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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 three series of handbooks each comprising several parts.

ELECTRON TUBES ‘ BLUE
SEMICONDUCTORS AND INTEGRATED CIRCUITS RED
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 these published in the preceding edition they are pointed
out by arrows. Where application information is given it is advisory and does not form part of the
product specification.

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

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
under any patent or-other right, nor does the pubiisher assume liability for any consequence of its use; specifications and availability of
goods mentioned in it are subject to change without notice; it is not to be reproduced in any way, in whole or in part without the

written consent of the publisher.
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ELECTRON TUBES (BLUE SERIES)

ET1a 12-75
ET1b 08-77

ET2a 11-77

ET2b 05-78

ET301-75
ET4 03-76

ETba 03-78

ET5b 12-78

ET6 0177
ET7a 0377
ET7b 05-79

ET8 05-77

ET9 03-78

Transmitting tubes for communication, tubes for r.f. heating
Types PE05/25 to TBW15/25
Transmitting tubes for communication, tubes for.r.f. heating,
amplifier circuit assemblies

Microwave tubes

Communication magnetrons, magnetrons for microwave
heating, klystrons, travelling-wave tubes, diodes, triodes
T-R switches

Microwave semiconductors and components

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

Special Quality tubes, miscellaneous devices

Recelvmg tubes

Cathode-ray tubes

Instrument tubes, monitor and display tubes, C.R. tubes
for special applications:

Camera tubes and accessories, image intensifiers

Products for nuclear technology

Channel electron multipliers, neutron tubes, Gelger-MuIIer
tubes

Gas-filled tubes

Thyratrons, industrial rectifying tubes, ignitrons,
high-voltage rectifying tubes

Gas-filled tubes

Segment indicator tubes, indicator tubes, switching diodes,
dry reed contact units

TV picture tubes

Photomultiplier tubes; phototubes
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SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES)

Part 1a August 1978

Part 1b May 1977

Part2 November 1977
Part2  June 1979

Part 3 ~ January 1978
Part4a December 1978

Part 4b September 1978

Part 4c July 1978
Part 5a November 1978

Part 5b . March 1977

Part6 October 1977

SC1a 08-78

SC1b 0577

SC2 1i-77
SC2 06-79
SC301-78
SC4a 12-78

SC4b 09-78

SC4c 07-78
S$C5a 11-76

SC5b 03-77

SC6 10-77

Signetics integrated circuits 1978

Rectifier diodes, thyristors, triacs
Rectifier diodes, voltage regulator diodes (> 1,5 W},
transient suppressor diodes, rectifier stacks, thyristors, triacs

Diodes

Small signal germanium diodes, small signal silicon diodes,
special diodes, voltage regulator diodes (< 1,6 W), voltage
reference diodes, tuner diodes

Low-frequency and dual transistors*

Low-frequency power transistors

High-frequency, switching and field-effect transistors
Transmitting\ transistors and modules

Devices for optoelectronics

Photosensitive diodes and transistors, light emitting diodes,
photocouplers, infrared sensitive devices,

photoconductive devices

Discrete semiconductors for hybrid thick and thin-film circuits

Professional analogue integrated circuits

Consumer integrated circuits
Radio-audio, television

Digital integrated circuits
LOCMOS HE4000B family

Bipolar and MOS memories
Bipolar and MOS microprocessors
Analogue circuits

Logic- TTL

* Low-frequency general purpose transistors will be transferred to SC3 later in 1979. The old book
SC2 11-77 should be kept until then.
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COMPONENTS AND MATERIALS (GREEN SERIES)

Part 1 June 1977

Part 2a  October 1977

Part2b February 1978
Part 3 January 1977
Part 3a  September 1978

Part3b October 1978

Part4a November 1978

Part4b February 1979

Part 6’  April 1977

Paﬁ 7  September 1971
Part7a January 1979
Part8  June 1979

Part 9 March 1976

Part 10  April 1978

CM1 06-77

CM2a 10-77

CM2b 0278
cM3 01-77
CM3a 09-78

CM3b 10-78

CM4a 11-78

CM4b 02-79

CM6 04-77
CM? 09-71
CM7a 01-79
CM8 06-79

CM9 03-76

CM10 04-78

Assemblies for industrial use :

High noise immunity logic FZ/30-series, counter modules
50-series, NORbits 60-series, 61-series, circuit blocks
90-series, circuit block CSA70(L), PLC modules, input/
output devices, hybrid circuits, peripheral devices, ferrite
core memory products

Resistors

Fixed resistors, variable resistors, voltage dependent resistors
(VDRY), light dependent resistors {LDR), negative tempera-
ture coefficient thermistors (NTC), positive temperature

coefficient thermistors (PTC), test switches

Capacitors »
Electrolytic and solid capacitors, film capacitors, ceramic
capacitors, variable capacitors

Radio, audio, television

Components for black and white television, components
for colour television '

FM tuners, television tuners, surface acoustic wave filters
Loudspeakers

Soft ferrites

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

Piezoelectric ceramics, permanent magnet materials
Electric motors and accessories

Small synchonous motors, stepper motors, miniature

direct current motors

Circuit blocks .

Circuit blocks 100 kHz-series, circuit blocks 1-series, circuit
blocks 10-series, circuit blocks for ferrite core memory drive
Assemblies

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

Variable mains transformers

Piezoelectric quartz devices

Connectors
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INDEX OF TYPE NUMBERS
Data Handbooks SC1a to SC4c

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

type no. part section type no. part section type no. part section
AA119 1b PC BA243 ib T BAX15 1b WD
AAZ15 1b GB BA244 1b T BAX16 1b WD
AAZ1T 1b GB BA280 1 T BAX17 1b WD
AAZ18 1b GB BA314 1b Vrg . BAX18 1b WD
AC125 2 . LF BA314A 1 Vrg BAX18A 1 WD
AC126 2 LF BA315 1b  Vrg BB105A 1 T
AcC127 2 LF BA316 1 WD BB105B 1b - T
AC128 2 LF BA317 1b WD BB105G b T
AC128/01 2 LF BA318 1 WD BB106 1b T
AC132 2 LF BA379 1 T BB110B 1b T
AC187 2 LF BAS16 4c  Mm BB110G 1 T
Ac187/01 2 LF BAT17 4c  Mm BB117 db T
AC188 2 LF BAT18 4c  Mm BB119 1 T
AC188/01 2 LF BAV10O 1b WD BB204B b T
AF367 - 3 HFSW BAV18 1b WD BB204G 1b T
BA100 1b  AD BAV19 1b WD BB205A 1b T
BA102 1b T BAV20 1 WD BB205B 1b T
BA145 1a R BAV21 1b WD BB205G 1b T
BA148 1a R BAV45 1b  Sp BBY31 4c Mm
BA157 la R BAVT0 4c  Mm BC107 2 LF
BA158 ta R BAV99 4c  Mm BC108 2 LF
BA159 la R BAW21A 1 WD BC109 2 LF
BA182 1 T © BAW21B 1b WD BC140 2 LF
BA216 1b WD BAWS6 4c  Mm BC141 2 LF
BA217 1b - WD BAW62 1b WD s BC146 2 P
BA218 1D WD BAX12 tb WD BC147 2 LF
BA219 1b WD BAX12A 1b WD BC148 2 LF
BA220 1 WD BAX13 1b WD BC149 2 LF
BA221 1b WD BAX14 1b WD BC157 2 LF
BA222 1b WD BAX14A 1b WD BC158 2 LF

AD = Silicon alloyed diodes

GB = Germanium gold bonded diodes

HFSW = High-frequency and switching transistors

LF = Low-frequency transistors (SC2 11-77)

Mm = Discrete semiconductors for hybrid
thick and thin-film circuits

PC = Germanium point contact diodes
R = Rectifier diodes

Sp = Special diodes

T . = Tuner diodes

Vrg = Voltage regulator diodes

WD = Silicon whiskerless diodes
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type no. part section type no. part section type no. part section
BC159 2 LFP BCW71;R 4c  Mm BD182 2 P
BC160 2 LF BCWT72;R 4c  Mm | BD183 2 P
BC161 2 LF BCX17;R 4c  Mm BD201 2 P
BC177 2 LF BCX18;R 4c - Mm BD202 2 P
BC178 2 LF BCX19;R.  4c Mm BD203 2 P
BC179 2 LF BCX20;R 4c Mm BD204 2 P
BC200 2 LF BCX51 4c  Mm BD226 2 P
BC264A 3 FET BCX52 4c  Mm BD227 2 P
BC264B 3 FET BCX53 4c  Mm BD228 2 P
BC264C 3 FET BCX54" 4c Mm BD229 2 P
BC264D 3 FET BCX55 4c  Mm BD230 2 P
BC327 2 LF BCX56 4c  Mm BD231 2 P
BC328 2 LF BCY304 | 2 LF BD232 2 P
BC337 2 LF BCY31A 2 LF BD233 2 P
BC338 2 LF BCY32A 2 LP BD234 2 P
BC368 2 LF BCY33A 2 LF BD235 2 P
BC369 2 LF "BCY344A 2 LF BD236 2 - P
BC546 2 LF . BCY55 2 DT BD237 2. P
BC547 2 LF BCY56 2 LF BD238 2 P
BC548 2 LF BCY57 2 LF BD291 2 P
BC549 2 LF BCY58 2 LF BD292 2 P
BC550 2 LF BCY59 2 LF BD293 2 P
BC556 2 LF BCY70 2 LF BD294 2 P
BC557 2 LF BCYT1 2 LF BD295 2 P
" BC558 2 LF BCY72 2 LF BD296 2 P
BC559 2 LF BCY78 2 LF BD329 2 P
BC560 2 LF BCY79 2 LF BD330 2 P
BC635 2 LF BCY87 2 DT * BD331 2 P
BC636 2 LF BCY88 2 DT BD332 2 P
BC637 2 LF BCY89 2 DT BD333 * 2 P
BC638 2 LF BD131 2 P BD334 2 P
BC639 2 LF BD132 2 P BD335 2 P
BC640 2 LF BD133 2 P BD336 2 P
BCW29;R  4c  Mm BD135 2 P BD337 2 P
BCW30;R 4c  Mm BD136 2 P BD338 2 P
BCW31;R 4c  Mm BD137 2 P BD433 2 P
BCW32;R 4c Mnm BD138 2 P BD434 2 P
BCW33;R 4c  Mm BD139 2 P BD435 2 P
BCW69;R 4c  Mm BD140 2 P BD436 2 P
BCWTO;R  4c «Mm BD181 2 P BD437 2 P
DT = Dual transistors (SC2 11-77) Mm = Discrete semiconductors for hybrid

~ FET = Field-effect transistors

LF = Low-frequency transistors (SC2 11-77) P

thick and thin-film circuits
= Low-frequency power transistors (SC2 06- 79)
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type no. part section type no. part section type no. part section
BD438 2 P BD954 2 P BDX64 2 P
BD645 2 P BD955 2 P BDX64A 2 P
BD646 2 P BD956 2 P BDX64B 2 P
BD647 2 P BDT62 2 P BDX64C 2 P
BD648 2 P BDT62A 2 P BDX65 2 P
BD649 2 P BDT62B 2 P BDX65A 2 P
BD650 2 P BDT62C 2 P BDX65B 2 P
BD651 2 P BDT63 2 P BDX65C 2 P
BD652 2 P BDT63A 2 P BDX66 2 P
BD675 2 P BDT63B 2 P BDX66A 2 P
BD676 2 P BDT63C 2 P BDX66B 2 P
BD6TT 2 P BDTI1 2 P BDX66C 2 P
BD678 2 P BDT92 2 P BDX67 2 P
BD679 2 P BDT93 2 P BDX6TA 2 P
BD680 2 P BDT94 2 P BDX6TB 2 P
BD681 2 P BDT95 2 P BDX67C 2 P
BD682 2 P BDT96 2 P BDX77 2 P
BD683 2 P BDV64 2 P BDX78 2 P
BD684 2 P BDV64A 2 P BDX91 2 P

| BD933 2 P BDV64B 2 P BDX92 2 P
BD934 2 P BDV65S 2 P BDX93 2 P
BD935 2 P BDV65A 2 P BDX94 2 P
BDI36 2 P BDV65B 2 P BDX95 2 P
BD937 2 P BDX35 2 P BDX96 2 P
BDY38 2 P BDX36 2 P BDY20 2 P
BD939 2 P BDX37 2 P -BDY90 2 P
BD940 2 P BDX42 2 P BDY91 2 P
BD941 2 P BDX43 2 P BDY92 2 P
BD942 2 P BDX44 2 P BDY93 2 P
BD943 2 P BDX45 2 P BDY94 2 P
BD944 2 P BDX46 2 P BDY96 2 P
BD945 2 P BDX47 2 P BDY97 2 P
BD946 2 P BDX62 2 P BF115 3 HFSW
BD947 2 P . BDX624 2 P BF167 3 HFSW
BD948 2 P BDX62B 2 P BF173 3 HFSW
BD949 2 P BDX62C 2 P BF1T77 3 HFSW
BD950 2 P BDX63 2 P BF178 .3 HFSW
BD951 2 P BDX63A 2 P BF179 3 HFSW
BD952 2 P BDX63B 2 P BF180 3 HFSW
BD953 2 P BDX63C 2 P BF181 3 HFSW

HFSW = High-frequency and switching transistors
P = Low-frequency power transistors (SC2 06-79)
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type no. part section . type no. part section * type no.. part section
BF182 3 HFSW BF495 3 HFSW BFS21A 3 FET
BF183 3 HFSW BF550;R 4c Mm BFS22A 4a Tra
BF184 3 HFSW BF622 4c  Mm BFS23A 4a Tra
BF185 3 HFSW BF623 4c Mm BFS28 3 FET
BF194 3 HFSW BFQ10 3 FET BFT24 3 HFSW
BF195 3 HFSW BFQ11 3 FET BFT25;R 4c Mm
BF196 3 HFSW BFQ12 . 3 FET BFT44 3 HFSW
BF197 3 HFSW BFQ13 3 FET . BFT45 3 HESW
BF198 3 HFSW BFQ14 3 FET BFT46 4c  Mm
BF199 3 HFSW BFQ15 3 FET BFT92;R 4c Mm
BF200 3 HFSW BFQ16 3 FET BFT93;R 4c Mm
BF240 3 HFSW BFQ17 4c Mm BFW10 3 FET
BF241 3 HFSW BFQI18A - 4c Mm BFW11 3 FET
‘BF245A 3 'FET i BFQ19 4c Mm BFW12 .3 FET
BF245B 3 FET BFQ23 3 HFSW BFW13 3 FET
BF245C 3 FET BFQ24 3 HFSW - BFW16A 3 HFSW
BF256A 3 FET BFQ32 3 HFSW BFW17A 3 HFSW
BF256B 3 FET BFQ34 3 HFSW BFW30 3 HFSW
BF256C 3 FET BFQ42 4a Tra BFW45 3 HFSW
BF324 3 HFSW BFQ43 4a Tra . BFW61 3 FET
BF327 3 FET ) BFR29 3 FET BFW92 3 HFSW
BF336 3 HFSW BFR30 4c  Mm BFW93 3 HFSW
BF337 3 HFSW BFR31 4c Mm BFX34 3 HFSW
BF338 3 HFSW BFR49 3 HFSW BFX89 3 HFSW
BF362 3 HFSW BFR533;R  4c  Mm BFY50 3 HFSW
BF363 3 HFSW BFR64 3 HFSW BFY51 3 HFSW
BF419 2° P BFR65 3 HFSW BFY52 3 HFSW
BF422 3 HFSW BFR84 3 FET BFY55 3 HFSW
BF423 3 HFSW BFR90 3 - HFSW BFY90 3 HFSW
BF450 3 HFSW BFRI1 3 HFSW BG1895
) ’ -541 1a R
BF451 3 HFSW BFRO2;R 4c Mm -641 1a R
BF457 2 P BFRI3;R 4c. Mm
BF458 2 P BFR94 3 HFSW BG1897
BF459 2 P BFR95 3 HFSW ) -541 1a R
BF469 2 P BFR96 3 HFSW =542 1a R.
-641 1a R
- BF470 2 P BFS17;R 4c. Mm =642 1a’ R
BF471 2 P - BFES18;R 4c. Mm
BF472 2 P BFS19;R 4c Mm BG1898 .
BF480 3 HFSW BFS20;R  4c  Mm -541 1a R -
BF494 ‘3 HFSW BFS21 3 FET -641 1a R
~ FET = Field-effect transistors . P = Low-frequency power transistors (SC2 06-79)
HFSW = High-frequency and switching transistors R = Rectifier diodes
Mm = Discrete semiconductors for hybrid Tra= Transmitting transistors and modules

. thick and thin-film circuits
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type no. part section type no. part section typeno. = part section
BGY22 4a Tra BLX39 4a Tra BPX95B 4b  PDT
BGY22A 4a Tra BLX65 4a Tra BR100 ta Th
BGY23 4a Tra BLX66 4a Tra BR101 3 HFSW
BGY23A 4a Tra BLX67 4a Tra BRY39(Th) 1a Th
. BGY32 4a Tra BLX68 4a Tra (scs) 3 HFSW
P (PUT) 3 HFSW
BGY33 4a Tra BLX69A 4a  Tra
BGY35 4a Tra BLX91A 4a Tra BRY61 4c  Mm
BGY36 4a Tra BLX92A 4a Tra BSR12;R 4c  Mm
BGY37 3 HFSW BLX93%A 4a Tra BSR30 4c  Mm
BLV10 4a Tra - BLX94A 4a Tra BSR31 4c Mm
BLV11 4a Tra BLX95 4a Tra BSR32 4c  Mm
BLV20 4a Tra BLX96 4a Tra BSR33 4c Mm
BLV21 4a Tra BLX97 4a Tra BSR40 4c  Mm
BLW29 4a  Tra " BLX98 4a Tra BSR41 4c’ Mm
BLW31 4a Tra BLY87A 4a  Tra BSR42 4c  Mnm
BILW32 4a Tra BLYB7C . 4a Tra BSR43 4c Mm
BLW33 4a Tra BLY88A 4a Tra BSR56 4c  Mm
BLW34 4a Tra BLY88C 4a Tra BSR57 4c  Mm
BLW60 4a Tra BLY89A 4a Tra BSR58 4c  Mm
BLW60C 4a Tra : BLYS9C 4a Tra BSS38 3 HFSW
BLW64 48 Tra BLY90 4a Tra BSS50 3 HFSW
BLWT5 4a  Tra BLY91A 4a  Tra BSS51 3 HFSW
‘BLW76 4a Tra BLY91C 4a  Tra BSS52 3 HFSW
BIWTT 4a  Tra BLY92A 4a  Tra BSS60 3 HFSW
BIW78 4a Tra BLY92C 4a  Tra BSS61 3 HFSW
BIW79 4a Tra BLY93A 4a  Tra BSS63;R  4c  Mm
BIW80 4a Tra BLY93C 4a Tra BSS64;R 4¢  Mm
BLWSI 4a Tra BLY94 4a Tra BSS68 3 HFSW
BLW82 4a Tra BPW22 4%  PDT BSV15 3 HFSW
BLW83 4a Tra BPW34 4b PDT BSV16 3 HFSW
BLW84 4a  Tra BPX25 4b  PDT BSV17 3 HFSW
BLW85 4a  Tra BPX29 4b  PDT BSV52;R 4c  Mm
BLW86 4a Tra BPX40 4b- PDT BSV64 3 HFSW
BIWS7 4a Tra BPX41 4b  PDT BSV78 3 FET
BLW95 4a Tra BPX42 4b  PDT v BSVT79 3 FET
BLW98 4a  Tra BPX4TA 4b  PDT BSV80 3 FET
BLX13 4a Tra BPXT70 4%  PDT BSV81 3 FET
BLX13C 4a Tra BPX71 4b  PDT BSW41A 3 - HFSW
BLX14 4a  Tra BPX72 4b  PDT BSWE6 3 HFSW
BLX15 4a  Tra BPX94  4b  PDT BSW67 3 HFSW
FET = Field-effect transistors PDT = Photodiodes or transistors
HFSW = High-frequency and switching transistors - Th =Thyristors
Mm = Discrete semiconductors for hybrid Tra = Transmitting transistors and modules

thick and thin-film circuits
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section

type no. part SectiOﬂ type no. part section type no. part
BSW68 3 HFSW BU206 2 P BY409 1a’ R
BSX19 3 HFSW BU207A 2 P BY4094 1a R
BSX20 3 HFSW BU208A 2 P BY476 1a R
BSX21 3 HFSW BU209A 2 P BY476A 1a R
BSX45 3 HFSW BU326 2 P BY4T7 1a R
BSX46 3 HFSW BU326A 2 P BY478 . 1a R
BSX47 3 HFSW BU426 - 2 P BYW19 * 1a R
BSX59 3. HFsW BU426A 2 P BYW29 *  1a "R
BSK60 3 HFSW BU433 2 P BYW30 * 1a R
BSX61 3  HFsW BUWS4 2 P BYW31 *  1a R
BTMM26 ~ 1a Th BUWS5 2 P BYWS4 1a R
BT128 * fa Th BUX80 2 P BYW55 1a R
BT129 * 1a Th BUX81 2 P BYW56 i1a R
BT137 * 1a Tri BUX82 2 P BYW92 * 1a R
BT138 * 1a .Tri BUX83 2 P BYX10 1a R
" BM39 * 1a Tri BUX84 2 P BYX22 * 1a R
BTM51 * 1a Th BUX85 2 P BYX25 * 1a R
BTW23 * 1a Th BUX86 2. P BYX29 * 1a R
BTW24 * 1a Th BUX87 2 P BYX30 * 1a R
BTW30 * 1a Th BY126 ta R BYX32 * 1a R
BTW31 * 1a Th BY127 1a R BYX35 . 1a R
' BIW33 * 1a Th BY164 1a R BYX36 * 1a R
BTW34 * 1a Tri BY176 1a R BYX38 * 1a R
BTW38 * 1a Th BY179 1a R BYX39 * 1a R
BTW40 * 1a Th BY184 1a R BYX42 * 1a R
BTW41 * 1a Tri BY187 1a R BYX45 * 1a R
BTW42 * 1a Th BY188 * 1a R BYX46 * 1a R
BTW43 * 1a Tri BY206 1a R BYX49 * 1a R
BIW45 * ~ta Th BY207 la R BYX50 * 1a R
BTW47 * 1a Th BY208 * 1a R BYX52 * 1a R.
BTW92 * 1a Th BY209 1a R BYX55 * 1a R
BTX18 * 1a Th BY223 . 1a R BYX56 * 1a R
BTX94 * 1a Tri BY224 * 1a R BYX71 * 1a R
BTY79 * 1a Th BY225 ¥~ 1a R BYX90 12 R
BTYS87 * 1a Th BY226 tfa. R BYX91 * 1a R -
BTY9! * 1a Th BY227 1a R BYX9% * ~1a R
.BU126 2 P BY228 1a R BYX97 * 1a R
BU133 2 P BY277 * 1a R BYX98 * . 1a R
BU204 2 P BY406 = 1a R BYX99 * 1a R
BU205 . 2 P BY407 1a R BZV10 1 Vrf

HFSW = High-frequency and switbhing transistors .
= Low-frequency power transistors (SC2 06-79)
= Rectifier diodes .

