4 and 5)
Icon=20A; IBon = —1Boff =4 A BUS14 | BUS14A
Turn-on time ton < 1 — us
Turn-off: Storage time g < 4 - us
Fall time tf < 0,8 - us
Icon =16 A; Igon = —!Boff = 3.2 A
Turn-on time ton < - 1 ws
Turn-off: Storage time tg < - 4  ps
Fall time tf < - 0,8 us
Switching times inductive load (Figs 6 and 7)
lcon=20A;Ig=4A
. : typ. 2,8 - us
Turn-off: Storage time tg < 36 s
R typ. 80 — ns
Fall time tf < 150 _ ns
lcon=20A;Ig=4A;Tj= 100 °C
Turn-off: Storage ti typ. 31 -
urn-off: Storage time 1g < 40 B s
. } typ. 140 — ns
Fall time tf < 300 _ ns
Switching times inductive load (Figs 6 and 7)
lcon=16A;1g=3,2A 8
i . typ. -~ 2 us
Turn-off: Storage time g < _ 36 us
. typ. — 80 ns
Fall time tf < B 150  ns
lcon=16A;Ig=3,2A;Tj= 100 °C
Turn-off: Storage time t typ. - 31 ws
’ S < - 4,0 pus
. typ. - 140 ns
Fall time tf < B 300 ns

\\ (January 1983
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BUS14

BUS14A
Vee =250V
Vim= —6to+8V
'ip = 20 us
p
— =001
T
Vim
0_ - - —
t
_., |l |
7 Z
- T —
7289210
Fig. 4 Test circuit resistive load.
72892121
tr 72774992
e - — | |-—
04-——— === I Bon 90%| — hIBOn
lg(o/o) |
10 === B
t 10% b=
t
- "IBoff
— -IBoff
—
0 m———
SUT T =TT~~~ ~777 QO%L _______ — Icon
ic
% (%) |C
[ it i - 10%F— — -
R tolesltde t tf ot
ton — tope le— —> |<*f
| tg |l
—| toff ,4—
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
7289211
Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors

BUS14

BUS14A
7282378.1
102
] 5=0,01
- 'CMmax ~ N
Ic ARYAN - tp =
p .
(A) S \ \ \ \\ ’—’_/20#5
_ICmax N \ \ N1
1150
(N\ I N
10 \ N\ AN AN
AVA\V\m w \\\ AV AN F=—“=/100
AWAN ANANEIAN
\\\ N
\ 200
LOANONE it
1 (2)\ \ i
1 NN 500
AN LY
AAWEAVAY
N\ L 1ms
\ |1
\\\ | —::’2
(1] 5 10~2
1071 \ W= 10 I i -
A e 20 (A) =
\ =
NIHIL gc. susia v
i BUS14A
BUS14 1
BUS14AT a
10—2 | | 10—3
1 10 102 veg (V) 103 400 103
Veg (V)

Fig

(1
(2)

. 8 Safe Operating ARea at Typ < 25 °C.

Ptot max 8Md Ppeak max lines.
Second-breakdown limits (independent of temperature).

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 Q and tp <0,6 us

Repetitive pulse operation in this region is permissible

provided VBE <0 and tp < 2 ms.
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BUS14

HETH

BUS14A
100 _{\ 7287073 30 7288788
(%) I
(A)
75 P
S 20
el
(6("
50

‘_ 10 \ |
25
\
BUS14
BUS14A
OEL & 0 | '/ﬂ
0

100 7 (o) 200 0 500

Veg (V) 1000

Fig. 9 Total power dissipation and Fig. 10 Reverse bias SOAR,
second-breakdown current derating curve.

102 7282946
L 1. = le)
hee _TJ_E?—E-——-——- e o e — Veg=5V
B N
o ] Q)\Y N
—— 25 °C N
VAT \
"N
10 AN
SONSOES
A N
AN NNIAN
AN
"N
N\
1 ; )
" ! 10 Ic (A) 10

Fig. 11 Typical values d.c. current gain,
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BUS14

Silicon diffused power transistors
BUS14A
2 | 7282949
|
|
VBEsat g 7
V A./
CEsat |-
Y
(V) y 4
11
. 1
V, T = [¢]
Be: 1j=25°C_2 H
1 > 7 ,
2
LT |
- Ui
= T;=100°C /
I i _’", |l| [ /, /
BETs AN -
Vep; Tj=100°C 2
CE' '} l f/r
1
P ) el s e
e — —t—+ Tj=25°C
0 [N
107! 1 10 e (A) 102
Fig. 12 Typical values base and collector voltage. Ic/lg = 5.
7282948 =
10 =
y VEEAVIER R\ WAL
W N
h
T 3
\
\ \ \ \
\ \ \ \
1 X 1 r ¥
v \ \ N
\ 1\ —~
\ Y\ N Ic=30A
\[ N ~
\ N 20A
N
\\._ o—
10A
101
107! 1 10 Ig (A) 102
Fig. 13 Typical (—) and maximum (- — —) values saturation voltage. Tj = 25 ocC.
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BUS14.
BUS14A

1,6 7282947
VBe
(V)
- ”-ﬂ’
14 Ic=30AT———
fcr==]
[
]
208 4L |l
q =]
124 =
- 1] —1"]
T0A" | =
// |t
| b=
1,0 =
L™
L~
0,8
0 2 4 6 8 10 IB(A) 12
Fig. 14 Typica! values at Tj=25°C
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Silicon diffused power transistors BUS14
BUS14A

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the
operating frequency, the maximum collector current amplitude and shape.

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from
rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures I g\ represents the maximum
repetitive peak collector current, which occurs during overload. The information is derived from
limit-case transistors at a mounting base temperature of 100 oC under the following conditions (see
also Fig. 15):

— collector current shape lg1/Icm = 0,9

— duty factor tp/T = 0,45

— rate of rise of I during turn-on = 20 A/us

— rate of rise of Vg during turn-off = 1 kV/us

— reverse drive voltage during turn-off =5 V

— base current shape Ig1/lge = 1,5

The required thermal resistance of the heatsink can be calculated from

100 — Tamb
Rth mb-a < — == K/W
Ptot

To ensure thermal stability the value of the ambient temperature Tamp > 40 ocC.

/ — T f /‘T 091cm
Ic y lem ~ai
= C1/dt 0,11
o c1 L ¢ t .M t

A —

VCEO —\—| r( _\/\
e \1{\ t

V i

0 %_Vdrive » t J J/
BE UJ/ r

|1t —>

TURN-ON TURN-OFF

<« T ———>

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUS14-

72887
s 8793 12
'B(end) Lg
(A)
N (uH)
4 0,8
LA
B
2 4 04
I~ I&(end)
0 . 0]
8 12 16 20 24
: Icn (A)

Fig. 16 Recommended nominal ““end’’ value of the base current (Ige) and optimum base inductance
(L) at —Vdrijye =5 V versus maximum peak collector current. dlg(gng) = * 20%.

For other values of —Vgjye (3 V to 7 V) the related L is:

(—=Vdrive) +1
LBnom “6_

LRnam is the value given in this graph.

60 7288789
P
tot fy= J
W 40kHz

40 20kHz

20

—
/
0
8 12 16 20 24
lem (A)

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak
collector current. Ty, = 100 OC; dIB(end) = * 20%.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples BUT‘”
made available for evaluation. It does not necessarily
imply that the device will go into regular production. BUT11A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-220 envelope, intended for
use in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

BUT11 | BUT11A
Collector-emitter voltage (VgE = 0, peak value) VCESM Mmax. 850 1000 V
Collector-emitter voltage (open base) VCEO  max. 400 450 V
Collector current (d.c.) Ic max. 5 A
Collector current (peak value) tp <2 ms lcm max. 10. A
Total power dissipation up to T =25 °C Piot max. 100 w
Collector-emitter saturation voltage
Ilc= 3A;Ig=06A Veesat < 1,5 -V
Ic=25A;1g=05A Vegsat < - 15V
Fall time
Icon= 3A:lBon=—IBoff=0.6 A tf < 0,8 — us
Icon =25 A Igon = —!Boff =05 A tf < - 0,8 us
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220 45
| max [*
Collector ' 1,3 V
connected to case Y
iy 59
[} min
——_; 15'8 ﬁ
max
L ¥ e l top view
3,5 max 51
not tinned JEE max
4 | A—
12,7
S| | bz
(2x) i 1
il 241 3
| —>|'|<—0,9 max (3x) +|la-0,6 e
— - — 2,4

2,54 2,54

7265872.4

See also chapters Mounting instructions and Accessories.
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BUTT
BUTTA

RATINGS

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

Collector-emitter voltage (peak value, Vgg = 0)
Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value) tp <2ms

Base current (d.c.)

Rase current (neak value); t <2 msg

P
Total power dissipation up to Tmp =25°C
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

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

VCE = VCESMmax: VBE =0

VCE = VCESMmax; VBE = 0; Tj = 125 °C
Emitter cut-off current

Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L = 25 mA

* Measured with a half sine-wave voltage (curve tracer).

VCESM max.
VCEO  max.
Ic max.
lem max.
B max.
'Bivi imnax.
Ptot max.
Tstg

TJ' max.
Rthjmb =
Ices <
lces <
leBo <
VCEsat <
VBEsat <
VCEsat <
VBEsat <
VCEOsust™

BUT11 | BUT11A
850 1000 V
400 450 v

5 A
10 A
2 A
4 A
100 w
—65 to +150 oc
150 oc
1,25 K/W
1 mA
2 mA
10 mA
15 - v
1,3 -V
- 15V
- 1,3V
400 450 V

jn— lc=0;Vgg=9V
oy Saturation voltages
- Ic= 3A;Ig=06A
Ilc=25A;1g=05A
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Silicon diffused power transistors

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS (continued)

7275254

min  Veg (V)
Vceosust

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)
Icon =3 Ai IBon = —IBoff = 0.6 A
Turn-on time

Turn-off: Storage time
Fall time

Icon'= 25 A; Igon = —1Boff = 0.5 A
Turn-on time

Turn-off: Storage time
Fall time

Switching times inductive load (Figs 6 and 7)
lcon=3A;ig=0,6A

Turn-off: Storage time
Fall time

Icon=3A;lg=06A;T;= 100 °C
Turn-off: Storage time

Fall time

Switching times inductive load (Figs 6 and 7)
Icon = 25A;1g=05A

Turn-off: Storage time
Fall time

Icon=25A;ig=05A;T;= 100 °C
Turn-off: Storage time

Fall time

tf

s

tf

BUTH
BUT11A

+50V
100-2000

hor.

oscilloscope

g——- vert.

T 3000 10
_D'; 7262283
7

Fig. 3 Test circuit for VCEQsust-

AN

AWAN

typ.

typ.

typ.

typ.

typ.

typ.

typ.

typ.

BUT11

BUT11A

1

4
0,8

— us
— us

1 us

4 us
0,8 us

— us
— us
— ns
— ns

— us
— us

1,1 us
1,4 us
80 ns
150 ns

1,2 us
1,5 us
140 ns
300 ns

\ (January 1983
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BUTN
BUTTA

7

Fig. 4 Test circuit resistive load.

\/|M =—-6to+8V
o

T =0,01

tp =20us

The values of R and R|_are
selected in accordance with
Icon and Ig requirements.

289210

January 1983 ’ (

7289212.1
tr 7277499.3
—>
| — Ison 90% — IBon
B |
(%) B R
0=z 10%
t t
T Teors \[— ~1Boff
fcon — Icon
o O - 90%}————— - — 9
(%)
Ic
10— =A== = - 10%F — - —
0f
R N
of f —| tg |l
—»| toff '<—
Fig. 5 Switching times waveforms Fig. 6 Switéhing times waveforms
with resistive load. with inductive load.
Vee
VerL=300V
+1 Vee= 30V
B Lg VEE= 5V
—0
Ves
7289211.1
2
Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors BUT11

DEVELOPMENT SAMPLE DATA

IcMmax 5=0,01
7288797
10 \ AN 1T
\ \ \\ \\ 1T
| A\ AN I by
Cmax| \ [\ N [\ 20ps
o F—m
(A) A
50
1 AWAY AV \
N\ \\
\N 100
\ ]
NI
\ \ 200
e\ \L\
I
\ 500
10-" \ H
AVAN ]
A ms
N
\ x\ h
|
[
10
d.c.
10~2
il
BuT11—T_
BUT11AT |
. v
1073 Il
2 4
10 10 10 Veg (V) 10

Fig. 8 Safe Operating ARea at Ty < 25 ©C.

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

| Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

111 Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 Q2 and tp < 0,6 us.

IV Repetitive pulse operation in this region is permissible
provided Vg <0 and tp <5 ms.

\ (January 1983
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BUTM

7287073 7Z88782.A
100 6
(%) IC
(A)
75 y
So 4
P
50 ,o’
2 \
25
\\ BUT11
BUT11A
N A Y
) 0 I
0 100 Tj(OC) 200 0 500 VCE(V) 1000

Fig. 9 Total power dissipation and second-

breakdown current derating

curve.

Fig. 10 Reverse bias SOAR.

102 7282932
— 7. = o p— — -
= hee [ Tin 128 C LA H === Ly VeE=5Y
= T
- =T \\\\ \‘
25°C ] NI
N
15V N \\\
10 NN
< TS
~ N
O ‘\ \‘\
AN \\‘
NN
\\\\
N
! 2 1
10~ 10~ 1 IC (A) 10
Fig. 11 D.C. current gain.
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Silicon diffused power transistors BUTM

BUTHA
7282935
2 1
|
|
Vv I
BEsat I
VCEsat 7
(V) H
A
Vge: Ti=25°C |
BE' '} ///' I
1 P /
4'/ -
-1 _ o /
T H Ti= 10.0 c b
._-———-'""’ - s ! / /
=T Veg: Tj=100°C 5 /
P ,’/’
< ==
‘E ] =] ::’ 0o
3 o ] et T] =25%C
w |
=t 0
s 10~2 10~ 1 o (A) 10
<</t> Fig. 12 Typical values base-emitter and collector-emitter voltage, I¢/Ig = 5.
|—
2
< =
7282934 =
3 10 ;
-l -
w
>
a
VeEsat \\ \\ \ ‘\ !
sa
(V) \ \ \ \ \
\
IRNA\RE I
N\ M\ ] |
\ \ \ \
\ RV
1 1 YL i}
\ \ \ X
\ AWAY N +
\ .. lr=5A
L c
o
\ \ AN =3A
\
N R
1,5A
10—1 2 1
Fig. 13 Typ. (——) and max. (———) values collector-emitter saturation voltage at Tj =25 0C.

\} ﬂanuary 1983
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BUTH
BUTHA

I

7282933
16
] 1]
VBE ! ] ,]
(V)
l
14
t l L —T [ |
Ic=5A 41 |
//
1,2 — [,
| 3A ]
’r”
L 11| E——
- ——
1 15A o ]
10 F | — L |
— __L
1 [ 1]
1
0,8 hﬁ
° 05 ! Ig (A) 15
Fig. 14 Typica! values at T) = 25 CC.

J
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Silicon diffused power transistors BUTT1
BUT1A

DEVELOPMENT SAMPLE DATA

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape. )
The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from
rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures I represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 OC under the following conditions
(see also Fig. 15):

— collector current shape Ig1/Icm = 0.9

— duty factor (t,/T) = 0,45

— rate of rise of | during turn-on = 4 A/us

— rate of rise of Vg during turn-off = 1 kV/us

— reverse drive voltage during turn-off =5V

— base current shape Ig1/ige = 1,5

The required thermal resistance of the heatsink can be calculated from

100-T
VT Tamb oy
Ptot
To ensure thermal stability the value of the ambient temperature Tamb > 40 oC.

/ / f — X039l¢gy
Ic v Iem S \
Y dl
| C1/dt
0 CT1 v N . . 0,1Icm .

—>[f+_

\ — T~
Vee / VCEI(H )

t1=05us

Rth mb-a <

a

0 '—¢ t [—— t t
Ve Jw —~ J LJ’/
—ty—
. TURN-ON TURN-OFF

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS,

st
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BUTT1
BUTTA

8
1 7288790 10
'B(end) Lg
(A) (uH)
0,5 5
\'T_
~t
'Blend)
0 0
156 2 25 3 3,5
lem (A)

Fig. 16 Recommended nominal “‘end”’ value of the base current (Ige)
and optimum base inductance (Lg) at —V gyjye = 5 V versus maximum
peak collector current. dig(gnq) = * 20%. -

For other values of —Vgyive (3 V to 7 V) the related Lp is:

{(—Vdrive) +1
LBnom B

LBnom is the value given in this graph.

12 7288783

Ptot [fs= |
(w) f 40kHz

. | AR
e

2,5 3 35
lem (A)

Fig. 17 Maximum transistor dissipation under worse-case operating
condition versus maximum peak collector current. Tmb = 100 OC;
dig(end) = + 20%.
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BUV82
BUV83

SILICON DIFFUSED POWER TRANSISTORS

o

High voltage, high speed switching n-p-n power transistor in plastic SOT-93 envelope, intended for use
in converters, inverters, switching regulators, motor control systems and switching applications.

QUICK REFERENCE DATA

BUV82 | BUVS3

Collector-emitter voltage (Vg = 0, peak value) VCESM max.
Collector-emitter voltage (Rgg = 100 £2) VCER  max.
Collector-emitter voltage (open base) Vceo — max.
Collector current (d.c.) max.
Collector current (peak value)
tp = 2ms max. 10
Total power dissipation up to Ty = 73 °C max 70 w
Collector-emitter saturation voltage
Ic=25A;1g=05A Vegsat < 1,5 Y,
Fall time
Icon=25A;lgon =05 A; —Igoff= 1A typ. 03 us
MECHANICAL DATA 152 ‘ Dimensions in mm
Fig. 1 SOT-93. max
- 4.6
Collector connected to 425 > max [+
mounting base > h’ﬁl* P
< v
Ll
4
1 ? .
2 L) o
imensions within
this zone are :T%;E
uncontrolled |
bj: c e
|
- B s ~os
. . Ozlgs ’1'6‘4_ 7275220

See also chapters Mounting instructions and Accessories.

\ (/April 1981
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BUV82
BUVS3

RATINGS

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

Collector-emitter voltage
(VBEg = 0; peak value)

Collector-emitter voltage
( Rgg =100 Q)

Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (neak value)
tp=2ms

Base current (d.c.)

Base current (peak value)

Reverse base current (d.c. or average
over any 20 ms period)

Reverse base current (peak value)*

Total power dissipation up to Ty, = 73 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

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

VCEM = VCESMmax: VBE =0

VCEM = VCESMmax: VBE = 0; Tj = 125 oC
D.C. current gain

lc=06A;Vcp=5V

* Turn-off current.

** Measured with a half sine wave voltage (curve tracer).

max.

max.
max.

max.

max.
max.

max.

max.
max.
max.

max.

typ.

BUV82 | BUVS3

100

3

70

—65 to + 150
150

35

A
£
<
<

mA
mA
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Silicon diffused power transistors BUV82

hor.

1000

. oscilloscope
oscilloscope P

b———— vert. \ ‘—aj
|
~
T 3000 1n 30-60Hz T 10
7262283 :—;
v 72722021 2

Fig. 3 Test circuit for VCEQsust: Fig. 4 Test circuit for VCE Rsust-

¢————— vert.

30-60Hz

BUV83
'CHARACTERISTICS (continued)
Tj=25 OC unless otherwise specified
Emitter cut-off current
ic=0;Vgg=10V lERO < 10 mA
Saturation voltages
Ic=25A;1=058A . . - VCEsat - < 1,5 \Y
: VREsat < 1,4 \Y,
Ic= 4A; Ig=1256A VCEsat < 3 \
VBEsat < 1.6 %
. L BUV82 | BUVS83
Collector-emitter sustaining voltages
Ic =100 mA; Igoff=0; L =25 mH VCEOsust - \%
I¢ =100 mA; Rgg = 100 ; L =15 mH VCERsust > %
7272203
0 . : =
min min  Veg (V) =
Veeosust YeERsust -
Fig. 2 Oscilloscope display for sustaining voltages.
+50V +50V
100-2000 100-2000
hor.
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BUV82
BUVS83

CHARACTERISTICS (continued)
Tj = 25 9C unless otherwise specified
Transition frequency at f = 1 MHz

lc=02A;Vcg=10V fr typ. 6 MHz
Switching times
lcon=2,6 A; Voo =250 V
IBon =05 A; —lgofr=1A
Turn-on time ton t<vp- 8'2 Z:
Turn-off: Storage time tg t<yp. 3 g Zz
Fall time tf typ. 0,3 us
Fall time, Ty = 95 °C tf < 0,75 us
o e— 72774699.2
90 4+-——— I Igon
Waveform ig (%)
10 ===
t
— ~Igors
v— I
90 #____F _______ __'1 Con
N ic
— (%)
= 18 _____________ L
- e ts <—>]tf «— t
ton > torr le
Fig. 5 Switching times waveform.
Test ireui +25V .
t
est circui 80226 .’:-L . r
120 680 .
a HF 1000
+
) %. 100 Ve
|‘_T_>| 410 ["HF 250V
' TUT.
Vim Y
T—b’ L—- 150
tp ¢
v 100
o
' 82| | *L es0
n WF
tp  =20us BD227 T
T = 2ms :
V|M= 15V 1 7273191.1
"’
Fig. 6 Switching times test circuit.
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Silicon diffused power transistors BUVS82

BUVS83
5=0,01
10 s 1282762.1
IcMmax IS =~
| \\\\ ;\ \‘ \\\ ~
Cmax lC \\\\ N tp=
(A) _(1)\\\\\k \\ NN Y ap 10 us
AN \\\\ \}\:ﬁ———“ZO
N\ NN Y750
: NN N NS 100
a NN N X
SN 200
ANANERAN
‘\\\
\\i\\\\ [ []i1500
N r/”1ms
(2) ’T"
10_1 \\\\ -2
AWA'ANY ”5
\\Q = 10
] =20
3 ::,,_-/d.c,
10~2
BUVS2
BUV834+—H
Tmb<73°C
v
103 L1
10 10? 103 Vge (V)

Fig. 7 Safe Operating ARea.
| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

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

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

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

\ Cpril 1981
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BUV82

BUV83
7282761
100
Ptot
(W)
max
\
50 \
I\
\
\
\
\\
N
0
50 100 150
Tmb (°C)
—_— Fig. 8 Power derating curve.
E 102 7277023.1
T Zthjmb l l
(K/W) ——«»l tp|<— ’ _t_[_J_
Tl 77
10
5=
1 bt (), 75
0,50 =
0,33
! L1
0,20 il
THIE 0,10 T
10-1 0,05 T+
=2 0,02
ST]TI-0.01
FFTTE=~0
10-2 |
103 10-2 10~1 1 10 102 t (ms) 103
Fig. 9 Pulse power rating chart.
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Silicon diffused po

wer transistors

BUV82

BUV83
7277022
S.B. voltage multiplying factor at the Icpax level
My
102
§=0
0,01
g 0,02
10 ¥
0,05
0,10 =< =_
0,20 N——
0,33 S
T a—
0,50 T
0,75 ]
1L 1,00 i
1072 107! 1 10 tp (ms) 102
Fig. 10 S.B. voltage multiplying factor at the Igmax level.
7277021 =
S.B..current multiplying factor at the VoEomax level E
My
5=0
102
0,01
"
0,02
— N
NN
0,05
10 0,10 \\\
0,20 N
0,33 1~ NN
1] N
0,50 S
0,75 MNNS
1 LLOO [T z===
1072 107" 1 10 102

Fig. 11 S.B. current multiplying factor at the VCEQmax level-

tp(ms)
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BUV82

BUV83
1'5 77272648
typ.values
o
T;=25°C Io=
vBEsut 4
(V)
// 3A
, et
1 - 2A
1A
05 )
0
0 1 I (A) 2
Fig. 12 Base-emitter saturation voltage.
§ 102 7282788
— max
- — [~~~
|t NIT
yp — TR
~ ~ ~
heg NN S
~ N
NG \\ N
) NS NN
- min < N
T~ ~ \\ S
I~ -~ N
N \\\ \
N L
10 N \\ \\ N2
N N ASER N
N\ AN N
SN ST X h
YN NINTR
NN
AN
N
AN
N
\\
N
! 1
10~ 1 10 Ic (A) 102
Fig. 13 D.C. current gain. Tj = 25 0C; — — — at VeE=5V;—atVgp=1V.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

BUV89

SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed switching n-p-n transistor in a plastic SOT-93 envelope especially intended

for use in a.c. motor control systems from three-phase mains.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0, peak value) Veesy max. 1200 V
Collector-emitter voltage (open base) VCceo  max. 800 V
Collector current (d.c.) Ic max. 8 A
Collector current (peak value) Icm max. 15 A

Total power dissipation up to Tp = 25 °C
Collector-emitter saturation voltage
Ic=45A;1g=2A

Turn-on fall time tf

Piot max. 126 W

VCEsat < 1TV

typ. 0,5 us

MECHANICAL DATA

Dimensions in mm

Fig. 1 SOT93A
Collector connected ,1,5&3( =
to mounting base. -~ Uy 46 -
4,25 | max = =
25
' \ —| 2 <@
v
INTA -1
4 —
{ T 21
max
| 12,7
’ max
o |
2,2 max
b Ul
dimensions within 7 6:7 136
this zone are max min
uncontrolled
\ v
b~ c el
»} L— >l |<'0,L
i 1,15 *r¢
l o'gs 176 7283916.1
-
See also chapters Mounting instructions and Accessories
\\] (,December 1981 203



BUV89

i

RATINGS

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

Collector-emitter voltage (peak value; Vgg = 0)

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

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

Base current (peak value)

Total power dissipation up to T

m

5 =25 oc
Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to mounting base

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

VBE = 0; VCE = VCESMmax

VBE = 0; VCE = VCESMmax: Tj = 125 °C

Emitter cut-off current
VER=b V; Ic=0

Collector-emitter sustaining voltage
Ig=0;Ic=100mA; L=25mH

Saturation voltage
Ilc=45A;1g=2A
Ic=6A;Ig=3A

Transition frequency at f = 5 MHz
Ic=0,1A;Vgg=5V

Collector capacitance at f= 1 MHz
IE=1=0;Veg=10V

Switching times in resistive switching circuit (Fig. 5)

Icon =45 A Igon = —IBoff = 2 A
Turn-on time

Storage time

Fall time

Second-breakdown current
VCE = TOOV;tp= Ts

* Measured with a half-sinewave voltage (curve tracer).