P
R

Th- = Thyristors
Tri = Triacs
Vrf = Voltage reference diodes
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type no. part section type no. part section type no. part section
BZV11 1b Vrf BZZ24 1a Vrg ORP10 4 I
BZVi2 ib Vrf . BZZ25 1a Vrg ORP13 4b I
BZV13 1b Vrf BZZ26 1a Vrg ORP23 4b  Ph
BZV14 1b Vrf BZZ27 1a Vrg ORP52 4b Ph
BZVi5 * 1a Vrg BZZ28 1a Vrg ORP60 4b Ph
BZV38 1b Vrf BZZ29 1a Vrg ORP61 4b Ph
BZWAO 1a ™ CNY22 4v PnC ORP62 4b Ph
BZW70 * 1a TS CNY23 4b  PhC ORP66 4b  Ph
BZWS6 * 1a TS CNY42 4b  PhC ORP68 4v  Ph
BZW91 * 1a TS CNY43 4b  PhC. ORP69 4v  Ph
BZW93 * 1a TS CNY44 4b PhC 0SB9110 1a St
BZW95 * 1a TS CNY46 4b PhC 08B9210 1a St
BZW96 * 1a TS CNY47 4b  PhC 0SB9310 1a St
BZX55 * 1b Vrg CNY4T7A 4b PhC 0SB9410 1a St
BZX61 * 1b Vrg CNY48 4 PhC 0OSM9110 la St
BZXT70 * la Vrg CQY11B 4b LED 0SM9210 1a St
BZXT75 * 1b Vrg cQY11C 4b LED 0SM9310 1a St
BZX79 * 1b - Vrg cQY24A 4b  LED 0SM9410 1a St
BZX84 * 4c  Mm CQY46A 4b  LED 0SS9110 1a St
BZX87 * 1b Vrg CQY47A 4b LED 0859210 1a St
BZX90 1b Vrf CQY49B 4b LED 0SS9310 1a St
BZX9N 1b Vrf cQY49C 4bv LED 0859410 1a St
BZX92. b Vrf CQY50 4b LED RPY58A 4b  Ph
BZX93 1 Vef CQY52 4b . LED RPYT1 4b Ph
BZY78 “1b  Vrf CQY54 4b  LED | RPY76A 4p I
BZY88 * 1b Vrg CQY58 4 LED RPY82 4b Ph
BZYO1 * 1a Vrg cQyss 4b LED RPY8B4 4b Ph
BZYO3 * Ta Vrg cQY89 4b . LED RPY85 4b Ph
BZYOQ5 * 1a Vrg CQY94 4b LED RPY8B6 4b I
BZY9% * 1ta Vrg CQY95 4b  LED RPY87 4p I
BZZ14 la Vrg . CQY96 4b LED RPY88 4b I
BZZ15 1a Vrg ’ CQY97 4b LED RPY89 4b I
BZZ16 1a Vrg 0A47 1b GB 1N821 . 1b  Vrf
BZZ17 " 1la  Vrg 0A90 1b  PC 1N823 1b Vrf
BZZ18 la Vrg 0A91 1b PC 1N825 1. Vrf
BZZ19 1a Vrg 0AQS 1b PC 1N827 1b Vrf
BZZ20 1a Vrg 04200 1b AD 1N829 1 Vrf

. BZz21 la Vrg 0A202 1b AD 1NS14 1o WD
BZZ22 ta Vrg oMo31 - 2 P 1N9144A 1 WD
BZZ23 la Vrg 0M961 2 P 18916 ib WD

AD = Silicon alloyed diodes ’ Ph = Photoconductive devices

GB = Germanium gold bonded diodes PhC = Photocouplers

| = Infrared devices St = Rectifier stacks

LED = Light-emitting diodes TS = Transient suppressor diodes

Mm = Discrete semiconductors for hybrid Vrf = Voltage reference diodes

thick and thin-film circuits Vrg = Voltage regulator diodes
P = Low-frequency power transistors (SC2 06-79) WD = Silicon whiskerless diodes

PC = Germanium point contact diodes
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type no. part section type no. part - section type no. part- section
1N916A 1b WD 1N5749B 1b Vrg 2N3020 3 HFSW
1N916B 1 WD 1N5750B. 1b Vrg =’ 2N3055 2 P
1N3879 1a R 1N5751B b Vrg 2N3375 4a Tra
1N3880 1ia R 1N5752B  1b  Vrg 2N3442 2 P
1N3881 ta R 1N5753B° 1b Vrg 2N3553 4a  Tra
1N%882 ta R 1N5754B 1b  Vrg 2N3632 4a Tra
183889 ia R 1N5755B 1b Vrg 2N3823 3 FET
1N3890. 1a R 1N5756B 1b Vrg 2N3866 4a Tra
183891 ta R 185757B  1b Vrg 2N3924  4a Tra
1N3892 1la R 2N918 3 HFSW 2N3926 4a Tra
1N4009 1o WD 2N929 2 LF 2N3927 4a Tra
1N4148 1b WD 2N930 2 LF 2N3966 3 FET
1N4150 1b wD 2N1613 3 HFSW 2N4030 3 HFSW
1N4151 1b WD 2N1711 3 HFSW 2N4031 3 HFSW
184154 ib WD 2N1893 3 HFSW 2N4032 3 HFSW
1N4446 1b WD 2N2218 3 HFSW 2N4033 3 HFSW
1N4448 1b WD 2N2218A ‘' 3 HFSW 2N4036 3 HFSW
1N5060 la R 2N2219 3 HFSW ) 2N4091 3 FET
1N5061 ta R 2N2219A 3 HFSW 2N4092 3 FET
1N5062 ta R 2N2221 3 HFSW 2N4093 3 FET
1N5729B b Vrg 2N2221A 3 HFSW 2N4347 2 P
1N5730B 1d Vrg 2N2222 3 ' HFSW 2N4391 | 3 FET
1N5731B 1  Vrg . 2N2222A 3 HFSW 2N4392 3 FET
1N5732B 1 Vrg . 2N2297 3 HFSW 2N4393. 3 FET
1N5733B 1b Vrg 2N2%68 3 HFSW 2N4427 4a Tra
1N5734B  1b Vrg 2N2369 3 HFSW 2N4856 3 FET
1N5735B 1 Vrg 2N23%694 3 HFSW 2N4857 3 _FET
1N5736B 1b Vrg 2N2483 2 LF 2N4858 3 FET
1N5737B 1b Vrg 2N2484 2 LF 2N4859 3 FET
1N5738B 1b Vrg 2N2894 3 HFSW 2N4860 3 FET
1N5739B 1b Vrg 2N2894A 3 HFSwW 2N4861 3 FET
1N5T740B 1b Vrg 2N2904 3 HFSW 285415 3 HFSW
1N5741B 1b Vrg 2N2904A 3 HFSW 2N5416 3 HFSW
1N5742B 1o Vrg 2N2905 3 HFSW 615V 4v I
- 1857438 1b  Vrg 2N2905A 3 HFSW' 40820 3 HFSW

1N5744B 1b Vrg ‘ 2N2906 3 HFSW 40835 3 HFSW
1N5745B 1b Vrg 2N2906A 3 HFSW 40838 3 - HFSW
1N5746B b Vrg 2N2907 3 HFSW 56200 3,4a A
1N5747B - 1b Vrg 2N2907TA 3 HFSW 56201¢ 2 A
1N5748B - 1b Vrg 2N3019 3 HFSW - 562014 2 A

A = Accessories P = Low-frequency power transistors (SC2 06-79)

FET = Field-effect transistors R = Rectifier diodes

HFSW = High-frequency and switching transistors Tra = Transmitting transistors and modules

I = Infrared devices Vrg = Voltage regulator diodes

LF = Low-frequency transistors (SC2 11-77) WD = Silicon whiskerless diodes
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type no. part section type no. part section type no. part section
56201 j 2 A 56290 la HE 56350 1a DH
56218 =~ 3,4a A 56293 1la HE 56352 ° 2 A
56230 ia HE 56295 ta A 56353 2 A
56231 la HE 56299 la A 56354 2 A
. 56233 1a A 56309B 1la A 56356 3 A
56234 la A 56309R ta A 56358 la A
56245 3,4a A 56312 1a DH - 56359b 2 A
56246 1a to 56313 la DH 56359¢ 2 A
4a A 56314 fa DH 56359d 2 A
56253 la DH 56315 la DH 56360a 2 A
56256 ta DH 56316 ta A 56363 1a,2 A
56261a 2 A 56318 1la DH 56364 1a,2 A
56262A ta A 56319 la DH 56366 1la A
56263 1a to 56326 2,3 A 56367 2 A
4a A 56333 2,3 A 56368a 2 A
56264A ta A 56334 la  DH 56368b 2 A
56268 ifa DH 56337 ta A 56369 2 A
56271 fa DH 56339 2 A 56378 2 A
56278 ta - DH 56348 ta DH 56379 2 A
56280 1a DH 56349 la DH

A = Accessories
DH = Diecast heatsinks
HE = Heatsink extrusions

I
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MAINTENANCE
TYPES

MAINTENANCE TYPE LIST

The types listed below are included in this handbook only for the first page of the publication.
Detailed information will be supplied on request. . )

BD133 BD232 BU133
BD181 BDY93/94 2N3055
BD182 BDY96/97 2N3442
BD183 BU126 2N4347

LU
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TYPE NUMBER .

SURVEY

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

type number | Ptot type number Ptot

NPN pnp | VPR | w NPN PNP envelobe |y
BD131 BD132 TO-126 15 BD681 BD682 TO-126 40
BD133 : TO-126 15 BD683 BD684 TO-126 40
BD135 BD136 TO-126 8 BD933 BD934 TO-220 30
BD137 BD138 TO-126 8 BD935 BD936 TO-220 30
BD139 BD140 TO-126 8 BD937 ' BD938 TO-220 30
BD181 TO-3 78 BD939 BD940 T0-220 30
BD182 TO-3 17 BD941 BD942 TO-220 | -30
BD183 TO-3 17 BD943 BD944 TO-220 40
BD201 BD202 TO-220 60 BD945 BD946 TO-220 40
BD203 BD204 TO-220 60 BD947 BD948 TO-220 40
BD226 BD227 ' TO-126 12,6 BD949 BD950 TO-220 40
BD228 BD229 TO-126 125 | BD951 BD952 TO-220 40
BD230 BD231 TO-126 12,56 || BD953 BD954 TO-220 40
BD232 TO-126 15 BD955 BD956 TO-220 40
BD233 BD234 TO-126 25 BDT63 BDT62 TO-220 20
BD235 BD236 TO-126 25 BDT63A BDT62A T0-220 90
BD237 BD238 - TO-126 25 BDT638B BDT62B TO-220 920
BD291 BD292 SOT-82 60 BDT63C BDT62C TO-220 920
BD293 BD294 SOT-82 60 BDT91 BDT92 TO-220 90
BD295 BD296 SOT-82 60 BDT93 BDT94 TO-220 90
BD329 BD330 TO-126 15 BDT95 BDT96 TO-220 20
BD331 BD332 SOT-82 60 BDV65 BDV64 SOT-93 125
BD333 BD334 SOT-82 60 BDV65A BDV64A SOT-93 125
BD335 BD336 SOT-82 60 BDV65B BDV64B SOT-93 | 125
BD337 BD338 SOT-82 60 BDX35 TO-126 15
BD433 BD434 TO-126 36 BDX36 . TO-126 15
BD435 BD436 TO-126 36 BDX37 - TO-126 15
BD437 BD438 TO-126 | 36 - || BDX42 BDX45 TO-126 5
BD645 BD646 TO-220 62,5 BDX43 BDX46 TO-126 5
BD647 BD648 TO-220 62,5 | BDX44 BDX47 TO-126 5
BD649 BD650 TO-220 62,5 BDX63 BDX62 TO-3 0
BD651 BD652 TO-220 62,5 | BDX63A BDX62A TO-3 20
BD675 BD676 TO-126 40 BDX63B BDX628B TO-3 90
BD677 BD678 TO-126 | * 40 BDX63C BDX62C TO-3 90
BD679 BD680 TO-126 40 BDX65 BDX64 TO-3 17
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TYPE NUMBER

(i

SURVEY

type number Piot type number Piot

NPN PNP envelope | NPN PNP envelope |y
BDX65A BDX64A TO-3 117 BU207A T0-3 12,5
BDX65B BDX64B TO-3 17 BU208A T0-3 80
BDX65C BDX64C TO-3 117 BU209A T0-3 125
BDX67 BDX66 TO-3 150 BU326 T0-3 60
BDX67A BDX66A TO-3 150 BU326A TO-3 60
BDX67B BDX66B T0-3 " 150 BU426 SOT-93 70
BDX67C . | BDX66C TO-3 - | 150 BU426A SOT-93 70
BDX77 BDX78 70220 | 60 BU433 SOT-93 70
BDX91 BDX92 TO-3 90 BUWS4 SOT-82 50
BDX93 BDX94 TO-3 90 BUWS5 SOT-82 50
BDX95 BDX96 . TO-3 90 BUX80 TO-3 100
BDY20 TO-3 115 BUX81 TO-3 100
BDY90 TO-3 40 | BUX82 T0-3 60
BDY91 TO-3 40 BUX83 T0-3 60
BDY92 TO-3 40 BUX84 TO-220 | 40
BDY93 TO-3 30 BUX85 T0-220 40
BDY94 TO-3 30 BUX86 T0-126 20
BDY96 TO-3 40 BUX87 TO-126 20
BDY97 T0-3- 40 2N3055 ok} 115
BF419 TO-126 6 2N3442 TO-3 117
BF457 TO-126 6 2N4347 . TO-3 17
BF458 TO-126 6
BF459 ‘ TO-126 6
BF469 BF470 TO-126 18
BF471 BF472 TO-126 18
BU126 T0-3 ¢ 30
BU133 T0-3. 30 -
BU204 T0-3 10
BU205 TO-3 10 °
BU2086 TO-3 10
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6461 I!JdVJ L\

HIGH-VOLTAGE TRANSISTORS
video output - deflection - SMPS

Ic case ol collector-emitter voltage {open base) = Vggg (V) .
A pol 160 250 300 375 400 450 600 700 800
10 TO-3 N BUX80 BUX81
6 TO-3 N BU326 BU326A
SOT-93 N BU426 BU426A
SOT-93 N BU433
TO-3 N BUX82 BUX83
5 T03 |'N ' BU207A | BU208A
4 TO-3 N BU209A
25 TO-3 N BU204 BU205 BU206
2 SOT-82 N BUW84 BUWS85
TO-220 N - BUX84 BUX85
05 | TO-126 N BUX86 | BUX87
0,1 *TO-126 N BF419
TO-126- N BF457 | BF458 | BF459
0,05 TO-126 N BF469 | BF471*
TO-126 P BF470 | BF472*
* VCE R-

aainNo NOI.LOH'IHS\] (




LOW-VOLTAGE TRANSISTORS

audio - general purpose - switching

il

collector-emitter voltage {open base) Vcgg (V)

l LGLGL Judy

ic
I
A case po 20 22 32 45 60 80 100 120V remarks
16 TO-3 N _BDX67 | BDX67A | BDX67B | BDX67C Darlington
BDX66 | BDX66A | BDX66B | BDX66C | Darlington
12 SOT-93 N BDV65 | BDVG5A | BDV65B Darlington
P BDV64 | BDV64A | BDV64B Darlington
T0-3 N BDX65 | BDX65A | BDX65B | BDX65C | Darlington
P BDX64 | BDX64A | BDX64B | BDX64C | Darlington
10 TO-220- | N BDT63 | BDT63A | BDT63B | BDT63C '
e BDT62 | BDT62A | BDT62B | BDT62C
T0-220 N BDT91 | BDT93 BDT95 |
P BDT92 | BDT94 BDT96
T0-3 N BDY92 | BDY91 BDY90
8 70220 | N BD201 BD203 | BDX77
P BD202 BD204 | BDX78 ,
© TO-2200 | N BD645 | BD647 BD649 BD651 Darlington
. P BD646 | BD648 BD650 BD652 Darlington
TO-3 N BDX63 | BDX63A | BDX63B | BDX63C | Darlington
P BDX62 | BDX62A | BDX62B | BDX62C | Darlington
TO-3. N BDX91 | BDX93 | BDX95
P BDX92 | BDX94 | BDX96
6 SOT-82 N BD291 BD293 | BD295
P BD292 BD294 | BD296
SOT-82 N BD331 | BD333 BD335 BD337 Darlington
. P BD332 | BD334 BD336 BD338 Darlington

W (EIGIHO NOILO313S




6461 I!JdVJ l

LOW-VOLTAGE TRANSISTORS
audio - general purpose - switching

Ic | collector-emitter voltage (open base) VggQ (V)
A case POl M 20 22 32 45 60 80 100 120V remarks
5 TO-220 N BD943 BD945 BD947 BD949 | BD951 BD953 BD955
P BD944 BD946 BD948 BD950 | BD952 BD954 BD956
TO-126 N BDX35 | BDX37
N BDX36
4 TO-126 N BD433 BD435 BD437
P BD434 BD436 BD438
TO-126 N BD675 BD677 | BD679 BD681 BD683 Darlington
P BD676 BD678 | BD680 BD682 BD684 Darlington
3 TO-126 N BD131
1 p BD132
TO-126 N BD329
P BD330
TO-220 N BD933 BD935 | BD937 BD939 BD941
. P BD934 BD936 | BD938 BD940 BD942
2 TO-126 N BD233 BD235 | BD237
' P BD234 BD236 | BD238
1,5 TO-126 N BD226 BD228 | BD230
1P BD227 BD229 | BD231
1 TO-126 N BD135 BD137 | BD139
P BD136 BD138 | BD140
.TO-126 N BDX42 BDX43 | BDX44
P BDX45 BDX46 | BDX47

ano NOIJ.OH'!HSW (




SELECTION GUIDE

\ TO-126 (SOT-32) SOT-82
‘ ~ type number Piot VCEo type number Piot VCEO
NPN PNP w v NPN PNP w v
BF469 | BF470 18 250 BUWS4 50 400
BF471 BF472 300 BUWSS5 450
BDX42 | BDX45 5 45 BD291 BD292 60 a5
BDX43 | BDX46 60 BD293 BD294 60
BDX45 | BDX47 80 BD295 | BD296 80
BF457 - 6 160 8D331 BD332 60 60
BF458 250 BD333 BD334 80
BF459 300 BD335 BD336 100
BD137 BD138 60
BD139 BD140 80 T0-220 (SOT-78)
BD226 | BD227 12,5 45
— BD228 BD229 60 type number Piot VCEO
— BD230 BD231 80 NPN PNP w Vv
= BD131 | BD132 | 15 45 BD933 | BD934 | 30 25
BD329 BD330 20 BD935 BD936 60
8DX35 60 8D937 BD938 80
BDX36 60 BDO39 | BD940 100
BDX37 80 80943 BD944 40 22
BUX86 20 400 BD945 | BD946 32
BUX87 450 BD947 | BDY48 45
BD233 BD234 | 25 45 BD949 BD950 60
BD235 BD236 60 BD951 BDY952 80
BD237 BD238 80 BD953 | BDYS4 . 100
BD433 BD434 | 36 22 BUX84 40 400
BD435 | BD436 32 BUX85 450
BD437 | BD438 45 BD201 | BD202 60 " 45
BD675 | BD676 | 40 45 BD203 | BD204 60
BD677 BD678 60 BDX77 | BDX78 80
BD679 |- BD68O 80 '
’ BD64 BD646 62,5 60
BD681 BD682 100 , BD64§’ nD6as | 80
BD683 | BDG84 120 BD649 | BDE5O 100
BD651 120

BD652

»H
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SELECTION GUIDE

TO-220 (SOT-78) continued

type number Ptot | VCEO
NPN PNP w v
BDT91 BDT92 920 60
BDT93 BDT94 80
BDT95 BDT96 100
BDT63 BDT62 920 60
BDT63A | BDT62A 80
BDT63B | BDT62B 100
LEDTGBC BDT62C 120
SOT-93
type number Ptot | VCEO
. NPN PNP W \
BU426 70 375
BU426A 400
BU433 375
BDV65 BDV64 125 60
BDVG5A | BDV6G4A 80
BDV6E5B | BDV64B 100
BDV65C | BDV64C 120

TO-3 (SOT-3)
type number Pot | Ve EO

NPN PNP w \Y
BU204 10 600
BU205 700
BU206 300
BU207A 12,5 | 600
BU209A 800
BDY90 40 100
BDY91 80
BDY92 60
‘BU326 60 375
BU326A 400
BUX82 60 400
BUX83 450
BU208A 80 700
BDX63 BDX62 90 60
BDX63A | BDX62A 80
BDX63B | BDX62B 100
BDX63C BDX62C 120
BUX80 100 400
BUX81 450
BDX65 BDX64 117 60
BDX65A | BDX64A ‘ 80
BDX65B | BDX64B 100
BDX65C | BDX64C 120°
BDX67 BDX66 150 60
BDX67A | BDX66A 80
BDX67B | BDX66B 100
BDX67C | BDX66C 120
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ACCESSORIES

TYPE NUMBER SURVEY ACCESSORIES

type number description envelope
56201c insulating bushes (up to 500 V) TO-3
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 SOT-32
56333 metal washer

mica washer SOT-32

insulating bush
56339 mica washer (500 to 2000 V) TO-3
56352 insulating mounting support
56353 spring clip SOT-32/S0T-82
56354 mica insulator SOT-32/S0T-82
56359b mica washer (up to 800 V) TO-220
56359c insulating bush (up to 800 V) TO-220
56359d rectangular insulating washer (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 TO-220
56368a mica insulator SOT-93
56368b insulating bush SOT-93
56369 mica insulator (up to 2 kV) TO-220
56378 mica insulator SOT-93

spring clip SOT-93

- 56379
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ACCESSORIES

Selection guide

CLIP MOUNTING

direct mounting insulated mounting
envelope .
. clip mica clip

TO-126  |56353 56354 56353

(SOT-32) _ o
SOT-82 56353 56354 56353
TO-220 56363 56369 56364

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

direct mounting insulated mounting
envelope — "
e - metal yvasher 2:: er;it;?g | mica washer | insul. bush | metal washer mgg;i:g
— TO-126 56326 M3 - 56333 = M25

(SOT-32)
TO-220 .

(SOT-78) 56360a M3

upto 800V | 56359b 56359¢ ] 56360a M3

‘up to 1000 V 56359b 56359d 56360a ‘M3
SOT-93 - M4 56368a 56368b M3
TO-3 - M4 ,

(SOT-3) 56201c;

up to 500 V 56201d 56201j or M3

: : 56261a

up to 2000 vV 56339 56352 M3
The accessories mentioned can be supplied on request. )
See also chapter Mounting Instructions.
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TYPE

J L DESIGNATION

'PRO ELECTRON TYPE DESIGNATION CODE
FOR SEMICONDUCTOR DEVICES

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

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

FIRST LETTER

The first letter gives information about the material used for the active part of the devices.

A.
B.
C.
R.

GERMANIUM or other material with band gap of 0,6 to 1,0 eV.

SILICON or other material with band gap of 1,0 to 1,3 eV.
GALLIUM-ARSENIDE or other material with band gap of 1,3 eV or more.
COMPOUND MATERIALS (e.g. Cadmium-Sulphide).

SECOND LETTER

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

NXXCH®»IEPPZrIEmMmoP®p

DIODE; signal, low power

DIODE; variable capacitance )

TRANSISTOR; low power, audio frequency (R j-mp > 15 °C/W)
TRANSISTOR; power, audio frequency (R j.mb < 15 °C/W)
DIODE; tunnel

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

. MULTIPLE OF DISSIMILAR DEVICES — MISCELLANEOUS; e.g. esciliator

DIODE; magnetic sensitive

TRANSISTOR; power, high frequency {Rih j.mb < 156 °C/W) .

PHOTO-COUPLER

RADIATION DETECTOR; e.g. high sensitivity phototransistor

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

CONTROL AND SWITCHING DEVICE; e.g. thyristor, low power (Rh j.mb > 15 °C/W)
TRANSISTOR; low power, switching (R, j-mp > 15 9C/W)

CONTROL AND SWITCHING DEVICE; e.g. thyristor, power {R¢h j-mp < 15 °C/W)

. TRANSISTOR; power, switching (Rth j.mp < 15 °C/W)

DIODE: multiplier, e.g. varactor, step recovery
DIODE; rectifying, booster
DIODE; voltage reference or regulator (transient suppressor diode, with third letter W)

M
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"TYPE

‘DESIGNATION B

(I

SERIAL NUMBER

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

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

" VERSION LETTER

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

SUFFIX

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

1. VOLTAGE REFERENCE and VOLTAGE REGULATOR DIODES ONE LETTER and ONE
NUMBER
The LETTER indicates the nominal tolerance of the Zener (regulation, worklng or reference) voltage .
A. 1% (according to IEC 63: series E96)
B. 2% (according to IEC 63: series E48)
C. 5% (according to IEC 63: series E24)
D. 10% (according to IEC 63: series E12)
E. 20% (according to 1EC 63: series E6)
The number denotes the typical operating (Zener) voltage related to the nominal current rating for
the whole range.
The letter ‘V’ is used instead of the decimal point.

2. TRANSIENT SUPPRESSOR DIODES: ONE NUMBER
The NUMBER indicates the maximum recommended continuous reversed (stand-off) voltage VR. The
letter V' is used as above.

3. CONVENTIONAL and CONTROLLED AVALANCHE RECTIFIER DIODES and THYRISTORS:
ONE NUMBER
The NUMBER indicates the rated maximum repetitive peak reverse voltage (VRRM) or the rated
repetitive peak off-state voltage (VpRp), whichever is the lower. Reversed polarity is indicated by
~ letter R, immediate|y after the number.
4. RADIATION DETECTORS ONE NUMBER, preceded by a hyphen (—)
- The NUMBER indicates the depletion Iayer in um. The resolution is indicated by a version LETTER

5. ARRAY OF RADIATION DETECTORS and GENERATORS: ONE NUMBER, preceded by a stroke
(/).
The NUMBER indicates how many baslc devices are assembled into the array
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TRANSISTOR

RATINGS

TRANSISTOR RATINGS

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

Transistor voltage ratings
Collector to base voltage ratings

VeBmax 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.

VCBrﬁax (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
s base terminal. The emitter voltage is negative with respect to base for PNP
transistor and positive with respect to base for NPN types.

VEBmax {Ic=0) The maximum permissible instantaneous reverse voltage between emitter and
base terminals when the collector terminal is open circuited.

Collector to emitter voltage ratings N

VCEmax The maximum permissible instantaneous voltage between collector and emitter
terminals. The collector voltage is negative with respect to emitterin 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 VE versus Ig for the appropriate circuit condition
in order to obtain the correct rating.

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

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

conditions under which the device may be cut-off.

VCEmax (lc = 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 (I =0) The maximum permissible instantaneous voltage between collector and emitter
terminals when the base terminal is open circuited or when a very high resistance
is in series with the base terminal. Special care must be taken to ensure that
thermal runaway due to excessive collector leakage current does not occur in
this condition.

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

RATINGS N

‘This curve is divided into two areas:

A permissible areaof 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 provnded relating the voltage
rating to external circuit conditions, for example:

M:1
. RB, ZBg, VBE. I or R—B .

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

7275911 ’ 7275910
|
C -—— \% le=0
1 CE Cc
|
| Ic = Icmax
\ ‘
area 1 \
\
area2 \
\ ‘
Fig. 1. = . : Fig. 2.

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

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

1Cmax - The maximum permissible collector current. Without further qualification, the
d.c. value is impljed.

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

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

Emitter current ratings

lEmax The maximum permissible emitter current. Without further qualification, the

) d.c. value is implied.

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

'ER(AV)max . The maximum permissible average value of the total emitter current when
operating in the reverse emitter-base breakdown region.

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

IERM The maximum permissible instantaneous value of the total reverse emitter

current allowable in the reverse breakdown region.
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- TRANSISTOR

RATINGS

Base current ratings

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

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

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

Ism 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

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

Piot = VCE X Ic + VBE x IB.

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

7275912
Piot

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 ) normally
expressed in degrees centigrade per watt (°C/W). For mounting base rated device, the added effect of
the contact resistance (Ry, ) 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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Hin

Thus for anyvheatsink 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 nécessary heatsink thermal resistance can be calculated.

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

-where Ry, j.ais the thermal resistance from the transistor junction to the ambient. For case rated or
mounting base rated devices, the thermal resistance Rth j-a is made up of the thermal resistance junction
to case or mounting base (R, j.mb), the contact thermal resistance (Ryp, j) and the heatsink thermal
resistance Ryp .

- For the calculation of pulse power operation Pp, the maximum pulse power is obtained by the aid of
achart as shown in Fig. 4.,

Ztht

——

d (duty factor) = T

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

_ Tj - Tamp - Ps x Rtp ja

Ztht*+d (Rthca)
where Zyh, + and d are given in the above chart and Ry}, .5 is the thermal resistance between case and
ambient for case rated device. For mounting base rated device, it is equal to Ry h + Ry j and is zero

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

Pp

“Temperature ratings h

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

ijax {continous The maximum permissible continuous value.

operation) ‘ »

Timax (intermittent  The maximum permissible instantaneous junction temperature usually.allowed

operation) for a total duration of 200 hours. »

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

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

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

RATING SYSTEMS

The rating systems described are thase 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 charactenstlc may also be a set of related values,
usually shown in graphical form.

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

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

Note
Limiting conditions may be either maxima or minima. !

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

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

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environmenta!l 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 Ilfe, no absolute maximum
value for the intended service is exceeded with any device under the worst probable operating con-
ditions with respect to supply voltage variation, equipment component variation, equipment control
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics
of the device under consideration and of all other electronic devices in the equipment.
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DESIGN MAXIMUM RATING SYSTEM

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

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

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

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a

~ bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under normal conditions. .
These values are chosen by the device manufacturer to provide acceptable serviceability of the device
in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.

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

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

LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS
Basic letters

The basic letters to be used are:

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

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

Subscripts

A, a Anode terminal

(AV), (av) Average value

B, b Base terminal, for MOS devices: Substrate

(BR) Breakdown

C,c Collector terminal

D,d Drain terminal

E,e Emitter terminal

F, f Forward

G, g Gate terminal

K, k Cathode terminal

M, m Peak value

0,0 As third subscript: The terminal not mentioned is open circuited
R, r As first subscript: Reverse. As second subscript: Repetitive.

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

N X
N ™

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

AN
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nun

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

b) instantaneous totai values
o ‘Exampleé ig

c) average total values )
Example Ipav)

d) peak total values
Example Igy

e) root-mean-square total values

Example IB(RMS)

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

a) instantaneous values
Example ip

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

c) peak values
Example Iy,

d) average values
Example Ip(avy)

Note : If more than one subscript is used, subscript for which both styles exist shalvlv
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 f]ow from the external
circuit into the terminal is positive).

Examples: 1y, ip, ip, Ipy

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

Examples: Ip, I, iF, li(rms)
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Subscripts for voltages

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

Examples: VBE’ VBE’ Ve’ Vbern

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.

A%

Examples: VF’, VR’ Ve rm

Subscripts for supply voltages or supply currents

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

Examples: VCC’ IEE

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

Example : Voor

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: lB2 = continuous (d. c.) current flowing
. into the second base terminal
VBZ-E = continuous (d.c.) voltage between
the terminals of second base and
emitter

Subscripts for multiple devices

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

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

A4 = continuous (d. c.) voltage between
1C-2C -
‘the collector terminals of the
first and the second unit.
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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

¥

Ictaw

I
C(RMS) Iew

Ic
(no signal)

time 7265988

LETTER SYMBOLS FOR ELECTRICAL PARAMETERS
Definition ‘ »

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

Basic letters

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

B,b = susceptance; iﬁaginary part of an admittance
r c .= capacitance _

G, g = conductance; real part of an admittance

H,h = hybrid parameter

L = inductance.

R,r = resistance; real part of an impedance

X,x = reactance; imaginary part of an impedance

Y,y = admittance; -

Z,z = impedance;
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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

0, 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.

T

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

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

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

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

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

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

Examples: hFE’ YRE’ hfe
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Subscripts for four-pole matrix parameters

The first letter subscript (or double numeric subscrlpt) indicates mput, output, . forward
transfer or reverse transfer
Examples: h (or h, )
11
h (or h2 )
Ef (((())1;7 f2n) )
12 ‘
A further subscript is used for the identification of the circuit conf1gurat10n. When no
confusion is possible, thls further subscript may be omitted.

Examples: hfe (or h (or h

216)’ FE 21E)

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-
Ty parts exist, these may be used. '

- Examples: Zi = Ri + jX‘

+]b

Ve = fe

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) etc. for the imaginary part of hib
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SOAR

SAFE OPERATING AREA CURVES

1. D.C. SOAR

Thed.c. safe operatingarea (SOAR)of a transistor is limitedonthe currentaxis by Igmax
and on the voltage axis by VOEOmax. Intersecting these two is:a third limit defined by
Prot max- These limits can be superimposed on the normal I~V curve as in = Fig. 1
but are better shown on a double logarithmic scale as in Fig. 2; the P, limit then
appears as a straight line at 45° to the axes:

7262413 7262417
1 1c
c —
1 A)
4~ IB=constant
-
IC max
\Ptot max
N
N+
Ptot max
N — VCEO maxH
™ VCEQ max
— A
{ T T T
Ve (V) VcE (V)
Fig. 1 Fig. 2. D.C. SOAR curve

For steady state conditions there is a linear relation between the power dissipated at the
junction and the temperature difference between junction and mounting base:

Tj - Tmb = C* Py

where C = Ryp j-mb’ i.e. the thermal resistance from junction to mounting base.

Tj - Tmb = Peot + Reh j-mb @
In terms of maximum allowable junction temperature eq. (1) can be written as:
Tjmax ~ Tmb = Prot max Rip j-mb (1a)
1
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The data sheets give an upper limit for Proy ;may Which applies up to a temperature T},
These relations are shown in Fig. 3 where the upper limit for P, has been chosen

tot
as 1009, otmax
150 N - 7262449
\
Ptot max ‘\\
% ¥
yea.(1a)
\
100
\
it '
1
t
I
|
50 = \
\
L \
’ Tj max
0 l‘ L3 1 1.1
0 T; 100 . Typ (°C) 200
Fig. 3

So far we have discussed only d.c. conditions; it will be obvious that under pulse con-

ditions a higher Py 1ax can be permitted.

2. Extension of the SOAR for pulse power

When pulse power is applied to a transistor the junction temperature will rise in a series
of steps until a steady state condition is reached. See Fig. 4.
For this steady state, eq. (1) can be modified to:

T peak ~ Tmb = Ppeak + Zth j-mb @
j P

where Ziy, j.mp I8 the transient thermal impedance from junction to mounting base andis
dependent not only on Rep j-mbe but also on pulse width (tp) and period (T) Zth]-mb is
generally published in the f] orm of Fig, 5.

In terms of maximum allowable junction temperature eq. (2) can be written as:

Tiymax - Tb = Ppeak max ° Zth j-mb (22)
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steady state

=2

H

_______*._____ __J'
T ]

" Fig. 4
10? - 7262098
Zinjems | I
O, [ 1 HH
(°C/W) ST il
- T - :Tr— R
10
Rth j-mb
£ i
0.75 uay
0.5 -— i
1 0.33 2=
0.2
01—
005>
T Bege-
1071 L1
MR 0.02
Lt 0.01
102 .
1073 107 107" 1 10 102 tp (ms) 10°
Fig. 5
Dividing eq. (2a) by eq. (la), leads to:
Reh j-mb
P =P - =P . . 3)
peak max = “tot max tot max P

Zth j-mb
This means that the Prormax curve can be shifted by the factor , see the sloping part
of the thick dashed line of Fig. 6. M, is known as the 'power multiplying factor'.
The horizontal part of the dashed line of Fig.6 is the rating IcMmaxs it is the upper limit
" of the SOAR for pulse conditions.
In addition to the limits set by the SOAR the average current Icav) with an averaging
time tay of 50 ms should not exceed the maximum permissible d.c. current Iomax-
Averaging is not necessary when SOAR limits lower than the rated Iopmax are indicated
for different pulse durations.

_ April 1974




SOAR | o

726241

e d.c. SOAR curve
=== extended SOAR curve

Ic 1 .
&) Tmb=<T1 [7]
[ 1 ]
CM max S Ppeak max

T

]
Tt
%

4

<
Q
&
o
=
B -
1
+

3. Second Breakdown

‘3.1 The phenomenon

Primary breakdown is a sudden increase in I as a result of avalanche action within the

" crystal. If the collector current is increased further a critical condition can be reached

at which the voltage across the crystal drops to a very low level. This phenomenon is
known as second breakdown. It is initiated by a current-concentration that leads to local
heating within the crystal. The higher the voltage (before second breakdown) the lower the
power at which the concentration occurs. If a single point on the crystal exceeds Tjmax,

" the transistor characteristics' may be permanently affected; further current concentration

will lead to increased temperature and consequent second breakdown, which will destroy
the trans1stor .

The SOAR curve must define an area that only precludes second breakdown but also the
current concentration that precedes it.

3.2 Second breakdown and the d.c. SOAR

A transistor's susceptibility to second breakdown iT investigated by d.c. loading up to
current concentration. With different combinations lof I and VoE, points are plotted at
which current concentration is observed. A limit is then defined that precludes current
concentration. This line lowers the original SOAR curve (see Fig. 7). The final d.c.
SOAR curve is that shown in Fig. 8. In general the second breakdown limit is independent
of the mounting base temperature

The thermal resistance Rth J -mb is guaranteed for all Ic-VcE combinations within the
d cy SOAR

i

Bis
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e aes i
——11 o —
1 TmbsT1 [HH Tmb=T1 [
@) <
(A)
easured d.c. second
breakdown points
. Flcmax \~ ‘\ -1C max
- NN el | .. p
NN N tot max Tl
Ptot max \ 11
L . I N\
HHE=ENG \
manufacturer's 3 i I second breakdown (d.c.) N
limit’ .
HHHNX v
CEO mn
VCEO max T
CEP P L
Vee (V) Vce (V)
. T
Fig. 7 Fig. 8
3.3 Fixing the second breakdown line for pulses, in the SOAR curve

In section 3.1 it was suggested that sécond breakdown occurs when a single point of the
junction (crystal) reaches a critical temperature. It isreally the thermal conditions inthe
crystal itself that determine the point of second breakdown - the thermal resistance (Reh
crystal) and the thermal impedance (Z, crystal) between the hottest part of the crystal
and the rest. Zy, crystal is dependent on Ry crystal 6, tp, and the relation I5-Vg.

As with M,,, a multiplying factor M can be derived to fix the second breakdown line for
pulse concPitions. However, for second breakdown two multiplying factors are given; My is
the voltage multiplying factor at the I, level: My is the current multiplying factor
at the Vogo max level- *

Knowing 6 and t_, one can find My and Mj from two curves published in the data

sheets, Figs 9a'and 9b being examples. The voltage value at which the d.c. second break-
down line intersects the I .. line is then multiplied by My. In Fig. 10 the d.c. in-
tersection is shownaspointC, anda new intersection for specific pulse conditions as point
C'. Inthe sameway Mj is used to find D' from D, which is the point at which the d.c.
second breakdownline intersectsthe VogQ max line. The line that passes through C'and
D' defines the second breakdown limit for given values of 6 and tp. :

* As decided in 1973, Mgp(v) is now replaced by Mj and Mgp(1) by My. The definitions
are unaltered. Most of the graphs in the book have been changed, the remainder will
be corrected at the first opportunity.
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" —= My

102

10

— My

102

10

72624611

S.B. voltage multiplying factor at the I¢ pax level
6=0.01 |
 — ] —
0.02 T
= AN
‘\ B | ‘\\
0.05 TR\,
W SustiijN
0.10 I \\\\
=t : 3
0.20 ~
1
0.33 MR
0.50 NN
R ut N
0.75 Qt%t\
T : SSNSSY
10 102 103 tp@s) 10t
Fig. 9a
262410
S.B. current multiplying factor at the VCEO max level
6=0.01
=
0.02 -
N
TN
0.05 NN
[ N
0.10 N
I i s
1
0.20
1 i
0.33 1]
0.50 A\
| | N
0.75 S
-
10 102 103ty (us) 104
Fig. 9b

March 1979




SOAR

1262416

~— d.c. SOAR curve
===S0AR curve for pulse
Ic operation at given 6 and tp
A)
L[]
Tmb=T1
ICM max =
-  peak max
IC:IaX’ C “ ]
A AN
\\\\ \
NN
N
D]
N 1l
4
D

Fig. 10 Vcg (V)

A transistor can be safely operated under pulse conditions within the area boundedby

< pulse SB limit, and VCEOmax' provided the mounting base tempe-
rature éoes;p not exceed Ty. If the mounting base temperature does exceed T, M, mustbe «—
reduced by a factor derived from Fig. 3 (see section 1) but M need not be changed.

The SOAR curve for one specific duty cycle (6) is given in the data sheets, butwith theaid

of curves Z,, My, My and the d.c. SOAR, a pulse condition SOAR can be con-
structed for any duty factor.
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4, Example of how to use the published SOAR information

The driver - and output-stage of an audio amplifier are given in Fig, 11. We shall inves-
tigate whether the driver transistor TR3 operates safely under worst case conditions,

—O+Vg

TRS
Fig 11 71811;17
The loudspeaker impedance is such that worst case conditions occur when the amplifier
" is overdriven by about 20 times the input signal necessary for full output power at a fre-
quency of 750 Hz, Fig. 12 gives VCE and I¢ of TR3 under these conditions. The mounting
base temperature of TR3 under these conditions is found to be 85 oc.
75 7262421 ) 0.75 - 7262420
“Ver[o -Ic
50 ~ N " 0.5
. \ £l -
25 : 025
\
0 : 0 '
0 0.1 0.2 0.3 0.4 .0 0.1 . 0.2 0.3 0.4
t (ms) . t (ms)

Fig. 12a Fig. 12b°
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i0 T T
T 711
Tmb=<60 °C 11
-IC
(A)
repetitive pulse operation ;6 =0.01]]
o i ' i
“ICM max L] o
NN N (ms)
. 11 \\\\\ NY o.01
1 AN NN . N P
I NS N \\ 0.02
= Ptot max (d.c.) [N \\\\ \\ AN ?
C max NEEANANA NI VAN P
AN \\ A ‘\
N
: N 0.1H
second breakdown (d.c.)\ \\ | ‘
1 \\ 0.2
1071 AN 0I "1""
117
1072 L -
1 10 -Vcg (V) 102

Fig. 13. Safe Operating Area with the transistor forward biased

1 Region of permissible d.c. operation

1I Permissible extension for repetitive pulse operation.
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150
Piot max
%)
100 Tjmax ~125°C
\ Reh jemp = 10 °C/W
4 \
t
A
I
EEE
50 TN
1
AY
} \
: !
0 H
0 Ty 100 Tpyp (°C) 200
Fig. 14
103 7762424
Zth-mb
(0C/W),
102
ol ls=1]
0.75 =
0.5% =
0.33 : =
_—--0.21: I AT
0.1 —TA
léo.os ]
£0.01
,/
10-1 : , :
10°3 1072 107l 1 10 102 t(ms) 103
Fig. 15
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7262426
S.B. voltage multiplying factor at the Ic pax level
My
102
—6=0.01
S~ |
\ 0.0.25\ 3
005 [ TNIN
10 P
E=——10.1
~
0.2 —
0.33 T~
0.5 . —— ]
0.75 T T —— 1
1 | TQ_
1073 1072 10-1 I tp(ms) 10
Fig. 16.
7262425
S.B. current multiplying factor at the VOEQ max level
My
102
5=
t O.OII
] 0-02
10 F 0,055
0. e H
0.2
0.33
0.5
0.75
1 L .
1073 1072 10-1 1 ty(ms) 10
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4.3.1

Plot the power curve obtained bjr multiplying the two curves of Fig. 12- and construct an
equivalent rectangular power pulse with the same peak value and area as the original pul -
se, The result is given in Fig, 18, .