VCESM  max. 1200
VcEO max. 800
Ic max. 8
lcw max. 15
g max. 4
IB\mI max. 6
Ptf}t max, 128
Tstg —65 to + 150
T]- max. 150
Rthj-mb = 1,0
ICES < 1,0
ICES < 2,0
lEBO < 10
VCEOsust™ 800
VCEsat < 1
VBEsat < 1.3
VCEsat typ. 1
T typ. 7
Ce typ. 125
ton typ. 0,2
tg typ. 3,56
tf typ. 0,5
lisB) > 03

> > P r <<

w

oc

K/W

mA
mA

mA

<< <L

MHz

pF

us

us
s

August 1983



Silicon diffused power transistor

BUV89

DEVELOPMENT SAMPLE DATA

30-60Hz &
Fig. 2 Test circuit for chogust

. ool
1g
(%)

101

hor.

oscilloscope

——— vert.

1000 10
4

min vCEO sust E
]
0 - - +

7262340

Fig. 3 Oscilloscope display for VCEQsust-

72774993

- Igon

Ic 90
(/o)
10 .
0 Fig. 4 Waveforms.
+25V
BD226
120 = 680
QL] TeF 560
' +
.4_—,1?:0 Vee
410 T 250V

: T—

L TUT.
Vim - 1

N 50

tp
[

t, =20ps ' 82| | *l es0
T = 2ms Q T HF

VIM =15V BD227

7 1272198 4A

Fig. 5 Switching times test circuit.
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BUV89

102 7286143.1
Ic
(A)
5=0,01
lcMmax
10 \ th=
p
ICmax ~ ANEIAY A\ 5us
N . ANEAN 1
(1N 1t 10
\ \ |
N I
\ 20
H
] (2) 50
A T
AR T
AN 100
| \\Y [
\\\\\\ 200
I
500
I
1ms
107! \\ U
i
5
10
20
I
d.c.
1072
10 102 103 Veg (V) 104

Fig. 6 Safe Operating ARea; Ty, < 25 OC.

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

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

212
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples BUW‘” .

made available for evaluation. It does not necessarily
BUWT1A

imply that the device will go into regular production.

/
/

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for
use in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0, peak value) VCESM max.
Collector-emitter voltage (open base) VcEO max.
Collector current (d.c.) Ic max.
Collector current (peak value) tp < 2 ms lcm max. 10 A
Total power dissipation up to Ty = 25 °C Piot max. 100 w
Collector-emitter saturation voltage
Ilc= 3A;Ig=06A VeEsat < 1,6 -V
Ic=25A;Ig=05A VeEsat < - 1,56 V
Fall time (resistive load)
lcon= 3 A;!Bon=—IBoff =0.6 A i < 08 — . us
Icon =25 A; Igon = —!Boff =05 A t < - 08 s

MECHANICAL DATA Dimensions in mm

Fig. 1 SOT-93.
Collector connected to - r‘n‘a& e
mounting base.
- 2 |
v
[
L -
[} ==
21
max
12,7
max
. 'y
2,2 max
. |
dimensions within T 35 136
this zone are min min
uncontrolled
b c el
Ni »[Lo,a
)’ e
‘ 0’|95 1'6 7275220.3
~{i—

See also chapters Mounting instructions and Accessories.
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BUW11-
BUWTA:

HHI

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

BUW11 | BUW11A
Collector-emitter voltage (Vg = 0, peak value) VCESM max. 1000 VvV
Collector-emitter voltage (open base) VcEo max. 450 V
Collector current (d.c.) Ic max. 5 A
Collector current (peak value) tp <2ms lem max. 10 A
Base current (d.c.) Ig max. 2 A
Base current (peak value); tp <2ms iBM max. 4 A
Total power dissipation up to Ty = 25 0C Ptot max., 100 w
Storage temperature Tstg —65to + 150 oc
Junction temperature Tj max. 150 oC
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 1,256 K/w

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

VCE = VCESMmax: VBE =0 Ices < 1 mA
VCE = VCESMmax: VBE = 0; Tj=125°0C IcEs < mA
Emitter cut-off current
Ic=0;,VEg =9V IEBO < 10 mA
Saturation voltages : BUWT1 | BUWT1A
Ic= 3A;Ig=0,6A V(CEsat < 1,5 — \%
VBEsat < 1,4 - \%
Ic=25A;1g=05A V(CEsat < — 15 V
VBEsat < — 14 V
Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L =25 mH VCEOsust > 400 450 Vv
Collector saturation current
Vcg=15V I Csat < 3 25 A

* Measured with a half sine-wave voltage (curve tracer).
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Silicon diffused power transistors

BUW11
BUWTIA

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS (continued)

7277036.1

250
200
'c

(mA)

1004+ —————m——————— :

|

0 f

min  Vgg (V)
VCEOsust

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)

Icon =3 A;1gon = IBoff = 0,6 A
Turn-on time

Turn-off: Storage time
Fall time

Icon =2.5A; Igon=—1Boff =05 A
Turn-on time

Turn-off: Storage time
Fall time

Switching times inductive load (Figs 6 and 7)
lcon=3A;Ig=06A
Turn-off: Storage time

Fall time

Icon=3A;1g=0,6A; Tj=100°C
Turn-off: Storage time

Fall time
Switching times inductive load (Figs 6 and 7)

lcon=25A;1g=05A
Turn-off: Storage time

Fall time

lcon=25A;1g=05A;Tj=100°C
Turn-off: Storage time

Fall time

Vim—

0

H

« T >

7272202.2

+50V
100-2000

vert.
oscilloscope

hor.
oscilloscope

10

Fig. 3 Test circuit for VCEQsust-

tf

i

tf

typ.

typ.

typ.

typ.

typ.

typ.

typ.

typ.

BUW11

1

4
0,8

| BUW11A

— us
_ us
_ us
1 us

4 us
08 wus
— us
— us
— ns
- ns
_ us
_ us
- ns
— ns
1,1 us
1,4 s
80 ns
150 ns
1,2 us
1,6  us
140 ns
300 ns
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BUWMN

BUWMNA
Vee =250V
Vee Vim=—6to+8V
t,
P _
RL T - 0,01
R th = 20 us
v B
™ O_I_l ’-': The values of Rg and R|_are
T 1 selected in accordance with
] te T.U.T R
7 lcon and I requirements.
-~ T 7289210
Fig. 4 Test circuit resistive load.
t, 7277499.4 t, 7289212.2
90% (- ———|f==———= — 'gon 90% |- — — H=———= =— g on
g s \
10% === 10% b= —
t V)
— ~IBoff
90% |- ——— 90%} ————————— LAY con
— Ic 'c
- 10% | —— 0% F——HF~—— L
t
- izl
> toff I«
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
VeL =300V
Vee = 30V
7289211.2 -VBe= 5V
Lg = 1uH
Lc =200 uH
Fig. 7 Test circuit inductive load.,
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Silicon diffused power transistors BUW11
BUWTA

DEVELOPMENT SAMPLE DATA

0 1cMmax 7286931
[ 'Cmax
1
‘e Y I
(A)
1 \ \
\
(2)
1 \
1071 X
A}
\
\ it
d.c.
1072
BUWT1
BUW1T1A
v
10-3 | |
10 102 108 Ve (V) 104

Fig. 8 Safe Operating ARea at Typ < 25 ©C.

(1) PtOt max line.

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

| Region of permissible d.c. operation

11 Permissible extension for repetitive pulse operation

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

IV Repetitive pulse operation in this region is permissible
provided Vgg <0and tp <5 ms.

\ (March 1983

217



BUWT

BUWTA
100 7287073 5 7288782.A
(%) Ic
(A)
75 y
S 4 [
o
’o/‘
50 L
2
26 |— "
\\ BUW11
— BUWT1A
herig
0 0
0 100 g 200 0 800y (v) 1000
Fig. 9 Total power dissipation and Fig. 10 Reverse bias SOAR,
second-breakdown current derating curve.
102 7282922
— Ti=125°% -+ — -
N Y BPRP0S Y o el i 8 L yVee=5V
——_——-—"‘"___— \\ N
| RN
25°¢C LTSS
N
15V N\
10 x \
AN
3 N
MNANNA
NANAY
NI
N
A
N
! 2 1
10 10 1 Ic (A) 10
Fig. 11 Typical values d.c. current gain.
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101

1072 1077 1 Ig (A) 10

Fig. 13 Typ. (

) and max. (— — —) values collector-emitter saturation voltage at Tj =250C,

Silicon diffused power transistors BUWH11
BUWTA
) 7282935
VBEsat I
VCEsat I
(v) 14,
A
Vge: Tj=25°C |
=7 l
1T - 1000 L
//- -+ o ] A y
—— E—y;y
e T = o
Veg: Tj=100°C
v V
< I
= et T
< P G e o, g fs)
= | [
z 0572 1
<E( 10 10~ 1 'C (A) 10
:f Fig. 12 Typical values base-emitter and collector-emitter voltage, Ic/Ig = 5.
2
i —_
7282934 =
z 10 =
(@] -
- —
o =
>
w
5, LV W |
CEsat \ v
(V) \ \ \ \ \\
NAVRE \
\ \\ \ ‘\ \ \
1 \ \ AL
1 YA 1
\ [\ 1| A
\ AWA| N B
\ P lc=5A
| ¢
\ —N ~=3A
NEERAN
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BUW11

HHIH

BUWTA:
1,6 7282933
VBE
(V)
1,4 =
el
le=5A LT
CToA 1=
//
12 — =T
o L
=] __,—.————'—
-~ 15A T |
10 L =
yanmEn=c
/
0,8
0 0,5 1 ig (A) 15
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Silicon diffused power transistors BUWMN
BUW11A

DEVELOPMENT SAMPLE DATA

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape.

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from
rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Igp represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 ©C under the following conditions
(see also Fig. 15):

— collector current shape Ig1/Icpm = 0,9

— duty factor tp/T = 0,45

— rate of rise of I¢ during turn-on = 4 A/us

— rate of rise of Vg during turn-off = 1 kV/us

— reverse drive voltage during turn-off =5V

— base current shape Ig1/lge = 1,6

The required thermal resistance of the heatsink can be calculated from

100-T
Rth mb-a < —mb K/w
Ptot
To ensure thermal stability the value of the ambient temperature Tymp > 40 ©C.

— X.09Icy
"\d|C1/dt \O“CM
t —_ t - t

-

A T

&
<=

AN
's |r i
1 \l'B‘en;“ f\ t N
[ "
s = t [

|— 1 —

P TURN-ON TURN-OFF

‘<—ts~>

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUWMN
BUW1TA

7288790 '
1 8 10
I8(end) / Lg
(A) (uH)
L
0,5 5
\ L
Bl |
" '8lend)
0 [
15 2 2,5 3 35
lem (A)

Fig. 16 Recommended nominal ““end” value of the base current (Ige) and optimum base inductance
(LB) at =Vriye =5 V versus maximum peak collector current. dig(end) = * 20%.

For other values of —Vgyjye (3 V to 7 V) the related Lpg is:

(—Vdrive) +1

LBnom )

12 7288783
Ptot _fs= l ]
(W) / 40 kl-llz
/
8 , 20kHz
/
4 g
fpme]
0 L
15 2 25 3 35
lem (A)

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum p:eak
collector current. T, = 100 OC; dIB(end) = * 20%. k
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DEVELOPMENT SAMPLE DATA

This information is derivad from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

BUW12
BUW12A

'SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for
use in converters, inverters, switching regulators, motor control systems etc.

CQUICK REFERENCE DATA

BUW12 | BUW12A

Collector-emitter voltage (Vg = 0, peak value) VCESM max. \Y
Collector-emitter voltage (open base) \Y max. \Y)
CEO
Collector current (d.c.) Ic max. A
Collector current (peak value) tp <2 ms lem max. A
Total power dissipation up to Ty = 25 °C Piot max. 125 W
Collector-emitter saturation voltage
ic=6A;1g=12A \Y < 1,5 -V
C B CEsat
Ic=5A;lg=1 A VeEsat < - 1.5 V
Fall time (resistive load)
Icon=6A;Igon=—IBoff = 1.2 A tf < 0,8 —  us
ICon=5Ailgon=—IBoff =1 A tf < - 08 s
MECHANICAL DATA " Dimensions in mm
,2
Fig. 1 SOT-93. max
Collector connected to D o b6 o
mounting base. o l25 max
zms‘ ; -2
Lt :
A =
| 21
max
‘ 12,7
max
i |
2,2 max )
P |
dimensions within T 35
. 9 136
this zone are i j
uncontrolled i min
b c el l
- 14- ->1J115 >“<—0,1‘
. 0:]95 ’1'6* 7275220.
<_ .3

See also chapters Mounting instructions and Accessories.
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BUW12:

- BUW12A-

RATINGS

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

Collector-emitter voltage (peak value; Vg = 0)
Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value); tp < 2ms

Base current (d.c.)

Rase cirrrent (peak value); t. <2 mg

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

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

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

VCE = VCESMmax: VBE =0
VCE = VCESMmax: VBE = 0; Tj =125 9C

Emitter cut-off current
Ic=0;VEg =9V

Saturation voltages
Ic=6A;Ig=12A
Ic=5A;Ig=1,0A

Collector-emitter sustaining voltage
Ic =100 mA; Igoff =0; L = 25 mH

* Measured with a half sine-wave voltage (curve tracer).

Bivi
Ptot
Tstg

Rth j-mb

ICES
IcES

lEBO

VCEsat
VBEsat
VCEsat
VBEsat

V CEOsust

max.

A A A t

AWAWAWAN

\%

BUW12 | BUW12A

125
—65 to + 150
150

1,0

1
3

10

224
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Silicon diffused power transistors

UEVELUPMENT SAMPLE DATA

CHARACTERISTICS (continued)

7277036.1

|
|
|

min Ve (V)
VCEOsust

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)

Icon=6A;lgon=—IBoff=1.2A
Turn-on time

Turn-off: Storage time

Fall time
Icon=5Ailgon=—IBoff=1A
Turn-on time

Turn-off: Storage time
Fall time

Switching times inductive load (Figs 6 and 7)
lcon=6A;Ig=12A
Turn-off: Storage time

Fall time

Icon=6A;1g=12A;T;=100 oC
Turn-off: Storage time

Fall time
Switching times inductive load (Figs 6 and 7)

lcon=BA;Ig=1A
Turn-off: Storage time

Fall time

lcon=5A;lg=1 A;Tj=100°C
Turn-off: Storage time

Fall time

Vim—

0
i

- T >

7272202.2

BUW12-
BUW12A

vert.

hor.

10

+50V
100-2002

oscilloscope

oscilloscope

Fig. 3 Test circuit for VCEQsust-

1

tf

ts

tf

ts

tf

tf

typ.

typ.

typ.

typ.

typ.

typ.

typ.

typ.

BUWI2 |

1

4
0,8

1,6

80
150

1,8

140
300

BUW12A

1,6

80
150

1,8
2,3
140
300

us

us
Hs

us

us
us

us
us
ns
ns

us
us
ns
ns

us
us
ns
ns

us
us
ns
ns
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BUW12:

BUW12A!
Vee Vee=250V
Vim=—-6to+8V
t
RL P 0,01
T
Vim ’-l. il:] tp =20 MuS
07 = The values of Rg and R_are
e T.UT. o selected in accordance with
-~ T— 1789210 Icon and Ig requirements.
Fig. 4 Test circuit resistive load.
t 7277499.4 7289212.2
r tr
B |- |-
9% F———|F——— === t— Bon 90% | — — {=—————— — Ig on
g 's \
10% === 10% f= =

t ’ \f t
— ~'Boff — —lg off

90% >~~v—‘f ————— jﬂﬁ' 'con go%L _________ /1, Icon

Ic I'c
0% F——HH——~— F— 10% |-

>l e - et t o] ety U
fon *:U ! | tg 4-‘ '
>l toff ’4— =1 toff I"
Fig. 5 Switching times waveforms. Fig. 6 Switching times waveforms
with resistive load. with inductive load.
Ve =300V
Vee = 30V
~VBg= 5V
Lg = 1TuH
Lc =200 uH

7289211.2

Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors BUW12 |
BUW12A

DEVELOPMENT SAMPLE DATA

103 7286932
I'c
(A)
102
1CMmax
10 —'cmax
(1)
AV 1 N
\\
1 H
1
(2)\
10—1 \J
\
\,
A\
1
I
T
d.c
1072
BUW12
suwi2a || v
10-3 | L L
1 10 102 0% yee (V) 104

Fig. 8 Safe Operating ARea at Tryp < 25 OC.

(1) P‘tOt max line.

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

| Region of permissible d.c. operation.

11 Permissible extension for repetitive pulse operation.

11l Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 £2 and t, < 0,6 us.

IV Repetitive pulse operation in this region is permissible
provided Vg <0 and tp < 2 ms.
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BUW12

i

7287073 7288784.A
100 10 iy
(%)
\ I
75 (A)
5 \
o)
,
50 s = 5
25 |- - \
N BUW12
- N BUW12A
Ly
0 uk 0 —rJ
0 100 Tj (o¢) 200 0 500 Veg (V) 1000

Fig. 9 Total power dissipation and second- Fig. 10 Reverse bias SOAR.

breakdown current derating curve.

102 7282937
_ Tj=125°C
PPe === 7 T[T, [Vce=5V
o S
S
sl LTSI
N
% N
15vZEs NN
’ S NN
10 AN
\‘ i
N AN
ANA> AN
N PN\
RN
\\\\
N
1
101 1 1 102
0 Ic (A) 0

Fig. 11 Typical values d.c. current gal;n.
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Silicon diffused power transistors BUW1 2

i BUW12A
. 7282940
2 a
!
]
VBEsat : ]
VCEsat o
(\% ,/
I i ’
Vgg: Tj= 25°C 4% u
BE' 'i~ 4 J
1
///’ i1/
L —F AL
L+TT]ll-— T;=100°C y
e = L] =] | | |
P NP
- VcE: Tj=100°C 31V
. /‘y
& =
2 e fem e = = T T;=25°€C
y o
s 101 i 10 I~ (A) 102
% o
= Fig. 12 Typical values base and collector voitage at I/lg = 5.
g
QE. 10 7282939 §
O -
.} =
w =
>
w
° NN \
VCEsat \ [ L
(v) \ \
\L b A\
VIV
\ \\ |
1 ) \ LY \
[} | | L ) Py
L | L WY A
A\ PUEA L W) Y
\ v \ MW
NP =8A
\ YEAM ¢
N\ T 6A
R
\\ = 3A
10~1
107! » 1 10 g (A) 102
Fig. 13 Typ. (—) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 OC.
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BUW12
BUW12A

1,6 7282938
VBE
(V)
14
-
lc=8A L 1| =TT |
1,2 ——!-’ -__‘__,__—-’
,// /’r/
7 ol 3A ==
10 e T |
A L+
L
0,8
0 1 2
Ig (A) 3
Eina 14 Tuymical valiias oo =, i —_ - e
Tig- 5 ypicail vaiues base-ermiiier voitage at Ij =2b V(.
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Silicon diffused power transistors BUW1i2
BUW12A

DEVELOPMENT SAMPLE DATA

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape.

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies
from rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Ic\ represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 9C under the following conditions
(see also Fig. 15):

— collector current shape Ic1/Icy = 0,9

— duty factor tp/T =0,45

— rate of rise of I during turn-on = 8 A/us

— rate of rise of Vg during turn-off = 1 kV/us

— reverse drive voltage during turn-off =5V

— base current shape Ig1/Ige = 1,5

The required thermal resistance of the heatsink can be calculated from
100 — Tamb
R g < — K/W.
th mb-a Prot

To ensure thermal stability the value of the ambient temperature Tgmp > 40 ©C.

] /—_f —N.091cy
Ic v 'em .
Ier * dlcq/dt 011w
0 ? t —_ t t

_\/\
T I R A
T

- tg—>
4] —* t [—— t t
Ve .‘w — J J/
e T
T P TURN-ON TURN-OFF

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUW12
BUW12A

7288791

/

18(end) Lg
(A) (uH)

IB(end)

3 4 5 6 7
Iom (A)

|

Fig. 16 Recommended nominal “end” value of the base current (Igg) and optimum base mductance
(LB) at —Vrive = 5 V versus maximum peak collector current. dig(engd) = * 20%.

For other values of -V gjye (3 V to 7 V) the related Lg is:

(~Vdrive) 1
LBnom —— e

LBnom is the value given in this graph.

16 - 7288785

Prot 40kHz /]

(w) /

20kHz

3 4 5 6 7
Iem (A)

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum
peak collector current. Ty, = 100 OC; dIg(eng) = * 20%.
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DEVELOPMENT SAMPLE DATA

This information is derived from development samples
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

BUW13-
 BUW13A

‘SILICON DIFFUSED POWER TRANSISTORS'

High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for
use in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

BUW13 | BUW13A

Collector-emitter voltage (Vgg = 0, peak value) VCESM max. \Y,
Collector-emitter voltage (open base) Vceo  max. \Y
Collector current (d.c.) Ic max. A
Collector current (peak value) tp <2 ms lcm max. 30 A
Total power dissipation up-to Tpp = 25 °C Piot  max. 175 W
Collector-emitter saturation voltage
Ic=10A;Ig=2 A Veesat < 1,5 -V
Ilc= 8A;Ig=16A VeEsat < - 1,6 V
Fall time
lcon=10A;Igon=—IBoff=2 A tf < 0,8 -  us
Icon= 8A;lgon=—IBoff=16A t < - 0,8 wus
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-93.
Collector connected to o b6 o
mounting base max
-~
v
Ll
A =

v

2,2max
dimensions within

this zone are
uncontrolled

b c‘e

s
095 aaT)
«—[1— ’

See also chapters Mountirig instructions and Accessories.

o

05 136
min min

|

»“4—071.
-

7275220.3
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BUWI13
BUWI13A:

RATINGS

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

Collector-emitter voltage (peak value, Vgg = 0)

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

Collector current (peak value); th<2ms
Base current (d.c.)

nnnnnnnnnn + famnnls o
Basc current \{@€ax va

PR PRPN s Pl
wicy, Lp ~N <
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

CHARACTERISTICS
Tj=25 OC unless otherwise specified

Collector cut-off current*

VCE = VCESMmax: VBE =0
VCE = VCESMmax: VBE =0; Tj = 125 °C
Emitter cut-off current

Saturation voltages
Ilc=10A;1g=2 A

Ic= 8A;Ig=1,6A

Collector-emitter sustaining voltage
Ic =100 mA; Igoff =0; L=25mH

* Measured with a half sine-wave voltage (curve tracer).

iBM
Ptot
Tstg

Rth j-mb

Ices
IcEs

IEBO

VCEsat
VBEsat
VCEsat
VBEsat

VCEOsust

max.

AWAN

ANANA A

\

175
—65 to + 150
150

0,7

BUW13 | BUW13A
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Silicon diffused power transistors

BUW13 -

[BUW13A

DEVELOPMENT SAMPLE DATA

CHARACTERISTICS (continued)

7277036.1

min Vg (V)
VCEOsust

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)

“16on =10 A; Igon = =lBoff = 2A" "

Turn-on time
Turn-off: Storage time
Fall time
Icon=8A; Igon = —!Boff = 1.6 A
Turn-on time

Turn-off: Storage time
Fall time

Switching times inductive load (Figs 6 and 7)
lcon=10A;Ig=2A
Turn-off: Storage time

Fall time

Icon=10A;Ig=2A;T; = 100 °C
Turn-off: Storage time

Fall time
Switching times inductive load (Figs 6 and 7)

lcon=8A;Ig=16A
Turn-off: Storage time

Fall time

lcon=8A;Ig=16A;T;=100°C
Turn-off: Storage time

Fall time

Vim—
0 -—”—”—-

B[

-

T >

7272202.2

1Q

+50V

100-200Q

vert.
oscitloscope

hor.
—
oscilloscope

4

Fig. 3 Test circuit for VCEQsust-

tf

ts

tf

ts

tf

VANAN

VAWAN

typ.

typ.

typ.

typ.

typ.

typ.

typ.

typ.

BUW13 |

1

4
0,8

2,3
3,0

80
150

2,5

140
300

BUW13A

2,3
3,0

80
150

2,5
3,2
140
300

us

us
us

us

us
Hs

us
us
ns
ns

us
us
ns
ns

us
us
ns
ns

us
us
ns
ns
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BUW13. -
BUW13A:

Fig. 4 Test circuit resistive load.

7289210

Vee=250V
ViM=—6to+8V
;(p =20 us

P

—= =0,01

T

The values of Rg and R
are selected in accordance
with lggp and I
requirements.

t 7277499.4 7289212.2
> |-
90% | — — — | Fm—=———— | — IBon 90% — Bon
I8 's \
10% === 10%
. V.
— !B off — g g
90% |- —— |- ——— —Y  'con 00% P
P Ic e
10% fF——tH————— - 10%
> > |ty 1 N t
ton* > tsl:’— f > tg <—| '
B toff '4— > toff |<-
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
VgL =300V
Vee = 30V
~VBg= 5V
Lg = 1uH
Lc =200 puH
7289211.2
Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors '_BUW13 .

DEVELOPMENT SAMPLE DATA

103 7286933
Ic
(A)
102
[ 'cMmax
I
™ ICmax
10 RN
Y
\
\
\ 1
1 \
I
(2) 1
107"
\
\
\
\
\
d.c
1072
BUW13 —]
suw13Aa-J]|1v
1073 1
1 10 102 10 v (v) 104

Fig. 8 Safe Operating ARea at Typ <25 ©C.

(1) PtOt max line. )
' (2) Second-breakdown limits (independent of temperature).

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

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

IV Repetitive pulse operation in this region is permissible
provided Vgg <0 and tp <5 ms.
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BUW13;

i

BUWI13A . |
100 7287073 20 7288786.A
(%)
75 IC)
(A
%
o
50 ke 10

25 - S S
\ BUW13

\ BUW13A
L] N |
0 0
0 100 T (o¢) 200 0 500 Vg (V) 1000
Fig. 9 Total power dissipation and Fig. 10 Reverse bias SOAR.
second-breakdown current derating curve,
102 7282942
F T;=125°C
hpe L S e e = T~ [ VeE=5V
Iy = 't?(
o ~~ s \\
25°C SN \\
1.5V "~ \\\ N
NN \
10 g N
NSNS\
NN N
NAANAN
NN
NN
W\
N
1
10 1 10 |C (A) 10

Fig. 11 Typical values d.c. current gain.
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Silicon diffused power transistors

BUW13
\\ BUW13A -

DEVELOPMENT SAMPLE DATA

2 ; 7282945
I
|
VBEsat 1RV
VCEsat 7
(V) /,
VAl
7 ] ’
1 Vge: Tj=25°C 15 II
. o 4
Peg /
= =1
1T //.,= [} / /
E— TH= Tj=100°C ; /
— = / /
p,
A
VCE:T]-=100°C L1 | A
L]
N ey )
—— =|f“ = T;j=25°C
0 1 J,
10! 1 10 Ic (A) 102
Fig. 12 Typical values base and collector voltage at |/Ig = 5.
10 7282944
\ A\ \
VCEsat \ \ \ 0
3\ \ 1
(V) \ )
O [
\ || \
\ UM N
1 LY AY
A Y 1 AN AY
\ \ W\
AR Y
\ ™i~=
\ \ A lc=15A
N . ]
\\ \ 10A
\\ N
S
\\N.' ad e o
= 5A
10~"
10~1 1 10 lg (A) 102
Fig. 13 Typical (—) and maximum (— — —) values saturation voltage. Tj =250C,
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BUW13.

BUW13A -
16 7282943
VBE
(V)
1.4 ]
Ic=15A —1]
]
|~
et 10l |y AT T
1,2 1
//
] 1
L~ 5A ///
// LT |
10 — ]
’ 1
0,8
0 2 4
Ig (A) 6
Cime 1A Tuomionl ool o b .. . — _——
Tig. 15 1 ypical vaiues vase-emiiier voitage at Ij =25vC
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Silicon diffused power transistors BUW13 .

- BUW13A"

DEVELOPMENT SAMPLE DATA

APPLICATION INFORMATION

Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and
base drive conditions of the switching transistor. The power losses are very dependent on the operating
frequency, the maximum collector current amplitude and shape. S

The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from
rectangular in a forward converter to sawtooth in a flyback converter.

Information on nominal base drive, optimum base inductance and maximum transistor dissipation
applied in a forward converter is given in Figs 15, 16 and 17. In these figures g represents the
maximum repetitive peak collector current, which occurs during overload. The information is derived
from limit-case transistors at a mounting base temperature of 100 ©C under the following conditions
(see also Fig. 15):

— collector current shape Ig1/Icym = 0,9

— duty factor tp/T = 0,45

— rate of rise of I during turn-on =10 A/us

— rate of rise of Vo during turn-off = 1 kV/us

— reverse drive voltage during turn-off =5V

— base current shape Ig1/Ige = 1,56

The required thermal resistance of the heatsink can be calculated from

100 — Tamb
Rth mb-a <—p—— KW
Ptot
To ensure thermal stability the value of the ambient temperature Tamp > 40 ©C.

e / | i ”’_ﬂig\'cm

Ic + ~_
. or # . dlcq/de . 0,11cm .
? —»th_
__‘\— _ C\
Vee /VceTm)
0 t t * —t

N
V g S

0] t Jr\—— t t

<t ~»-j/ r

P TURN-ON ‘TURN-OFF

’«(s—»

7288781

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS.
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BUW13

BUW13A .
7288792
3
/
IB(end)
(A) N 2
2 AN s
\ (uH)
7 Lo
1
T IBtena
0 L 0
4 6 8 10 12
Iom (A)

Fig. 16 Recommended nominal “‘end” value of the base current (Ige) and optimum base inductance
(L) at —Vrjye =5 V versus maximum peak collector current. dig(end) = * 20%.

For other values of —Vyjye (3 V to 7 V) the related Lg is:
(=Vdrive) +1

L
Bnom 5
Lenom is the value given in this aranh,
Bnom a
7288787
Ptot .
(W) s
40kHz
20 20kHz
10
P
0
4 6 8 10 12
lem (A)

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak
collector current. T, = 100 OC; dIB(end) = * 20%.
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BUWS84
BUWS85

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in SOT-82 envelopes, intended for use
in converters, inverters, switching regulators, motor control systems and switching applications.

QUICK REFERENCE DATA

BUWS84 |BUWS85

Collector-emitter voltage (VBE = 0, peak value) VCESM max.
Collector-emitter voltage (open base) VCceo  max.
Collector current (d.c.) Ic max.
Collector current (peak value)
tp=2ms lcm max. 3 A
Total power dissipation up to Tryp, = 45 9C Piot max. 50 w
Collector-emitter saturation voltage
Ic=1A;Ig=02A VeEsat < 1 \
Fall time
lcon=1A;1Bon= 0,2A; —lgoff =04 A tf typ. 0,4 us
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-82.
9 - %g -
Collector.connected 8’2” - -~ 18—
to mounting base. ’ [}
i L 375
i 32 1) |
| 30 i
1 — 13
, 4 ' max
[}
— |<— 1‘2
15,3
min
b v
} ‘ J | 7265778.2
+]0.254 2,291
- [¢]o.254]®) b ?,é

{1) Within this region the cross-section of the leads is uncontrolled.
See also chapters Mounting Instructions and Accessories.
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BUws4
BUWSS5

RATINGS

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

BUW8S4 | BUWS5

Collector-emitter voltage (Vg = 0, peak value)
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Collector current (d.c.)
Collector current (peak value)
p=2ms
Base current (d.c.)
Base current (peak value)
Reverse base current (peak value) *
Total power dissipation up to T, = 45 °C
Storage tamperature
Junction temperature

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

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

VCEM = VCESMmax: VBE =0

VCEM = VCESMmax: VBE = 0; Tj= 125 °C
D.C. current gain

Ic=0,1A;Vcg=5V

*  Turn-off current.

** Measured with a half sine-wave voltage (curve tracer).

VCESM
VcEo
VEBO

Ptot
Tstg
T .

Rth j-mb
Rthj-a

IcEs
IcES

hFE

max. 800
max. 400
max. 5
max. 2
max. 3
max. 0,75
max. 1
max 1
max. 50
—65to +150
max. 150
= 2,1
= 100
< 200
< 1,5
typ. 50

1000 VvV
450 Vv
5V

K/W
K/W

MA
mA

August 1983



Silicon diffused power transistors

BUW84

Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L=256mH

7275256

min  Vce (V)
Veeosust

Fig. 2 Oscilloscope display for sustaining voltage.

+50V
100-2000.

hor.

oscilloscope

vert.

~

Fig. 3 Test circuit for VCEQsust:

30-60Hz ©Y ‘['_'[:.__]30011 10
7262283

BUWSS5
CHARACTERISTICS (continued)
Tj=25 OC unless otherwise specified

Emitter cut-off current

Ic=0;Vgg=5V IEBO < 1 mA
Saturation voltages

Ic=03A;1g=30mA Veesat < 0,8 \%

ic= 1A;Ig=02A VeEsat < ! M

ic= 1TA/Ig=02A VBEsat 1.1 \Y

<
BUWS4 | BUWS85
VCEOQsust> 400 450 V

\ (December 1980 245



BUWS84
BUWS85

CHARACTERISTICS (continued)
Tj = 25 OC unless otherwise specified

Transition frequency at f= 1 MHz

Ic=0,2A;Vgg=10V fr typ. 20
Switching times
lcon= 1A;Vec=250V
1IBon=0,2 A; —Igos=0,4 A
Turn-on time ton t<yp. g';
Turn-off: Storage time is t<vp. 3 g
Fall time t typ. 04
Fall time, Ty, = 95 OC < 14
£,<30ns 7277499
Wt-—— N~ fm—=———=— | Ison
ig (%)
10 ===z
J_Iﬂoff
1
90 L_ __L F‘_ ____ ] 1 Con
ic
(%)
[ it 2 ettt
—> I<— —Pltf!;—
ton > torf e
Fig. 4 Waveforms.
+25Vv
BD139 __ i
T63° 250 2
~T 1000 100 Vee
i T uF 250V
v [ ] 1
TJ T.U.T.
-— 300
v 100
e i
50 680
Q ‘]‘ uF
BD140
7275253.1
v
Fig. 5 Test circuit.

MHz

us
us

s
s
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Silicon diffused power transistors BUWS84
BUWS85

10 7277946
Ic Ll CMmax 6=0,01
(A) = S <]
\ N J Nt~
~N 20pus
Icmax (1) \\ \\\ ) l \
1 \ U B
\\ \\ 50I
\\ AN |
1
NS AN Vit
A\ .
(|2) N\ N\ | Y200
" N st
10 NN H
N 1ms
AN !
\VNAN A
N
\ 1
5
N0
I d.c.
10~2
i
]
s v
10_ L1
10 102 103 Veg (V)

Fig. 6 Safe Operating ARea at Tryp < 25 OoC of BUW84.

| Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

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

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

(1) Piot max line.
(2) Second-breakdown limits (independent of temperature).

\\ (February 1979
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BUWB84
BUWS8S

10 7277947
Ic IC_I\Lllmax §=0,01 tp=
(A) N 10us
AR NN
] N T
Cmax (3 \ ‘]2|0'
i A\ S S
~ | M ¥
e
AN AN i = 22 BL
PR LA
AN\ N\ ] N 200
]
il i s00
101 =" \i=
AN AN |
A\ NI Tms
}
I
1T1ls
10
| N:’“’,dc
10-2 mil
Il
1
]
v
10_3 1
10 102 103 Ve (V)

Fig. 7 Safe Operating ARea at Tinp < 25 °C of BUWS85.

I Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

Il Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 £ and tp <0,6 ps

IV Repetitive pulse operation in this region is permissible,
provided VBg <0 and t, <2 ms

(1) PtOt max line.
(2) Second-breakdown limits (independent of temperature).
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Silicon diffused power transistors

BUWS84

BUWS85
72672571
100
Ptot max N\
(o) \
75 N
N\
N
N
\t
A\
5
z \
N
N\
00 50 100 150
Tmb(°C)
Fig. 8.
102 7277944 1 =
Zthj-mb l | | B
(K/W) —e| tp b ' 6=t_p
- T —» T
10
5=1
—+ 0,75 -
1= 050 us
—— 0,33
——t 0,20
0,10
-1 0,05
10 20,02
0,01
0
10_2 2 3 4
1072 1077 1 10 10 10° ¢ (ms) 10
Fig. 9.
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BUWS84
BUWSS

7Z77044A,

S.B. current multiplying factor at the VCEOmax level

BUWS4

M i |

=0
,01

—— §
X
\\

102

AN

&\0'02 '—>~1§

/
riva

0,05

N
.
0,10 T~

10

0,20 2

0,33
f

|
:’
/
V4
1/

0,75

101 1

10 102

tp(ms)

7Z77043A

BUWS5

M 5=0

VA,

0,05

™
T

0,10

/

0,20 =

0,33 T~

0,50

////

0,75 1T
1 L

1072 10~ 1

Fig. 11.

10 t, (ms) 102
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Silicon diffused power transistors BUWS84

BUWS85
7277945
|
5=0
My 0,01
0,02
10 N
<
0,05 INRY-
N
[ o,}o\ SRR
020 NS
0,33 | T~ N
— 0'50 — “‘~~\\ N
— 0,75 T
1 1
107! ; 2
102 10~ 1 10 tp (ms) 10
Fig. 12 S.B. voltage multiplying factor at the Icmax level. -
102 7277039 E
Veg =5V :
Tj=25°C
/'—"_—‘ \\
hee SN
~
N
\
N
N\typ
10 NG
AN
~
N
! 2 3 4
10 10 . 10 Ic (mA) 10
. Fig. 13.
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BUW84

BUWS85
7277037
typ. values
Tj=25°C
1 T
IC = —
1A
— I —==0,5 A
I . —=
e 03A
VBEsat | LT
v A
0,5
0
0 100 200 300
Ic=03A 05A 07A 1A Figi4.
E 4 T~ 7277040.2
= i \ \
- VCE sat i '
V) H Tt Y
( | i \\
| 1 \
3 + +
! R \
] R \
| \
TN .
2 | LN \
| \ \
AIHA \\ \
|I ‘ \ \ \
\ \ \\\ AN
LN N <
\ \ \\ AN
\ ‘\ \\ N
ANA N BNV
N N <
0 — 15 [T
0 0,1 0,2 0,3
Fig. 15 Typical ( ) and maximum (———) values saturation voltage at Tj = 250C.
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BUX46
BUX46A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use
in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

Collector-emitter voltage (Vgg = 2,5 V)
Collector-emitter voltage (Rgg < 10 )
Collector-emitter voltage (open base)
Collector current (d.c.)
Collector current (peak value) ty <2 ms
Total power dissipation up to T = 25 oC
Collector-emitter saturation voltage
Ic=25A;13=05A

Fall time (resistive load)
Icon=25A; Igon = —IBoff = 05A

BUX46 | BUX46A

VCEX ~ max \Y
VCER max \%
VCeo  max \
Ic max. 35 A
lcm max. 5 A
Piot max. 85 w
VCEsat < 1,5 \%
tf < 0,8 us

MECHANICAL DATA
Fig. 1 TO-3.
Collector connected to case.

+—— 26,6 max ———#

<109+

See also chapters Mounting instructions and Accessories.

Dimensions in mm

—&| 9max |
- @25
&5
T_—_r— +
20,3
max *1v0
l_;_.
B
12,8
72697001 -~ 1,2 -
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BUX46
BUX46A

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).
BUX46 | BUX46A

Collector-emitter voltage (Vgg = 2,5 V) VCEX max.
Collector-emitter voltage (Rgg < 10 2) VCER max.
Collector-emitter voltage (open base) VCEO max.
Collector current (d.c.) Ic max.
Collector current (peak value) t, <2 ms lem max.
Base cuirent (d.c.) iB max
Base current (peak value); ty <2ms IBM max.
Total power dissipation up to Ty = 25 °C Piot max.
Storage temperature Tstg —65to +175 oc
Junction temperature TJ- max. 175 oC
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 1,75 K/W
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current *
VgE = VoERmax: Ree <10 Q loen < 03 mA
— VcE = VCERmax: RBE <10 §; Tj=125 oC ICER < 2 mA
— Emitter cut-off current
e Ic=0;VEg=5V lEBO < 1 mA
Saturation voltages
Ic=35A;1g=0,7 A V(CEsat < 5 \
Ic=25A;1g=05A V(CEsat < 1,6 \%
VBEsat < 1,3 \%
Collector-emitter sustaining voltage
Ic=200mA; Ig=0; L=25mH VCEOsust = 400 450 V
Collector-emitter cut-off current
VCE = VCEXmax: VBE = —25 V IcEX < 0,1 mA
VCE=VCEXmax?VBE= —-2,5 V;Tj= 125 0C ICEX < mA
Emitter-base breakdown voltage
Ic=0;lIg=05A V(BR)EBO < 30 \
Second breakdown collector current
VCeE=70V; t=1sec. I(sB)C > 0,5 A
* Measured with & half sine-wave voltage (curve tracer).
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Silicon diffused power transistors

BUX46
BUX46A

CHARACTERISTICS (continued)

7284328
250
200
I'c
(mA)
100 -
0 in  Veg (V)
min
VCEOsust CE

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)
Icon = 2,5 A; Igon = —1Boff = 0.5 A
Turn-on time

Turn-off: Storage time

Fall time

Switching times inductive load (Figs 6 and 7)
lcon=25A;1g=05A
Fall time

+50V
100-2000
hor.
oscilloscope

———— vert.

T 3000 1n
—{:; 7262263
7

Fig. 3 Test circuit for VoEQsust-

t typ. 0,5 us
on < 1 us
t typ. 1,5 us
S < 3 us
t typ. 0,6 us
, < 0,8 us
tf typ. 0,2 us

\ (January 1982
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BUX46.

BUX46A
Vee= 250 V
ViM=—-6to+8V
t
£ =001
=
tp = 20 us

Fig. 4 Test circuit resistive load.
The values of Rg and R|_are selected in accordance with Icgp, and Ig requirements.
7289212.1

\—lBon
o
( 0)10______ "
t
—— ~IBoff

tr 72774993

P+t-———|F——————— — Igon lB

~Igofs 0
90% Y Con
— O T |
——— (%) c
10% o
104 ———- - . |<E t
0 —» <—>‘tf<— t —| tg e
ton —l tops b= . —| toff |«
Fig. 5 Switching times waveforms ‘ Fig. 6 Switching times waveforms
with resistive load. N with inductive load.
Vee
+1g L Vee =300V
B ~Vggp = 5V
T.U.T.
—0
VEB
7289211.1
74
Fig. 7 Test circuit inductive load. Lg=1mH; Lg =3 uH.
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Silicon diffused power transistors BU X 4 6

BUX46A
7288305
Ic
(A)
10
| §=0,01 tp=
CMmax h H 10 s
Iemax \ =
(1) N \ LN
Al
1 N \ 111A)
AN AY 1
AY \\ ‘|
\\\ \\ \
L 50
(WA L2 g1t
(20N L 0,1ms
I \ Tt 05
1077 . L1
\\ =
AN e 2
AY T
N |1 dec
1072
10~2 I —
il =
(A) 1 =
BUX46 —1 BUX46_ |
BUX48AT] BUX46A
N~
v I~ [V
10-3 : 10-3 '
10 102 0% yeg (v) 104 400 108
VCE (V)

Fig. 8 Safe Operating ARea at Tryp < 60 °C.

(1) Pyot max and Prot peak max. lines.
(2) Second-breakdown limits (independent of temperature).

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

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

IV Repetitive pulse operation in this region is permissible,
provided Vgg <0 and t, <2 ms.
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BUX46

BUX46A
102 7282932
hee |__niot2 e T =3l Vee=5Y
___-L—' || NN
™ RE N
25°C q >\
:S.' \\\
15V N
10 S
\\ N
N \‘
AN \\\‘
\\b \\
\\\\
N
1
10~2 10~7 1 Ic (A) 10
Fig. 9 D.C. current gain. '
E ) 7282935
|
I
VBEsat I
V?Ss;at 7
A1
Vge: Ti=25°C ¢
1 BE' Tj F 1
=7 /
1 o~
e 7= 100%c
=T I ya /
| L= 1 y
! T - o
VeE: Tj=1007C 5
T A
ot "://
== T 7= 25°C
' “ |
010'2 10~1 1 10
IC(A)

Fig. 10 Typical values base-emitter and collector-emitter voltage, I¢/lg = 5.
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Silicon diffused power transistors BUX46

BUX46A
10 7282934
v LV L N |
CEsat \ \ \ \
(v) \ \ 3
\ NAEA) \
\ )
R WY TR
\ \ L[ \
1 1 V)Y L}
\ \ { A
— e b
P Ic=5A
\ \ C
N —_—
\ \
AN g
156A
101
102 1077 1 g (A) 10
Fig. 11 Typ. (——) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 oC.
16 7282933 E
VBE -
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| et
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b1 _‘_‘——"’
1 15A T |
| e
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Fig. 12 Typical values at Ti =250C,
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BUX47
BUX47A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use
in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

BUX47 | BUX47A

Collector-emitter voltage (VEg = 2,5 V) VCEX ~ max. \%
Collector-emitter voltage (Rgg < 10 Q) VCER  Max. \
Collector-emitter voltage (open base) VCEQ  mMax. \Y
Collector current (d.c.) Ic max A
Collector current (peak value) tp < 5ms lcm max 15 A
Total power dissipation up to Ty =25 °C Piot max 125 w
Collector-emitter saturation voltage

Ic=6A;1g=12A VeEsat < 16 Y

Ic=5A;1g=1A Veesat < — 15 V
Fall time (resistive load)

lcon=6A; IBon=—1Boff=1.2A tf < 0,8 - us

Icon=5A; IBon=—IBoff=1A tf < - 0.8 wus
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected to case. > 9max |<—

<+— 26,6 max ——— > 25
. c nlE
ﬂ‘f\ R 4,2
T N 30

395
max 30,1

See also chapters Mounting instructions and Accessories.

la-109—

20,3
max

< 128,

12

72697001

¥
0
3
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BUX47
BUX47A

L

RATINGS

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

Collector-emitter voltage (Vgg = 2,5 V)
Collector-emitter voltage (Rgg < 10 )
Collector-emitter voltage (open base)
Collector current (d.c.)

Collector current (peak value); tp < 5ms
Base current (d.c.)

Base current (peak value); tp < 5ms

Total power dissipation up to T, = 25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

CHARACTERISTICS

Tj=25 OC unless otherwise specified

Collector cut-off current*
VCE = VCERmax: RBg < 10 &
VCE = VCERmax: RBE < 10 &; Tj=1250C

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

Saturation voltages
Ic=6A;Ig=12A
Ic=9A;1g=18A
Ic=bA/lg=1 A
Ic=8A;lg=16A
Ic=6A;Ig=12A
Ic=5A;1g=1 A

Collector-emitter sustaining voltage
Ic=200mA; Ig=0; L=25mH

Emitter-base breakdown voltage
Ic=0;1g=05A

Collector cut-off current

VCE = VCEXmax: VBE = 2,56 V
VCE = VCEXmax: VBE = —25V; Tj= 125 0C

* Measured with a half sine-wave voltage (curve tracer).

Ptot
Tstg

Rth j-mb

ICER
ICER

lEBO

VCEsat
VCEsat
VCEsat
VCEsat
VBEsat
VBEsat

VCEOsust
V(BR)EBO

IcCEX
ICEX

max.
max.

max.

VAWAN

A

ANNNNANNAN

VAWAN

BUX47 | BUX47A

3
6
125
—65 to + 200
200
1,4
074
3
1
1,5
5
1,6
400
7 to 30
0,15
1,56

33
> >

<< << < 3
>

<

mA
mA

262 December 1981W (




Silicon diffused power transistors

BUX47

BUX47A

CHARACTERISTICS (continued)

7284328
250

200 1

(mA)
100 1

min Vg (V)
VCEOsust CE

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Figs 4 and 5)
BUXA47: - Igon =6 A; Igon = —IBoff = 1,2A
BUX47A:1con =5 A; Igon = —Igoff= 1A

Turn-on time
Turn-off: Storage time

Fall time

Switching times inductive load (Figs 6 and 7)
BUX47: lgon=6A;Ig=12A
BUX47A;lcon=5A;Ig=1A
Turn-off: Storage time

Storage time; T; = 100 °C
Fall time
Fall time; Tj = 100 oC

s

hor.

oscilloscope

e vert.

T 3000 10
D; 71262203
2

Fig. 3 Test circuit for VCEQsust-

t typ. 0,6 us
on < 1,0 us
" typ. 2,8 us
S < 3,0 us
1 typ. 0,45 us

< 0,8 us
tg typ. 2,5 us
tg < 4 us
tf typ. 80 ns
tf < 400 ns
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BUX47

BUX47A
Vee=250V
Vim=—-6to+8V
t
P
— =001
T ,
tp =20ps

7289210
Fig. 4 Test circuit resistive load.
The values of Rp and R _are selected in accordance with 1o and I requirements.