20 “ tp [ ) ‘72621:1.7
|
Ppeak Frr+4a- 1
P N}
(W) \(!
IR\
/ hY
10 h
J1 ] H
T
\
I
N -
| N
0 H
(U 0.1 t (ms) 0.2
Fig. 18
4.3.2
Ascertain tp' T, 8 = tp/I‘ and P peak. The results are:
tp= 75 ps
1 .
T = m = 1.33 ms
6 =0,056
Ppeak = 17- 5W
4.3.3 ) .
loleéer tq Fig. 14 and determipe the derating factor for Py .o at 85 0C. The result is
' Reh j-mb
Refer to Fig, 15 and determine M = o———— for ¢ = 75 us and 6 = 0,056.
P Zgy j-mb »
R¢p j-mb = 10 OCO/W )
Zin j-mb = 2,75°C/W
10,
Mp =3 75 3‘64

12 l I June 1 972
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4.3.4

Refer to Fig. 16. and 17. and ascertain the Mgp factors for tp =75 pus and 8 = 0,056. The
results are: -

My = 3.6
MI =2.8
4.3.5

Refer to Fig. 13. and construct the pulse extension of the d.c. SOAR for ty = 75 ps and s
= 0.056 according to the following rules (see Fig. 19 ). ' '

- Multiply the value of the iroltage at point A by the derating factor obtained from Fig. 14
~ (0.6) and by Mp'= 3. 64 to obtain A",
Vp=13V .

Vp'=13Vx0.6x3.64=28.4V
- Through point A' construct a line of constant power (45°)

Pheak max = 28.4 X Ig max = 14.2 W.

- Multiply the value of Vi at point C by My = 3.6 (see 4.3.4), to obtain C'. -

- Multiply the value of I at point D by My = 2.8 (see 4.3.4), to obtain D'. ]
- Construct a new limit for second breakdown by drawing a line through point C' and D',
- The SOAR for this particular case is formed by the I&M max line, the maximum peak

dissipation line through A’', thesecond breakdown limit line C'- D'and the Vego line.

4,3.6

Plot the I - V~g excursion as found from Fig. 12a and b in Fig. 19 and check if every
point of this excursion is inside the SOAR.

In this particular example the Ppeak max limit is exceeded, while the SB-limit is not ex-
ceeded. A solution for this case is to decrease the mounting base temperature, Tp,p, by
enlarging the heatsink,

4.3.7

The new permissible mounting base temperature, T,y o, can be calculated as follows

Trmb max = Tjmax ~ Ppeak ¢ Zth j-mb
Ppeak =17.5 W (see 4.3. 2)
Zth j-mb = 2.75 °C/W
Therefore:
- . ~970
Tmb max = 125 -17.5x2.75=77 "°C

March 1979



SOAR

10 72 2b'22
-IC
@A)
I Tmp =85 °C
1 X
~ AN
MACTTNATC
,f"““”"""“\“"'\\\i
Sad Tmp <60 °C Aht
v 1y.
VU RHE)
1 \ |
107! X, !
1
HDH
t-
{
I
1
I
T
|
I
1072 .
1 10 ~Vee () 102

Fig. 19

1 Region of permissible operation up to Trp = 60 °c
II Permigsible extension for tp =75ps, 6 =0.056 and Ty, = 85 oc
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SOAR

4.3.8

For calculation of the heatsink the power may be averaged prov1ded the period T does
not exceed the thermal time constant of the transistor.

Then Tb ~ Tamp =8-Poea * Ry mp-a*

If Tiyb max and Ppeak are known, the max. allowable Reh mb-a MaY be calculated with
Rt _ Tmb max - Tamb
h mb-a max 6. Ppeak
77 - 25

S — 220,
In our example Rth mb-a max = 0.056 x 17.5 =53 YC/W

January 1972 : 15
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BD131

SILICON PLANAR EPITAXIAL POWER TRANSISTOR :

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

complement is BD132.

QUICK REFERENCE DATA

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector current (peak value)
Total power dissipation up to Tyyp, = 60 °C
Junction temperature
D.C. current gain
lc=05A;Veg=12V
Transition frequency at f = 35 MHz
lc=025A;Vgg=5V

Vego max. 70V
Vceo: max. 45V
Icm max. 6 A
Piot =~ max. 156 W

T max. 150 °C
hgg > 40
fr > 60 MHz

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

Collector connected
to metal part of
mounting surface.

Dimensions in mm

*max <7 8 max >
— ' .
L 3*2 375
R O B NP 2 "
E l ’ max’ -
T
—7* .12
15,3
min
clj bl ) l
. ) l 0.88 l ‘ 7259324.2
, - . :
~ 58] - w5 M L -

See also chapters Mounting instructions and Accessories.

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

T

7
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BD131

RATINGS

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

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

. Collector current (d.c.)

Collector current (peak value)

Base current {peak value)

Reverse base current {peak value)

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

- Junction temperature

. THERMAL RESISTANCE

From junction to mounting base

Veso
VcEo
VEBO

max. 70
max. 45
max, 6
max. 3
max. 6
max. 0,5
max. 05
max. 15
—65 to + 160
max. 150
= 6

EPP P PrP»r<<L<<

April 1979



Silicon planar epitaxial power transistor

BD131

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

Ig=0;Veg=560V IcBO
Ig=0;Vgg =50 V;Tl'=150°C lcBO
Emitter cut-off current
ic=0;Vep=5V lEBO
Saturation voltages Ve )
Ic=05A;Ig=50mA VCEsat
VBEsat
lc=2A;ig=200mA : VCEsat
VBEsat
D.C. current gain
|C=0,5 A;Veg=12V ) hgg
Ic=2A;Vece=1V hgg
Collector capacitance at f = 1 MHz
Ige=1g=0;Vep=5V Cc
Transition frequency at f= 35 MHz
Ic=025A; V=5V, Tamp=25°C fr

D.C. current gain ratio of the
complementary pairs
Ic=05A;Vgg=12V hre1/hpE2

A
.o
Q
o
®
>

AN
o
'

>

AN AA
-0 =0
tN bw

\%
N
[=]

< 60 pF

> 60 MHz

A

1,2

April 1979



BD131

il

10

Iem
(A)

1.0

0.1

0.01

D5110A
Tmb_<60°C tHH
7' d £0.01 Pulse
| width=
s | AN 10us
NN
1 - AN 100us
Cmax \\\ \ :
2 N
1’\\\&\
AN 500
\\ \ Ms
! N AN
s \ |REA!
AN 1.0ms
(2) LI
\ 2.0ms
\ [TTT
\ 10ms
| \
D.C
7
L
7 2 7
1.0 10 : 100
VCE(V)

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

I Region of permissible d.c. operation.

[l Permissible extension for repetitive bulse operation,

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

BD131

VCER Ic<10mA 01687
max Rp=<10kfl
(V) IRRRE
When the emitter is common, a value of 10
should be used in calculation of Rg/RE
80
70
N
60 RN
50 g
40
10° 19! 102 - 103 Rg/Rg  10*

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

102 7272003
Zt jomb
°C/W
(°C/W) —tphe 4
0 <« T—> T
1
—5=1
|- e
——0,5 H
1 T
N -
0,2 TT1H /; T
1 =atl
0,1 A~
t
10,01
107"
L 5 4 * 3 2 1
1073 10°% _ 10 10 10 \ 1 tp(s) 10

Fig. 4 Pulse power rating chart.

HIHI
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BD131

5 7272004.1
L1111
§=0,01
My
N )
AR ¥
N \
N\ \
\‘
N \
0,1
3 : \
N
\
ANIEAN
IN
2 0.2 NUAN
T~ N
P~ N \\
Tl o~
0,5 ——
1 TT ~x=
1075 1074 103 1072 ty(s) 107!
Fig. 5 S.B. voltage multiplying factor at the Igmax level.
- 7272008.1
102
4 =0,01
. —
ha Y
0,1
~— N
02 "‘“-\\
10} L]
0,5
- - — 4 .
] NN
SR
§§: [~
-1 Ll
10-5 1074 - 1073 \ 1072 t,(s) 107!
Fig. 6 S.B. current multiplying factor at the VECEOmax level.
6 April 1979




Silicon planar epitaxial power transistor

BD131

Icso

D513

mA1 10 | |

pAl1000 3 :

100

ST

10

nA 1000

-]

100

0 50

E

100 150 200 Tj °C)

g. 7 Collector-base current (open emitter) as a function of the junction temperature.
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BD131 ) ,
hee BD131 D514
11T
Tj:ZS"C
40
/ N
7
30 _
‘4 ] . M’nimu'nh 7
“Fgaty
— Ce= 2y
20
=1V I~
— =2V }——
10 -
0 - .
0 1.0 2.0 3.0 4.0 50 6.0 To(A)
Fig. 8.
—
=
- hEE BD131 | Complementary 1694
— BD132 pair
IEEN
Tj=25°C
100 ;
Py
75
W g
Mv Lo
> l’7/,hu'77 5
50 [ h Fear +y
Cey
N ~y. E80,].
™~ = 05(80,327}
=y
; ~ /=12y
25 ' ~ —~—
=2V
=1V
0 ‘ I
0 10 2.0, 30 . 40 5.0 6.0 7.0
for BD131 +Ic(A), for BD132 ~I¢(A)
Fig. 9.
8 ‘April 1979




Silicon planar epitaxial power transistor

BD131

D7547

300 [T TLTT]
Veg=2V »——E
T=25°C |
Ic TT ' ]
{mA)
200
min) max
]
I
100 T
I
/
0
0.2 0.4 0.6 0.8 10 VgelV)
Fig. 10.
D7548
6 f | HEER
1 4 Vee=2V 1
N 1.=25°C [T
1 ) -
c
{A) i/
J
4 v
min) max
ril y.
Vv
| P,
]
V.
V.
J .
A
/]
0 J
0.5 1.0 15 20 25 Vgelv)
Fig. 11.
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BD132

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

P-N-P transistor in a SOT-32 plastic envelope for general purpose, medium power applications. N-P-N
complement is BD131. :

QUICK REFERENCE DATA

Collector-base voltage (open emitter) ~Vegpo max. 45V

Collector-emitter voltage (open base} ~VCeg max. 45V
Collector current (peak value) —lem - max: 6 A
Total power dissipation up to Ty, = 60 °C ) Piot max. 156 W
Junction temperature E Tj " max. 150 ©C
D.C. current gain

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

—lc=025A; -Vcg=5V fr > 60 MHz
MECHANICAL DATA B Dimensions in mm

Fig. 1 TO-126 (SOT-32)

Collector connected
to metal part of
mounting surface.

N
|
Py

-12

15,3
min

l

72593242

dEml

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

April 1979 1




. BD132

T

RATINGS )
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Collector-base voltage (open emitter) ; ; =VeBo
Collector-emitter voltage (open base) -VcEo
Emitter-base volitage (open collector) ~VEBO
Collector current (d.c.) - o -lc
Collector current (peak value) ' ; -lcMm
Base current (peak vatue) —Igm
Reverse base current (péak value) +1gm
Total power dissipation up to Tmb = 60 oc . . Ptot
Storage temperature . Tstg
Junction temperature . Tj
. THERMAL RESISTANCE -
From junction to mounting base Rth j-mb
CHARACTERISTICS
= 26 OC unless otherwise specified
Coliector cut-off current
lg=0;~Vep=40V —lcro
Ig=0;=Vcp =40 V; Tj = 150 °C ~IcBo
Emitter cut-off current ‘
ic=0;-Vgg=3V ' —IleBO
Saturation voltages i
—ic=05A; -1 =50 mA —VCEsat
' . —VBEsat
—lg=2A;~lg =200 mA : —-V(CEsat
- ’ ) :—~VBEsat
D.C. current gain
~lg=05A;~Vcg=12V hgg
~lg=2A;-Vgg=1V : bpg
Transition frequency at f = 35 MHz . v
—-Ic=0,26A; -Veg =5 V Tamb 250C T
D.C. current gain ratio : ' )
of the complementary pairs _ c
=1c=500mA; =Vcg =12V . - : ‘hgg1/hgE2

v

max. 45
max. ‘ 45
max. 4
max. 3
max. 6
max. 0,5
max. 05
max. 15
—B65 to + 150
max. 150
= "6
< 5
< 500
< 5
< 03
< 1.2
< 0,7
< 156
> 40
> 20
> 60
< 1.2

S>> Pr>r<<<

RA .
HA

<< <<

MHz

April 1979




Silicon planar epitaxial power transistor

BD132

10

“lcwm
(A)

0.1

0.01

D5224A

Tmb <60°C
d £0.01

1 1 171]
11

/

Pulse.
widths=
10us

/

JTcmax

TTTT

100us

m“\\

/‘P/V’A!//[ T /

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

| Region of permissible d.c. operation.

45

" 100
VeetVl

Il Permissible extension for repetitive pulse operation.

{1) Ptot max and Ppeak max lines. 7
(2) Second breakdown limits (independent of temperature).

I
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\
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<
: 5\\ .
05 BN .
1 T1 .
1078 1074 10-3 1072 tols) 107!
Fig. 3 S.B. voltage multiplying factor at the —Icmax level.
) 7272005.1
M
102
& =0,01
B
\\~
10,1
0,2 m "'“p
JJP\\
10 . N
0,5
P Po— NS
B u R
™ N \‘~\ N
b [y
T~
1 i | : ,
10-5 1074, 1073 1072ty (s) 10~7

Fig. 4 S.B. current multiplying factor at the —VcEQmax level.




Silicon planar epitaxial power transistor

.BD132

102 7272003
Zih j-mb |
(°c/w)
—»tp<—- =EE
— T —»| T
10 -
=1
— —]
05 i
o Pezcia
), BB g g
1 ,_-4-///
——10,1 —
—t
| - 10,01
107"
0 5 0 -3 -2 -1
10 10 10 10 10 1) 10

Fig. 5 Pulse power rating chart.
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BD132

hrE BD132 D5229
[TT11
Tj=25°C
J
40 y -
‘7
Ny
30
Mi"i’hum b
/ — FE at ~vc
20 ‘ ~— *’Z_V‘
‘ il T
- }
L2y
10
0
0 2:0 40 60 -Ic(A)
Fig. 6 D.C. current gain.
hFE BD131 J Complementary D1830
BD132 pair
LT LT
100 IITT
Tj=25°C
75
N
o .
50 AT NS iy
N N h
Fgap ‘VC
™~ L E!BDI
R 732} =72V
: ™~ T —
25 : ~ BT
o—
. : 1y
- [
o [ 1
0 2:0 40 60

for BD131+ I(A) for BD132 -i¢ (A) -

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

DS5228

—+
CBO |+
]
|

mAT 1 L

)JAleO

R I I I L T

100

Y,
N
N

T
e

T

w

T

pATl

nA‘iOOO i: 7 :

o

D,
.,

]

N

100

A i

0 50 100 150 200 Tj (°C)

10

Fig. 8 Collector-base current (open emitter) as a function of the junction temperature.
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BD132 )
07569‘
- 300 LITL]
~Veg=2V
T=25°C |17
-le ] T
(mA)
200
min max
100 7
1
J
y -
y.
o .
0.2 0.4 0.6 0.8 210 Vg (V)
Fig. 9.
07550
6 f IREEEN
1 y “Veg=2V
T=25°C []]
-l ).
(A) I y 4
4 1
4
min max
P,
y
J
J
2
I
0L =
05 1.0 15 20 25 -Vge V)
Fig. 10.
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MAINTENANCE TYPE BD133 -
SILICON PLANAR EPITAXIAL POWER TRANSISTOR
N-P-N transistor in a SOT-32 plastic envelope for general purpose, medium power appli-
cations.
QUICK REFERENCE DATA
Collector-base voltage (open emitter) Vepo - max. 90 Vv
Collector-emitter voltage (open base) VcEo max. 60 V
Collector current (peak value) Iem max. 6 A
Total power dissipation up to Tyl = 60 oc Peot max. 15 W
Junction temperature T; max. 150 ©°C
D.C. current gain
Ic=0,5A; Vg =12V hpg > 40
Transition frequency at f = 35 MHz
IC =0,25 A;VCE =5V fT > 60 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32) —
Collector connected —_—
—
to met’al part of . r%gx - < 7.8 max ] -
mounting surface —
. L S
¥ 3,75
3,2 - J
30 "1
' max
I -
15,3
min
0.68 I| 7259324.2
YOO g

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

and set 56333 for insulated mounting.

1y Within this region the cross-section of the leads is uncontrolled.
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BD135
BD137

BD139

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

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

The BD136, BD138 and BD 140 are complementary to the BD135, BD137 and BD139 respect-
ively. )

QUICK REFERENCE DATA
BD135 | BD137 | BD139
Collector-base voltage (open emitter) .VCBO max. 45 60 100" V
Collector-emitter voltage (open base) Vcgo max. 45 60 80 V
Collector-emitter voltage Rpp = 1 k) Vcgr max. = 45 60 100 v
Collector current (peak value) : I max. 1,5 1,5 1,5 A
Total power dissipation up to Ty =70 0C Pye . .max. 8 8 8 W
Junction temperature Tj max. 150 150 150 °C
D.C. current gain
> 40 40 40
Ig=150mA; Vg =2V \ hgg - 250 |- 250 250
Transition frequency
Ic=50mA; Veg =5V fr typ. 250 250 250 MHz
MECHANICAL DATA ' Dimensions in mm
TO-126 (SOT-32)
2,7
Collector connected Tmox ~ = 7.8 max-]

to metal part of

mounting surface 5

¥
37
|+

T
| 1
Il 1
.
ww
"’o"\"*
-
=2
o

v i
254
max
I i - 12
15,3
min
e '
. . J | 0,68_>] L_ 72593242
. e ol max e

>

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

1) Within this region the cross:section of the leads is uncontrolled.
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BDI135
BD137
BD139

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

Voltages

Collector-base voltage (open emitter)

~ Collector-emitter voltage (open base)

Collector -emitter voltage Rpg = 1 kQ)

Emitter-base voltage (open collector)

Currents
Collector current (d.c.)

Collector current (peak value)

Power dissipation
Total power dissipation up to Ty, = 70 °C

Temperatures

- Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

Veso
VcEo

VCER
VEBO

Ic
Iem

Ptot

Tstg

Ren j-a
R¢h j-mb

max,

max.

max.

max.

max.

max.

BD135 | BD137 | BD139
45 60 100 V
45 60 80 V
45 60 100 V
5 5 5V

L,a | 1,0 1,0 A
L5 | 1,5 1,5 A

max. 8 W

-65 to+150 ©°C
max. 150 ©°C

100 °c/w
10 oC/W

August 1975




BD135

Silicon planar epitaxial power transistors BD137
‘ BD139

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

lg=0;Veg=30V IcBO < 100 nA

IE=0;Vcg=30V;Tj=125°C Iceo < 10 pA
Emitter cut-off current

lc=0;VEg=5V IEBO < 10 uA
Base-emiitter voltage

Ic=500mA; V=2V VBE < 1V
Saturatign voltage

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

Ic= 5mA;Vcg=2V heg > 25

Ilc=150 mA; Veg=2V hpg 40 to 250.

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

Ic=50mA; V=5V fr typ 250 MH:z
D.C. current gain ratio of matched pairs

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

. ' t B
il =150 mA; Vgl =2 V heE1/hEE2 <V° o

June 1977



BD135

BD137
BD139 ,
10 ) . : 7z6216a
BD135 |
4 BD137
Ic [T
) TmpS70 0C M
i 6=0,01
CM max I
l B
1 IC max \\\ 11
A\ WY X, Jtp=1
P NOY: 20ps
tot max NN |
ANAVAN
AN
Q
o% &\\ \\\ \\ 50 T
(odd ?
ANNNE
%‘Q Y100
1 5\ NN
2\ W\ Y200
7 11
101 < NIN}5001
— : Y1 ms
m—— [
— Nd.c.l
—
el T
wirs
212
ala
10-2 ) b
1 ‘ 10 Veg () 102

Safe Operating Area with thé transistor forward biased

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

1) Independent of temperature

l ‘ September 1972



R BD135

BD137
BD139
72621264 »
10 BD139
11
1
I Tmb=70 °C
C
(A)
I 6= 0,01
CMmax . A
I max NN
1 AN ¥ N\ \
P. \Q\\\ \\ AN : .
i A\ AN
AR \
AN NN WAVEAY pAS
I i dg\\\ \ 20ps
<
o)
%\k\ ‘ \ f')"
N\
I % \ -
Cc %, \ 100
1071 = (mA) [~ %,\\\ H
o[ SN ——
— N_R§500 —
— Y. ms v
— 2 + —
| d.c.
— 111
60 80 100
B - Ve V) o
o
—
1072 - ’
1 10 Veg (V) 102
Safe Operating Aréa with the ‘transistor forward biased
I Region of permissible d.c, operation
II Permissible extension for repetitive pulsed operation
III Repetitive pulse "operation in this region is allowable,
provided RBE < 1 k2 '
Ly Independent of temperature
September 1972 / 5



BD135
BD137
BD139
7266819.1
100
Ptot max \
% A
75 .
i \
o \
50
\[
A
\
25
\
1\
0 B
0 50 100 150
Tmb (°C) -
p—
— 103 7262864
— —
~ Zth j-mb
0O, — ]
(°C/W) ~ u 5_}?_
o =T
102
5=
10 H
: 75 =
0,50 En———
0,33-—— -:"'
0,20 L5
10,10 ;5”’#
1 =] ~
—_— t
0,05
0,02
0,01
107! L
166 10=5 1074 1073 10-2 107!ty (s) 1
6 September 1972



BD135_

BD137-
BD139
7262965
S.B. voltage multiplying factor at the Ic max level
Mgp(1)
102
0,05 \0:0‘\ b\=0,01
10 L0:10 N \§\
I SUEIAN N
—0,20 =
| - — NN,
0,33 NN
T NN
0’5(‘) "\L:\:
0.75 I i
1 l
1076 1075 1074 1073ty (s) 1072
—
—
N - 7262966 =
S.B. current multiplying factor at the VOEO max level (45V) BD135 —
Mgg(v)
102
- 0,05| [p,02 6=0,01
1 TH
1o b0.10 \3\
i ) ~N
—O,iZO - ‘\;
- " N
0,;33 U
0’[50 \\‘~\~ ‘\\‘
pted L[ T —_
i O’l75 e
1 -
1076 1075 1074 1073 () 1072

September 1972 7.