72892121

— IBon
10% k. \
0-___“ t v t
_ —— - IBoff

— Icon

72774993
90%
— Igon IB

90%
— Ic oF=r
:;ﬁ (%) |C
10% —
10—~ T
0 l | T — | f t
—l e tg [e—pltfle— —| tg |
ton ! torr e
—| toff |<—
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
Vee

Vee =300 V

72892111

"/

Fig. 7 Test circuit inductive load. Lc=15mH; Lg =3 uH.
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Silicon diffused power transistors

BUX47

BUX47A
7288306
! 5-001_| tp= |
IcMmax — - N 1——'20;15
\
10 \\\\ AY \ \\ A
'Cm N\ \\:\ \\\\\ \\ \\ \\
& e aviimw—.
'c \ NN 50
(A) \ \” \
—HLLL100
1 \ \ \\\ 5\ \
N Y _==—“‘200
AV
AVAY
AAVANEAY
2l N\ N 500
W\
I \ | LH-1ms
10! I
T
ARV \IN = 5
NN 10
NNEEH T 20
[T d.ce
10~2
1 -2
0 I
(A) m
BUX47 _| —
BUX47—T] BUX47A
sux47a]|v \\F v
10-3 1 - | I 10-3 |
10 10 103 Veg (V) 104 400 103
Vee (V)

Fig. 8 Safe Operating ARea at T;p <25 ©C.

(1) Ptot max and Ptot peak max lines.

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

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

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

IV Repetitive pulse operation in this region is permissible,
provided Vg < 0 and t, <2ms.

i (,December 1981
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BUX47

BUX47A
102 7282937
Tj=125°C
hpg === T T~ L Vee=5V
,,_———-‘L—_’”- I R ~
26°C N\\\ ~t>\\
P 3 \
1,5\/2,\\\\ N
g ‘ \
10 re Py
N NEHAN
~ AN
ALY AN
NN\
RN
\\\\
N
! 1
- 2
10 1 10 Ic (A) 10
Cin O Tumianl vinliina 4 o o e o
Y. v i ypitai vaiucs GU.C. curieint gaiin
E 2 7282940
= |
= |
|
Vv I
BEsat Y,
\% y)
CEsat '[
b/
v ]
I ]
\V T=250C //" ’ I
] BE’ ') 'A¢ I
— 1
= /,/ r) /
=TI =" 7=100% | | | /1)
| =] L b= | | |
_”-P— ] I I /,
ST = o
VCE'TJ‘mO S/ //
7
- " o
s o [ = —
sz = Tj=25°C
0 L1
10— 1 2
10 Ic (A) 107

Fig. 10 Typical values base and collector voltage at Ic/lg =5.
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Silicon diffused power transistors

BUX47
BUX47A
10 7282939
\ [N \ \
VCEsat \ \ \ \
(V) \ )
\ \ W\
TV
\ \ \\ \
1 ‘ 1\ \ S %3
[y A | | W} A
X 1 | WY \
\ Iy \ \ \
\ A \_\ AN
\\ NEb AN i.=8A
\\ '\ N——t—1 6 A
.
\\ = 3A
1071 -
101 1 10 g (A) 102
Fig. 11 Typ. (—) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 oC.
16 7282938 E
VBE
(V)
14
|t
-
|c=8A — —
12 e T
' 1 6A —T|
P __—
// // _..—'—-—_
{ L~ 3A -1
L
10 // =
y l//’
0,8
0 1 2 Ig (A) 3

Fig. 12 Typical values base-emitter voltage at T = 250C.
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BUX48
BUX48A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use
in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

BUX48 | BUX48A

Collector-emitter voltage (peak value; Vgg = 0) VCESM Mmax. \
Collector-emitter voltage (open base) VcEo  max. \%
Collector current (d.c.) Ic max. A
Collector current (peak value; t, <2 ms) Iem max. A
Total power dissipation up to Ty =25 °C Ptot max. 175 W
Collector-emitter saturation voltage

|C=10A;|B=2A Vegsat < 1,5 — \

Ic= 8A;Ig=16A Veesat < - 15 V
Fall time (resistive load)

lcon=10A; IBon=—IBoff=2 A tf < 800 - ns

Icon= 8A;lgon=—IBoff=1.6 A tf < - 800 ns
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.

Collector connected to case. — Imax |-

R 26,6 max > | 25

b ; c R *
_/@ _ 4,2
A T ’L,O
(
16,9
395 l 20,3
max 301 max '1,0
A
e
) | _
' ]
12,8
L' 109+ 72697001 - 1,2 -

See also chapters Mounting instructions and Accessories.
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BUX48.
BUX48A

RATINGS

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

BUX48

BUX48A

Collector-emitter voltage (peak value; Vgg = 0) VGCESM max.
Collector-emitter voltage (peak value; Vg = -25V) Vcgx max.
Collector-emitter voltage (open base) VCcEO max.
Collector current (d.c.) Ic max.
Collector current (peak value) lem max. A
Base current (d.c.) g max. 4 A
Base current (peak value) IBM max. 20 A
Total power dissipation up to T, = 25 ©C Ptot max. 175 w
Storage temperature Tstg —65 to +200 oc
Junction temperature Tj max. 200 oC
THERMAL RESISTANCE
From junction to mounting base Rih j-mb 1,0 K/W
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector-emitter current
VeE ~ VeEX RBES 10 Q; iCER < 0,5 mA
- VCE=VCEx;RBE<1OQ;Tj=125°C ICER < mA
- Collector-emitter current
E VcE =VeEX: VBE=—-25V IcEX < 0,2 mA
VCE = VCEX: VBE=-2,5V; Tj=1250C IcEX < mA
Emitter cut-off current
lc=0;Vgg=5V IEBO < 1 mA
Saturation voltages
Ic=10A;1g=2A V(CEsat < 1,5 -V
VBEsat < 1,6 -V
Ic=8A;Ig=16A VCEsat < — 16V
VBEsat < — 16 V
Ic=15A;Ig=3A V(CEsat < 5 -V
Ic=12A;1g=24A VeEsat < - Sv
Collector-emitter sustaining voltage
Ic =200 mA; IBoff=0; L =25mH VCEOsust > 400 450 V
Emitter-base breakdown voltage
Ic=0;1g=50mA; V(BR)EBO 7 to 30 \
* Measured with a half sine-wave voltage (curve tracer).
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Silicon diffused power transistors

BUX48
BUX48A

CHARACTERISTICS (continued)

7284328
250
200 1
'c
(mA)
100 1
0 min Ve (V)
i
VCEOsust CE

Fig. 2 Oscilloscope display for sustaining voltage.

Switching times resistive load (Fig. 4 and 5)
Icon=10A; Igon=—IBoff=2 A
Turn-on time '

Turn-off: Storage time

Fall time
Icon =8 A; Igon = —IBoff= 1.6 A
Turn-on time

Turn-off: Storage time
Fall time

Switching fimes inductive load (Fig. 6 and 7)
Icon=10A; Igon=2A; Tjp =26 °C
Turn-off: Storage time

Fall time

Icon = 10 A; Igon = 2 A; Tmp = 100 °C
Turn-off: Storage time

Fall time
Icon=8A; Igon=16 A; Tjp=25°C
Turn-off: Storage time

Fall time
Icon =8 A Igon =16 A; Tryp = 100 °C
Turn-off: Storage time

Fall time

30-60Hz

s
i

6V 3000
T

hor.

oscilloscope

vert.

1N
1 } ! 7262203
2

Fig. 3 Test circuit for VCEQsust-

AN

VAWAN

typ.
typ.

VAWAN

typ.
typ.

AWAN

~ BUX48 | BUX48A
1 —_
3 —
08 -
- 1
- 3
- 038
3 —
80 -
5 —
04 -
- 3
- 80
- 5
- 04

us
us
us

us

us
us

us
ns

us
us

us
ns

Hs
us
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BUX48
BUX48A

Vim |
0__.

‘

t
<P

- T—»

B

w7

7289210

Fig. 4 Test circuit resistive load.
The values of Rg and R|_are selected in accordance with Icgp and g requirements.

Vee=150 vV
Viy=—-6to+8V
t

P -o001

tp = 20 us

72892121
72774993 90% | —_— IBOn
. — Igon |B \
B o L
(%) 10%
1 t
—— ~Boff
~Igofs |
ane ~— ICon
YU % 7
—_— . 90t———t
— ic |
— (%) c
10% -
18 _____ — ‘43 t
—» |4— ts <—>|tf «— t — tS -
ton > tos e —| Toff |<—-
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
Vee
Vee=300V
Lg = 3uH
Lc = 1,6mH
+1 Vgg= b5V
B Lg
—O0
VEB
7289211.1
2
Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors

BUX48

BUX48A
§=0,01
ICMmax A 7288198.1
] AN i i
Cmax \ tp=
0 AERN 10ps
(1) 3
AY N
\ A
(A)
| \
1 LY
\\
\ 100us
(2) 1%
iy
101 \\
N\ 1ms
AN
N|d.c.
10~2 =
BUX48 —]
BUX48A-T]
l]] M
10-3 > St
1 10 102y (v) 10
7288307
%
Fig. 8 Safe Operating ARea at Typ < 25 °C.
k 100
(1) Ptot max and Ptot peak max lines. \ \ /
(2) Second-breakdown limits (independent of \ {/0
temperature). 75 N
| Region of permissible d.c. operation. \ \
Il Permissible extension for repetitive pulse 50 N \ I
operation. /;\ ‘\
111 Repetitive pulse operation in this region is % \
permissible, provided Vgg < 0 and tp < b5 ms. 25 \\
0
0 50 100 150 200
Fig. 8a Derating curve. Tc (°C)
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BUX48
BUX48A

15 7288308
Fig. 9 Forward bias safe operation area, Tj < 125 OC. |
| Safe operation area during turn-off and during (A) \
turn-on. \
For BUX48A the right-hand limit is 450 V. \
Il Safe operation are during turn-on only provided 10
t, <0,2 us. \
Il Safe operation area during turn-on only provided ‘\
tr <0,5 us and Rgg <100 £2. I I \
N
5
N
N
11
0
0 400 700 VBE (V)
= 60 7288309
Fig. 10 Forward bias accidental overload area, | MR
P (o] C ) )
Tj<1250C. (A) vy \ 5 us
| Safe operation provided normal forward bias Ty
conditions are respected (Ig/g, Tj max)- iy
Il Safe operation area for ‘non~repetitive pulses. 40 . 10 us
During comporient life the number of pulses
in area Il should not exceed 3000 times. “\
- == et 20 s
20
I
0
0 400 Vee (V) 1000
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Silicon diffused power transistors

BUX48
BUX48A

15 7288310
Ic
(A)
11
10
. \
<
00 4 0 4
< | <
x| X |
STD
o | om
[—
. L
0 400 850 1000
Ve (V)
60 7288311
e \T
(A)
40
20 r
d
1 <
00 T 00 1
< | <
x| §
N 212]
YN
0 Y
0 400 850 1000
Vee (V)

Fig. 11 Reverse bias safe operation area,

Icend/!Bend = 5; =VBE =3 V.

| Normal reverse bias safe operation area,
Vge <0 V.

Il Extension of the reverse bias safe operation
“area provided a desaturation network (Baker
clamp) is used.

Fig. 12 Reverse bias accidental overload area,

—-VBg =3V, Tj <125 9C.

| Operation at high currents (Ic > Igp) is
permitted, provided the pulses are non repeti-
tive and Vg <0.

Il This area may be entered only through the
broken line. Crossing the continuous line is
not permitted. -

During component life the number of surge pulses
in area | and 11 should not exceed 3000 times.

o
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BUX48

BUX48A
102 ) 7282942
L. = 0
hre _.TLE?—E'—=:" T =~k Vce=5V
I = BN
~
550 \>\§‘\\;
25°¢ —5 AN
15V SN TN
\\\§ N
10 - \\
NNINN_ N\
NN N
DAANAN
NN
NN
N
N
1
10~1 1 10 Ic (A) 102
Fig. 13 Typical values d.c. current gain.
= ) ' 7282945
= I
I
VBEsat Il
VCEsat /
(V) |
/1]
A ] ’
1 Vge: Tj=25°C [l
BE ' 'j~ Ld / '
| et &
————‘ /,-.- ° /
— TH Tj=100°C 7 /
——— / /
Vee: Tj=100°C L 1 [
L
L b et — I |
] Tj=25°C
1 1
10-! 1 10 ic (A) 102

Fig. 14 Typical values base and collector voltage at Ic/lg = 5.
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Silicon diffused power transistors

BUX48
BUX48A
10 7282944
\ Y \\ \
VCEsat \ % \\ 1
(v) 3 \ )
VRV RV
V) \
VNN WL
1 A 1
LY 1 1\ A
LY \ W\
\\ \‘ \\
\ ™ =
\ \ \ Ic=15A
v e -
TN \ 10A
\\ N
~
N.%'H ~ L
5A
1077 — ,
10 1 10 Ig (A) 10
Fig. 16 Typical (——) and maximum (— — —) values saturation voltage. Tj = 25 °C.
16 7282943
VBE
(V)
14 -
lc=15A || a1
L+
L~
L —
- 10A
12 e AT
, T
] —T"|
5A L1
pd T
——
10 ]
0,8
0 2 4 Ig (A) 6

Fig. 16 Typical values base-emitter voltage at Tj =250C.
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BUX48
BUX48A '

. 7288312
l &
B N <.
W o~
A ~!
3 .
( / Voo
w
// |
2 /

, /&
v

0 4 8 12 16

Ic (A)

Fig. 17 Minimum base current to saturate the

transistor as a function of the collector current.

1000 7288317
\\
Vce
i BUX48A
800 N
BUX48
600
N
400
1 10 102 103 104 109
Rgg (2)

Fig. 18 Typical values collector-emitter voltage
as a function of the base-emitter resistance.

10 7288318 200 7288315
tr tf/
( N /1 /
(us) ~ T (%) //
/
- 7 150 /
E ton /
tf / ts
—T] / B
I/
0,1 100
4 6 8 10 Ic (A} 12 0 50 100 T,-("C) 150
Fig. 19 Typical values switching times resistive Fig. 20 Increase of switching times as a function
circuits as a function of collector current. of temperature. To read in connection with Fig. 19.
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Silicon diffused power transistors

BUX48

7 19
10 2883 200 7288316
t
(us) ts At
p—— —
LA (%)
o/
Y
S &
150 S L —
W S
,\0
01 / hal
t /
// S
/
001 100 ]
2 4 6 8 10 12 14 0 50 100 oy 150
T
Ic(A) el

Fig. 21 Typical values switching times
inductive circuits as a function of collector
current.

02 7288313
T T
i
(us)
NS
0,1
0
0 2000 4000 6000
dv/dt (V)

Fig. 23 Typical values fall time as a function
of dVgg/dtat Ty =2509Cand Ic = 10 A.

Fig. 22 Increase of storage and fall times

to read in connection with Fig. 21 as a function

of junction temperature.

16 7288314
Ic |
(A) ma)/
12 7

min

8

4

0

0,75 1,0 Vgg (V) 1,25

Fig. 24 Base-emitter voltage as a function of
collector currentat Vgg = 1,5 V; Trjyp = 25 0C
and 90% confidence.
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BUX80
BUX81

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed switching n-p-n power transistors in TO-3 envelopes, intended
for use in converters, inverters, switching regulators and motor control systems.

QUICK REFERENCE DATA

BUX80|BUX81

Collector-emitter voltage (Vgg = 0, peak value) Vcggy max.
Collector-emitter voltage (RBE = 50 ) Vepr  max.

Collector-emitter voltage (open base) Vcgo max.

Collector current (d.c.) Ic max.

Collector current (peak value)

tp =2 ms IcMm max. 15 A
Total power dissipation up to Ty = 40 °C Ptot max. 100 w
Collector-emitter saturation voltage

IC=5A;IB=1A VCEsat < 1,5 \Y
Fall time

Icon =5A;1gon = LA; ~Ipoff =2 A tf typ. 0,3 us

MECHANICAL DATA Dimensions in mm
TO-3
Collector connected to case
-+ 9max |<—
< 266 max ——— > |25
Y R
4.2
A T *1‘,0
(
169
395 l 20,3
max 301 max *1'0
\
e
Y h
Y ]
< 128 _,

7269700.1 11v2

See also chapters Mounting instructions and Accessories.
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BUX80
BUXS8I.

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

- Voltages

Collector-emitter voltage
(Vg =0, peak value)

Collector-emitter voltage
®pBE = 50 Q)

Collector-emitter voltage (open base)

Currents
Collector current (d.c.)

Collector current (peak value)
tp =2 ms

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

Reverse base current (d.c. or average
over any 20 ms period)

Reverse base current (peak value) l)

Power dissipation

Total power dissipation up to Ty, = 40 0C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

CHARACTERISTICS

Collector cut-off current 2)

VCEM = VeESMmax: VBE = 0

o
VCEM = VCESMmax; VBE = 0; Tj=125"C

D.C. current gain
—e e TATTONL gam

Ic=l,2A;VCE=5V

1y Turn-off current.

VCEsSM

VCER
VCEO

Rin j-mb

Tj =250C

Icgs
Ices

hrg

2) Measured with a half sine wave voltage (curve tracer),

BUX80|BUX81

max. 800 1000 V
max. 500 500 V
max. 400 450 v
max. 10 A
max. 15 A
max. 4 A
max. 6 A
max, 100 mA
max. 6 A
max. 00 W

=65 to+150 oC
max. 150 oC
= 1,1 K/W
unless otherwise specified
< 1 mA
< 3 mA
typ. 30

282 I ’
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BUX80

BUXS8I1
CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified
Emitter cut-off current
Ic=0;Vgg =10V IEBO < 10 mA
Saturation voltages
Ic=5A;IB=lA VCEsat < 1,5 Y
VBE sat < 1,4 A%
Ic=8A;Ig=2,5A VeEsat < 3 v
VBE sat = 1,8 v
Collector -emitter sustaining voltages - SR BUX 80| BUX81
Ic = 100 mA; Igoff = 05 L = 25 mH VCEOsust =
Ic = 100 mA; Rpg = 509; L = 15 mH VCERsust =~
7272203
min  min Ve (V) =
Veeosust VeERsust '
Oscilloscope display for sustaining voltages
+50V
+50v 100-200Q
100-2000
L
hor.
hor.
oscilloscope oscilloscope
‘—%] $———— vert.
—— vert. | I
~ ~ 6V
30-s0Hz °V T 3000 n 30-60Hz T 10
7262283 ! 7272304 I
4 74
Test circuit for Vorosgsust Test circuit for VogR sust

I | I



BUX80
BUXS8I:

CHARACTERISTICS (continued) Tj =25 OC unless otherwise specified
Transition frequency at f = 1 MHz

Ic=0,2A;Vep =10V fr typ. 6 MHz

Switching times

IcCon =5 A; Ve =250V
IBon = 1A;-Igor=2 A

Turn-on time ton t/y’p 0,35 ps

< 0,5 ps
Turn-off: Storage time tg tp. 2,5 ps
< 3,5 s
Fall time tf typ. 0,3 ps
Fall time, Ty, = 95 °C tf < 0,8 ps
£,<30ns 7272640
904 —N\- fo—————— -~~~ Ipon
ig (%)
10 t===
Waveform
90 t+———
ic
(%)
L[ Jp N—
0
—»
+25V
Test circuit BD226
T—
L
wll L 7
[N
tp r
100
tp =20 ps Vi ]“
T = 2ms
ViM = 15V BD227

%/ 7272198 .1
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BUX80

BUXS8I1
BUX80
102 7272729.2
Tonp <60°C
Ic
(A)
1 6= 0,01
CMmrch = ~
! N N
1o |—Sme NMIENS
N OSSN N—Ttt,= 10
AN AN N \\ ‘\\\\ ANEAN 18 11
) AN IANN DM T
) NNV Fi
\\\\i\ \ \\Q\\ 50
N
DA AN
N NN YN H
I N , \ \
j; SRS S LE
S S AN WANNAN B
NN
C (A) \ \\ ™S T
R N\ )
I ANA\NE
s ‘\\\5
10
10~} 103 | 3 i
n Veg (V) 10 AW
d.c.
T
m__.._._
1072
2 0 102 Veg (V) 103

Safe Operating ARea
1 Region of permissible d.c. operation
1I Permissible extension for repetitive pulse operation

[II Area of permissible operation during turn-on in single-transistor
converters, provided Rgg = 100 @ and P <0,6 ps

IV Repetitive pulse operation in this region is permissible,
provided Vgg =0 and tp =2 ms

1) Ptot max and Ppeak max lines.

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

I |



BUX80

BUXS8T
BUX81
102 7272739.4
Tmb <40 °C
Ie
(A)
[ Icmma 8-001
T 1 \ N \\ \
10 Temox « Q\\\\ \\\\ \\
NS =
D \ ANLVANAN 10 ps[T]
) NSNS N20
\\ \ \\Q\ N 5'0
N ) \ \\\ 1100 -
1 N Y\ N \Hizo0
, NAVARN
— \\\\ AY A ]
C AVA 0011
O I \AWANNANE |
B AN ARV A
- NN s
i NN
NN
L \ ;
Iz N 5
10~1 - 10-—3 ] I 3 \ 'n
= Veg (V) 10 0N
AN
N
de 1]
H
I
10‘22 > )
10 10 Veg (V) 10

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

III Area of permissible operation during turn-on in single-transistor
converters, provided Rgg < 100 ©2 and th =0,6 ps

IV Repetitive pulse operation in this region is permissible,
provided Vg =0 and tp =2 ms

1) Ptot max and Ppeak max lines.

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

| ]
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BUX80

BUXSI1
7272730
100
N
\
PtDt max \
(%o) \
\
50 \
\
\
‘\
\
N\
00 50 100 150
Tmp (°C)
2 7272647.1 -
° —-ll—ll—lﬁl— -
Zth j-mb |
| (K/W) —>tple . 5=EE
«—T—» T
10
5=1
== 3 -
== 0,75 ="
— -
0,33 —
-—_lo’zn- /;’
0,177 ,:;,//’
10! 0,05 ‘
1
<002
[ <001
-2
10 10-5 104 10-3 102 10— 1 tp (s) 10
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BUX80

BUXSI
7272646.1
S.B. voltage multiplying factor at the Icmay level
My
102
| 16=001
0,02
0,05
2
: Ny
10 -
— 0,1 ]
T s N
0,2 el NN
s T TN
05 e S SN S SN XY
[y
075 T
1 ] | T ol
10-5 10-4 103 10-2 tp (s) 101
= 7272645.1
E S.B. current multiplying factor at the Vegomax level
My
102 = 0,01
& NN
L
~
0,05 | AN
Tl ] ) ‘\\
N q
10 =2 TN
AN
RSN
—0,2 N
— | N
033 I Y
el || \\
05 i §E~~
7 \§h~:~ﬂ: \
0,75 N \§~
1 | W S=
10-5 104 10-3 102 tp (s) 101
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BUXS80
BUXS81
ot e 1,5 7272642
' |
Veg =5V typ.values IL:'!
= ° = ) =
hee Tyj=25°C Tj=25°C AR
vBEsqt = __!_.-
(V) = = sALL
103 P .
/£ =]
V2 A
[P
102
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™ 05
\\
10
N\
N
1 = 0
10 1 10 I (A) 0 1 2 T b
7272741 =
10 =
' ll \ “ o, pr—
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! \ o e wen AX. VAIUES
1 A typ. values
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BUX80
BUX81.

APPLICATION INFORMATION ON BUX80 (detailed information on request)

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the
supply output transistor and the base drive conditions during turn-off. In SMPS circuits with mains
isolation the duty factor of the collector current generally varies between 0;25:and 0,5.

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies
from rectangular in a forward converter to a sawtooth in a ﬂyback circuit.

As the BUX80 will mainly be used in forward or push-pull converters the information on optimum
base drive and device dissipation given in the graphs on page-12 is concentrated on'this application.

In these figures Icpg represents the highest repetitive peak collector current that can occur in the given
circuit, e.g. during overload.

The total power dissipation for a limit-case transistor is given in Fig. 5 which applies for a mounting
base temperature of 100 9C. The required thermal resistance for the heatsink can be calculated from

100-Tamb max
Ptot
To ensure thermal stability the minimum value of T4, in the above equation is 40 OC.
A practical SMPS output circuit for an output power in the order of 400 W is given in Fig. 2.

At a collector current of 5.A and a base current of 1 A-in this circuit the’ following turn- off times can
be expected.

Rth mb-a =

Tmb = 25 °C ] 100 °C

Storage time ts typ 2 2,7 us
Fall time tf typ = 0,18 0,5 us
-7 . B — TN 091 Igy
Ic | Icm
ol il 0,1 1cm
t —>(tle

?
Vee . VCE (t1)
/\ 'B(end) ”T\

t7.205us
. !4— s |

. “Vdrive .
—_ v —— -
VBE h*__l ; I.I—

Fig. 1 Relevant waveforms of switching transistor.