BD135

BD]37 .
BD139
. . 7262967
S.B. current multiplying factor at the VOEOmax level (60V) BD137
Mspv) |
102
003 [ §lo2 3001
0,10 N
1 - N
—0,20 \
! o
0,33 N~
T ™
0,50 . -\§~ ~h~\
N—
0,75 T —
—
1 I ; .
‘ 1076 10-5 1074 1078 t,(s) 1072
— 7262968
S.B. current multiplying factor at the VCEQ max level (80V) BD139
Mgg(v)
102 -
0,02 {6 =0,0
0,05 SRV
"\\ ) \~:~
ey N
10 (20,10 s
0,20 —
0,33 TN
0,50 TR
0,75 S
]_ N } B YLL
10=6 - 10-3 : 10~4 1073 th(s) 1072
8 - o L ‘ September 1972




BD135
BD137
BD139

104

1

Vee=2V

(mA)

Tj = 25°C

103

max I

10

10

1
1073

150

107

107!

102 Ig(mA) 10°%

7210 441

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

Veg=2V
T]=25’°C

100

A4

50

P

i0

102

7

September 1972
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BD135 ‘
BD137
BD139
600 i 7210646 lLOO 7272439
: Veg =5V
Ic 5 fr T =35MHz
mA) (MHz) 5j=25C
‘ VCE=2V —+—
T=25C T 300
400 N E N
. AN
typ f—-timax t
> 200 L
200, r
Y
100 A
} /
1
1 A
1 L~
0 U/ 0 J
0 1 Vgg (V) 2 1 10 © 102 I (mA)
= 210437 7210446
= § TTTITIT 15 mE
— [ 1 {111
Vepeat Tj=25°C v Tj=25°C
(f)a typical B(Evs)‘“ typical
values values
Ic/lg=5—1
o0 A LI10
. Ic/15=20 ’ =1
/A \ P 1
1
| | P
#%
17
2 iy 05
/
y
i/ 10
4 P
4/ 4/ 5
N LY -
og : 0
0 1 Ic (A) 2 0 1 Ic(A) 2
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‘BD136
BD138
BD140

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

General purpose p-n-p transistors in SOT-32 plastic envelope, recommended for driver
stages in hi-fi amplifiers and television circuits.

The BD135, BD137 and BD139 are complementary to the BD136, BD138 and BD140 respect-
ively.

QUICK REFERENCE DATA
BD136 |BD138 | BD140
Collector-base voltage (open emitter) -Vcpo max, 45 60 100 V
Collector-emitter voltage (open base) -Vcgo max. 45 60 80 V
Collector-emitter voltage (Rgg = 1 kQ) ~VCcER max. 45 60 100 V
Collector current (peak value) -IoMm max. 1,5 1,5 1,5 A
Total power dissipationup to Typ = 700C Peot max. 8 8 8 W
Junction temperature Tj max. 150 150 150 °C
D.C. current gain
o R _ > 40 40 40
—IC = 150 mA; VCE =2V hFE < 250 250 250
Transition frequency
-lg=50mA; -Vcg =5V fT typ. 75 75 75 MHz
MECHANICAL DATA 2 - <78max—+ Dimensions in mm
TO-126 (SOT-32) — — ¥
R T 375
Collector connected ! 32 . '
to metal part of L 30 | & 10
mounting surface E ' ’ max
1,2 T
15,3
min
{ el cjjj b l
i H l . 0,88_’| I* I I 7259324.2
B e omeT ] L

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

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

FHHH
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BDI36
BD138
BD140

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

Voltages

Collector-base voltage (open emitter)
Collector-emitter voltage (Qpen base)
Collector -emitter voltage (REE =1kQ)

Emitter—base voltage (open collector)

Currents
Collector current (d.c.)

Collector current (peak value)

Power dissipation

Total power dissipation up to Tmp = 70 °C

Temperatures

‘Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

-Vcpo  max.
-VCcEQ max.
-VEER = max,
-VEBQ max.
-Ic max.
-lcMm max.

Ptot
. Tstg

Tj ‘

Rey j-a

Rth j-mb

BD136 | BD138| BD140
45 | 60 100 V
45 60 80 V
45 60 100 V
5 5 5 V
1,0 | 1,0 1,0 A
1,5 | 1,5 1,5 A

max,

-65 to+150 ©oC

.max.

150 °C
100 °c/W
10 oC/W
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BD136

Silicon planar epitaxial power transistors BD138
. BD140

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

lg=0;,-Veg=30V ~lcBO <. 100 nA

lg=0;-Veg=30V;Tj=1250C —IcBo < 10 pA
Emitter cut-off current

lc=0;-Vgg=5V ~-lEBO < 10 pA
Base-emitter voltage

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

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

—lg= 5mA;-Vcg=2V heg > 25

—lc=150mA; -Vcg=2V hgg 40 to 250

—lg=5600mA; -V =2V hrge > 25
Transition frequency at f =35 MHz

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

BD135/8D136; BD137/BD138; BD139/BD140 ty 13

licl = 150 mA; Vgl =2V hre1/hFE2 & 16

June 1977



BD136 -
BD138 .

BD140
10 7262114 A
BD136
. - - ' BD138
e _ . [T
&) TmbS70 0C M
1 ) §=0,01
CMmax . ]
t T
1 1o max \\\ 11 \ ol
N AN HUp=H
P ANWRTAN 20ps
i A\ MAWAY 1]
ANMNAN N
AN NN
% .
ANNNINH
oo,\ \ Y50
ANNINE
NN E
! %\ \Nzhe
N\ i
— 107! = NN} 500
— 1 msH
E Nd.c.[]
a
102 : : 8l8
1 10 -Veg (M) . 102

Safe Operating Area with the transistor forward biaséd

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

1) Independent of temperature

” . September 1972
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BD136

BD138
BD140
7262126.1A
10 BD140
]
[T
o Tmb=70 °C HH
C. i
(4)
§=0,01
~“IcM max P A
- 1
“ICmax NN
1 NN N\ \
" \{\\\ \\ 11N
tot max A\ NANAN
' AN NN \
ANV R YA
1 ‘sg\\\\ \ 20us
C
e}
ONN\N &
1 AN |l
C % \ 100
1071 = (ma) NN
[ 1 A 200 —
4 ANANN E3U ——
— N \]500 —
— llrlns —
- d.c.
L, 111
60 80 100
B ~Vgg V) e
>
1072 - -
v 1 10 -VeE (V) 102
Safe Operating Area with the transistor forward biased
I Region of permissible d.c. operation
II Permissible extension for repetitive pulse ' operation -~
III Repetitive pulse operation in this region is allowable,
provided Rpg <'1 kS2.
1) Independent of temperature -
5

September 1972



. BD136
BD138

BD140
7266819.1
100
Ptot max A
¢ \
75
' \
\
\
50
\
Y
\
25
\
R\
\
0 -
0 50 100 150
Tmb (°C)
— 103 . 7262964
—— Zth ]—mb ] ’_
(o . S— X e
ccrm e ey
ja—— T —i T
102 '
6=
10 ettt =
0,75
0,50 L=
0,33 — B
0,20 AT
[0, 10— 1=FA
1 I, o I 4/ A
0,05
0,02
0,01
10”1 [ ,
1076 1075 1074 1073 10~2 1071 ty(s) 1
6 September 1972



BD136

BD138
BD140
7262965
S.B. voltage multiplying factor at the I¢ max level
Mgg(1)
102
0,05 \0;02\ 6t= 0,01
N
10 0,10 | §\
ANV
- I NN
0,20 N \‘\
— NN
0,33 NN
' (1] NN
0,50 ——
—
1 I =
1076 1075 1074 1073ty (s) 1072
7262966A ——
S.B. current multiplying factor at the ~-VoEQmax level (45V) BD136 " —
L
MsB(v)
. 102
0,05 §=0,01
0,10 e AN
10 e HHIS N
I N
0,20 s =\
T H N
0,33 RN
0’:50 \\55\\~~\
0’175 . —-——--:S§:: =
) | ! - ——
1076 10-5 1074 1073 ¢, (s) 1072
September 1972 . 7




BD136

BD138
BD140
72629674
S.B. current multiplying factor at the ~VcEQmax level (60 V) BD138
Msp(v) |
102
0,(25;~ 0,02 6=0,01
0,10 NN
10 =N
N\
i —
_0,20 \ ¥
| N
0,33 ™~ N ‘
0,50 ~ TS
T = S B
0.75 s
11 =
1076 ; 105 10~4 1073 5 (s) 10~2
— v 72629604
m— S.B. current multiplying factor at the ~VCEOmax level (80V) BD140
Mgg(v) |
102
=0,01
Loosfoczlozoell
\\\ \\
10 0,10 ™
. ’_0720 -‘\ N
\ ~
0,33] o=l
0,50| . —~ TR
0,75 , aa iy
1 L b
tp (s) 1072

106 1075 - 104 10-3
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BD136
BD138
BD140

104

7210644

HH

-IC

Ve =2V

(mA)

T; =25°C

103

max-1

N

1
1073

150

1072

10!

10 102 -Ig(mA) 103

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

—VCE =2V

Tj =25°C

100

50

-

v 4

10

102

103 -Ic (mA)  10%
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BD136

BD138 ' -
BD140 :
600 : - . ’ 721064 200 7272440
: : u ~Veg =5V
=N . f =35MHz
{mA) (M:lz) =2 ¢
Vee=2V
T; =25°C 150
400
typfmax-Vge 100
\ typ AT TN
200 . Y N
50
P
N L4
{
|
0 0
0 1 Vge V) 2 1 ~10 107 ~Ic (mA)
m—— s 1 [ l I 7210447 1’5 I r] [ 7210454
e [T [[TF
v T;=25°C 1 v} T;=25°C
c(sls)ut typicat B(Evs)'ﬂt typicat
values ‘ values
IclIB= N
— A |
i ] 10
1 = 20
IC/IB=20— -
/
/
y
2 05
/ ”
/IU
p
N W, 1~ =E
e I oy
0 ' - - 0
0 1 -Ic(A) 2 0 1 I (A) 2
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MAINTENANCE TYPES - BD181 to 183

SILICON DIFFUSED POWER TRANSISTORS

N-P-N transistors in a TO-3 metal envelope for use in hi-fi audio equipment,

The BD181 is intended for 20 W into 4 Q2 as well as 15 W into 8Q.

The BD182 is intended for 40 W into 4 <.

The BD183 is intended for 40 W into 8Q.

The transistors are also available as matched pairs under the typenumbers 2-BD181,
2-BD182 and 2-BD183.

QUICK REFERENCE DATA
BD181 | BD182 | BD183

Collector-emitter voltage (open base) Vggpo max., 45 60 80 V
Collector-emitter voltage (Rgg=100Q) VcgR max. 55 70 85V
Collector current (peak value) Icm max. 15 15 15 A
Total power dissipation

up to Tmp =25 °C Ptot ~max. - 117 117 W

up to Tmb = 83 °c Pio¢ max. 78 - - W
Junction temperature Tj max. 200 200 200 °C
D.C. current gain

Ig=3A;Vgg =4V ‘ hpg 20to 70 - 20to 70

Ic=4A;VCE=4V hpg - 1 20to70 -
Cut-off frequency :

Ic=0,3A; VCE=4V fhie > 15 15 15 kHz

MECHANICAL DATA - Dimensions in mm

Collector connected to envelope

TO-3
—+8,63max [+
> (%16
]+
4,2
4,0
’
T -—
20,3
max +
1
3

72660643 |q- 12,8 |

1,2

For mounting instructions and accessories, see section Accessories.
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BD201
BD203

SILICON EPITAXIAL-BASE POWER TRANSISTORS

N-P-N transistors in a plastic envelope. With their p-n-p complements BD202 and BD204
they are primarily intended for use in hi-fi equipment delivering an output of 15 to 25 W

into a 4 2 or 8 2 load.

QUICK REFERENCE DATA
BD201 | BD203
Collector-emitter voltage (open base) Vcgo max. 45 60 A%
Collector current (d.c.) Ic max. 8 8 A
Total power dissipation up to Tmb = 25 °C  Pegt max. 60 60 W
Cut-off frequency . .
IC=0,3A;VCE =3V fhfe > 25 25 kHz
MECHANICAL DATA Dimensions in mm
TO-220
Collector connected ,1,?&?( - ,ﬁasx -
to mounting base > 36 - ' 1,3-» !
Y N .
E ) E_;e H 59
4 1 min
! T ! 3 158
1 | | max
! | I
Lo—b [..J
1 | v L
3,5 max 51 .
not tinned | ] max
13 } 127
max™ min
(2x)
b
i ] «-0,9max (3x) »|le0,6
— - > |24
2,54 254

&

For mounting instructions and accessories see section Accessories.

7265872.3

T
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BD20I
BD203

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

Vo.ltages
Collector-base voltage (open emitter) : Vcpo  max.
' Collector-emitter voltage (open base) Vcego max.
Emitter-base voltage (open collector) VEBO mék.
Currents
Collector current (d.c.) Ig - max. 8 A
Collector current (peék value, tp = 10 ms) ICM max. 12 A

Collector current (non-repetitive peak
value, tp <2 ms) Icsm max. 25 A

Power dissipation

Total power dissipation up to Tmp = 25-0C Piot max. 60 w

Temperatures

Storage temperature ’ Tstg -65 to+150 oc
Junction temperature ) - Tj max. 150 oC
THERMAL RESISTANCE

From junction to mounting base Reh j-mb = 2,08 oCc/wW
-From junction to ambient in free air Rip j-a = 70 oCc/wW

2 ’ ) August 1975




BD201

BD203
CHARACTERISTICS Tj =25 OC unless otherwise specified
Collector cut-off current
I =0; Vcg =30V Icro < 1 mA
Ig = 0; Vg =40 V; Tj = 150 °C IcBO < 1 mA
Emitter cut-off current
Ic=0;Vgg =5V IEBO < 5 mA
Base-emitter voltage 1)
Ic=3A;Veg =2V VBE < 1,5 A\
Knee voitage 1)
Ic=3A; Ig = value for which
Ic=3,3AatVgg =2V VCEK typ. 1 v
Saturation voltage 1y
Ic=3A;1g=0,3A VCEsat < 1 v
D.C. current gain 1)
BD201;Ic =3A; Vgg =2V hpg > 30
BD203;1c =2A;Vgg =2V hrg > 30 —
Ic=1A;Vgg=2V hEE > 30 =
-—
Cut-off frequency
Ic=0,3A;Vcg =3V fhfe > 25 kHz
Transition frequency at f = 1 MHz
Ic=0,3A;Veg =3V fT > 3 MHz
1y Meaéured under pulse conditions: tp < 300 ps, 6§ < 2%.
February 1979 3




BD201

‘BD203 .

HHIU

102 7262023
=
T = 25 °C HH
Ic
(A) '
6= ) 1 =
IcMmax %0 \ LPZO
< <] Hs
10 Ic ~ AN \\ X -t
max ~ WY T
\\ \\ \ N 100
Prot max XT‘XT YYH
2001L
' 1N
1 second
breakdown 1) 500
1 AW
< ALY
AN SAY
\ 1 ms—
\
\ l(I)—L-—_..
d.c.
—]on
SIS
. 2B
10
1 10 Veg (V) 102

Safe Operating Area With the transistor forward biased

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

‘For P

tot max Versus Ty see page 8.

1) Independent of temperature.
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BD201
BD203
3 7267034
- JLIL
j-mb
e t,
©c/W) , Kl P4
T
6§=1
2 fossmanse=t s ﬁ-
Lot 1 ’—- ,/4
v § ot L -t
077 - ] ¥ ] L ,/’
_LH BZzoec
0,5 i
L A o
1 - ~
- '/
=
1
Oﬁ L
_--"/ 7a”atlll
= 0,1
A o ’
e 0,05
=] o[l
0 L
1075 10~4 1073 10-2 10-% "1 tp(s) 10
102 7262857
S.B. voltage multiplying factor at the Ig max level
Mgp(1)
1o \ \\
. 0,02
0,05
0’1;“\ N <
0,2 R ik
— \\=:§
RTINS
0,5 \§§
“____--~ \\ \\\ .
. [ ——— —_— ™
e — .\\‘
1 [
1075 1074 1073 tp (s) 1072
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BD201

BD203
102 . 7262858
S.B. current multiplying factor at the VOEQmax level
. [TTT
; BD201
~._5=0,0
. N
Mgg(v)
[ ——— [ TN
[ N
\\g’(i)zl \\
TR
] 0,05
10 - 0,1 ‘\\ < .
‘\‘\ N
AN
0,2 NI
n NN
~~L NN
NOY
0,5 \§
NN
'——.__‘__ . \
\ [ — - \\\~‘-.

1 -

1073 1074 1078 () 1072
§ 102 7262859
m— : S.B. current multiplying factor at the VoE (O max level

q [ 111
N N
8 =0|,01| BD203
LI
f—— 0,02 N
Mgp(v) <] ™
\\\\ \
0,05 \\
10 0,1 ~ \\ A
= — SON
e D N
\\\
0,2 NN
—_—] SN
—
\\\
\\
0,5 N
T NC
X -
1073 1074 1073 tp(s) 1072
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BD201
BD203

7262391
———

10 .

(A) A

1071 .
1 10 102 IB (mA) 103

150

bpg Ty=25°Cc [

100

typ

0 :
1072 107l 1 Ic (&) 10
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BD201 N .
BD203
15 TTTTTLET] o
TTTT
VCE=2V 100
,(IE) Ty=25 ¢ [ \\
Ptot max \C
(%)
10 75
/ . .
N
typ LA
J + 50 \C
5 i
\\
y.8 25 A\
‘ N
\
0 - 0
0 I Vgg(V). 2 0 50 100 ° 150
Tmb (°C)
= 7262393 7262397
— 1.5 17 3 EEEERREN
— , T
e v Ic Ic ]
CEsat[— —=10 VBEsat —=10 -
w | B / ™ 's T
Tj=25°C / Tj=250C [T]
1 2,
) / ' 4
typ
4
. / . ,typ
0.5 / 1t o
7 ,
- /
0 0
0 5 Ig() 10 5 Ic () 10
i
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BD201

BD203
— I7162399 103 === % == 2623870
L1 1cBo FJ Vop=40V H=F
100 Vep=0v (A) max
LA
Ip ~
2
(mA) 10
75 _ s
N 4 /
10 -
“Ig=3AT] :
50 N E P
'\ 4
/
typ 4
g 2A—4— 1 /
25 7
0 1071
-100 0 100 T;(°C) 200 0 50 100 T;(°C) 150
20 726260 E
-—
it -—
(MHz) Vep=3V
Tj =25 0C
15
7 N
10 - typ
Sy
TN
5
0 |
0 1 2 3 5 -Ig (A) 6
September 1972 9






BD202
- BD204

SILICON EPITAXIAL-BASE POWER TRANSISTORS

P-N-P transistors in a plastic envelope. With their n-p-n complements BD201 and BD203
they are primarily intended for use in hi-fi equipment delivering an output of 15 to 25 W

intoa 4 @ or 8 Q load.

QUICK REFERENCE DATA
’ BD202 | BD204
Collector-emitter voltage (open base) " -Vego  max. 45 60 V
Collector current (d.c.) -Ic max. 8 8 A
Total power dissipation up to Ty, = 25 oC Piot max. 60 60 w
Cut-off frequency
-Ig=0,3A; -Vcg =3V fhe > 25 25  kHz
MECHANICAL DATA Dimensions in mm
TO-220
Collector connected - J,?c’,i — - ,.ﬁ;fx -
to mounting base - 36 - 13 e
A |y » | y
o 28 : 59 |
[} min
R 1 % 158
[ 1 ' : max
! | i
Lo_}__J -
v - t
3,5 max 54
not tinned ALY max
+ .
12,7
i I + min
(2x) , l
i +H<—O,9qu (3x) - <—06
> 2.4

—» -
2,54 2,54

7265872.3

For mounting instructions and accessories see section Accessories.
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'BD202

BD204

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

Voltages

Collector-base voltage (open emitter)

_Collector -emitter voltage (open base)

Emitter-Base voltage (open collector)

Currents

Collector current (d.c.)

Collector current (peak value, tp < 10 ms)

Collector current (non-repetitive peak

value, tp =2 ms)

Powexr dissipatian

Total power dissipation up to Ty, =25 °C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE
Firom junction to mounting base

From junction to ambient in free air

-VcBo
-VCEO
-VEBO

;IC
-Icm
~Icsm

Ptot

Tstg

Rth j-mb
Rth j-a

max.
max.
max
max. 8
max. C 12
max. 25
max. . 60
=65 to +150
max. 150
= 2,08
= 70

o°Cc
oC

oc/wW
Oc/w‘

August 1975




BD202
BD204

CHARACTERISTICS

Collector cut-off current

Tj = 25 OC unless otherwise specified

Ig=0; -Vcr =30V -IcEO < 1 mA
Ig=0; =Vcp =40V; Tj =150 °C ~-IcBo < ) 1 mA
Emitter cut-off current
Ic=0; -Vgg =5V -IEBO < 5 mA
Base-emitter voltage 1)
-Ic=3A;-Vcg =2V ~-VBE < 1,5 V
Knee voltage 1)
-Ic = 3 A; ~Ig = value at which )
-ic=3,3Aat-Vcg =2V -VCEK typ. 1 Vv
Saturation voltage 1)
-Ic=3A;-Ig=0,3A ~VCEsat < LI
D..C. current gain 1)
BD202; I = 3A; -Vgg =2V hpg > 30
‘ .
BD204; —IC =2 A; —VCE =2V hFE 7 > 30 —_—
~Ic=1A;-Vog =2V hFE > 30 =
. —_
Cut-off frequency .
-1c=0,3A; -Vog =3V fhfe > 25  kHz
Transition frequency at £ = 1 MHz
-1c=0,3A; -Vcg =3V fr > .3 MHz
1y Measured under pulse conditions : tp < 300 ps, & < 2%,
3

February 1979



BD202

| BD204
\/7
102 ‘ » ' 7252023.2A
' , =
Tmb < 25 0C HH
_IC
(A)
~IcMmax 8 =P’01 tpé
1 | N SIS N <20ps
0 ~Icmax ~ SR H
AN NN\ N 1]
h \ \ I
I TN
ctot max N\ \| \
\ 200
I second \ .
breakdown 1) 500
1 A\
A\ \
\ 1 ms-
w— A
=
—_——— \ -
— \10
d.c.
afw
olo
ala
1071 = R
1 10 -Vgg V) 102

Safe Operating Area with the transistor forward biased

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

For Piot max versus Tmp see page 8.