7277362
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Silicon diffused power transistors BUX80

BUX81
+290 V BYW31 330 uH
. +24V
B "
BYW19 RN
TH| nF BYW31
® ‘ ® 1 +
i 80 s
5V PO IS M H g 180 22mF
i
i
| S
330
Q
10nF
7277361

Fig. 2 Practical SMPS output circuit.

T1 {output transformer): Core U64; n1 = n3 = 56 turns; n2 = 17 turns
T2 (base current transformer): Core U20; n1 = 5 turns; n2 = 25 turns

VCE(t1) <300V (see Fig. 1)

\ (August 1977
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BUX80

BUX81
15 7Z7736; 6 7277365
/ /
'B(end) / /4 ‘s \ —Vdrive
(A) T=25ps (uH) (V)
N
4 \ ~Vdrive 2 4
4
1 A 4
L 50us » 6
/| p RN P
l, I/ ] — —
-
// N LB
/|
/V
0,5 va 2 4
//
-
0 5 0 2
2 4 igmia 2 4 igmia) 6
Fig. 3. Fig. 4.
e 15 7277363
= Alg(end) =+ 20%
- Tmb <100°C
Prot 11T ,
(W) T 4 X .
T=25us / /] Fig. 3 Recommended nominal “end”” value of
A1t /] £ the base current versus maximum peak collec-
10 - tor current.
y
,\’ b // 7 Fig. 4 Minimum required base inductance and
4RD4 recommended negative drive voltage versus -
v ,/ maximum peak collector current.
// 4L A Fig. 5 Maximum total power dissipation of a
V4 <t limit-case transistor if the base current is
7 T=50ps chosen in accordance with Fig. 3. Solid lines
5| _ /_( - — | _ for transformer drive and dotted lines for
// - collector-coupled current drive.
0
2 4 igmtar 8

Fig. 5.
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BUX82
BUX83

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed switching n-p-n power transistors in TO-3 envelopes, intended
for use in converters, inverters, switching regulators and motor control systems.

QUICK REFERENCE DATA

BUX82 | BUX83

Collector-emitter voltage (VBE = 0, peak value) Vgoggy max.

Collector-emitter voltage (RBg = 100 €2) VCER  max.
Collector-emitter voltage (open base) VCEO  max.
Collector current (d.c.) Ic max.
Collector current (peak value)
tp =2 ms Icm max. 8 A
Total power dissipation up to Tmp = 50 °c Ptot max. 60 w
Collector-emitter saturation voltage )
Ic=2,5A;13=0,5A VCEsat < 1,5 A%
Fall time S
Icon = 2.5 A;Igon = 0,5 A; -Igogf = 1 A tf typ. 0,3 Us
MECHANICAL DATA Dimensions in mm
TO-3

Collector connected to case

-+ 9max |[<—
<+—— 26,6 max —— —- @25
¢ RN
‘3
T—r— * |
1 20,3 ¥
- | 685  mMax , 10
L 4
b -
L—‘lo,g-» - 128 —>

7269700 n 12

See also chapters Mounting instructions and Accessories.
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BUX82
BUX83.

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

Collector-emitter voltage
(VBE = 0, peak value) ‘ VeEsM — max.

BUX82 | BUX83

Collector-emitter voltage
(Rpg =100 Q) VCER max.

Collector-emitter voltage (open base) VCEO max.

Currents

Collector current (d.c.) Ic max. 6 A
Collector current (peak value)

tp =2 ms IcMm max. 8 AC
Base current (d.c.) 1B max. 2 A
Base current (peak value) 1M max. : 3 A

Reverse base current (d.c.or average

over any 20 mg perlod) NP v ) o ‘IB(AV) . bmax. ] 100 mA .
Reverse base current (peak value) 1) ' ' 'IBM max.. 3 A
Power dissipation )

Total power dissipation up to Tmp = 50 °C Prot max. 60 w
Temperatures
Storage temperature } Tstg -65. to +150 oc
Junction temperature Ty = max. 150 °c
THERMAL RESISTANCE
From junction to mounting base . . Rth j-mb = 1,65 K/w
CHARACTERISTICS Tj=125 OC unless otherwise specified
Collector cut-off current 2) o
VCEM = VCESMmaxi VBE =0 - , lggs < 1 mAL
VCEM = VCESMmax : VBE = 0; TJ “125% ICES < 2 mA

D.C. current gain
Ic=0,6A;VCE =5V hFE typ. 30

1y Turn-off current.

2) Measured with a half sine wave voltage (curve tracer).
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BUX82
BUX83

CHARACTERISTICS (continued) TJ- =25 OC unless otherwise specified

Emitter cut-off current

Ic=0;Vgg=10V IERO < 10 mA

Saturation voltages

Ic=2,5A;13=0,5A VeEsat < 1,5 A%
VBE sat < 1,4 v
Ic= 4A;Ig=1,25A VCEsat < 3 v
VBE sat < 1,6 v
Collector-emitter sustaining voltages BUX82 | BUX83
Ic = 100 mA; Igoff = 0; L =25 mH VCEOsust
Ic = 100 mA; Rpg = 100Q; L = 15 mH VCERsust

7272203

min  min Ve (V)
Vceosust VCERsust

Oscilloscope display for sustaining voltages

hor.

hor.

oscilloscope oscilloscope

ﬁ ——— vert. \—a:l
~o

30-s0Hz &Y T 2000 10 so-60Hz | T 10
’ 7262283
4 72722021 2

Test circuit for VCEOsust Test circuit for VER sust

vert.

I |



BUX82

 BUX83 ||

CHARACTERISTICS |(continued)

Transition frequency at f = 1 MHz

Tj = 25 °C unless otherwise specified

Ic=0,2A; Vg =10V fr typ. 6 MHz
Switching times
Icon=25A; Vo =250V
IBon = 0,5 A; ~Ippff = 1 A
typ. 5
Turn-on time ton /yp 23 ps
< U, 9 Bs
e . typ. 2 Hs
Turn-off: Storage time tg - 3.5 is
‘Fall time te typ. 0,3 Ks
Fall time, Tmh = 95 °C t; < 1 s
t,<30ns 7272640
90 t-— N~ fo==————— ==~ Igon
ig (%)
0 ===
Waveform
90
ic
(%)
10
0
+25V J
Test circuit ]
. + '
o . : 1?:0 Vee
Tea W 250V
LI o
Vim
tp .
¢ [
tp =20ps ' 82[| *L eso
T = 2ms a uF
ViM =15V BD227 T

; . 72731911
4
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BUX82

BUX83
10BUX82 b= 0,01 72726441
‘—ITM"I'“ \\\ NN \\ AN "-'pl='£‘5
1. AN QN WA VA AN 10ps 1
I Cmax N\ \\:\\\\ NN Y J.!
e NA NN NG
N\ :\\\\ \
\\\ \\n \ \ 50
1 ANNNA N DA
AN N\ \
NN \100
N\ [\ o ML
N u\\ N 29°|
NN

10~ SeN
\
\ I
EANAN i
10
!
\ d.c
|
m
10-2
T <50 °C
s
10-3 > ' ,
2 10 10 Veg (V) 10

Safe Operating ARea
1 Region of permissible d.c. operation
I Permlsslble extension for repetitive pulse operatlon

111 Area of permmslble operation durmg turn-on in single- translstor
converters, provided RBg = 100 €2 and tp = =0, 6pus

IV Repetitive pulse operation in this region is permissible,
provided VRg =0 and tp = 2 ms

1) Ptot max and Ppeak max lines.

2) Second-breakdown limits (independent of temperature).
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2a7



BUX82
BUX83

BUXS83 5=0.01 7272740

9

pd

I

{‘)H

Y

g
/
77
24
74
/

YAA 1

) ) \\\

///

7
e el
/
]
-
[32]
o

107 ' x\\\ \ 1lmls

= G+ ro HH—
o(.ﬂ N

—a —T
-—0

L

|

|

1

H

10~2

10-3 - | ,
Safe Operating ARea
I Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation

I Area of permissible operation during turn-on in single-transistor
converters, provided Rgp =100 Q and tp =0,6us

IV Repetitive pulse operation in this region is permissible,
provided Vpg =0 and tp =2 ms

1) Ptot max and Ppeak max lines.

2) Second-breakdown limits (independent of temperature),

| H
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s o ¢ BUX83

7272731
100
Ptot max
(®/o)
50
\
N\
0
0 50 100 150
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. 72726531 E
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BUX82
BUX83|
72726621 '
S.B. voltage multiplying factor at the Icmax level
My
102
5=
0,01
L £0,02
\'\‘§
0,05
o=
I — — -~
| BN
0.2 ;NN
——— N
T =
033 [
T Tl I~ ::
0,5 — ‘-k
T et T
015 T
1
10-5 10-4 103 10~2 t, (s) 10"
—_— 7272651.1
E S.B. current multiplying factor at the VcEOmax level
My
6=
10220
—002 T
SN L
\~~
0,05 N
T \\
MY T~ N
—
o — N
oy
'—0,2 S NN
NN
0,33 ‘"“\\\
0,5 -~--..\>
0,75 I N EL
1 T :LJ .
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BUX82
BUX83
103 7272649 1 5 7272648
Veg = 5V typ.values
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BUX82
BUX83

APPLICATION INFORMATION ON BUX82 (detailed information on request)

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the
supply output transistor and the base drive conditions during turn-off. In SMPS circuits with mains
isolation the duty factor of the collector current generally varies between 0,25 and 0,5.

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies
from rectangular in a forward converter to a sawtooth in a flyback circuit.

Information on optimum base drive and device dissipation of the BUX82 in a flyback converter is
given in Figs 3 to 5. Figs 6 to 8 apply to a forward converter. In these figures 1o represents the high-
est repetitive peak collector current that can occur in the given circuit, e.g. during overload.

The total power dissipation for a limit-case transistor is given in Figs 5 and 8 which applies for a mount-
ing base temperature of 100 ©C. The required thermal resistance for the heatsink can be calculated from

100-Tamb max

Ptot
To ensure thermal stability the minimum value of Tamb in the above equation is 40 OC.

Rth mb-a =

A practical forward converter output circuit for an output power in the order of 200 W is given in
Fig. 2.

At a collector current of 2,5 A and a base current of 0,5 A in this circuit the following turn-off times
can be expected.

Tmb =25 °C | 100 °C

Storage time g typ 1,9 2,7 us
Fall time tf typ 0,17 0,7 us
%: - ' B 091 gy
e Ic o Icm
“ ' 01 fem
T ind [f <+
?
Ve ) VCE (t1)
[ +
4—4‘
_ ty =05us
*
| '81 ¥
8 1 '8 (end) \N
i o
v < tg >
~ Vdrive
- v —
\ h___l l_l_
f 7277367
Fig. 1 Relevant waveforms of switching transistor.
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BUX82
BUX83

Silicon diffused power transistors

BY208

BYW29  goouH

6800

ufF
BYW29
S 0

7277366

Fig. 2 Practical forward converter SMPS output circuit.

T1 (driver transformer): Core U20; n1 = 75 turns; n2 = 20 turns
T2 (output transformer): Core E55; n1=n2= 72 turns; n3 = 19 turns

vCE(t1) <300V (see Fig. 1)

\ ﬁgust 1977
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BUX82

BUX83
600 7277371 15 7277370
A
[ / L “Vgri = VI
B(end) B drive 4 —Vdrive
(mA) / (uH) (V)
T=25us .
P -1
400 10 & 4
/ A
y \\
_ \\
u . 50us \\
] / 7 N
- /) N L
200 A4 5 8 2
'l L r ™~
0 0 0
1 2 igyiAar 3 1 Iow (A) 3
Fig. 3. Fig. 4
§ 15 7277372
— Alg(end) =+ 20%
- Tmb < 100 °C
Ptot
(W) . .
Fig. 3 Recommended nominal "“end” value of
v, the base current versus maximum peak collec-
10 tor current in a flyback converter.
Fig. 4 Minimum required base inductance and
et -04 recommended negative drive voltage versus
Iem A maximum peak collector current.
Fig. 5 Maximum total power dissipation of a
A limit-case transistor if the base current is
. . . .
01X chosen in accordance with Fig. 3.
5 /"/ P
A
< LA~
l/'
- 1
ot
0
1 2 emtAa 3
Fig. 5.
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Silicon diffused power transistors

BUX82

BUX83
700 T 7277368 10 7277369 6
HEREY
| T=25us] _
B(end) 7 Ls —Vdrive {15 —Vdrive
(mA) (uH) T (V)
\ =
L=
500 i == 4
4 \
\
50us \
y \
/ A\
/ p4 N\
300 6 - 2
/ N
A
V. LB
\\
100 4 0
2 gyta 3 L 2 geyta 3
Fig. 6. Fig. 7.

15

Piot
(W)

7277373

Alg(end) =+ 20%

Tmb < 100 °C

2 egma 3

Fig. 8.

Fig. 6 Recommended nominal “end” value of
the base current versus maximum peak collec-
tor current in a forward converter.

Fig. 7 Minimum required base inductance and
recommended negative drive voltage versus
maximum peak collector current.

Fig. 8 Maximum total power dissipation of a
limit-case transistor if the base current is
chosen in accordance with Fig. 6.
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BUX84
BUX85

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in TO-220 envel{opes, intended for use
in converters, inverters, switching regulators, motor control systems and switching applications.

QUICK REFElétENCE DATA

Collector-emitter voltage (Vg = 0, peak value) VeESM  max

BUX84 | BUX85

Collector-emitter voltage (open base) VCep  max
Collector current (d.c.) Ic max 2 A
Collector current (peak value)

tp=2ms Icm max 3 A
Total power dissipation up to Ty = 50 °C Ptot max 40 w
Collector-emitter saturation voltage

Ic=1A;1g=02A VCEsat < 1 v
Fall time

lcon=1A;lgon= 02A; —Igoff=04A tf typ 0,4 us
MECHANICAL DATA . Dimensions in mm

10,3 5

T0-220 103 . | max [+

Collector connected

to mounting base ki Wy
o % - 59
* . min

T 4 158

max

N

,_____
|
|

R —
C_ ]

[

) S— ¥
3,5 max 51
not tinned NN max
1’3 —>1 < ‘ f 12«'7
max min
(2x) )
b||l cil| e
- '|<—0,9max (3x) +|le-0,6
— - > w24
2,54 254

7165372.3'

See also chapters Mounting Instrix.tions and Accessories.
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BUX84
BUX85

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134)

Voltages

Collector-emitter voltage BUX84 | BUX85

(VBE =0, peak value) VceEsm max 800
Collector-emitter voltage (open base) VecEO max 400
Currents
Collector current (d.c.) Ic max 2 A
Coliecior current {peaic vaiue)

tp=2ms Icm max 3 A
Base current (d.c.) - g max 0,75 A
Base current (peak value) IBMm max 1 A
Reverse base current (peak value) * —IBm max 1 A
Power dissipation
Total power dissipation up to Ty, = 50 O°C Piot max 40 w

‘Tgmperatures

ﬁ’)rage temperature Tstg —65 to +150 oc
.l,nction temperature Tj max 150 ocC
THERMAL RESISTANCE
From junction to mounting base Rth jmb = 2,5 K/w
From junction to ambient in free air Rthja = 70 K/wW
CHARACTERISTICS ' TJ- =25 OC unless otherwise specified
Collector cut-off current **

VCEM = VCESMmax: VBE =0 lces < 200 BA

VCEM = VCESMmax; VBE = 0; Tj = 125 °C lces < 1.5 mA

D.C. current gain
Ic=01A;Vgg=5V hge typ 50

* Turn-off current.
** Measured with a half sine-wave voltage (curve tracer).
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Silicon diffused power transistors BUX84

BUX85

CHARACTERISTICS (continued) Tj= 25 OC unless otherwise specified
Emitter cut-off current

Ic=0;Vggp=5V IEBO < 1 mA
Saturation voltages

Ic=03A;Ig= 30mA ’ Veesat < 08 \%

Ic= 1A;Ig=02A Vegsat < 10 \Y

ic= 1A;Ig=02A VBesat < 11 \%
Collector-emitter sustaining voltage BUX84 | BUX85

Ic =100 mA; Igoff = 0; L =25 mH VCEOsust > 400 l 450 V

7275254

min Vee (v)
vCEOsust

Oscilloscope display for sustaining voltage.

hor.

oscilloscope

vert.

6V 3000 0
30-60Hz T 255
7162283

Test circuit for VCEQsust-

\\ (February 1979
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BUX84
BUX85

JHIT

CHARACTERISTICS (continued) Tj =25 OC unless otherwise specified

Transition frequency at f = 1 MHz
Ic=02A;Vecg=10V fr typ 20 MHz

Switching times
lcon= 1A;Vpgc=250V
1IBon=0,2 A, —Igofs=0,4 A

. typ 0,2 us
Turn-on time ton < 05 wus
s . typ 2 us
Turn-off: Storage time S < 35 us
Fall time tf typ 04 wus
Fall time, Typ = 95 °C tr < 1,4 us
£,<30ns 7272640
04—~ fm=————— [~~~ Igon
ig (%)
10 1
Waveform
90
ic
(%)
10 |
0
Test circuit +25V BD139 :L r
+
200 630 | |2s00
- L
100 V¢e
T 100 Q2 =
| | - uF 250V
Vim !
r T.U.T.
e 309
tp .
i 100 I——L
+
_ 50 680
tp = 20 us Q uF
T = 2ms BD140 T
Vim =15V ! 7276253.1
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Silicon diffused power transistors BUX84

BUX85
10 72770411
BUX84
| CMmax 5=001 tp=
‘e[ 71 : L2 s
(A) <N 3
ICmaN\\\ NN \\ \\\ d B ‘:’0
NN A= 1
notx\ki\:\&\\ \//:/"20
L1
1 a N X 50
S 100
NN N ]
\\\ \\ N[ 200
NN
] I
\ \ H+500
\\ \///
107" e st
note 2.\\ \\ AV
\
NN T
N 5
\ LT
) : N\ 1110
N e
1072
n
Tmb <50°C
W
10_3 1
10 102 103 Ve (V)

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

111 Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 £ and t, < 0,6 us

IV Repetitive pulse operation in this region is permissible,
provided Vg < 0 and t, <2 ms

Notes

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

‘ (August 1977
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BUX84
BUX85

10 7277042
BUX85
-
Ic C,Mmfx 5=0,01 tp=
(A) ' O S
Lema N NN NN NH 15
N =
1 \:\:\\\\\ NN TTH0
te 11 NATT
] M \\\ AV e
\\ AY \\ N \\‘ 5 50
\\ \\ ANERY j = 300
\ \ N L
NN N N X 1T 200
| N
ANAN
\ 11500
N
10! N —
note 2 \NINHHE
A §
\NAN 2
NN
\ 5
\ [ HTTE10
T 1L d.c.
10~2 \Ezs
E i
Tmb <50 °C
1073 Y
2 3
10 10 107 v ceW)
Safe Operating ARea
I Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation
Il Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 £ and tp <06 s
IV Repetitive pulse operation in this region is permissible,
provided VBg <0 and t, <2 ms
Notes
1. Ptot max and Ppeak max lines.
2. Second-breakdown limits (independent of temperature).
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Silicon diffused power transistors BUX84

BUX85
7272734
100
Ptot max
(®/o)
50
\
\
0
0 50 100 150
Tmb (°Cc)
102 7277046.1 E
: : — =
Zthj-mb |
(K/W) ._>| tpl<— l B-tﬂ
- T — T
10
[ I5=
=—=%0,75 1
0,50 -
1e==0,33 i
— 0[[29 ]
0,10 L=
10,05
10—1 1
0,02
0,01
0
102
10-3 10-2 107! 1 10 102 tp (ms) 103
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BUX84
BUX85

72770441

S.B. current multiplying factor at the VCEOmax level

BUX84

vy

5=0
:5-;0, 1
1025
0

°
NS
)/

Vi

10

/

il

1072 101

10

ty (ms)

102

72770431

BUX85

SN

T
o
Q
N
.0

.r4

0,05

10 0,10 \

0,20

0,33

0,50

0,756

1L

102 10-!

10
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Silicon diffused power transistors

BUX84

BUX85
7277045 1
S.B. voltage multiplying factor at the o level
My
102
0,01
0,02
10
F~~<0,05
0,10 N
0,20 -
‘0,;33-______: ~
_0,5 L]} \:
0,75 e
1 1] Tt
1072 107! 1 10 t, (ms) 102
102 7277039 §
VCE =5V -
T;=25°C
/—_—-.——- \\
~N
heE NG
N
N
N
NYP
10 AN
AN
AN
N
1
10 102 103 Ic (mA) 104
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BUX84

BUX85
7277037
typ. values
.= o
: Tj=25°C
T
|C=—
T 1A
=TTt t==05A
VBEsat = M3A
(V)
0,5
0
0 100 200

Fin, 14 Tunical
Fig. 14 Typical

pical values saturation voltage, ij= 25°C,
— |C=0,3A 05A 0,7A 1A
= 4 /\l N \/\ . 7277040.2
_— \
) L]
VCEsat i \ \
V) | \ \ |
| - \
3 | H—H k
| H \
| | | \
\ \ \
[ A
2 | \\ \
\
1 \ \\\ \
|
& \
\ \ \ R
1 \ \ N AY
\ \ \\ \
\ \ N N
\ N\ . N
N\ < Q\
0 [
0 0,1 0,2

0,3
" I '
Fig. 15 Typical ( B

) and maximum (———) values saturation voltage at Tj = 25 OC,
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Silicon diffused power transistors BUX84
BUX85

APPLICATION INFORMATION ON BUX84 (detailed information on request)

important factors in the design of SMPS circuits are the power losses and heatsink requirements of the
supply output transistor and the base drive conditions during turn-off. In most SMPS circuits with
mains isolation the duty factor of the collector current generally varies between 0,25 and 0,5.

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies
from rectangular in a forward converter to a sawtooth in a flyback circuit.

.Information on optimum base drive and device dissipation of the BUX84 in a flyback converter is
given in Figs 3 to 5. Figs 6 to 8 apply to a forward converter. In these figures I represents the high-
est repetitive peak collector current that can occur in the given circuit, e.g. during overload.
The total power dissipation for a limit-case transistor is given in Figs 5 and 8 which apply for a mounting
base temperature of 100 ©C. The required thermal resistance for the heatsink can be calculated from
_ 100—Tamb max
Rth mb-a = P :
tot
To ensure thermal stability the minimum value of Tamp in the above equation is 40 ©C.

A practical SMPS output circuit for an output power in the order of 50 W is given in Fig. 2.

At a collector current of 0,7 A and a base current of 70 mA in this circuit the following turn-off times
can be expected.

Tmb=25°C | 100°C

Storage time tg typ 2,2 2,8 us
Fall time tf typ 0,25 0,85 us
yd —_‘—T /T 091w
| cm
¢ |C,L l 0.1 1cm
T o
l 1
Vce VCE (1)
-
11 =05ps
d g
's \‘ T 18(end)

1 /

—_ —
Vge i3
12744692

Fig. 1 Relevant waveforms of switching transistor.

tg ]
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BUX84
BUX85

1

+290V _L BYX71
T2
22k 100kef | ==190 e 124y
| .
I
22nF - ! +
n1< 1) 6n2
Y BY208 /T o
4 !
° 0
%- 0,47 uF
N
v )

—i "
BUX .
@ —L'g P ",‘820 pF

BY208
3,3k )
1k§2
7277374
Fig. 2 Practical SMPS output circuit.

T1 (driver transformer): Core U15; n1 = 360 turns; n2 = 60 turns
total inductance in base circuit ~ 15 uH
T2 (output transformer): Core E55; primary inductance Lp=16 mH
n1=116 turns; n2 = 12 turns

VCE(t1) <300V (see Fig. 1)

T=30us
6=0,5
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Silicon diffused power transistors

BUX84

BUX85
150 7277380 7277376
T=25pus or 50us
3
IB(end) 0 6
A
(mA) Lg —Vdrive
~(uH) R (V)
/ Lg
100 / 25 5
J,
/ \
/ —Vdrive |
/ 20 A /7 4
N S
"4 N
50 A N e
U
/
A 15 A < \\\ 3
y.d L~
A 1
4 |
0 10 2
0 0,5 IeMm (A) 1 0,25 0,5 0,75 Iem (a1
Fig. 3. Fig. 4.
7277378 -
Alg(end) =+ 20% =
10 Tmp < 100 oc =
Ptot . e
(W) Fig. 3 Recommended nominal “end value of
the base current versus maximum peak collec-
75 tor current in a flyback converter.
' Fig. 4 Minimum required base inductance and
recommended negative drive voltage versus
7 maximum peak collector current.
T=25us P Fig. 5 Maximum total power dissipation of a
5 7 limit-case transistor if the base current is
/
\ Y’ chosen in accordance with Fig. 3. Solid lines
: 7] for 1g1/Icm = 0,4 and dotted lines for
AN\ LA Ic1/lcm =0
/'
2,5 - - ==
< L e -
;/ iey— .- <l
- =T > 50us +—
0 | |
0,25 0,5 0,75 Icm (A) 1
Fig. 5.
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BUX84

BUX85
7277377 7277376
Ic1/lcm = 0.9
200 30 6
IB(end y, Lg —=Vdrive
(mA) (uH) (v)
T=25pus 7 50us Lg
150 / 25 5
/
17 \
|| /LT TV \
y
- —=Vdrive |
4 71
100 ,/ // 20 \ ] 4
/ L
\\ A
| N ~
/’ /| [ N \’
/ / A h
50 )4 15 PP S 3
49 A
¥ L~ \\
0 10 2
0,25 0,5 0,75 Icm (A) 1 0,25 0,5 0,75 Icm (A) 1
Fig. 6. Fig. 7
it 7277375
Alg(end) =+ 20%
e 10 Tmb < 100°C
? Piot Ic1/lcm =09
w) Fig. 6 Recommended nominal "end” value of
the base current versus maximum peak collec-
75 tor current in a forward converter.