1) Independent of temperature.
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BD202
BD204
3 7267034
(OC/W) I P T_J 5=_TB
6=1 e LT
2 —— e i
7 m—— P a3
L4 L !
0,7 —Et= ] ] =
T ] Prreri i
L1 “ N
0,5 I ,’//
-/. A <
1 ] LA
_,,'/7
A W
Oﬁ Bl
- %%
T |0
HE T 0,05
— Nyl
0 LT
10~5 1074 1073 . 1072 10~! 1 th(s) 10
——
‘ ——
102 72628574 —
S.B. voltage multiplying factor at the —Icmax level E
Mgp(1)
§=0,01
0
= 0,02
0,05
0, 1SRN
0,2 PSSR
—— TR
RSTRGN
0,5 \Sb
. &-—v—n——-\ E N
— e
1
1075 1074 1073 tp (s) 1072
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BD202
BD204
102 . : 7262858A
S.B. current multiplying factor at the ~VcogEQ max level
S~ . LITL}
BD202
\\ \6 =0.0
Msp(v) N
— [ TN
I N
292 NN
ARSRN
————tl_ 0,0
’ MmN
AN
SN
i o Y
0,2 SN\
v (N
0,5 TR
\\
—~——l ]
[roees -\\E
]
1
105 1074 103 tp (s) 1072
2 72628594
10
— S.B. current multiplying factor at the ~VCEQmax level
' LTI
N
[ ()I,OlI BD204
L
[ — 0,02 N
Mgp(v) ] N
SN \
0,05 \\
10 0,1 ~D\\
1 N
P —— SN
R S N
N
0,2 NN
N
N~
) N
0,5 )
ey S ‘\
| - \i\\~~__
1
1075 10-4 10-3 tp (s) 1072
A J '
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BD202

BD204
10 T i T 7262392
1 T
- -
~-Veg=2V
;=25 0
16 Tj=25 °C
(A) red
/ typ
1 -
//
7
/ i
/ /
101 ,
1 10 102 -Ig (mA) 108
=
7262404 ——
150 T 11 =
11 —
“Vcg=2V [T]
hpg Tj=25°C [
100 BZa
A AN
A N\
4, \
- \
N\
\
50
\
N
AN
N
AN
0
1072 10-1 1 -1c (A) 10
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BD202
BD204
15 T I" 2396 7267035
1T
1 ?’cg;ZV ] 100 \
.=25 oC -
j —
&) Ptot max - \\
%)
10
75 -
\]
N\
— \\
. / T N
Y. t T
5 yp
\ N
y 4 / \
25 A\
N
N
i -
oLl 1 0
0 1 -VBg() 2 0o 50 100 150
‘ Tmb (°C)
7262394 7262398
E 1.5 B 1] 8 ITTTTI I
— AN
Ic 1 —
“VCEsat =10 -VBEsat I_C=10 :E
vy ,1{3_ . V) B o FF
j=25°C / Tj=25 °c [
1 // )
b typ :
typ
l/ pd
0.5 v 1
4
Vi
/‘/
0 0
0 5 -Ig(A) 10 0 5 -lg(a) 10

) “ September 1972,



BD202

. BD204
— 7262400 103 = i ; ; i 72623870
l l | l -IcBO :-VCB=40 1
100 -Vep=0V (14) max)
- /
I >
(mA) \ 102 P
Ip=3A— :
75 VY ‘E 2 >
\
NP
10 Wi
50 typ
2AT 7
N / o
typ /
1 /
25 y
0 10-1
-100 0 100 Tj (°C) 200 0 50 100 Tj (°C) 150
—
20 726240 —
' —
fT —
y(MHz) ! ] -Vgp=3V
Tj =250C
15
7
-
10 S op
\\
N
5- T~
O -
0 1 2 . 3 4 -5 Ig(A) 6-
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BD226 BD228

BD230

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

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

QUICK REFERENCE DATA
BD226 | BD228 | BD230
Collector-base voltage (open emitter) Vcpo max. 45 60 100 V
Collector-emitter voltage (open base) Vecgo max. 45 60 80 V
Collector-emitter voltage Rgg = 1 k) - VCER max. 45 60 100 V
Collector current (peak value) Icm max. 3 3 3 A
Total power dissipation up to Tjmb=62 9C  Pggt max. 12,5 | 12,5 | 12,5 W
Junction temperature Tj max. 150 150 150 oC
D.C. current gain
> 40 40 40
‘lc_— 150 mA; Vg =2V hpg < 250 160 160
Ic=1A;Vgg =2V hpg > 25 25 25
Transition frequency
Ic=50mA; VCg =5V fT typ. 125 125 125 MHz
MECHANICAL DATA Dimensions in mm

TO-126 (SOT-32)

Collector connected . i <-7,8max |
to metal part of - 5
mounting surface ) ‘ 375
3,2 )
3,0 i
' max
12
15,3
min
0,88"[ I* | 7259324.2
mam ] |,

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

and type 56333 for insulated mounting.

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

February 1979
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- BD226 BD228

BD230

L

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

Voltages.

Collector-base voltage (open emitter)
Collector -emitter voltage (6pen base)
Collector-emitter voltage (RBE =1k®Q)

Emitter-base voltage (open collector)

Currents

Collector current (d.c.)

- Collector current (peak value)

.

Power dissipation

Total power dissipation up to Ty}, = 62 °C

Temperatures

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

VeBo

max.
VCEQ max.
VCER max.
~VEBO max,
Ic /‘max.
IcM  max.
l;‘tot

Tstg

T

Rth j-a
Rth j-mb

45 60 100 Vv
45 60 80 V
45 160 100 V
5 5 5 V
1,5
3
max. 12,5 w
=65 to +150 oC
max. 150 oC
= 100 oC /W
= 7 oc/wW

August 1975



BD226 BD228

BD230

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

Ig=0;Vep=30 Vi T;=125°C ©  Iggg < 10 pA
Emitter cut-off current )

Ig=0; Vgg=5V ‘ Iggo < 10 - pA
Base-emitter voltage 1)

Ic=1A;Vgg=2V , VBE < 1,3 v
Saturation voltage

IC =1A; IB =0.1A" ’ VCEsat < 0,8 v
D.C. current gain + BD226 | BD228 ) BD230

Ic= 5mA; Veg =2V hgg > 25 25 25

: . - > 40 40 40

Transition frequency at f = 35 MHz | ) =

Ic= 50mA; Vg =5V fr typ. 125 MHz =
D.C. current‘gain ratio of
" matched pairs

BD226/BD227; BD228/BD229;

BD230/BD231

typ. 1,3
!ICI = 150 mA; |VCEI =2V hggi1/hFE2 <yp 1.6

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

November 1972 ) o ‘




BD226 BD228

- BD230
10 — !7262121.2
[ I I
Tmb = 62 9C
1o ‘
6=
(4) | ICM max , Vi tp=
| N \\ N N Hops
I \\\\ \ N z?l()l
Icmax \\‘\\
1 Prot maZ(\\\vV X L’\
ANV A ANEY
N \Q\ . \
B N\NL (R SaE
% N
S NN Y Hioo
NN [
%% \ 200
N\ 500
I < \//lms
__.{2-|
1071 Sui
10
E d.c.
Of ©
N
ala
10-2 il b
W) 102

1 10 VcE

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

1y Independent of temperature

4 K “ H November 1972



BD226 BD228

BD230
7262423.2
10 BD230
1
Tmb =62 °C
Ig l
(&) IcM max P 5=0401

IC max N \
| ) “&\\ \ [\

1 Ptot max ANRN ANERY
A\\NN \ \
A\\N AW !
AN VA
N\ QVAVA A 225/
I %\§\ \
Q
%‘?’ \\\\\\§ 150
S, ]
AN
‘ﬁ%\ N\ Y+ 100
2 2 \ N 1 200
101 — 2 \AW-H 500
— Ic N 1 ms
— (mA) « 2
— N
[ 1 10
— d.c
| M-
| 1
60 80 100
Veg (V)
10-—2 o P S I e
1 ‘ 10 Vg (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation
II Permissible extension for repetitive pulse. operation
ITI- Repetitive pulse operation in this region is allowable,

provided RBg < 1 k2

Ly Independent of temperature

November 1972 ' ’ : 5



BD226 BD228
BD230
—
102 ‘ ' . . 1262125
Ztnj-mb tole | 4,
(°cIw) : : e b=
: \ 11
10 5= H
075
0,5 — i
033 T
ottt f:: .
1 BB
"I 1
paocsfil]
— 0,05
— 1 | [NTTo02
0,01
1_0-1
1072
1073 1072 107" 1 10 102 tp (ms) 103
) 7262106.2
R——
— S.B. voltage multiplying factor at the Ic pax level
— Mgp() -
102
'?5 =0,0]
=~
\,\Q"O\‘Z\\\\
0,05 NN
10 pe— N
O;,T. - SO
0,2 - \\\\\\
0,33 N
d,5 .\'\~\:::.
¥ P —
| 075 R |
106 1075 1074 1078 th(s) 1072

A
6 l | , ) | | November 1972



- BD226 BD228
BD230
7262342.1
S.B. current multiplying factor at the Vg omax level (45V) BD226
SB(V)
102
0,05 6=0,01
TN
1o 010 AN
1 T e~ AN
] a AW
0,20
11 N
0,33{ NN
0,50 eSS
. T —
0,75 Ny
1 - 1 1T -
1076 1073 1074 1073ty (9) 1072
i . 72623434 —
~ 8.B. current multiplying factor at the Vogomax level (60V) BD228 —_—
SB(V)
102
0,02~ 3500
0,05 A\
| ....\\
10 0,10 N\
1 N\
1 N
0,20
I
0,33 IREC
0,50 ~LDS
0,75 ----:thnw.
1 l Mm
10-6 - 1078 1074 1073 ty(s) 1072
November 1972 ) , | 7




30226 BD228
BD230
. . 7262107.2
~ S.B. current multiplying factor at the Veg O max level (80V) BD230
Mggp(v)
102
| 5=0,01
0,02 <
0205 T3
. RN
0,1 -
10— ~
7 ~0 N
0,2 — N
1 - L \\:\:\
0,33 R
+ PR
0,5 TR
0,75 RN Sunne S
1 l I 1 R O S 5 o el —
1076 1073 1074 1073 tp(s) 107
726704 7262100.1
E‘— | 15 5
P11
= 100 Vees= 2;/ -
- Tj=25°C [H
Ptot max (ic) J
. (%)
75 \ 1
: \
X
\ typ
50
4
0.5 4
\ /
25 \
\ ~
\
\
_
0 %600 = 800 Vgg (mVl 1000
0 50 100 150 BE M
Tmb (°C) .
8 November 1972




BD226 BD228

105 7262108
. Vee=2V [
I Tj=25°C[
{mA)
10? max Ipg
==
10?
10 /
V4
7
\ /
"0 102 10! 10 10? Ig (mA) 10°
7Lb2T11U =
150 [ 111 -—
Veg= 2V HA -_—
Tj = 25°C [1]
hee
100
o ol typ
— il
AN
50 N\
AN
N\
: N
AN
0 3 4
10 102 10 Ic (mA) 10
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BD226 BD228

. 7262 04 . 7282102
6 T M T
HREENR ! 11111
- typical values}1 typical values |——
Vcesat - 7j=25°C | [T Veesat ) v Tj=25°C |1
(v} v) :
LT =250mA
LHH 1 500 . 1 Lc=1000mA;
7 1750 -
T 1000 u ‘:Z§TQ-.-
= 500
{ ot
\ .
V.
=250
2 \ 08 Hirf
T4
A\
N
il |
| A
N
N A
0 : 06 .

0 20 Ig(mA) 40 0 100 * Ig(mA) 200
— 7262111
— 300 [ TTIIT]
— f=35MHz |

’ VCE=5V -

fr . - Ti=25°C |
(MHz)

200

typ N
AV
vd
100
/‘,
prd
-
I el
0 ‘
1 0 . 102 Ic (mA) 10°

10 : ' November 1972



BD227 BD229
BD231

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

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

QUICK REFERENCE DATA
BD227 |BD229 | BD231
Collector-base voltage (open emitter) -Vepo max. 45 60 100 V
Collector-emitter voltage (open base) -Vcgo max. 45 60 80 V
Collector-emitter voltage Rpg = 1 k) -Vcgr max. 45 60 100 Vv
Collector current (peak value) -Iem max. 3 3 3 A
Total power dissipation up to Tpp = 62 °C Pyt max. 12,5 | 12,5 | 12,5 W
Junction temperature Ty max. 150 150 150 °C
D.C. current gain
> 40 40 .40
1c =150 mA; -Vcg =2V hpg < 250 160 160
“lg=1A;-Vep =2V hrg > 25 25 25
Transition frequency
-lg= S0mA; -Vgg =5V fr typ. 50 50 50 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)
. 2,7 -
Collector connected . max[ ™ 7.8 max -+
to metal part of ~ — . 5
mounting surface L4 LA 378
| 3,2 . J .
‘ . 3&——69 1,1
’ ! s I max
— -
12
15,3
min
1 ef] cfj] b i
0,88 7259326.2
ld— de—’| l‘_‘J |<_
'

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

and type 56333 for insulated mounting.

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

M
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BD227 BD229
BD231

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

Voltages

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage Rpp = 1 k)

Emitter-base voltage (open collector)

Currents
Collector current (d.c,)’

Collector current (peak value)

Power dissipation

Total power dissipation up to Ty, = 62 oc

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

-VeBo
-VcEo
~VCER
-VEBO

max.
max.
max.

max.

max.

max.

BD227 BD229|BD231

45 60 100 V
45 60 80 V
45 60 | 100 V
5 S| 5V
1,5 A
3 A
- max. 12,5 w
-65 to +150 oC
" max. 150 ‘ oC
= 100 oC/W
= 7 - oc/w

August 1975



BD227 BD229
BD231,

CHARACTERISTICS
Collector cut-off current
Ig=0; ~-Vgp=30V
Ig=0; -V =30V; Tj =125 oC

Emitter cut-off current

Ig=0; ~Vgg=5V

Base-emitter voltage 1y

—IC=1A;-VCE=2V

Saturation voltage

-Ig=14;-13=0.1A

D.C. current gain
-lg= S5mA; -Vgg =2V
-1 = 150 mA; =Vgg =2V
-lc= 1A ;-Vog=2V

Transition frequency at f = 35 MHz
"'IC = 50 mA; -VCE =5V

D.C. current gain ratio of
matched pairs

BD226/BD227; BD228/BD229;
BD230/BD231
c] = 150 mA; |[Veg|=2 V

Tj =25 OC unless otherwise specified

-Icpo < 100 nA
“Icpo < 10 BA
-IEBO < 10 pA
-VBE < 1,3 \Y
~VCEsat < 0.8 v

BD227|BD229 | BD231

hpp > 25| 25 25
) > 40| 40 40
FE < 250 160 | 160
hpgp > 251 25 25
fr typ. 50 MHz =
‘ typ. 1,3
hpgpi/hppy 1,6

ly ~Vgg decreases by about 2,3 mV/°C with increasing temperature.

November 1972




BD227 BD229

BD231
f
10 T T ES[Z1[21JA
S
Tmb =62 °C |-
_IC
§=0,01 =
(A) | ~lcM max , iy tp=
NN Y-110us
N N \\ \ 1IN
N k\\ AN 120
-1C max N\\\
N \ \
1 Prot maz\\“\ AVAY \
. NSRS
\\\‘\\{\ “
N\
% NSNS
SO\
NN
~ %% \\\ 9l0|o
%) 500
1 A \A#lms
e
an-1 =N
lO' 10
E d.c.
S
N RN
5|2
1072 —H
1 10 -Veg (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. 'operation

II Permissible extension for repetitive pulse operation

‘

1) Independent of temperature

N

” November 1972



BD227 BD229

BD231
7262123.2A
10 B]Dlzsl
-Ic T
(A [CICM max 5=0,01— T N
NN ‘\\ N\ ) P
i \\\ NAN N ops
-Ic max N \
N
1 Prot max +ANROCRET T
NS N N i\
A\\L AN X
ANVARNY AVEA
- ANANRVAN 1120
I ANNA Y
O"%\i\i\ \\ 50
. 1
O\
‘1( ——1
% \\
’ 2 %, \ N | 200
-1 2 NN 500
10 — -Ic \§ T1ms
. AN =
I (mA) F—1— N g E
— 10 =
— d.c.
| -t
—+
— 60 80 100
-VcE (V)
) 10-2 I L1ttt
1 10 ~Vcg (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation
II Permissible extension for repetitive .pulse operation
III Repetitivepulse operation in this region is allowable,

provided RBg < 1 k@

1) Independent of temperature
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- BD227 BD229
BD231
“h 102 7262125
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BD227 BD229

BD231
: 7Z623L2.14
S.B. current multjplying factor at the ~VoEomax level (45V) BD227
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BD227 BD229

BD231
i i 7262107.2A
S.B. current multiplying factor at the —VcEOmax level (80V) BD231
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BD227 BD229
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BD227 BD229 | N S
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MAINTENANCE TYPE

BD232

SILICON DIFFUSED POWER TRANSISTOR

High-voltage n-p-n transistor in a SOT-32 plastic envelope intended for use as line driver

in television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage Rpg =1 k) peak value
Collector-emitter voltage (open base)

Collector current (d.c.)

Collector current (peak value, tp <1 ms)

Total power dissipation up to T, = 57,5 °C
Junction temperature

D.C. current gain.
Ic= 150mA;VCE =5V

Transition frequency
I = S50 mA; Vo = 10V

VCERM
VCEO
Ic

IeMm
Prot

max. ‘
max,
max.
max.
max,

max.

typ.

500
300
0,25

15
125

20

20

2 > » < <

MHz

MECHANICAL DATA
TO-126 (SOT-32)

Collector: connected

to metal part of 7 / //// ]
)

mounting surface

-1,2

JL Jo|5+

< 7,8 max |

Dimensions in mm

e
068_]|

2,29

) 4
LI 3,75
3,2 _ R .
0L A "
! ! max
53
min
b} 4

7269324.2

c
sl |

For mounting instructions see section Accessories in handbook SC2, set 56333 for
insulated mounting and type 56326 for non-insulated mounting.

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

* February 1979






BD233; BD235

BD237

14

SILICON EPITAXIAL-BASE POWER fRANS‘ISTORS

N-P-N transistors in a SOT-32 plastic envelope intended for use in television and audio

amplifier circuits where high peak powers can occur. P-N-P com

BD2‘.36 and BD238. Matched pairs can be supplied.

plements are BD234,

QUICK REFERENCE DATA
BD233 | BD235 | BD237
Collector-base voltage (open emitter) Vepo  max. 45 60 100 Vv
Collector-emitter voltage (open base) Vcgo max. 45 60 80 V
Collector-emitter voltage Rpg = 1 k<) Vcgr max. 45 60 100 VvV
Collector current (peak value) IcMm max. 6 A
Total power dissipation up to Ty =25°C  Peqe max. 25 w
Junction temperature Tj max. 150 oC
D.C. current gain
Ic=1A;VCE=2V .hFE > 25
Transition fréquency ’ :
Ic =250 mA; Vg = 10V bigy > 3 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32) 27
*max | - 7,8 max |
Collector connected | :
to metal part of ' *
; L1 . 3,75
mounting surface 3,2 v
‘ » -4 30| 1.1
I max
2,54
Sh )
n ._m;"‘ N B P
15,3
min
4
H H H 0.88 | | 72593242
188, || o !
——l |<- —>0, 54— max L_

For mounting instructions see section Accessories, type 56326 for direct mounting and set

- 56333 for insulated mounting.

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

February 1979



BD233; BD235;

BD237

RATINGS Limiting values in accordance with the Absolute Maximum System ‘(IEC 134)
‘ o BD233 | BD235 | BD237

Voltages

Collector-base voltage (open emitter)
Collector-emitter voltage (open base)
Collector-emitter voltage Rgg = 1 kQ)

Emitter-base voltage (open collector)

Currents
Collector current (d.c.)

Collector current (peak value)

Power dissipation

Total power dissipation up to Ty =25 °C

Temperatures
Storage temperature

Junction temperature.

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

- CHARACTERISTICS

Collector cut-off current

IE = 0; VCB = VCBOmax
IE = 0; VB = VCBOmax; Tj = 150 °C

Emittexr cut-off current

Ic=0; VEB=5V

VecBo

VCEOo
VCER

- VEBO

IC'
lem

Peot

Tstg
T .

i
Rth j-a
Rth j-mb

Ty

Iceo
IcBo

IEBO

max.
max.’
max.

max.