' Fig. 7 Minimum required base inductance and
recommended negative drive voltage versus
maximum peak collector current.

C Fig. 8 Maximum total power dissipation of a
5 T=25pus limit-case transistor if the base current is
50#5/‘ chosen in accordance with Fig. 6.
/|
/ //
25 =
P L~
4/:/
-
0 .
0,25 0,5 0,75 ICM (A) 1
Fig. 8.
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BUX86
BUX87

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high-speed, glass-passivated n-p-n power transistors in SOT-32 envelopes, for use in con-
verters, inverters, switching regulators, motor control systems and switching applications.

QUICK REFERENCE DATA

BUX86 | BUX87

Collector-emitter voltage (Vg = 0, peak value) VCESM max 1000 V
Collector-emitter voltage (open base) Vceo max 400 450 V
Collector current {d.c.) Ic max 0,5 A
Collector current (peak value): tp =2 ms lem max 1 A
Total power dissipation up to Ty, = 60 °C Ptot max 20 w
Collector-emitter saturation voltage: Ic=0,2 A; Ig=20mA  VCEgat < 1. vV =
Fall time: Igon = 0,2 A; Igon = 20 mMA; —Igoff = 40 mA tf typ 04 us
MECHANICAL DATA Dimensions in mm
T0-126 (SOT-32)
Collector connected to metal part of mounting surface
> r%gx < <+- 7 8 max —#
[ , *
L i____ 3,75
3,3 - J B
3,
- " 1,1
E ’ | max
- -2
15,3
min
| ef|] clj b A
. . 0,88_.[ ‘* . 72593242
. |- —>0,5<— max e
2,29
* Within this region the cross-section of the leads is uncontrolled. <
See chapters Mounting Instructions and Accessories.
‘\\ (’August 1983 32i



BUX86
BUX87

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

Voltages

Collector-emitter voltage (V BE = 0, peak value)

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

Currents
Collector current (d.c.)

Collector current (peak value) ty= 2 ms

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

Reverse base current (peak value) (note 1)

Power dissipation

Total power dissipation up to Tmp =60 °C

Temperatures
Storage temperature
Junction temperature

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

CHARACTERISTICS

Collector-cut-off current (note 2)

VCEM = VCESMmax: VBE =0

VCEM = VCESMmax: VBE = 0; Tj= 125 °C

D.C. current gain
Ic=50mA; V=5V

Notes
1. Turn-off current.

2. Measured with a half sine-wave voltage (curve tracer).

BUX86 | BUX87
VcEsm max. 800 1000 Vv
Vceo  max. 400 450 V

VEBo max. 5 5 V
Ic max. 0,5 A
Civi max. i A
g max. 0,2 A
IBMI max. 0,3 A
—lgpm  max. 0,3 A
PtOt max. 20 w
Tstg —65 to + 150 oc
Tj max. 150 oc
Rthj-mb = 4,5 K/w
Rthja = 100 K/w

Tj = 25 OC unless otherwise specified

ICES < 100 MA
ICES < 1 mA
hgg typ. 50

August 1983



Silicon diffused power transistors BUX86

BUX87
CHARACTERISTICS (continued) Tj= 25 OC unless otherwise specified
Emitter cut-off current
Ic=0;VEg=5V lEBO < 1 mA
Saturation voltage
Ic=0,1A;1g=10mA V(CEsat < 0,8 vV e
Ic=02A;Ig=20mA VCEsat < 1,0 vV e
Ic=02A;Ig=20mA VBEsat < 1,0 \Y
Collector-emitter sustaining voltages BUX86 | BUX87
Ig =100 mA; Igoff=0; L =256 mH VCEOsust > 400 450 V
7275254
min Ve (V)

vCEOsust

Oscilloscope display for sustaining voltage

30-60Hz

7262283

Test circuit for VCEQsust

—
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BUX86
BUX87

CHARACTERISTICS (continued)

Transition frequency at f= 1 MHz
Ic=50mA; V=10V

Switching times
lcon=0,2 A;Vee =250 V
1Bon =20 mA; —Igsff = 40 mA
Turn-on time

Turn-off: Storage time

Fall time
Fall time, Tryp = 95 °C

Tj = 25 OC unless otherwise specified

fr typ 20 MHz

¢ typ 0,25 us

on < 0.5 us
typ 2 us

ty typ 04 us
tr < 1,3 us

7272640

1250
Q

Lo v
= 100 cCc
T uF 250V

T.U.T.

7277048

t,<30ns
90 - -
ig (%)
10 fo==
f— Waveform
= "
(%)
10
0
+25V
Test circuit
T
t 7
Vim
Fl
tp
Vi
tp = 20 us
T = 2ms
Vim=15V
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Silicon diffused power transistors BUX86

BUX87
10 7277054
Tmb <60 OC BUX86
Ic
(A)
5=0,01 tp=
cMmax 5us
1 < v o H
——nofe 1N SN 010
ICma){ \ a \‘l\ \\\ TR 20
NI 50
A ERNAN N EREE
N
H N\ \\5“ | [1t100
| | note 2 I S n 200
101 - \H
AN AN
\\
AN 1500
N1
1 ms
LT ‘2
2 A5
Ic o
10-2 (mA) 1 1lld.c.
e mi\An s 11
0,5
400 800
10~3 - -
10 10 10 Veg (V)
Safe Operating ARea

| Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

111 Area of permissible operation during turn-on in single-transistor
converters, provided Rgg < 100 £ and t, < 0,6 us

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

Notes

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

\\ (rl\/larch 1977
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BUX86

BUX87
10 7277053
I'c
(A)
5=0,01 tp=
1 |CMmax : 15 us
—note 1 S —— 10
'Cmax A \\\\ AN C 20
\ \ \\ \‘ 50
NI N
\ N 100
N
N
B | note 2 1l \ 200
10 \why
AN
AN
500
| L1 ms
2 2
1 5
C .
2l (ma) Nl 110
107 YT L d.c.
—_ VT
E 0,5 m
400 1000
Vce (V)
1073 2 3
10 10 10° vy ce (V)
Safe Operating ARea
I Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation
Il Area of permissible operation during turn-on in single-transistor
converters, provided Rgg < 100 £ an tp < 0,6 ps
IV Repetitive pulse operation in this region is permissible,
provided Vgg < 0 and th <2 ms
Notes
1. Ppeak max lines.
2. Second-breakdown limits (independent of temperature).
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Silicon diffused power transistors

BUX86

BUX87
7277049
100
'Ptot max \
(%)
\
75 \
\
\
50
A\
\
N
25 \
0
0 50 150
Tmb (°C)
102 7277058 g
. 1 -
thj-mb
— S
(K/W) ——>l tpl<— ' tp
5=—
- T —& T
10 .
5= !
0,75
0,50 FT
0,331 — [T
1 0,20 0
Ode
—1-0,05
- i
-1 0,02
10 0,01
0
1072
103 10-2 10~1 1 10

102 tp (ms) 108

pu—
‘\ {, March 1977
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BUX86

BUX87
7277056.1,
S.B. current multiplying factor at the VCEOmax level BUX86
My
6=0
2 N\ 0,01
10°=<20,02
K
N
<)
N
~N

—— 10,05 N
\'\\\\\~ \
10 0,10 N

1
V874

SN

/

075

I 1] 74

10

UL

102
tp(ms)

7277055.1

S.B. current multiplying factor at the VCEOmax level

BUX87

M|' I

6=0

102\\(/,Q01

—x0,02

W/

10 L0,

4
V]

[/

INRIAY//4

10~2 10~!

10

tp(ms)

102
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Silicon diffused power transistors

BUX86
BUX87
" 72770571
102 - —
S.B. voltage multiplying factor at the I, level
My
§=0
0,01
0,02
10 0,05
0,10
[ I~ N
0,20 SRS
0'33 T~ N
3 » ~
0,50 TN
I —_—_\‘\\\:\\\
1 1
10~2 10~ 1 1 tp (ms) 10
4 7277052 E
Ll ‘ :
I \\ \ T;=25°C
VCEsat : ‘| \ ¥ — —max. values
(V) ; “ typ values
] 1 \
3 {
| ‘= \ \
H L\ \
I 1\ 1
T '
| \
2 T \
1 {~=
T \ C
1 0}1 A \ 0,2A\ |“
\ L\ N
i ) \
1 - 1
C\Cs \ Y\
\ \\ Y.
\ \\ \ N ~ S
0 N - o~ - ==
0 20 40 Ig (mA) 60

\\ (March 1977
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BUX86
BUX87. \_
103 ' 7277050 019 72770861
VCE =5V typ. values
Tj=25°C T;=250C
v
h BEsat
FE (V)
Ic= 4.1
102 08 0,2A ]
—— o = 0,1 At
> furresd
\Qp , N ==
A ]
\\ > 50mA_L]
10 A 0,7
1 0,6
10-2 10-1 g (A 1 0 0 15(ma) 20
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Silicon diffused power transistors BUX86
BUX87

APPLICATION INFORMATION ON BUX86 (detailed information on request)

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the
supply output transistor and the base drive conditions during tu rn-off. In SMPS circuits with mains
isolation the duty factor of the collector current generally varies between 0,25 t0 0,5.

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies
from rectangular in a forward converter to a sawtooth in a flyback circuit.

As the BUX86 will mainly be used in low-power flyback converters the information on optimum base
drive and device dissipation given in the graphs on page 13 is concentrated on this application. In these
figures I represents the highest repetitive peak collector current that can occur in the given circuit,
e.g. during overload.

The total power dissipation for a limit-case transistor is given in Fig. 5 which applies for a mounting
base temperature of 100 OC. The required thermal resistance for the heatsink can be calculated from

100—Tamb max

Ptot
To ensure thermal stability the minimum value of Tgmp in the above equation is 40 °C.

Rth mb-a =

A practical SMPS output circuit for an output of power in the order of 15 W is given in Fig. 2.

At a collector current of 200 mA and a base current of 20 mA in this circuit the following turn-off
times can be expected.

Tmb=25°C | 1000°C

Storage time tg typ 1,3 18 us
Fall time tf typ 0,2 0,8 us
B
Ic | 'em
Icr ! 0.1 icu
T **'IL—
v t
CE Vcslnn

;=05

N

¢ — lg |

V i

~Varive
- |
Vag IJV h/ L—/___
12144692

Fig. 1 Relevant waveforms of switching transistor.

\ (rAugust 1977
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BUX86
BUX87

+290 V

+24V

to start
and

controi

circuit

== 100pF

'D GD 10k
36V

» 7277381
Z

2200 Lg=47uH

Fig. Z Practicai SMPS output circuit.

e T1 (output transformer): Core U20; primary inductance Ly, = 23 mH
o n1 =252 turns; n2 = 27 turns; n3 = 22 turns
VCE(t1) <300V (see Fig. 1)
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Silicon diffused power transistors

BUX86

BUX87
7277382 7277383
7 T
/ [ ]
/ T T
40 / 100 —Vdrive 4
'B(end) Lg o —Vdrive
{mA) / (uH) = (V)
/ P
30 A
/ 75 % 3
/'
7 AN
/ N
20 / N
50 N J 2
/ N
pd B \~_LE
A
10 25 1
0 0 0
100 200 300 400 100 200 300 400
. Icm (MA) . Icm (MA)
Fig. 3. Fig. 4.
7277384 -
Alg(end) = * 20% =
4 Tmb < 100°C =
Ptot
(W) Fig. 3 Recommended nominal "end” value of
the base current versus maximum peak collec-
3 y tor current.
Fig. 4 Minimum required base inductance and
T=25ps7 recommended negative drive voltage versus
A maximum peak collector current.
2 pd / Fig. 5 Maximum total power dissipation of a
)4 P limit-case transistor if the base current is
P )% chosen in accordance with Fig. 3. Solid lines
7 L 7 50}15 .
£~ for Ic1/Icm = 0,4 and dotted lines for
A ic1/lcm =0
e — 2 cricm =Y.
1 T
= = P~
0
100 200 300 400
Fig. 5.

Y
)

3

w
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SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed, glass-passivated n-p-n switching transistor in a TO-3 envelope, intended for
use in three-phase a.c. motor control systems. i

QUICK REFERENCE DATA

Collector-emitter voltage (peak value; VBg =0) VCESM  max. 1200 V
Collector-emitter voltage (open base) ‘ VCEO max. 800 V
Collector current (d.c.) Ic max. 12 A
Collector current (peak value) t, <2 ms Icm max. 20 A
Total power dissipation up to Tryp = 25 °C Piot max. 160 W
Collector-emitter saturation voltage

Ic=9A;lg=4A Veesat < Vv
Collector saturation current ICsat = 9 A
Fall time .

Icon =9 AilBon = —IBoff = 4 A tf typ. 05 us
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.

Collector connected to case.

<-— 26,6 max ——* —+ 25
¢ DJL 2
4.0
— '
T
20,3 .
max *1_0

Lw,g—» - 128 o

7283745 1,2

See also chapters Mounting instructions and Accessories.
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BUX88

RATINGS

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

Collector-emitter voltage (peak value; Vg = 0)
Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value); tp <2ms

Base current (d.c.)

Base current (peak value); th <2ms

Total power dissipation up to Typ = 25 9C
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

CHARACTERISTICS
Tj =25 9C unless otherwise specified
Collector cut-off current*

VCE = VCESMmax: VBE =0

VCE = VCESMmax: VBE = 0; Tj = 125 °C
Emitter cut-off current

Ic=0;Vgg=5V
Saturation voltages

Ic=9A;Ig=4A

Ic=12V;Ig=6A
Collector-emitter sustaining voltage
Ic=200mA;Ig=0; L=25mH
Second breakdown collector current
VCE=100V;tp= 1s
Transition frequency at f =5 MHz
Ic=01A;Vcg=5V
Collector capacitance at f = 1 MHz
IE=1e=0;Veg=10V

* Measured with a half sine-wave voltage (curve tracer).

VCESM
VcEo

IcES
Ices

IEBO
VCEsat
VBEsat
VCEsat
VCEOsust
I{sB)C
fr

Cc

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

1200 Vv
800
12
20

8

12
160

S>> > > <

—65to + 150 °C

max.

typ.

typ.

150 °oC

0,78 K/W

—_

mA

10 mA

800 V

04 A

7 MHz

200 pF

336
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Silicon diffused power transistor

BUX88;

Switching times resistive load (Figs 2 and 3)
Icon =9 Ai lgon = —IBoff =4 A

Turn-on time ton typ. 1,5 us
Turn-off: Storage time tg typ. 45 us
Fall time tf typ. 0,5 us
72774993
.gol - —— — Igon
g
(%)
10t===F
t
O
(%o)
(' |
— 4——>|tf — t
ton =l topr e
Fig. 2 Switching times waveforms
with resistive load.
+25V
BD230 BD230 i
120 680
Q uF
27
I
100  Vee
rT.j 50 109 T uF 250V
b T.UT.
Vim_
P
BT 56 4
T Vi []9 7288899
th= 20us
T=2ms
Vi =15V

Fig. 3 Test circuit resistive load.

.
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BUX88

EEULREE

7288225.1
[] LT T
— 3N H
Ic i; I
(A) T u
] | il
1 HH
L L @] ]
‘l I }, I
1077
. ¥ f
10-2 : I
j —-H 1
. 1073 H -
10 102 103 Veg (v) 10

Fig. 4 Safe Operating ARea at Tmb <250C.

(1) Ptot max Iine. .

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

I Region of permissible d.c. operation.

I Permissible extension for repetitive pulse operation.

Il Repetitive pulse operation in this region is permissible,
provided Vgg < 0 and tp <5ms.

338
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DEVELOPMENT SAMPLE DATA
This information is derived from development samples BUXQO
made available for evaluation. It does not necessarily
imply that the device will go into regular production.

DARLINGTON POWER TRANSISTOR

High voltage, N-P-N monolithic Darlington power transistor, primarily intended for use in car ignition
systems.

QUICK REFERENCE DATA

Collector-emitter voltage (Vgg = 0; peak value) Vcesm max. 650 V
Collector-emitter voltage (open base) Vceo  max. 400 V
Collector current (d.c.) Ic max. 12 A
Collector current (peak value) tp <5 ms lem max. 30 A
Total power dissipation up to Tpp = 25 °C Piot max. 1256 W
Junction temperature Tj max. 200 °C
Collector-emitter saturation voltage

Ic= 5A;Ig= 50mA VeEsat < 15 V

Ic=10A; g =300 mA Vegsat < 2,0 V
Collector saturation current lCsat typ. 10 A
MECHANICAL DATA ~ Dimensions in mm
Fig. 1 TO-3.

Collector connected to case.

—& 9rax |-
<a———— 26,6 max ———® o 425
mER]
h,é
4,
T—(—_ +
20,3 v
max 1‘0
12,8
<108+ 12697001 - 1,2 e

See also chapters Mounting instructions and Accessories.

FERTEEN
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BUX90

r ]

-

L

7266445.2

Fig. 2 Circuit diagram.

R1 typ. 500 £
R2 typ. 300

max 650
max 400
max. 6
max. 12
max. 30
max. 4
max. 6
max. 125
—65 to + 200
max. 200
= 1,4

> P> > r>< <<

w
oc

K/W

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-emitter voltage (Vgg = 0); peak value VCESMm
Collector-emitter voltage (open base) VcEo
Emitter-base voltage (open collector) VEBO
Collector current {d.c.) Ic
Collector current (peak value); tp <5 ms Ilcm
Base current (d.c.) g
= Base current (pgak value); tp <b5ms IBMm
s Total power dissipation up to Tmb =25°C Piot
- Storage temperature Tstg
Junction temperature* T;
THERMAL RESISTANCE*
From junction to mounting base Rth j-mb
* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
340 September 1981



Silicon Darlington power transistor

[BUX90

DEVELOPMENT SAMPLE DATA

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

VBE = 0; VCE = VCESMmax IcES
VgE =0; VCE = VCESMmax: Tj = 125°C IcES
Emitter cut-off current
Ic=0;Vgg=6V IEBO
Collector-emitter sustaining voltage
Ic=5A;lgoff=0;L=8mH VCEOsust
Saturation voltages
Ic=5A;Ig=50mA VCEsat
VBEsat
Ic=5A;ig=60 mA;Tj=—40°C VCEsat
VBEsat
IC=6A;IB=100mA;Tj=150°C VCEsat
VBEsat
Ic=10A;ig=300mA VCEsat
VBEsat

Turn-off breakdown energy with inductive load (Fig. 3)
—lgofi =0:lcc = 10 A; L =8 mH; Iggn = 300 mA;

VgL =400V E(BR)
Collector-emitter diode, forward voltage
IF=8A;ig=0 VF
VCC =25V
1,50
+ ‘B
400V 8mH
off O
T.U.T.
100Q

l " 7284872
74

Fig. 3 Energy test circuit.

* Measured with a half sine-wave voltage (curve tracer).

\Y

AN AN AN NN

20 mA

400 V

15
2,0
15
2,0
16
2,0
2,0
2,5

<< << << <<

400 mJ

30V
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BUX90 |

7284870
T
I CMmax
10 lC max ‘\\
e
(1)°N
Ic \\\ I
(A) \
1
1 A
(2)
I
10-1 \\
A
an—2
v
o1
10-3 L
2 3
1 10 10 Ve (V) 10
Fig..4. Safe Operating ARea gt %25 OC;,
(1) Ptot may and Pyoy peak max 'ines.
(2) Second-breakdown limits (independent of temperature).
I Region of permissible d.c. operation
Il Permissible extension for repetitive pulse operation
Il Repetitive pulse operation in this region is permissible,
provided Vgg < 0 and tp<5ms.
342 September 1981




BUX98
BUX98A

SILICON DIFFUSED POWER TRANSISTORS

High-voltage, high—sbeed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use
in converters, inverters, switching regulators, motor control systems etc.

QUICK REFERENCE DATA

Collector-emitter voltage (VEg =3 V)
Collector-emitter voltage (Rgg < 5 £2)
Collector-emitter voltage (open base)
Collector current (d.c.)

Collector current (peak value) t, <5 ms
Total power dissipation up to Ty =25 °C

Collector-emitter saturation voltage
|C=20A;|B=4A '
Ic=16A; Ig=32A

Fall time (resistive load)

Icon=20 A; Igon = —IBoff =4 A
Icon = 16 A; Igon = —IBoff = 32A

BUX98 | BUX98A

VCExX ~ max. \Y,
VGer  max. \
Vcgo  max. Y
Ic max. A
Icm max. A
Piot max. 250 w
VeEsat < 15 - Vv
VCEsat < - 15 V
tf < 0,8 - us
tf < — 0,8 wus

MECHANICAL DATA
Fig. 1 TO-3.
Collector connected to case.

See also chapters Mounting instructions and Accessories.

<—— 26,6 max ——#|

Dimensions in mm

— 9max |[e—
—&> 2,5
RER
4,2
4.0
—— '
20,3
max 11,5

a—
17283745A 1,2




BUX98
BUX98A

U

RATINGS

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

Collector-emitter voltage (Vgg = 3 V)
Collector-emitter voltage (Rgg < 5 Q)
Collector-emitter voltage (open base)
Collector current (d.c.)

Collector current (peak value): tp <5 ms
Rase current (d.c,)

Base current (peak value); tp <5ms

Total power dissipation up to Typ, = 25 OC
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to mounting base

CHARACTERISTICS
Tj = 25 OC unless otherwise specified

Collector cut-off current®

VCE = VCERmaxi RBE < 5
VcE = VCERmax; RBE <5 Q; Tj=1250C

Collector cut-off current

VCE = VCEXmax: VEB = 2.5V

VCE = VCEXmax: VEB =25 V; Tj=1250C
Emitter cut-off current

Ic=0;VEg=5V
Saturation voltages

Ic=20A;I1g=4A

Ic=30A;Ig=8A
Ic=16A;Ig=32A

Ic=24A;1g=5A
Collector-emitter sustaining voltage
Ic =200 mA; Igoff = 0; L = 25 mH
Transition frequency at f = 1 MHz
Ic=1A;Veg=10V
Emitter-base breakdown voltage
Iic=0;13=0,1A
Collector capacitance at f = 1 MHz
Vcg=10V

* Measured with a half sine-wave voltage (curve tracer).

VeEX
VCER
VceEo

IcEX
ICEX

IEBO
VCEsat
VBEsat

VCEsat
VCEsat

VBEsat
VCEsat
VCEOsust
fr
V(BR)EBO

Cc

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

max.

AN A A A

AN AN AN AA A

\

typ.

typ.

BUX98 | BUX98A

\%
Vv
\Y
30 A
60 A
8 A
30 A
250 W
—65 to + 200 oC
200 ocC
0,7 K/W
1 mA
8 mA
0,4 mA
4 mA
2 mA
1,5 ! -V
1.6 I v
3,5 -V
— 16V
- 16 V
— 5V
|
400 '450 Y
5 : MHz
7 to 30 \%
500 pF
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Silicon diffused power transistors BUX98
BUX98A

CHARACTERISTICS (continued)

7284328

hor.

oscilloscope

——— vert.