45 60 100 V
45 60 80 V
45 | 60 100 V
5 5 5 V
max., 2 A
max., 6 A
max. 25 w
-65 to +150 oC
max. 150 oG
100 oC/W
= 5 ocw

=25 9C unless otherwise specified

< 100
< 3
< 1

pA
mA

August 1975-



Silicon epitaxial-base power transistors

BD233; BD235

BD237

CHARACTERISTICS (continued)
Tj=25 oC
Base-emitter voltage

lc=1A;Vgg=2V VBE < 1.3V
Saturation voltage . .

lc=1A;Ig=0,1A V(CEsat < 06 V
D.C. current gain

Ic=150mA; Ve =2V hre 40 to 250

lc=1A;Vcg=2V heg > 25
Transition frequency at f = 1 MHz

lg=250mA; Veg=10V fr > 3 MHz
D.C. current gain ratio of matched pairs

BD233/BD234; BD235/8D236; BD237/BD238

llcl=150 mA; [Vcel=2V hpet1/hpe2 < 1,6
Switching times

fcon=1A!1gon=—IBoff=0.1 A

turn-on time ton typ 0,3 us

turn-off time toff typ 1,1 us

Test circuit
- -6,4V Igon
Ig
+20,3v 0
!
+16V B off
0
av— L Le
0
7262583
Input pulse:
t=tf= 15ns
tp = 10us
T =500 us

/ - 90% \
10%

t

90% \
/ 10% t

te-ton>

*toﬁ-J 72625861

July 1977



BD233; BD235; o,
BD237

10 ] 7262560A
i ——-+H —t —
: repetitive pulse operation ;6 =0.0
ICM max A tp=
- : ANEANE AN ] 0.02ms
N WA u
@) ML \\\ AN aN S
IC max \ N \\ N 0.1
AN
Ptot max (d.c.) k k\
1 N\ AN
AWAMY 0.2
AN AN AV AVE O]
\\\ N\ \i}
0.5
second \\ \:&\ e
breakdown1 Q 1_
S HTTTNN z
\‘\ 10
\20
1
101
=
Tmb <25 °C
ol in| o~
el Koel Kael
N Nl N
arqla
-2 ' @2l o] o
10 : i 2
1 10 Vee (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. opexation

Il Permissiblé extension for repetitive pulse operation

1y Independent of temperature
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BD233; BD235;
BD237
103 1262567
Zth j-mb r‘ I
0 — . T
fe— T 8 =T
102
10
Es =1
—=0,75 =
— 0,3(3; mm=s
=<0,
1 0,20 L
0,100
0,05
NT0,02
370,01
10-:l IQII
1072 107! 1 10 102 103 t, (ms) 10
—
102 7262572 b—
TTTT] —
5.B. voltage multiplying factor at the Ic max level ]
Mgp(ny
10 b—=s-0,01
0,05
- ,10
oo T—h
o
+ [y -
P—— ~"h::
0,50 --.§\
078 '\§5
1 ‘ -
10-1 1 10 tp (ms) 102
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BD233; BD235;

BD237
102 : 72625114
S.B. current multiplying factor at the VCEO max level BD233
Msg(v).
10
- 16=0,01
0,33 0,20 Q\O,IO "
TS N
0,50 \~~~ \
] T~ —
[Tt " —
- os | ——
1 - L1 -
107} 1 .10 t, (ms) 102
=
— 102 72625694
— S.B. (;urrént multiplying factor at the VCEO max level BD235
Msg(v)
10
0,1046 =
0,204, \\6 0’011
— 0,33 NN
|—o.50 \\\\ TS
’ — )
0,75 '""---‘\ e
L.l 1
l - ) I B A L —
107! 1 10 tp (ms) 102
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BD233; BD235;

N BC237
102 7262570A
S.B. current multiplying factor at the VcEQ max level BD237
Mgp(v)
10
: ﬁ =0,01
0,05
-_ve 0,10
%‘\\
—] \\‘
0,33 mpeaat
—0,501— ___§
0,75 ‘ﬂ_-n.\\
1 .l ; -
‘1071 1 10 tp (ms) 102
- 262576 T T ’72612575 =
I
111 ERENE =
2{+4 VCE=2V .4 typical values || ]
| T;=250C ‘ : Tj=25°C —
Ic VCEsat
(A) V)
1,5 3 Ic=0,5A
- T L L 1A
[ - 2A
typ H 1T L1 [ L 3A
1 ’1 2
| A
\
\
0,5 1
’ I g
( -~
/ \\
0 / 0
0 0,5 1 Vgg (V) 1,5 0 100 200 300
— . IB (rnA)
7
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“BD233; BD235;

BD237 ‘
200 ! 7262574
[T 111
typical behgvmur Vep=2V HH
hrg : Tj=25 °C -+
150
100
\‘
N
50 N
]
© 10 102 103 Ic (mA) 104
—
~—]
—
_'
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BD234; BD236
BD238

.
[4

SILICON EPITAXIAL-BASE POWER TRANSISTORS

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

QUICK REFERENCE DATA

BD234 | BD236 ' BD238

Collector-base voltage (open emitter) -Veogo —max. 45 60 100 V
Collector-emitter voltage (open base) -Vopg max. 45 | 60 80 V
Collector -emitter voltage (Rpg =1 kQ) -Vogr max, 45 60 100 V
Collector current (peak \falue) -Iem max. 6 A
Total power dissipation up to
Tn-lb =25 0C Ptot max. 25 w
Junction temperature Ty max. 150 oc
D.C. current gain
-lg=1A; -Vcg =2V hgg > 25
Transition frequency
~Ig=250mA; -Vcg = 10V fr > o3 MHz
MECHANICAL DATA : *1 27 - <+ 78max—+ Dimensions i1 mm
TO-126 (SOT-32) — ; 3
g ;
Collector connected "f 3,2 R | 3’35 T
to metal part of - 30 | & "4
mounting surface | ' ] max
L | l
256 ~
._"“;" - le12 -~
15,3
min
| el clj b ‘
H H F 0.88 1 | 72593242
1900 gl g .
SEs e e met T L

For mounting instructions see section Accessories, type 56326 for direct mounting and set
56333 for insulated mounting.

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

[
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BD234; BD236;

|

\
\

BD238

\

|

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

Voltages

Collector-base voltage (open émitten) ‘V(EBO max.
Collector-emitter voltage (open base) ~--—~VcgQ max.
Collector-emitter voltage (Rgg =1 k<) -VCER max.

\

Emitter-base voltage (open collector) -VEgo max.
Currents ‘

Collector current (d.c.) -l

Collector current (peak value) ~-IcMm
Power dissipation

Total power dissipation up to Ty =250C  Peor
Temperatures

Storage temperature Tstg

Junction temperature Tj

THERMAL RESISTANCE

From junction to ambient in free air Rth j-a

From junction to mounting base Rth j-mb
CHARACTERISTICS

Collector cut-off current

45 60 100 'V
45 60 80 Vv
45 60 1000 V
5 5 5.V
\
\

. max. 2 A.
max. 6 A
max. 25 w
-65 to +150 oC
max. 150 oC
= 100 oc/wW
= 5 OC/W

Tj=250C unless otherwise specified

Ig =0; VB = ~VeBomax ~IcBo < 100 pA
Ig = 0; VB = ~VCBOmax; Tj =150°C  -Icpo < 3 mA
Emitter cut-off current ‘
Ic=0; -VEg=5V -IgBO < 1 mA
- /’
s
2



Silicon epitaxial-base power transistors . | BD234; BD236

BD238

CHARACTERISTICS (continued)
Tj=250C
Base-emitter voltage .

—lg=1A;~Vgg=2V ~VBE < 1.3V
Saturation voltage

—lg=1A;-lg=0,1A —VeEsat < 06 V
D.C. current gain

—lc=150mA; ~Vcg=2V heg 40 to 250

—lc=1A;-Veg=2V hrg > 25
Transition frequency at f=1 MHz

—lc=250mA; -Vgg=10V ‘ fr > 3 MHz

D.C. current gain ratio of matched pairs
BD233/8D234; BD235/BD236; BD237/BD238

ltel=150 mA; [Vegl=2V ' hget1/hgg2 < 16
Switching times ’
=Icon=1A; ~lgon = IBoff = 0.1 A

turn-on time ton typ 03 us
turn-off time toff typ 0,7 us
Test circuit

“leon 30%
-IB
10% 1

+1Y — —
0
- 90%
16V Le / ) \
0 10% t
% 7262585 [ ton*] "toff"’ 72625861
Input pulse:
tr=tf= 16ns
t = 10us
T =500 us

July 1977 3



' BD234; BD236;

BD238
10 ] T Frt
Iy m;x repetitive pulse oPeration ;6= 0.0Ith) -
ANANIRNAN AN
0.02m
-I¢ A ANA AN W] S
(A) i \\\\\ N 0,05
-1 max \\\\\\ N No,1
, N \\ \
P (d.c.) \ \\
tot max
1 \\\\ \\\\ 05
AN 0 VAV AVE B
AN Y
N\ 0.5
second \\ N\
breakdown 1) Q J 1
(d.c. % g
AN 10
\‘ 20
1
1071
—]
- Tmb <25 °C
<+ O] ®©
a2l Kl B¢l
NNl N
218|8
1072 ol bl B
1 10 -Vcg V) 102

Safe Operating Area with the transistor forward biased

I

i

Region of permissible d,c. operation

1) Independent of temperature.

Permissible extension for repetitive pulse operation

R 1l
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BD234; BD236;
BD238
103 7262567
Zth j-mb I '
OC W — —
©c/w) v,
102 T T
10
o =1 :
0,75 e
0,50 mmatl
0,33
| 00—
,T—#Q 10 B
= £0,05
170,027
10,01
10—1 |O|||
1072 107! 1 10 102 103t (ms) 104
102 7262572 E
| S.B. voltage multiplying factor at the I max level —
——
Msg(1)
10 —s¢=0,01
0,05
NG40,10
Ny
o0 —hs
"‘0,33 D
- N
0,50 S — \\"::k
Y, ]
0,75 —_— \§EE
1 ; 1t
1071 1 10 tp (ms) 102
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BD234; BD236;

BD238
102 7262571
S.B. current multiplying factor at the -VogE(Q max level BD234
Msg(v)
10
-T- 16=0,01
033 CHLIK
an SN at
0,50 \\‘.._ \
0,75 T
L1l o
1 Tt y
1071 i 10 t, (ms) 102
E 102 7262569
— S.B. current multiplying factor at the -Vog(Q max level BD236
Msg(v)
10
0,104 6 =
0,20} N 0’011
. T~ N
N
i,
0,50 \\\ T~
\\'~— I
0,75 T [~
1 ———— L:L
107! 1 10 tp (ms) 102
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BD234; BD236;

BD238
_102 7262570
S.B. current multiplying factor at the ~VcgEQ max level BD238
Msg(v)
10
}S =0,01
0,05
-_vd 0:10
%\‘\ ‘
0,33 N~ N
L 0.504——T T
. T ————— ]
0,75 h-_---\\t
1 ———— — N
1071 1 10 tp (ms) 102
7262578 7262577 -—
]’ i ll i l‘ typ. values —_—
\ Tj=25 oC —
2}—4-VeE=2V 4 \ —
1 TJ = 25 OC
l'e ~VCEsat
@A) )
\
1,5 v 3 \
\ \
\ \
1 vp 2
| \ 3A
\
0,5 1
' II 2A
11\ -Ic=0,5A
T ~~
1A
0 0 |
0 0,5 1 1.5 0 100 200 300
-Vgg (V) -1 (mA)

August 1974 | | I l 7




BD234; BD236;

BD238
200 726257
' [ lllll LI
. typical behaviour Vg =2V L
ArE TjC=EZS ocH
150
100
| TC
50 N
' N
0
10 102 103 -1 (mA) 104

8 | | | I ) August 1974



BD291
BD293
BD295

SILICON EPITAXIAL-BASE POWER TRANSISTORS

General purpose n-p-n transistors in plastic SOT-82 envelopes for clip mounting; can also be soldered
or adhesive mounted into a hybrid circuit. Recommended for use with p-n-p complements BD292, 294
and 296 in class-B output stages. In a hi-fi circuit the combinations can deliver 20 W into 4 2 or 8
load. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD291 | BD293 | BD295

Collector-base voltage (open emitter) Vegp max. 45 l 60 l 80 V
. Collector-emitter voltage (open base) Veep max. 45 60 80 V
Collector-current (d.c.) Ic max. 6 A
Collector-current (peak)
tp <10ms; 6 < 0,1 lcm max. 10 A
Base current (d.c.) I max. 25 A
Total power dissipation
upto Ty =25 °C Piot max. 60 w
D.C. current gain
lg=1A;Vcg=2V hFE > 30
Transition frequency
Ic=300mA; Veg =3V - fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-82. ' -~ 28~ '
0.6 of o - 7.8
Collector connected 0.4 ' max '
to metal part of H v
mounting surface H ! a2 N7 ; 375
] 8
: | ’— — [t 1
\ ' max
u
— L— 1,2
15,3
min
blU clf e '
H N . H 7285778.2
|« 458+ 7;”5‘ oo 0!813 sh220le
See also chapters Mounting instructions and Accessories. ’ max

(1) Within this region the cross-section of the leads is uncontrolled.
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BD291
BD293
BD295

RATINGS

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

. Collector-base voltage (open emitter)

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

Collector current {peak value)
tp <10ms; § <0,1

Base current (d.c.)

Emitter current (d.c.)

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

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

VcBo  max.
Vceo  max.
VEBD  max.
Ic max.
Icm max.
Al max.
—Ig max.
Piot max.
Tstg
T; max.
Rthj-a
Rthjmb =

\

BD291 | BD293 | BD295

v

45 60
45 60
5 5

80
80
5

6
10
2,5
6
60

—65 to + 150
150

100
2,08

\
\

'V

>

8(.°)EJ>)>J>

ocw
ocw

2
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BD291

Silicon epitaxial-base power transistors BD293 )
'BD295
CHARACTERISTICS
Tj =25 OC unless otherwise specified
Collector cut-off current
lg=0;Veg=40V; Tj=150 oc IcBO < 1 mA
Ig=0; VCE=30V Iceo < 1 mA
Emitter cut-off current }
Ic=0;Vgg=5V IEBO < 5 mA
Collector-emitter saturation voltage
ic=3A;Ig=03A VCEsat < 1V
Base-emitter voltage*
lc=3A;Vgg=3V VBE < 156V
D.C. current gain**
Ic=1TA;Vgg=2V l
lc=2A;Vge=2V:BD293: BD295 hEg > 30
Ic=3A;Vcg=2V:BD2%1 [
Transition frequency at f = 1 MHz
Ic=300mA; Veg =3V fr > 3 MHz
D.C. current gain ratio of
matched complementary pairs typ. 1,3
lc=1A;Vgg=2V hret/hpey < 2,5

*

VB decreases by about 1,8 mV/OC with increasing temperature.
** Measured under pulse conditions ; tp <300 us; 6§ <2%.
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BD291

BD293
" BD295
102 , 7267962.1
Ic
A{A)
. th=
'CMmax i 8=0,01 ,—0p05 ms
10 i ANANN '
T AN XTh
| N AN AN AN
Crnax \\\\\\ NI N 10,1
AN 1102

\ los
(2) 'k ]

\ \
\ \
N1
\ -
A \\WAY
\ 2
\ \ =
//—5
W L0
o291 | | e
BD293
. BD295
10~
1 10 Ve (V) 102

Fig. 2 Safe Operating Area with the transistor forward biaséd, Tmb < 25 °C.

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

(1) Piot max and Ppeak max lines. )
(2) Second breakdown limits (independént of temperature).
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BD291

Silicon epitaxial-base power transistors BD293
BD295
72672571
100
Ptot max \\
(°/o)
75
\
N\
50
N
N
25 \
N
N
\
0
0 50 100 150
Tmp(°C)
Fig. 3 Power derating curve.
102 7267949 E
zth Jj-mb
(°crw i ’ 5t
T T
10
10
075 i —
1 054 s -
0,33
0.2 ]
et 01 = !:,
o 0 05/’/’;
T
1 A
10 Z
% 0,02
A 0,01
- 0
/
072 -3 -2 -1 2 3
10 10 10 1 10 10 t, (ms) 10
Fig. 4 Pulse power rating chart.
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BD291

BD293 :
BD295
102 ‘ ) 7267950
S.B. voltage multiplying factor at the L,y level
My
6=
10 0,01
0,02
0,05
0,1
|
——~l02
——0,33 NS
T .
0,75 B Q
5 1,0 -
-1 2
10 ‘ 1 » 10 t, (ms) 10
Fig. 5 Second breakdown voltage multiplying factor at the g max level.
E 102 . 7267951
— S.B. current multiplying factor at the Vegomax leve -
My
6:
— 0,01
,02
10 Q05
i 01
—
™N
0,2 N .
™~ N
0,33 ~IN
0,5 ] “*%\
' TN
075 ] \§§§\
] 1,0 — SS=——=
107" 1 10 t, (ms) 102

Fig. 6 Second breakdown current multiplying factor at the VCEQ max level.
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BDZ291

Silicon epitaxial-base power transistors BD293
BD295
10 I I 7267958
. T
L 1
Veg =2V
0,
T=25% 4~
I LA
(A)
/o
1 y.a
7
A
//
//
/ r
107"
1 10 102 Ig (mA) 10°
Fig. 7 Typical collector current.
‘ 7267960 l.=-
150 | -
T 111 —
Veg=2V 1]
T =25°C [
Nee
100 .
=T 1 [ ityp
1/
50 =
A
A N
Prad
r/ 0
0
102 1071 1 Ic (A) 10
Fig. 8 Typical d.c. current gain.
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BUZY1
BD293
BD295

‘ 103 ’ 2623870

e e 15 T
o = = rrrreTe
topo HVep=0VECE e =2V 1
(A) > I Ty = 25 °C [
(A) T
L .
102 P I
10
i’
10 /
typ £ |
4 . B
5 typ
4
1 / L
v 4 /
1
/
]
101 : 0
0 50 100 T;(°C) 150 0 gy 2
Fig. 9 Collector-base current. Fig. 10 Collec;cor current.
E 7262399
) I I
= 11
100 VCB:OV
Ip
(mA) [
75
< ARNEN
N tYP “lg=3 AT
50 . E
\
typ
- 2A
25 ™
g - :
-100 0 100 T (°C) 200

Fig. 11 Base current. .
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BDZY1

- Silicon epitaxial-base power transistors BD293
BD295
77875956 7267954
18 1] 3 T
I — 1T
I ey [1]
VC(s/s)at ] I—;=10 “;‘m ) VB(!\E/s)ot lL — Tg . :l:l
] T, =25 o¢ [T REaEs ,_Jﬁo i TJ =25 °C
L. L i
1 2
- _ |
— 7 -
typ// L T YR gui
0 ) jr, oo / R T O
] gERRRN
(ARuN
- T
AN
0 0 :
0 5 IC (A) 10 0 5 Ic (A) 10
Fig. 12 Collector-emitter Fig. 13 Base-emitter
saturation voltage. saturation voltage. -
20 726260 E
fT } -
MH -
(MHz) Vep=3V
: T{=259C
15
/r
i0 ™ typ
N
\ [N S
]
— N-'
5
Y
0 !
0 1 2 3 4 5 -1g (A) 6

Fig. 14 Tran;ition frequency.
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BD291
BD293
BD295

APPLICATION INFORMATION

10k
+V,
FT — 1 S
2,2yF . .
;; 3000
/ —{
+
180 kO ] LTpF 2 3,6k
3000
T
2,2yF
1
100
- 47
pFO 68k _
2200pF
: BC548
+
100F Mu7kn
— 150k N
—t 100pF
—
E 2200
m(it
5
390 BC547
13k0 ' B
I . 72
72675132 : .
® Fig. 15 Basic circuit diagram of a 20 W hi-fi amplifier.
Performance at Vé =32,4 V; R =4 Q (unloaded supply voltage = 38 V)
Collector quiescent current of BD291 and BD292 I |CQ| typ. 20 mA
Total current drain at Po =20 W; f = 1 kHz Is typ. 1A -
Input impedance z Ctyp. 175 k§
Outpljt impedance Zo typ. 50 mQ
Output power at f=1kHz; d¢oy = 1% ) Po typ. 24 W
- Input voltage for P, =20 W; f =1 kHz ' : Vi(rms) typ. 375 mV

10
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BD291

Silicon epitaxial-base power transistors BD 2»93
BD295
Total harmonic distortion at P, =20 W diot typ. 0,06 %
Intermodulation distortion at P, = 20 W dim typ. 05 %
Voltage feedback factor typ. 52 dB
Unweighted signal to noise ratio, (ref. to Py = 50 mW) typ. 75 dB
Frequency response (—1 dB) typ. 20 Hz to 75 kHz
Thermal resistance required per output transistor Rth ja < 8,66 °C/W
Stable continuous operation is ensured up to an ambient temperature of 50 ©C.
1 72675121
— e 40 HZ
1kHz
dtot — — 12,5 kHz
(%)
0,5
. | s e —— ﬁ"“"
107" 1 10 P, (W) 102

Fig. 16 Total harmonic distortion.

February 1979

1"



BD291
BD293
BD295

1T

APPLICATION INFORMATION (continued)

' 7267511
40

[ LI

‘deot=1%

Po
(W)

=

30

20 -

10

10 102 - 103 104 f(Hz) 105

Fig. 17 Typical value of output power as a function of the frequency.
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BD292
BD294
BD296

SILICON EPITAXIAL-BASE POWER TRANSISTORS

General purpose p-n-p transistors in plastic SOT-82 envelopes for clip mounting; can also be soldered
or adhesive mounted into a hybrid circuit. Recommended for use with n-p-n complements BD291, 293
and 295 in class-B output stages. In a hi-fi circuit the combinations can deliver 20 W into 4 £ or 8 Q
load. Matched pairs can be supplied.

QUICK REFERENCE DATA

BD292 | BD294 |BD296

Collector-base voltage (open emitter) -VcBo max. 45 60 80 Vv
Collector-emitter voltage {open base) —VCEQ max. 45 60 80 Vv
Collector-current (d.c.) -lg max. 6 A
Collector-current (peak)

tp <10ms; § <01 e max. 10 A
Base current (d.c.) —lg max. 25 A
Total power dissipation '

up to Tmp =250°C Piot max. 60 w
D.C. current gain :

—lc=1A;—Vcg=2V hgg > ’ 30
Transition frequency

—Ilc=300mA; -Vcg =3V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-82. > %g -—
Collector connected i - 18 o

to metal part of max

mounting surface.

=
+@<—

15,3
min

blU cl el 4
|| ‘ i ! 7265778.2
-l Bz« H22ske
’ max

See also chapters Mounting instructions and Accessories.
(1) Within this region the cross-section of the leads is uncontrolled.
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BLZYZ
BD294
BD296

HiH

RATINGS

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

max.

max.
max.
max.
max.

max.
max.

max.