30-60Hz 8V 3000 10
0 3 v v 7262283
min
VCEOsust CE 7
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VGEQsust-
Switching times resistive load BUX98 BUXO98A .
Icon =20 A Igon = —IBoff = 4 A
Turn-on time ) t typ. 0,55 — ps
on < 1 — us
. : typ. 1,5 — us
Turn-off: S t
urn-o torage time g < 3 _ s
. typ. 0,3 — us
|
Fall time tf < 0.8 s
Icon =16 A;lgon=—!Boff=3.2 A o 0,55
. i yp. - , us
Turn-on time ton < _ 1 us
o Ff - typ. - 1,5 ps
Turn-off: Storage time g < _ 3 us
R typ. - 0,3 us
Fall time tf < _ 08 us
Switching times inductive load
lcon=20A;1g=4A
Turn-off: Storage time tg typ. 3,56 — us
Fall time ¢ typ. 80 — ns
Icon=20A;1g=4A; Tj =100°C
Storage time tg < 5 — us
Fall time tf < 400 — ns
lcon=16A;ig= 3,2A
Turn-off: Storage time g typ. — 3,6 us
Fall time tf typ. — 80 ns
lCon=16A;|B=3,2A;Tj=100°C t
Turn-off: Storage time tg < — 5 ps
Fall time tf < - 400 ns

Ve
( June 1982 345



+ BUX98

'BUX98A" _
Vee=250V
VimM=—6to+8V
t,
P
— =0,01
T
t, =20
Vim p "2
0—|- -]—
|t
— |—
< T —»
7289210
Fig. 4 Test circuit resistive load.
The values of Rg andR_are selected in accordance with
I1Con and IB requirements. )
i 72892121
R 72774993 90%} IBOH
. 904~ — —— — Igon B
B o |
(%) 10%
1 [ \f t
— -IBoff
— |
90% Con
e 7T
(%) Ic
10% -
10+——— N I LI
0 —» |<— ts q—bltf4—— t —> tS -~
ton —l tore I — toff |«
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms
with resistive load. with inductive load.
Vee
Vee=300V
Lg = 3uH
Lc = 1,6mH
+1g Lg Veg= 5V
—0
VEs

7Z289211.1

4

Fig. 7 Test circuit inductive load.
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Silicon diffused power transistors BUX98

108 7288375
e L
(A)
102 T 5=0,01 H
£ ClVlrpax
T \\\ N AN 1
Ll th=
Cmax AN i 2%“5 ]
R\ T
(”\ 1 \IEEES 50
10 NN A=
Avauie A £100
N \WAY i
\ AVAN
\\\ H++200
. ! @)
‘\‘\\‘\ \\‘ =500
AN YIRWAY
AN \\\\ A 1
L1 ms
N NN
TN 2
E il g
10-" o 0 o
AY 20 H
\
| Hpe dec
BUX 98-
10-2 BUX98AT]
v
1073
10 102 103 104
1 Vee (V)

Fig..8 Safe Opérétiﬁg ARea at Typp < 25 °C.

(1) Ptot max and Ppeak max !ines.

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

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

11l Area of permissible operation during turn-on in single transistor
converters, provided Rgg < 100 £ and tp < 0,6 us.

IV Repetitive pulse operation in this region is permissible,
provided Vg < 0 and tp <2 ms.

N/

‘ [ June 1982
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BUX98 |

BUX98A
30 7288373
Ic
(A)
\\
N
20
I
i
1 ~ N Fig. 9 Forward bias safe operation area, Tj <1250C,
0 | Safe operation area during turn-off and during
turn-on.
il For BUX98A the right-hand limit is 450 V.
Il Safe operation are during turn-on only provided
| 4 <0,2 us.
Il Safe operation area during turn-on only; provided
0 tr <0,5 us and Rgg <50 Q.
0 500 Vce(v) 1000
— 30 7288374
Ic
(A)
I i
20
\ "Fig. 10 Reverse bias safe operation area,
10 Icend/!Bend = 5; —~VBg =3 V.
I Normal reverse bias safe operation area
\ | Vge<oV.
\ BUX98A |1l Extension of the reverse bias safe operation
BUX98 area prqvided a desaturation network (Baker
Pg—H clamp) is used.
0 For BUX98A Vg limit =450 V.
0 500 Vg (V) 1000

June 1982



Silicon diffused power transistors BUXS8

BUX98A
7282948
10
y T N
CEsat \ \ \\ \
(V) \ \
\
\ \ A |
v \
\ \ \ ‘ \\
\ A \ \
1 A\ 1 T ¥
v ¥ ) N
it =
\ ‘\ \ ‘\ |C= 30A
\\ \\ T 20A
3
\\ \N"’H-_
10A
107!
10! 1 10 Ig (A) 102
Fig. 11 Typical (——) and maximum (— — —) values saturation voltage. Tj = 25 OC.

16 7282947 e
VBE )
(V)

1;4 |C=30 i//,

s>
LT ]
L
20A =
e
1,2 ———
l// /./'
10A |t
P e
/5’4”
1,0 =
rd
0,8
0 2 4 6 8 10 IB(A) 12

Fig. 12 Typical values at Tj =25 0C.

L
©

™ R
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BUX98

BUX98A !
102 7282946
- Tj=125°C A — Ty
hFE ____'_____‘__._ ™ T B ,CE
4 - ™~
s
15V TN \
TN
i0 SN
AEA\EAN
~‘ \\ \\
AN
\‘ \\\
v N
N
! 1 2
10~ 1 10 Ic (A) 10
Fig. 13 Typical values d.c. current gain.
— : 7282949
2 I
I
|
VBEsat "/
VCEsat /
v P4
A
! A N
VBE: Tj=25°C 7 H
1 ‘e T
o -
—— |
L 7 /
- T;=100°C /
T ! 4”—" |]| Ly /, /
BEEay 7
¥ 7
Veg: Tj=100°C £ V4
5 /]
_ = /
} e e == | L
‘- — Tj=25°%
0 11l
-1 102
10 1 10 Ic (A)
Fig. 14 Typical values base and collector voltage. I¢/Ig = 5.
June 1982,
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SILICON DIFFUSED POWER TRANSISTOR

High-voltage, high-speed switching n-p-n transistor in a TO-3 envelope especially intended for use in

a.c. motor control systems from three-phase mains.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0, peak value) VCESM max 1500 V
Collector-emitter voltage (open base) VCEO max 800 V
Collector current (d.c.) Ic max 6 A
Total power dissipation up to T = 60 °C Piot max 80 W
Collector-emitter saturation voltage
Ic=45A;1g=2A VCEsat < 1V
D.C. current gain
lc=45A;Vcg=5bV heg > 2,5
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected to case.
— 9max |<—
<«—— 26,6 max ——* — 25
; nER
4,2
T 4,0
——— 4
16,9
395 l 20,3
max 30! 685 M *1,0
} 4
e S \—
v -
v ]
- 128
108~ 7269700, -~ n2 -

See also chapters Mounting instructions and Accessories.

w (September 1980
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BUY89

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Collector-emitter voltage (Vg = 0, peak value) VCESM max. 1500 V
Collector-emitter voltage (open base) VcEo max. 800 V
Collector current (d.c.) Ic max. 6 A
Collector current (peak value) lcm max. 10 A
Collector current (non-repetitive peak) Icsm max. 15 A
Base current (d.c.) Ig max. 4 A
Base current (peak value) I max 8 A
Reverse base current (d.c. or average
over any 2C ms period) —IB(AV) max. 100 mA

Reverse base current (peak value) * —Igm max. 4 A
Total power dissipation up to Ty, = 60 OC Ptot max. 80 W
Storage temperature Tstg —65 to+ 1560 °C
Junction temperature Tj max. 150 °C
THERMAL RESISTANCE
From junction to mounting base Rthjmb  max. 1,12 K/W

100 7282765

max
Prot -
(W) N
\\
\\‘
50 ~
N
\\
AN
N
AN
0
0 50 100 Tmp (°C) 150

Fig. 2 Power derating cuive.

* Turn-off current.
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Silicon diffused power transistor

BUY89

CHARACTERISTICS

Tj= 25 OC unless otherwise specified

Collector cut-off current
VBE = 0; VCE = VCESMmax: Tj =126 °C

D.C. current gain
Ic=45A;Vcg=56V

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

Saturation voltage
Ic=45A;1g=2A
Ic=45A;1g=2A

Collector-emitter sustaining voltage
1g =0; Ic =100 mA; L=25mH

. i
min Veeo sust |
)

Veeo (V)

7262340

Fig. 3 Oscilloscope display for VCEQsust-

Second-breakdown collector current
Vce=100V;t, = 1s

Transition frequency at f =5 MHz
Ic=01 A;Vcg=5bV

Collector capacitance at f = 1 MHz
lg=1g=0;Vgg =10V

ICES < 1,0 mA
heE > 2,5
lEBO < 10 mA
VCEsat < 1V
VBEsat < 156V
VCEOsust >~ 800 V

+6V

L

¢——— hor.

> oscilloscope

o—— vert.

+
~

30-60Hz =Y T %0 90
4

Fig. 4 Test circuit for VCEQsust:

l(sB) > 03 A
fr typ. 7 MHz
Ce typ. 125 pF
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BUY89

CHARACTERISTICS (continued)

Switching times (between 10% and 90% levels)
in resistive switching circuit
Icon=45A;Vcc=250V; R|_=56 Q

IBon=—IBoff=2 A

—==  Turn-on time ton typ. 1,6 us
™ Storage time (tg = tofr—t4) g typ. 4,5 us
Fall time tf typ. 0,5 us

7277499

90
ig (%)
10
90
ic
(%)
kR I Nt s
—>| ]4— ——»Itfd— t
ton = topr 1o
Fig. 5 Waveforms.
+25V ;
BD226
120 1?Leao
a [ HF 560
) _.—Lmo Vee
F_T—’l 470 [FHF 250V
s TUT.
Vim
: - T—»l L— 150
: t '
v 100 r-_L
i Q +
680
390 WF
t, =20ps BD227 T
T = 2ms

=15V ' [
V'M ! 7 7272198 1A

Fig. 6 Test circuit.
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Silicon diffused power transistor BUY89

10~

10-3

7282763.1
Icsm
v tp=
lCM IS \i\\ \\\‘\:\ L 5us
|~C \\ \‘ ' \\ \t N PN /10
—(1) A N2
NI
\ 1l 20
I 200
‘\ \\ \- AN i
V\\ \\ \\ |
B,
AA\NHIAN \ 500
NS
\\\\ S L1 ms
L1
2) \ N
NN 1.l
\\\ - 5
=10
e
ETF 20
’,f7d‘c.
I v
1l
4
10 102 103 v (v) 10

Fig. 7 Safe Operating ARea with the transistor forward biased.
Tmb <600°C;§=0,01.

1. Ptot max and Ppeak max lines.

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

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

11l Repetitive pulse operation in this region is permissible,
provided VBg <O V; tp < 20 ps; 6§ < 0,25.

IV Transient Ic/VgE limit
for VcE less than 700 V then tp less than or equal to 25 us
for Vg greater than 700 V then t, less than 5 us.

\\ (September 1980



BUY89

750 7282766 1250 7282767
VCEsat VBEsat
(mV) (mV) /
500 1000 /
/|
B typ )/
/ |4
A
250 / 750 s
l/
—
typ
4"'
0 500
0,1 1 Ic (A) 10 0,1 1 Ic (A) 10
Fig. 8 Collector-emitter saturation voltage Fig. 9 Base-emitter saturation voltage
atlc/|B=2,'Tj=25°C. atlc/lg = ;Tj=25°C
102 7282764.1
hre
—_—=1T T T =
n'_\la_X A o [ = ["T" h \~VCE =
- L \
___/ \\\ \
WP | NOV N\
I \
10 ~ [N
— = - TN
i = 4 N
L YN N
Mo AN
SO
TVEILN AS
o N
SO N,
\t.\ A
\~ }
! 2 1
10~ 10~
1 Ic (A) 10
Fig. 10 D.C. current gain at VeCe=5V; Tj =250C;........ at Vg =1V.
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MOUNTING INSTRUCTIONS



INTRODUCTION

(T

General note on flat heatsinks

All information on thermal resistances of the accessories combined with flat heatsinks is valid for
square heatsinks of 7,5 mm blackened aluminium.

For a few variations the thermal resistance may be derived as follows:

® Rectangular heatsinks (sides a and 2a)
When mounted with long side horizontal, multiply by 0,95.
When mounted with short side horizontal, multiply by 1,10.

® Unblackened or thinner heatsinks
Multiply by the factor given in Fig. 1 as a function of the heatsink size A.

7278580
]
/]
/|
1,4 .
1
B =t
(3)
1,3
//
L”
fo]
>
e
1,2 (2) =
LT
>
|
1,1 L] =
(1)
1
0 10 20 30

A (cm?2) one side

Fig. 1 Multiplication factor (B) as a function of heatsink area (A).
(1) 1 mm blackened aluminium.

(2) 1,5 mm unblackened aluminium.

(3) 1 mm unblackened aluminium.
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MOUNTING
INSTRUCTIONS
TO-126/SOT-82

MOUNTING INSTRUCTIONS
FOR TO-126 AND SOT-82 ENVELOPES

GENERAL DATA AND INSTRUCTIONS
General rules

1. First fasten the devices to the heatsink before soldering the leads.
2. Avoid axial stress to the leads.
3. Keep mounting tool (e.g. screwdriver) clear of the plastic body.

Heatsink requirements

Minimum thickness: 2 mm.

Flatness in the mounting area: 0,02 mm maximum per 10 mm.

Mounting holes must be deburred and should also be perpendicular to the plane of the heatsink, within
100 tolerance for M2,5 thread and within 29 tolerance for M3 thread. If the hole in the heatsink is
threaded, it should be counter-sunk and free of burrs.

Heatsink compound

Values af the thermal resistance from mounting base to heatsink (Ryn mp-h) given for mounting with
heatsink compound refer to the use of a metallic oxide-loaded compound. Ordinary silicone grease is
not recommended.

For insulated mounting, the compound should be applied to the bottom of both device and insulator.

Mounting methods for power transistors
1. Clip mounting (TO-126 and SOT-82)
Mounting by means of spring clip offers:
a. A good thermal contact under the crystal area.
b. Safe insulation for mains and high voltage operation
2. M2,5 and M3 screw mounting. (TO-126 only).
The spacing washer should be inserted between screw head and body.
Mounting torque for screw mounting:
Minimum torque (for good heat transfer) 0,4 Nm (4 kgcm)
Maximum torque (to avoid damaging the device) 0,6 Nm (6 kgcm)

N.B. when the driven nut or screw is in direct contact with a toothed lock washer the torques are

as follows:

Minimum torque (for good heat transfer) 0,65 Nm (5,5 kgem)

Maximum torque (to avoid damaging the device) 0,80 Nm (8,0 kgcm)
3. Body mounting (SOT-82).

A SOT-82 envelope can be adhesive mounted or soldered into a hybrid circuit.
For soldering a copper plate or an anodized aluminium plate with copper layer is recommended.
When adhesive mounting is applied also a ceramic substrate may be used.
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MOUNTING
INSTRUCTIONS
TO-126/S0OT-82

T
Thermal data (
From mounting base to heatsink Rth mb-h (K/W)

clip mounting screw mounting
direct | insulated | direct [insulated

TO-126, with heatsink compound 1,0 3,0 0,5 3,0
TO-126, without heatsink compound 3,0 6,0 1,0 6,0
SOT-82, with heatsink compound 0,4 2,0 — -
SOT-82, without heatsink compound 2,0 5,0 — —

Lead bending
Maximum permissible tensile force on the body, for 5 seconds is 20 N (2 kgf).

The leads can be bent through 90° maximum, twisted or straightened. To keep forces within the above-
mentioned limits, the leads are generally clamped near the body, using pliers. The leads should neither
be bent nor twisted less than 2,4 mm from the body.

Lead soldering
For devices with a maximum junction temperature < 150 ©C.

a. Dip or wave soldering
Temperature < 260 OC at a distance from the body >5 mm and for a total contact time with
soldering bath or waves <7 s,

b. Hand soldering
Temperature at a distance from the hody > 3 mm for
<250 OC for a total contact time of < 10 s.

W
=
3]
+
&

The body of the device must be kept clear of anything with a temperature > 200 OC.
Avoid any force on body and leads during or after soldering; do not correct the position of the device
or of its leads after soldering.

Mounting base soldering

Recommended metal-alloy of solder paste (85% metal weight)
62 Sm/36 Pb/2 Ag or 60 Sn/40 Pb.

Maximum soldering temperature < 200 ©C (tab-temperature).
Soldering cycle duration including pre-heating < 30 sec.

For good soldering and avoiding damage to the encapsulation pre-heating is recommended to a
temperature < 165 OC at a duration < 10's.

SN
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MOUNTING
Mounting instructions for TO-126 and SOT-82 envelopes |NSTRUCT|ONS
TO-126/SOT-82

INSTRUCTIONS FOR CLIP MOUNTING

Direct mounting with clip 56353

1. Place the device on the heatsink, applying heatsink compound to the mounting base.

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to
300 to the vertical (see Figs 1 and 2).

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the
heatsink. The clip should bear on the plastic body (see Fig. 3).

i

«—30°
'4—— = ——» = — 10°\

I - i N (’ ~ ~ ///

AR e A
oo o, pe
— -

T
w
©

I

20

. . 15

16 l ‘ ns 18 ‘ 4
RERV 1,0 min =

726491021 f

7278762
Fig. 1 Heatsink requirements. Fig. 2 Mounting Fig. 3 Position of
spring clip. transistor (top view).

Insulated mounting with clip 56353 and mica 56354 (up to 1000 V insulation)

1. Place the device with the insulator on the heatsink, applying heatsink compound to the bottom of
both device and insulator.

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to
300 to the vertical (see Figs 4 and 5).

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the
heatsink. The clip should bear on the plastic body (Fig. 6). Ensure that the device is centred on the

mica insulator to prevent creepage.

s e
Fodgads U/ Aol

- ‘ j v ; 20
~ L‘/NT‘“N 1 ‘ o gr=E=r=" 1f
16 i 5 18 S _ Y
RERTA 10 S ENNNNY N TN
72691021 / K *

oo 7285250
7278763

Fig. 4 Heatsink requirements. Fig. 5 Mounting. Fig. 6 Position of
(1) spring clip 56353. transistor (top view).

(2) insulator 56354.
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MOUNTING
INSTRUCTIONS
TO-126/S0T-82

INSTRUCTIONS FOR SCREW MOUNTING Dimensions in mm
Direct mounting with screw and spacing washer

M3 bolt
T 56326 —»kﬁ’s‘s max |<—
» v
Az heatsink : ”}'n
==*=| lock washer e ﬁg’? < 7278766 1
[ﬂ]_j nut
i 7265398
Fig. 7 Assembly through heatsink with nut. Fig. 8 Heatsink requirements.
ﬁ _@35
. ~max ™|
| M3 boit |
| 1] !
! ! 4
A 56326 . ! A min
4 | v
r:—::n:i:m TO-126 I
| heatsink < M3-» 72750201
Fig. 9 Assembly into tapped heatsink. Fig. 10 Heatsink requirements.
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MOUNTING
Mounting instructions for TO-126 and SOT-82 enveiopes INSTRUCTIONS
TO-126/S0T-82

INSTRUCTIONS FOR SCREW MOUNTING
Insulated mounting with 56326, 56387a and 56387b (up to 300 V)

C?\\

+ +‘JZ3,5 max l<—
4 A 1,5 min V i 1,5
* i min
e %
- 31 < 7278766
72836861
Fig. 15 Assembly through heatsink with nut. Fig. 16 Heatsink requirements.
=< 180°
// | \\\ — 1200
f > 32
| max ;
® V ‘ | % 2,0
+01
T0426—% | '
: | t s
@_4 | . min
heotsink—‘/ | y l
. ¥
' I
i 7289319 *" M 2 S - 7289318
Fig. 17 Assembly with tapped heatsink. Fig. 18 Heatsink requirements.
Legend
1 M2,5 screw 4 mica washer 56387 a
2 metal washer 56326 5  lock washer
3 insulating bush 56387b 6 M2,5 nut
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MOUNTING
INSTRUCTIONS
TO-220

MOUNTING INSTRUCTIONS FOR TO-220 ENVELOPES

GENERAL DATA AND INSTRUCTIONS
General rules

1. First fasten the device to the heatsink before soldering the leads.

2. Avoid axial stress to the leads.

3. Keep mounting tool (e.g. screwdriver) clear of the plastic body.

4. The rectangular washer may only touch the plastic part of the body; it should not exert any force on
that part (screw mounting).

Heatsink requirements

Flatness in the mounting area: 0,02 mm maximum per 10 mm.
Mounting holes must be deburred, see further mounting instructions.

Heatsink compound

Values of the thermal resistance from mounting base to heatsink (Rh mb-h) given for mounting with
heatsink compound refer to the use of a metallic oxide-loaded compound. Ordinary silicone grease is
not recommended.

Eor insulated mounting, the compound should be applied to the bottom of both device and insulator.

Mounting methods for power transistors
1. Clip mounting
Mounting with a spring clip gives:

a. A good thermal contact under the crystal area, and slightly lower Rth mb-h values than screw
mounting.
b. Safe insulation for mains operation.

2. M3 screw mounting

It is recommended that the rectangular spacing washer is inserted between screw head and mounting
tab.

Mounting torque for screw mounting:
(For thread-forming screws these are final values. Do not use self-tapping screws.)

Minimum torque (for good heat transfer) 0,55 Nm (5,5 kgcm)
Maximum torque (to avoid damaging the device) 0,80 Nm (8,0 kgcm)

N.B.: When a nut or screw is not driven direct against a curved spring washer or lock washer (not for
thread-forming screw), the torques are as follows:

Minimum torque (for good heat transfer) 0,4 Nm (4 kgcm)
Maximum torque (to avoid damaging the device) 0,6 Nm (6 kgcm)

N.B.: Data on accessories are given in separate data sheets.

—
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MOUNTING

INSTRUCTIONS

TO-220

3. Rivet mounting non-insulated

The device should not be pop-rivetted to the heatsink. However, it is permissible to press-rivet pro-
viding that eyelet rivets of soft material are used, and the press forces are slowly and carefully con-
trolled so as to avoid shock and deformation of either heatsink or mounting tab.

Thermal data clip screw
. . mounting |mounting

From mounting base to heatsink -
with heatsink compound, direct mounting Rth mb-h = 0,3 0,5 K/w
without heatsink compound, direct mounting Rth mb-h = 1.4 1,4 K/w
with heatsink compound and 0,1 mm
maximum mica washer Rthmb-h = 2,2 - K/W
with heatsink compound and 0,25 mm
maximum alumina insulator Rth mb-h = 0.8 — K/wW
with heatsink compound and 0,05 mm mica washer
insulated up to 500 V Rth mb-h = - 1,4 K/w
insulated up to 800 V/1000 V Rth mb-h = - 1,6 K/w
without heatsink compound and 0,05 mm mica washer
insulated up to 500 V Rthmb-h = - 3,0 K/w
insulated up to 800 V/1000 V Rthmb-h = - 4,5 K/w

Lead bending

Maximum permissible tensile force on the body, for 5 seconds is 20 N {2 kgf).
The leads can be bent through 900 maximum, twisted or straightenad. Keep forces within the above-
mentioned limits, the leads are generally clamped near the body, using pliers. The leads should neither
be bent nor twisted less than 2,4 mm from the body.

Soldering
Lead soldering temperature at > 3 mm from the body: t5)g <5s:
Devices with Tj max < 175 OC, soldering temperature Tsid max = 275 ©C.
Devices with Tj max < 110 OC, soldering temperature Tsid max = 240 °C.
Avoid any force on body and leads during or after soldering: do not correct the position of the device
or of its leads after soldering.

It is not permitted to solder the metal tab of the device to a heatsink, otherwise its junction temperature
rating will be exceeded.

Mounting base soldering

Recommended metal-alloy of solder paste (856% metal weight)

62 Sm/36 Pb/2 Ag or 60 Sn/40 Pb.

Maximum soldering temperature < 200 °C (tab-temperature).

Soldering cycle duration including pre-heating < 30 sec.
For good soldering and avoiding damage to the encapsulation pre-heating is recommended to a
temperature << 165 OC at a duration < 10's.
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MOUNTING
INSTRUCTIONS
TO-220

INSTRUCTIONS FOR CLIP MOUNTING
Direct mounting with clip 56363
1. Apply heatsink compound to the mounting base, then place the transistor on the heatsink.

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to
300 to the vertical (see Figs 1and 2).

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 2a).

—iao ,/@
38 s

I i ’ y Wl T0-220
1,6 o1 le12.0_o! le 18 min o
1,4 ,5 ’ \

120 o>
22X AVZZZA—_ g L2 AV

L K

7275438

Fig. 1 Heatsink requirements. Fig. 2 Mounting. Fig. 2a Position of

(1) spring clip 56363. transistor (top view).

Insulated mounting with clip 56364

With the insulators 56367 or 56369 insulation up to 2 kV is obtained.

1. Apply heatsink compound to the bottom of both transistor and insulator, then place the transistor
with the insulator on the heatsink.

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to
30° to the vertical (see Figs 3 and 4).

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the
heatsink. The clip should bear on the plastic body, not on the tab. Ensure that the device is
centred on the mica insulator to prevent creepage.

-

v S
D la‘ig / = T0-220
A /
ol lme Sl dn
;f % ’ T3 20 ;}\/r zavesBL 0
| % ¥ ' J | =
1,0 =
i \ L[rmJL-J
7275437
Fig. 3 Heatsink requirements. Fig. 4 Mounting. Fig. 4a Position of
(1) spring clip 56364. transistor (top view).

(2) insulator 56369 or 56367.
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MOUNTING
INSTRUCTIONS
TO-220

INSTRUCTIONS FOR SCREW MOUNTING Dimensions in.mm
Direct mounting with screw and spacing washer
® through heatsink with nut

M3(1 _ -
2 < AN
7 :
TO-220 ’ B35,
ML IS e
8 | A 7778
> ~o3i
M3@/£ J,i J 7269693.2
Fig. 5 Assembly. Fig. 6 Heatsink requirements.

(1) M3 screw.

(2) rectangular washer (56360a).
(3) lock washer.

(4) M3 nut.

(5) heatsink.

(8) plain washer.

@ Jnto tapped heatsink

M3 (T _
s T \\
#35
T0-220 ' ~ mdx ™
o N |
| | __?
| 'i / ;
| d min
‘ A | v
| T
I <_M3_> 7275020.1
Fig. 7 Assembly. Fig. 8 Heatsink requirements.

(1) M3 screw.
(2) rectangular washer 56360a.
(5) heatsink.
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MOUNTING
INSTRUCTIONS
TO-220

Insulated mounting with screw and spacing washer

Dimensions in mm

{not recommended where mounting tab is on mains voltage)

® through heatsink with nut

M3 screw

@:‘:@ rectangular washer 56360a
mﬁ:@ T0-220

et Mnica insulator 56359b

7 heatsink

insulating bush 56359¢

m‘:m plain washer

r:-u\:: lock washer

m M3 nut
7285253

Fig. 9 Insulated screw mounting with
rectangular washer, Known as a “bottom
mounting”’.

180°
1200
«ga,uoN
2+0 i 7 *4.0(')71
£0y ? Z
i 1
-+ 336+02la

72754634

Fig. 10 Heatsink requirements for 500 V

insulation.
<—255+01—+
¥ ; ¥
2,0 1 2 1,0£0,1
*01 | /A *
T
* ‘+02
19236 (]v = oz

Fig. 11 Heatsink requirements for 800 V
insulation.

@ jnto tapped heatsink

M3 screw

m rectangular washer 56360a

w rectangular insulating bush 56359d

=m==4mm mica insulator 56359b

! 7285254

Fig. 12 Insulated screw mounting with
rectangular washer into tapped heatsink.
Known as a “top mounting"’.

180°
200 T
- .

-4, 7501
|

f‘/T‘ | N

'

e ~

3
)

<M 3*I 7275435

Fig. 13 Heatsink requirements for 500 V
insulation.
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1

M 3> 7275436

Fig. 14 Heatsink requirements for 1000 V
insulation.

\\] (January 1981






MOUNTING
INSTRUCTIONS
SOT-93

MOUNTING INSTRUCTIONS FOR SOT-93 ENVELOPES

GENERAL DATA AND INSTRUCTIONS
General rule

Avoid any sudden forces on leads and body; these forces, such as from falling on a hard surface, are
easily underestimated. In the direct screw mounting an M4 screw must be used; an M3 screw in the
insulating mounting.

Heatsink requirements

Flatness in the mounting area: 0,02 mm maximum pef 10 mm.
The mounting hole must be deburred.

Heatsink compound

The thermal resistance from mounting base to heatsink (Rip mp-h) can be reduced by applying a
metallic-oxide heatsink compound between the contact surfaces. For insulated mounting the cornpound
should be applied to the bottom of both device and insulator. ’

Maximum play

The bush or the washer may only just touch the plastic part of the body, but should not exert any
force on that part. Keep mounting tool (e.g. screwdriver) clear of the plastic body.

Mounting torques

For M3 screw (insulated mounting): :
Minimum torque (for good heat transfer) . 0,4 Nm ( 4 kgem)

Maximum torque (to avoid damaging the device) 0,6 Nm ( 6 kgem)
For M4 screw (direct mounting only):

Minimum torque (for good heat transfer) 0,4 Nm ( 4 kgem)

Maximum torque (to avoid damaging the device) 1,0 Nm (10 kgem)

Note: The M4 screw head should not touch the plastic part of the envelope.

Lead bending

Maximum permissible tensile force on the body for 5s 20 N (2 kgf)
No torsion is permitted at the emergence of the leads.

Bending or twisting is not permitted within a lead length of 0,3 mm.

The leads can be bent through 90° maximum, twisted or straightened; to keep forces within the above-
mentioned limits, the leads are generally clamped near the body.

N.B.: Data on accessories are given in chapter Accessories.
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MOUNTING
INSTRUCTIONS
SOT-93

Soldering
Recommendations for devices with a maximum junction temperature rating < 175 0C:
a. Dip or wave soldering

" Maximum permissible solder temperature is 260 OC at a distance from the body of > 5 mm and for
a total contact time with soldering bath or waves of < 7 s.

b. Hand soldering

Maximum permissible temperature is 275 OC at a distance from the body of >3 mm and for a total
contact time with the soldering iron of <5s.

The body of the device must not touch anything with a temperature > 200 ©C.

it is not permitted to solder the metal tab of the device to a heatsink, otherwise the junction tempera-
ture rating will be exceeded.

Avoid any force on body and leads during or after soldering; do not correct the position of the device
or of its leads after soldering.

Thermal data clip screw

mounting | mounting

Thermal resistance from mounting base to heatsink
direct mounting

with heatsink compound Rthmb-h = 03 0,3 K/W
without heatsink compound Rthmb-h = 156 0,8 K/W
with 0,05 mm mica washer

with heatsink compound Rthmb-h = 08 0,8 K/W
without heatsink compound Rihmb-h ~ 3.0 2,2 K/W

INSTRUCTIONS FOR CLIP MOUNTING
Direct mounting with clip 56379
1. Place the device on the heatsink, applying heatsink compound to the mounting base.

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to
200 to the vertical (see Fig. 1b).

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 1(c)).

6
b / N\

~

—
-

i
i i T o
V21 3
|4 AT A V773 1'9 ez l\f' 'l
i i
Fig. 1a Heatsink requirements. Fig. 1b Mounting. Fig. 1c Position
(1) = spring clip 56379. of the device.
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MOUNTING
Mounting instructions for SOT-93 envelopes INSTRUCTIONS
SOT-93

Insulated mounting with clip 56379

With the mica 56378 insulation up to 1500 V is obtained.

1. Place the device with the insulator on the heatsink, applying heatsink compound to the bottom of
both device and insulator.

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to
200 to the vertical (see Figs 2a and 2b).

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the

heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 2c). There should be
minimum 3 mm distance between the device and the edge of the insulator for adequate creepage.

] ; P

76

T4 PN

A "% soT-93
el b e | JON
A A a4 *g'; 777)?*. . B Vi)

3t
7275848
Fig. 2a Heatsink requirements. Fig. 2b Mounting. Fig. 2c Position
(1) = spring clip 56379 of the device.

(2) = insulator 56378

INSTRUCTIONS FOR SCREW MOUNTING

Direct mounting
7 N
7 N N
A\

SOT-93

|
i
heatsink I %
®/—k§\ | ! N %
o—+] | []

T
Fig. 3a Assembly through heatsink with nut. Fig. 3b Heatsink requirements.

7289316

l ’ 7289317

When screw mounting the SOT-93 envelope, it is particularly important to apply a thin, even layer of
heatsink compound to the mounting base, and to apply torque to the screw slowly so that the
compound has time to flow and the mounting base is not deformed. Most SOT-93 envelopes contain
a crystal larger than that in the other plastic envelopes, and it is more likely to crack if the mounting
base is deformed.

Legend: (1) M4 screw; (2) piain washer; (6) M4 nut.
Where vibrations are to be expected the use of a lock washer or of a curved spring washer is recommen-
ded, with a plain washer between aluminium heatsink and spring washer.
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MOUNTING
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Insulated screw mounting with nut; up to 800 V.

SOT-93 —|

®—

heatsink

7275324

Fig. 4 Assembly.
See also Fig. 9.

(1) M3 screw

(2) plain washer

(3) insulating bush  (56368b)
(4) mica insulator  (56368a)
(5) lock washer

(R M7 it

1O VIS Ut

Insulated screw mounting with tapped hole; up to 800 V.

B4+01 -

Fig. 5 Heatsink requirements
up to 800 V insulation.

72753261

—I~= 180°
! < N 1200
= 5 ~ ’ ﬁsﬁ*’gb\\
3 N/ E
SOT-93 | ﬁ . ! min
@‘ ‘ min ; *
| 1 |
heatsink } / Y I
" ~4M 3*‘ 72753281
; 72783284 Fig. 7 Heatsink requirements
, up to 800 V insulation.
(1) M3 screw
(2) plain washer
(3) insulating bush  (56368b)
Fig. 6 Assembly. (4) mica insulator  (56368a)
See also Fig. 9. (5) lock washer
374 April 1981 (




MOUNTING

Mounting instructions for SOT-93 envelopes INSTRUCTIONS

SOT-93

Insulated screw mounting with insert nut; up to 500 V

w) (M) (o) (=

1
|
|
SO0T-93 \1\ N 1,0min
z \ Ty
©r Bim 25
heatsink % ’ “ 7 * min
. '
insert nut~§ ‘
| 72753231
T

Fig. 8 Assembly and heatsink requirements
for 500 V insulation. See also Fig. 3.

(1) M3 screw

(2) plain washer

(3) insulating bush (56368b)
(4) mica insulator (56368a)
(5) lock washer

SOT-93

|—insulator

7275329

Fig. 9 Mica insulator.

The axial deviation («) between SOT-93 and mica should not exceed 5°.

\\ (April 1981
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MOUNTING
INSTRUCTIONS
TO-3

MOUNTING INSTRUCTIONS FOR TO-3 ENVELOPES

GENERAL DATA AND INSTRUCTIONS
Instructions for direct mounting.

Mounting instructions for up to 500 V insulation.
Using insulating bushes 56201j or 56261a and mica washer 56201d.

Mounting instructions for 500 to 2000 V insulation.
Using mounting support 56352 and mica washer 56339.

Heatsink requirements
Flatness in the mounting area: 0,05 mm per 40 mm

Mounting holes must be deburred.

Mounting torques
Minimum torque (for good heat transfer) 0,4 Nm (4 kgcm)
Maximum torque (to avoid damaging the transistor) 0,6 Nm (6 kgcm)

N.B.: When the driven nut or screw is in direct contact with a toothed lock washer (e.g. Fig. 10), the
torques are as follows:
Minimum torque 0,55 Nm (5,5 kgcm)

Maximum torque 0,8 Nm (8 kgecm)

Thermal data

The thermal resistance from mounting base to heatsink (R¢h mp-h) can be reduced by applying a heat
conducting compound between transistor and heatsink. For insulated mounting the compound should
be applied to the bottom of both device and insulator.

DI . Insulated mounting
irect mounting | 500 v mica | 2000 V mica

From mounting base to heatsink
without heatsink compound Rth mb-h 0,6 \ 1,0 l 1,25 K/W

with heatsink compound Rth mb-h 0,1 03 0,5 K/W
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MOUNTING
INSTRUCTIONS
TO-3

INSTRUCTIONS FOR DIRECT MOUNTING

The transistors should be mounted with M4 screws, see Figs 1 and 2. Minimum heatsink thickness (for
good heat transfer) 1,6 mm. Hole pattern: Fig. 3.

A heatsink with tapped holes or insert nuts can also be used, but a torque washer is necessary between
metal washer and transistor. See Fig. 4.

M Ma

_t},

+

®

1% L A rZ24a

1% 4 7| Y7273 \

ﬂ:mFm o] —]

me (D amD : EM
' 72703801

7270381

Figs 1 and 2. Direct mounting with nuts.

®©ee06
i

Legend
(1) = screw
(2) =TO-3
(4) = mica
(5) = heatsink

(6) = insulating bush
(7) = metal washer
(8) = soldering tag
(9) = lock washer
(10) = nut
(11) = tapped hole
(12) = insert nut
Dimensions in mm
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MOUNTING

Mounting instructions for TO-3 envelopes |NSTRUCTIONS

TO-3

v @_—_-_'f
4+8‘2 _@ — @ 10,9+0,1
. @__F___#

[ 169+0,1—

30'1:&0’1 7270376

Fig. 3 Hole pattern for direct mounting with nuts.

@ ) W

@ i |

==:___t__, °=t=='

S |

o T

®@ (I G D M
M4

@ Mé4 72703821

Fig. 4 Direct mounting with tapped holes or insert nuts.
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MOUNTING
INSTRUCTIONS
TO-3

MOUNTING INSTRUCTIONS FOR UP TO 500 V INSULATION
Using insulating bushes 56201j and mica washer 56201d

For the component arrangement with minimum heatsink thickness see Figs 5 and 6. For hole pattern
and shape of holes see Figs 7 and 8.

Using insulating bush 56261a and mica washer 56201d

For an arrangement with M3 screws and nuts see Fig. 9, mounting holes are given in Figs 7 and 8.
The accessories can also be used in combination with M3 screws and heatsinks provided with tapped
holes or insert nuts. Lock washers are necessary between screw-head and metal washer, see Fig. 10.
For an assembly drawing with tapped holes see Fig. 11, with insert nuts see Fig. 12.

1

HEl I |

) m3

g
+48

3

T

©)
(@) 562014

77 TV
® 9%, YA

|
o
| e
: SiiR 4L
(®) 56201 ,m zﬂL ‘”:fm ’
- S

|

|

i

Cy
@ i .
= ==

6 T 4
‘ M3 C.q:j 7z7o:ea.3E:D 2270364

o2 e v v o e '
Figs 5 and 6. Insulated mounting (500 V) with 56201j and 56201d. Heatsink thickness: 1,5 t0 2,56 mm.
5,0%0,1

120°
¥ ) : 4 ,f/ﬂBS"'OA
401 9"'_‘%—-——{9’10,910,1 \’ "0 I/

- <
e 16,9201 — gLu*0,1 7270379
- 30,1i0,1 &1 7270377
Fig. 7 Hole pattern for 500 V Fig. 8 Shape of hole for 500 V
insulation, nut fastening. insulation, nut fastening.

For legend see page 378.
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MOUNTING
Mounting instructions for TO-3 envelopes INSTRUCTIONS
TO-3

@ ™3 ® M3

@ m3) et ® tma)

@ (M3)
(6) s6261a W
() 56261a

Dor @ e

(M&) ~ Do ®°
| (M)
0o ms > oA

' ®
&) s6201d —-='=-——- (@) 562014 mmim——

® zﬁ@ ©® S T
® (M3) <= 25min j__ |
o 0o AT

7270386.3

Fig. 9 Insulated mounting Fig. 10 Insulated mounting (500 V)
(500 V) with nuts. with tapped holes or insert nuts.
{M3)
(M3)
56261a l
Do \r'<::_———"1——‘—:ly =4
or® S SN
775 . 2
@— ’ w l
se201d (L ~120° %j
£ n Q
! ¥
C) 0.
1 V3 l/ !
— P4+01 le—

P 5'5"’%2 — | 7270387.3
Fig. 11 Assembly (partial) for Fig. 10 - tapped holes.
Q minimum 2,5 mm.

For legend see page 378.
* Thickness approximately 0,6 mm, outer diameter 7,5 mm.
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M3)
56261a
@ 0 A ! EZ4 ‘
|

(M&) 55 ] }J
@ ' Q
' N ’ 0,6 min
s6201d (W)— | ) i
% W=7 ER
O ///{7 h
¥
@ N
M3 !
; 7270388.3
Fig. 12 Assembly (partial) for Fig. 10 - insert nuts Q minimum 2,5 mm.
For legend see page 378. Dimensiors in mm

* Thickness approximately 0,6 mm, outer diameter 7,5 mm.
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MOUNTING
Mounting instructions for TO-3 envelopes INSTR UCT'ONS
TO-3

MOUNTING INSTRUCTIONS FOR 500V TO 2000 V INSULATION
Using mounting support 56352 and mica washer 56339

The transistor should be mounted with M3 screws. For component arrangement see Figs 13 and 14.
For hole pattern see Fig. 15. Thickness of heatsink 2,5 mm to 3mm.

TD sus
@ ™3 c%» ~=='==-
N |

' F——T | . 1
© ] ; }

\ i ' | |
® 55331 | ! 3334 AT Z22277777277 V4
© 38 A7 AR j |

|
56352 i:L r:/—:’l Jl m_:‘:m 4
' |
® - | — |
® m‘m | = ml:”’
@ === ==
© s +=
@w @D D S o

Figs 13 and 14. Insulated mounting (500 V—2000 V).

5,00,
T
7,5%0,1 {}- —%——{} 10‘9}0,1

le—16.9+01—

30.":‘:0’1 - 7270378
Fig. 15 Hole pattern for Figs 13 and 14.

For legend see page 378.
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ACCESSORIES

HITHI

TYPE NUMBER SURVEY ACCESSORIES

type number description envelope
56201d mica washer (up to 500 V) TO-3
56201j insulating bushes (up to 500 V) TO-3
56261a insulating bushes (up to 500 V) TO-3
56326 metal washer TO-126
56339 mica washer (500 to 2000 V) TO-3
56352 insulating mounting support TO-3
56353 spring clip TO-126/S0OT-82
56354 mica insulator TO-126/S0OT-82
56359b mica washer (up to 1000 V) TO-220
56359¢ insulating bush (up to 800 V) T0-220
56359d rectangular insulating bush (up to 1000 V) TO-220
56360a rectangular washer (brass) TO-220
56382 spring ciip {direct mounting) TO-220
56364 spring clip (insulated mounting) TO-220
56367 alumina insulator (up to 2000 V) TO-220
56368a mica insulator (up to 800 V) SOT-93
56368b insulating bush (up to 800 V) SOT-93
56369 mica insulator (up to 2 kV) TO-220
56378 mica insulator (up to 1500 V) SOT-93
56379 spring clip SOT-93
56387a mica insulator (up to 300 V) TO-126
56387b insulating bush (up to 300 V) TO-126

386 August 1983 (




ACCESSORIES

SELECTION GUIDE

CLIP MOUNTING

direct mounting

insulated mounting

envelope
clip mica alumina clip

TO-126 56353 56354 56353

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

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

direct mounting insulated mounting
envelope
metal washer moun.tlng mica washer | insul. bush | metal washer moun'tmg
material : material

TO-126

(SOT-32) 56326 M3

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

(SOT-78) 56360a M3

up to 800 V 56359b 56359¢c 56360a M3

up to 1000 V 56359b 56359d 56360a M3
SOT-93 - M4 56368a 56368b M3
TO-3 - M4

(SOT-3)

up to 500 V 56201d 56201j or M3

56261a
up to 2000 V 56339 56352 M3

The accessories mentioned can Le supplied on request.

See also chapter

Mounting Instructions.

\\ (August 1983
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ACCESSORIES

Mounting TO-126 and SOT-82 envelopes.

56353 cLip
for TO-126 and SOT-82 envelopes

MECHANICAL DATA

Material : high carbon spring steel Dimensions in mm
483 ¥ (\/\ 445
¢ 2,03 i
4,83
1228 le— 1168 —— —>| 318 l=-

7269101

Spring clip suitable for heatsink of 1,5 to 2 mm.

56354 MICA INSULATOR
for TO-126 and SOT-82 envelopes
MECHANICAL DATA Dimensions in mm

0,06+0,02
+— 10 —» — -

[

72691031
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ACCESSORIES

Mounting of TO-126 envelopes

56326 WASHER

for direct mounting of TO-126 envelopes

MECHANICAL DATA " Dimensions in mm
Material: brass, nickel plated

-

7/ 7. __:1,5

——J 3,1 I 7285397

56387a MICA WASHER

for insulated screw mounting of TO-126 envelopes (up to 300 V)

MECHANICAL DATA Dimensions in mm

_¥ 006
=}:002

72838561
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ACCESSORIES

Mounting of TO-126 envelopes

56387b INSULATING BUSH

for insulated screw mounting of TO-126 envelopes (up to 300 V)

MECHANICAL DATA

Material: polyester
2,95+ -

e
2,55 '
i
| 37 48
J v
300 | le 4
1,45

|

14838571

TEMPERATURE

Maximum permissible temperature

Dimensions in mm

Tmax 150 ©C
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ACCESSORIES

Clip mounting TO-220 envelopes

56363 SPRING CLIP

for direct mounting of TO-220 envelopes

MECHANICAL DATA Dimensions in mm
Material : steel, zinc-chromate passivated.

72 f—__"_v Jz
4,0
i | |
}
4,8
'
- 2'3 <——12‘0——> 7z75u.1_> 3’18 -
56364 SPRING CLIP

for insulated mounting of TO-220 envelopes

MECHANICAL DATA Dimensions in mm
Material: steel, zinc-chromate passivated.

72 § 6,9
4,0 l to be used in
v conjunction with
e T 56367 or 56369.
8
-1 23 e 17,0 - - 318 =

72754462
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392 August 1983 ) (

Clip mounting TO-220 envelopes

56367 ALUMINA INSULATOR
for insulated clip mounting of TO-220 envelopes (up to 2 kV)

MECHANICAL DATA Dimensions in mm

Material: 96-alumina.

0,25
- T

i 7275440

* Because alumina is brittle, extreme care must be taken when mounting devices not to crack the
alumina, particularly when used without heatsink compound.

56369 MICA INSULATOR
for insulated clip mounting of TO-220 envelopes (up to 2 kV)
MECHANICAL DATA Dimensions in mm
0,10
0,05
+—— 16 ———p |
1
21

7275439




ACCESSORIES

Mounting TO-220 envelopes

56359b MICA WASHER
for TO-220 envelopes (up to 1000 V)
MECHANICAL DATA Dimensions in mm
36+0,05 0,06+ 0,02
T T
6
v

19 '

727314622 |g—-—— 15 __J

56360a RECTANGULAR WASHER
for direct and insulated mounting of TO-220 envelopes
MECHANICAL DATA Dimensions in mm
+ 3,1 = >

Material : brass; nickel plated 2 ‘*

8> 7273141

W
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ACCESSORIES

Mounting TO-220 envelopes

56359c INSULATING BUSH

for TO-220 envelopes (up to 800 V)
MECHANICAL DATA Dimensions in mm
Material: polyester @35

""Imq’xl“"— '
TEMPERATURE v » 27
Maximum permissible Y [ Z 4
temperature Trmax = 150 °C ,«g 7 —o _>1a ; 1L_

56359d RECTANGULAR INSULATING BUSH

for TO-220 envelopes (up to 1000 V)

MECHANICAL DATA I« 5,8 & Dimensions in mm

3,5
TEMPERATURE "‘ mcxl“
. - v v
Maximum permissible
temperature Tmax = 150 °C 38 28
- 4
g - <

B30 1z730200
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ACCESSORIES

Clip mounting of SOT-93 envelopes

56378 MICA INSULATOR
for SOT-93 clip mounting (up to 1500 V)

MECHANICAL DATA Dimensions in mm

0,06 £0,02

J S 72758511

56379 SPRING CLIP

for direct and insulated mounting of SOT-93 envelopes

MECHANICAL DATA Dimensions in mm

Material:
CrNi steel NLN-939;
thickness 0,4 + 0,04.

] 30 A! 72758501

w
(%]

\ ﬁugus’c 1983 3



ACCESSORIES

Screw mounting of SOT-93 envelopes

56368a MICA INSULATOR
for insulated screw mounting of SOT-93 envelopes (up to 800 V)
MECHANICAL DATA Dimensions in mm
e N
+ / | \
44005 @_ o
! ' T 28
19
- 25 —
v 0,06
727533041 A‘ﬁiO,OZ
56368b INSULATING BUSH

for insulated screw mounting of SOT-93 envelopes (up to 800 V)

MECHANICAL DATA Dimensions in mm
Material: polyester

- @7 —— &l 72753%
TEMPERATURE

Maximum permissible temperature Tmax = 150 °C

396 August 19a (



ACCESSORIES

Mounting TO-3 envelopes

56201d MICA WASHER

Mica washer for up to 500 V insulation of TO-3 envelopes.

MECHANICAL DATA Dimensions in mm

< 43 >
[e——30,1 ———*>

-+ |<-1,85max

72756461 *i0,0Z
56201] 2 INSULATING BUSHES
Two insulating bushes for up to 500 V insulation of TO-3 envelopes.
MECHANICAL DATA Dimensions in mm
Material : polyester
-+ $38 [+ -+ @31 =«
? 35
5,0 ¥
< @ 6,5 — 7275448
TEMPERATURE
Maximum permissible temperature Tmax 150 ©C

[2e]
~Jd

\\\ (/August 1983 3



ACCESSORIES

Mounting TO-3 envelopes
56261a 2 INSULATING BUSHES

Two insulating bushes for up to 500 V insulation of TO-3 envelopes.

MECHANICAL DATA

Dimensions in mm
Material : polyester

<— 76,5 —¢ 7275448
,

TEMPERATURE
Maximum permissible temperature Tmax 150 °C
56339 MICA WASHER

Mica washer for 500 to 2000 V insulation of TO-3 envelopes, for which it should be combined with
mounting support 56352,

MECHANICAL DATA Dimensions in mm

£0,075: 0025
72702651 4
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ACCESSORIES

Mounting TO-3 envelopes
56352 MOUNTING SUPPORT

Mounting support for 500 to 2000 V insulation of TO-3 envelopes, for which it should be combined
with mica washer 56339.

MECHANICAL DATA
Material : polyester

Dimensions in mm

.
- < 39

o |

t *__._._
— ,v:?] H: ——*—l ; — L4k
il s 1 g !
] b ”
- <+
24,85
-2 |-
L1}
10,9 e A
' -~ .
N ' ; l M
+| |+4,85
<«— 16,9 —&
<+« 30,1 ———
- 42 7270266
TEMPERATURE
Maximum permissible temperature Tmax 125 ©C
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HIGH-VOLTAGE AND SWITCHING POWER TRANSISTORS

TYPE NUMBER SURVEY
SELECTION GUIDE

—_— GENERAL

TRANSISTOR DATA

Z=  MOUNTING INSTRUCTIONS
==  ACCESSORIES
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