Collector-base voltage (open emitter) - =V¢BO
Collector-emitter voltage (open base) —-V¢EOo
Emitter-base voltage -VEBO
Collector current (d.c.) —lc
Collector current {peak value)
tp<10 ms; 6 <0,1 =lcm

Base current (d.c.) ' —lg
Emitter current (d.c.) 13
Total power dissipation up to Ty =25 °C Piot
Storage temperature Tstg -
Junction temperature Tj/
THERMAL RESISTANCE

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

BD292 | BD294 |BDZQG

45 60 80
45 60 80
5 5 5

6

10

2,5

6

60

—65 to + 150
150

100
2,08

\
\

<

oc/w
oc/w
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BD2g2
Silicon epitaxial-base power transistors ) BD294

BD296

CHARACTERISTICS
Tj=25 OC unless otherwise specified

Collector cut-off current ’
lIg=0;-Vcg=40 V;Tj= 150 °C —lcBo <

1 mA

Ig=0;—Vcg=30V ~iceo < 1T mA
Emitter cut-off current '

Ic=0;-VEgg=5V —lEBO < 5 mA
Collector-emitter saturation voltage

~lc=3A;-Ig=03A : * —VCEsat < 1V
Base-emitter voltage * )

=lg=3 A, ~Vgg=2V —VBE - < 15V
D.C. current gain **

—-lc=1A;=Vgg=2V hgg > 30

—-lg=2A;—Vcg =2 V: BD294; BD296 hgg > 30

—lc=3A;—Veg =2V: BD292 hEE > 30
Transition frequency at f =1 MHz

~lg=300mA: —Vgg =3V T > 3 MHz

D.C. current gain ratio of
matched complementary pairs

—lc=1A;=Vgg=2V heerheez 0P b

< 2,5

T

* VB decreases by about 1,8 mV/OC with increasing temperature.
** Measured under pulse conditions; t <300 ps, § <2%.
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BD292

February 1979

BD294
BD296
102 7267963.1
1 —Ic
(A)
| =0,01 tp=
~'cMmax o2 L0,05ms
10 + \ AN '
1 NSSESC S
L—1 N NG ST NN
Cmax AN 0,1
R\VAN ]
AN\ o2
AN L\ N ‘
1]
! Q& \
\
, N 105
(2) \ [
1 L\ AV
ARAY HAY
\ 1
\ [+
\WAY ,
— 2
— \ =
—
— |15
1
10
BD292 Vrde
BD294
BD296
101 5
1 10 ~Veg (V) 10‘
Fig. 2 Safe Operating Area with the transistor forward biased; Ty, < 25 OC.
I Region of permissible d.c. operatiqn.
i1 Permissible extension for repetitive pulse operation.
(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits (independent of temperature).
4



\ BD292
Silicon epitaxial-base power transistors BD294

BD296

72672573

100

Ptot max N\
(/o) \

75 N

50 \

25 A\

N\

0 50 100 150
Tmb(°C)

Fig. 3 Power derating curve.

102 72867949
Zth j-mb .
(°C/W) A ' 512
DU N T
10
6:
10
075 pRi——
1 05 4 H
033
0.2 M H—ts
01 =1 +Z
11T 0‘05// 4,/:
ot " ’
| ot
107 miit==
0,02
it 8.01
/
1072 -3 -2 -1 2 3
10 10 10 , 1 10 10 t, (ms) 10

Fig. 4 Pulse power rating chart.
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BD292
BD294
BD296

B

i

102

7267350

S.B. voltage multiplying factor at the Igmax level

My '
6=
10 001
0,02
0,05
.01

N
N
---.-_"“-- ..-.-==
e e SN
0.75 T —
: 10 ===
-1 : 2
10 1 10 t, (ms) 10
" Fig. 5 Second breakdown voltage multiplying factor at the Iomay level.
102 N : 7267951
S.B. current multiplying factor at the Vegpmax level
M
— 0,01
0,02
10 k-
0,1
PN NN
N
0,2 D
v
0,33
NENIIENNE
0,5 . NG
- \\\
075 SN
1 —
1 ,0.
107! 1 10

Fig. 6 Second breakdown current multiplying factor at the VoEQmax level.

tp (ms)
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BD292

Silicon epitaxial-base power transistors BD294
BD296
10 1 . , 7267959
1
[ 1
] _VCE =2 X
—— TJ =257TC
s Pl
(A)
L1
A
1 y
g
pd
/ T
/ /
107" 2 3
1 10 10 -Ig (mA) 10
Fig. 7 Typical collector current.
7267961 E
150 1T —
» 11 =
“Veg = 2V 4
- T =25°C
hee
L typ
100 » > N
-~
Pad AN
A N\
~ AN
\
\
50
AN
AN
N\
\
0
1072 107! 1 -1 (A) 10

Fig. 8 Typical d.c. current gain.
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BD292 o :
BD294
BD296
3 7262387b 7267953
10° e 15 T
] _ 1 1 | N
I(Ci()) —-Vep =40 Vi Veg =2V 4]
m o -1, Tj = 25 °C
(A) | 1.1
> ]
102 P N BN
- 10 1 NN
10 W
typ 17 L
y4 ] INRREEY4
/| sr typ / i
1 / - 4 , [ O _
7/
107! . 0
0 50 100 Tj(°C) 150 0 Ty 2
Fig. 9 Collector-base current. Fig. 10 Collector current.
E 7262600
— 11
= 11
100 -Veg=0V
-1 1,
(mA) \
Ip=3A—
75 A E
\ /
\
NP
50
X 7 2AT
‘4
typ
25
0
-100 0 100 Tj (°C) 200

Fig. 11 Base current.
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BD292

Silicon epitaxial-base power transistors BD294
BD296
7267957 7267955
. ] i 3 TTTT]
4 ] RN
1 I
Vegsat| T|===10 [ 777 “VBesat | 1. 7
V) s V) 8 coc 1]
] Ty =25°C - T T, =25°C [
1 2
B TS T
. /
typ /, typ :‘_
0,5 1
/
/
)4
//
7
0 00 5 10
a 5 -Ic(A) 10 -I¢ (A)
Fig. 12 Collector-emitter saturation voltage. Fig. 13’ Base-emitter saturation voltage.
20 726240 =
fr =
(MH Z) 'VCB = 3 V
Tj =25 0C
15
4
. \\
10 N T
\yp
N
\ Ty
™~
5 I
0
0 1 2 3 4 5 Ig(A) 6

Fig. 14 Transition frequency as a function of emitter current.
FOR APPLICATION INFORMATION SEE BD291, BD293 AND BD295.

¥
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BD329

~

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

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

QUICK REFERENCE DATA

Collector-emitter voltage (VRg = 0) VcEs max. 32 Vv
Collector-emitter voltage (open base) VCEO max. 20V
Collector current (pe:;k value) IcMm max. 3 A
Total power dissipation up to Ty = 45 °C Ptot max. 15 W
Junction temperature T max. 150 oC
D.C. current gain

Ic=0,5A;Veg =1V hpg 85 to 375
Transition frequency ‘ .

Ic =50 mA;Veg =5V i typ. 130 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)

Collector connected
to metal part of 27 o - 78 max->
mounting surface max S max
. 4
2 375
ARG E.
[ — 11,1
‘ max
-2
15,3
min
elf cff b l
0,88 ! ! 72593242
mux_’[ L_;I [

For mounting instructions seesection Accessories, type 56
and set 56333 for insulated mounting.

326 for non-insulated mounting

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

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

t
Voltages

‘

Collector-base voltage (open emitter) Veeo
Collector-emitter voltage (VBg = 0) VeES
Collector-emitter voltage (open base) VCEO
Emitter-base voltage (open collector) VEBO
Currents

Collector current (d.c.) I
Collector current (peak value) Icm
Base current (d.c.) 1B
Emitter current (d.c.) ~Ig
Power dissipation

Total power dissipation up to Typ = 45 °C Ptot
Temperatures

Storage temperature Tstg
Junction temperature - Ty
THERMAL RESISTANCE

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

max. 32
max. 32
max. 20
max. 5
max., 3
max. 3
max. 1
max. 3
max, 15
- 65 to +150
max. 150
= 7
= 100

< < < <

> o> > >

oC
oC

oOC /W
oc /W

N
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: BD329

CHARACTERISTICS Tj =25 OC unless otherwise specified

Collector cut-off current

IE =0; VCB =32V ICBO < 10 !,JA
Ig = 0; Vgp = 32 V; Ty = 150 °C IcBo < 1 mA
Emitter cut-off current

Ic=0;VEg=5V IEBO < 10 pA

Base-emitter voltage
Ic=5mA; VCE = 10V VBE typ. 0,6 V
IC:2A;VCE=IV VBE < 1,2 v

Collector-emitter saturation voltage

Ic=2A;Ig=02A" VcEsat < 0.5 v

D.C. current gain

Ic=5mA;VCE =10V hFE. > 50
I[c=0,5A;Vcg =1V hpg 85 to 375
Ic=2A;Veg =1V hFE > 40

Transition frequency at £ = 35 MHz
Ic=50mA; Vg =5V fr A typ. 130 MHz

D.C. current gain ratio of
matched pairs

BD329/BD330
11C| =0,5A; Vel =1V hpgp1/brgg

A

1,6

I

w
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BD329 | H

10 7272273

T
R Tenb < 45 °CHH
L 6=001
C
(A) ) \S o=
NN \ 50 ps
I N I 100
1 \—}200
\\
2) \
500
1ms
2
10
d.c.
101
10-2 ,
1 10 Vg (V) 10

Safe Operating ARea with the transistor forward biased

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

) Prot max and Ppeay max lines.
) Second- breakdown limits (independent of temperature)

4 ‘7 ‘I
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BD329

. 7267895.2
100
\
Ptot max
(%)
IR
50 \
\
\
' AV
\
\
N\
0
0 50 0 1
Tonb (°C)
102 7262125
Zthj-mb SED tple t
, L
(°ciw) : ~ e Oy
: ) , !
10 - 6= HHH—
.75 '
0.5
033 THH
y T E/:=EE
5 4 T ]
= o 5
L 05 :
— 10,02 :
; 0,01 :
107 = '
10_2 . . . N .
0 1072 107 1 10 10?7 t, (ms) 10°
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BD329

i

102

7272269

S.B.voltage multiplying factor at the Icmqy level

Msa)

6=0,01

0,05

1 0,33__T—

o
0.5 I~

Il
Il
I
|

103 tpls) 1072

7272270

$.B.current multiplying factor at the Vggomax level

Msgiv)

102

01
02

o
1
So

10 P

THEY
/

1/

1073 ‘ 1072

tp(s) >10—‘ .
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BD329

7272488

200
VCE =1V
hee T;=25 °c
typ
150
\\
N
100 - AN
N
50
0 -2 —1 k
10 10 1 Ic (A) 10
1'5 7272489 E
VCE =1V =
T;=25% -
VBE
V)
1
LA
L~
typ
gt
-
0,5
0 -
102 101 1 Ic (A) 10
August 1975 “ 7




BD329

7272487

typ.values
. =25 °C
VCEsqt TJ 2 i
v) \
1 AV
\\
I, =
\ ~ C
‘ ~——3A
\ 2A
~
N T 1A
10 = : 05A
10~2 x
1 10 T 0% 1g(ma) 0%

APPLICATION INFORMATION ~ See next page.
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BD329

APPLICATION INFORMATION

Basic circuit diagram of a 5,5 W car-radio audio amplifier.

?ZIZ' 72678971

Performance at f = 1 kHz unless otherwise specified

Output power at d;,. = 10% Py typ. 5,5
Input voltage for P, = 5,5 W Vi(rms) typ. 20
Input impedance zi ‘ typ. 20
Collector quiescent current of output transistors ]ICQI typ. 10
Collector current of BC558 -Ic typ. 28
Collector current of BC548 (pre-amplifier) Ic typ. 0,5
Total current drain at Po =55W LB typ. 540
Frequency range (-3 dB) . f " 75Hz to 11

+14V

W
mV
kQ
mA
mA

mA
mA
kHz

. . . . o :
With a heatsink thermal resistance for each output transistor of 40 C/W the maximum

permissible ambient temperature is 60 C,

August 1975



BD329

7272271

Po
. Vi =C
5
0
N -
Nk
-5
_101 104 105
f (Hz)
m— 10 7212272
diot
(%)
75
5
/
/
h 2,5 // B
L
—
0
0,1 Py (W) 10
10 August 1975




BD330

SILICON PLANAR EPITAXIAL POWER TRANSISTOR

P-N-P transistor in a SOT-32 plastic envelope intended for car-radio output stages.
N-P-N complement is BD329. Matched pairs can be supplied. :

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0) -VCES max. 32V
‘Collector-emitter voltage (open base) -VcEo max. 20V
Collector current (peak value) ~-loMm ‘ max. 3 A
Total power dissipation up to Tmp = 45 °C Peot max. 15 W
Junction temperature T max. 150 ©C
D.C. current gain

-Ic=0,5A;-Vegg =1V hrg 85 to 375
Transition frequency )

-1 =50 mA;-Vep =5V fr typ. 100 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)

‘Collector connected
to metal part of 29
mounting surface Wmﬂx ~ [~ 7.8 max >
: 7 ¥
L. \ 375
3,2 v
Ea o "1
ik max
1
2,54
|  max!" i
t 15,3
min
O,BB‘J l‘ I ‘ 72593202

- ! |
-l le ,01‘; ‘.max

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

and set 56333 for insulated mounting.

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

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

Voltages

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

Emitter-base voltage (open collector)

Currents

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

Emitter current (d.c.)

Power dissipation

Total power dissipation up to Tpyp, = 45 °C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

From junction to ambient in free air

~VeBo
-VCcEs
-VCEO
-VEBRO

_IC

~lem

_IB
Ig

Peot

stg

Rih j~mb
Rth j-a

max. 32
max. 32
max. 20
max. 5
max. 3
max. 3
max. 1
max. 3
max 15

- 65 to +150
max. 150
= 7
= 100

< < < <

B

e
oc

oc /W
oC /W
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H BD330

CHARACTERISTICS
Collector cut-off current
Ig =0; -Vgp=32V
Ig =0; ~Vgp =32 V;Tj =150 °C

Emitter cut-off current

Ic=0; ~Vgg=5V
Base-emitter voltage
~Ig=5mA; -VCE =10V
~-Ic=2A;-Vgg =1V

Collector-emitter saturation voltage

-lg=2A;-Ig=0,2A
D.C. current gain
-lg=5mA; -Veg =10V
-Ic=0,5A; -Ver =1V
-Ic=2A; -Veg =1V

Transition frequency at f = 35 MHz

~Ic =50 mA; -Veg =5V

D.C. current gain ratio of
matched pairs

BD329/BD330
'ICI =0,5A; [VCEJ =1 V

J

-Icso < 10
-lcpo < !
~IgBo < 10
-VBE typ. 0,6
-VpE < 1,2
-VCEsat < 0.5
hpg > 50
hyg 85 to 375
hrg > 40
fr typ. " 100
hFEl/hFEZ < 1,6

T: =25 °C unless otherwise specified

pA
mA

MHz
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72274

7Z
10 T T
111
Toob < 45 °CH
6=0,01
—(1‘6 - \ . tp=
~\\ \ \\ 50 ps
D) \\
1 N I 100
1 A\\L WY 200
A\\RNY
2)
500
1ms
2
10
dc.
101
1072 S,
1 10 “Vee (V) 10

Safe Operating AReawith the transistor forward biased

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

and P

peak max lines.

1
) Prot max

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

August 1975



BD330

7267895,2
100
Ptot max
(%)
50
\
\
N\
0
0 1
Tenb (°C)
102 7262125
Ztnj-mb ->|tpl<- t
P
(°CIWI)? T"l G-T
[
10 5= Y
0,75
0,5 ——
033 LI
; T2 —F
H T
] 5 0'1
0,05
—1 | | TNl002
0,01
107"
1072 |
103 1072 107" 10 102 tp (ms) 10°
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BD330

7272269

S.B.voltage multiplying factor at the Ic,,q, level

Mssm)

10

= 0,01

(o]
I+

0. 0.0%

(07—

[

- 0,33
0,5 =t

0,75

1/
T
"/

JIIf

\
—
——

1
107° 1074

1073 C tpls) 1072

7272270

S.B. current multiplying factor at the Veggmay level

Msav)

102

[/}
"
heod

01

_.
o .
.
o 53
e k=]
(3]
%fo‘
o
LN

[

T

)
|
f
'
/

I71/4
)

1073 1072 tp(s) 10!
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BD330

7272491

200
~Veg =1V
_ [+}
hee TJ =25"C
150
typ
100 S
~N
N
50 \\
|
\
0 |
102 107! 1 ~I¢ (A} 10
o—
15 7272492 -
—Veg =1V -—
Tj=25°% =
~Vee
(V) =
1
’,
b
typ
/,
05
0 - = "
10 10 1 ~1c (A) 10
August 1975 7




BD330

10 7772490
‘ typ. values
T_] = 25 °C
~Veesat
V)
’
1 ) 1
X
\ A
L \\ N To=
N ~—t3A
\\ ] 2A
\ N
}\L 4 1A
10-1 : | \ i 0,5A
1 . o 10 102 ~Ig (mA) o108 ’
FOR APPLICATION INFORMATION SEE BD329,
8 “ August 1975



BD331; 333
BD335; 337

SILICON DARLINGTON POWER TRANSISTORS

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

QUICK REFERENCE DATA

BD331|333[335|337

Collector-base voltage (open emitter) Vego max. 60 ‘ 80100 ’120 v
Collector-emitter voltage (open base) Vcepo max.  60f 80{100{120 Vv
Collector-current {d.c.) ic max. 6 A
Total power dissipation up to

Tmb=25°C Piot max. 60 w
Junction temperature Tj max. 150 oC
D.C. current gain

Ic=05A;Veg=3V hFe typ 1500

lg=30A;Vcg=3V hrg > 750
Transition frequency )

lc=3A;Vgg=3V fr typ 7 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-82. 28
Collector connected e FXIng
to metal part of 8:2-' ‘* ~—

mounting surface

il
-

ww
oN
]

==

°l

[

DO |

0,5

See also chapters Mounting instructions and Accessories.

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

’ b

cll e
L >|2,29|«
88
ax

m

15,3

726577!.§

T
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BD33t; 333
BD335; 337

Rqtyp. 4kQ
Ro typ. 100.Q

|
L.

726645.2

Fig. 2 Circuit diagram.

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

Collector-base voltage (open emitter) VeBo max. 60] 80|100|120 V
Collector-emitter voltage (open base) VcEO max. 60! 80100120 V
Emitter-base voltage (open collector) VEBO max. 5| 5| 5] 5V
N e— ettt
Collector current (d.c.) ic max. 6 A
:—-_ Collector current (peak value) : ‘ '
E ) <10ms; 6§ <0,1 . lcm max. 10 A
— Base current (d.c.) Ig max. 150 mA
Total power dissipation up to
Tmb =25 °C Piot max. 60 w
Storage temperature : Tstg - —65 to + 150 oC
Junction temperature * T max. 150 - oc
THERMAL RESISTANCE * o
From junction to mounting base Rthjmb = 2,08 oc/w
From junction to ambient in free air Rth j-a = 100 oc/W
— * Based on'maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
2 March 1979



Silicon Darlington power transistors BD331; 333

BD335; 337
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current
Ie =0; VcB = VeBOmax : 'cBO < 0,2 mA
Ig=0; Ve = VeBOmax: Tj= 150 °C IcBO < 2 mA
Ig=0;VcE =% VCEOmax IcEO < 0.5 mA
Emitter cut-off current )
lc=0;Vgg=56V lEBO < 5 mA
D.C. current gain *
Ic=05A;Vcg=3V hEg typ. 1500
lc=3A;Vcg=3V hgg > 750
Ic=6A;Veg=3V hge typ. 1500
Base-emitter voltage **
Ic=3A; V=3V VBE < 25V
Collector-emitter saturation voltage
Ic=3A;1g=12mA VCEsat < 2V
Transition frequency ‘
lc=3A;Vcg=3V fr typ. 7 MHz
Cut-off frequency :
Ic=3A;VCg=3V ) fhe typ" 60 kHz
Turn-off breakdown energy with inductive load {see Fig. 12)
~IBoff =0;Icon =45 A
Diode forward voltage E‘(BR) > 50 mJ -
Ig=3A ‘ VE typ. 1,8 V E
D.C. current gain ratio of complementary —
matched pairs
Ic=3A;Vcg=3V hpgi/hper < 2,5

*  Measured under pulse conditions: t, < 300 us, § < 2%.
*¥* VgE decreases by about 3,8 mVIO(? with increasing temperature.
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BD331; 333
BD335; 337

102 7272220.1 o
Ic
(A)
lom §=0,01
max A
10 | I \(\\\‘\t\
[ 'Cmax AN TR N
ANANBAN 2
NN tp
AN \\ 0,1ms
\ \
1 AL \
s AR
\ \
T 05
| m\
3
101 2
N
10
BD331 de:
BD333 1T
BD335 1L
10-2] BD337T]]
1 10 . 102 Vg (V)

Fig. 3 Safe Operating Area with the transistor forward biased; Ty, < 25 ©C.
I Region of permissible d.c operation
Il Permissible extension for repetitive pulse operation

(1) Ptot max and Ppeak .max lines. :
(2) Second breakdown limits {(independent of temperature).
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Silicon Darlington power transistors ' BD331; 333

BD335; 337
72672574
100
Ptoi max X
(o) S
75
N
N
TN\
50 SENLY ’
N
. N
25 \
N
N
\
00 50 100 150
’ Tmb("C)
Fig. 4 Power derating curve.
10 ' 7272226 E
Zth j-mb,
0,
(°C/W) , —|tple— 5.t
«— T T
10
1
l0,2
=
L foet™ ] a8 |
A 0i0
g IRC0,05
— 0,02
10-1 B2 0,01
1072 -5 -4 -3 -2 -1
10 10 10 10 10 1 tp(s) 10

Fig. 5 Pulse power rating chart.

March 1979



BD33t; 333
. BD335; 337

7272225

10°
S.B.voltage multiplying factor at the Icng, level
My
10
- 5001
—,002
0,05
0,10
0,20 <X
0,33 — N
0,50 _—\55 N
0.75 BEE
]
107" 1 10 t, (ms) 102
‘ ' ' Fig. 6 Second breakdown voltage multiplying factor at |omay fevel.
E 102 2267856
=
0,02 i
MI P
\\ 6= %01i
0,05 TN\
\
\\
10 0,1 NE
—
0,2 h
I —— NN
0,33 NN
‘ | Tl
0,5 T~~~
I 1 R
0,75 B =
+ it —~—
1 | ,
1071 1 10 ty(ms) 102

Fig. 7' Second breakdown current multiplying factor at VCEQOmax level.
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~ Silicon Darlington power transistors : ‘ BD331, 333
L BD335; 337
7267317 7267321
11 6 T
{ [T111
10 VCE=3V 1¢/1g=250 [ 1]
I Tj=250C |— ' CEsat Tj=250°C [ 1]
c 1 W
(A)
7,5 4
/
/
5 /
/
4
2
/tYP
2,5 typ— ]
st
Lt}
Yy
0 - 0
1 1,5 2 2,5 0 S5 Iga) 10
VB (V)
Fig. 8 Collector current. ) Fig. 9 Collector-emitter saturation voltage.
7267320
10° E==as
Vceg=3V [1]
hpg ‘ Tj=25 oC
104
P
/ typ
L
/
//
103 —
7
A
7
/.
4
102
1071 1 Ic(A) 10

Fig. 10 D.C. current gain.
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BD331; 333
BD335; 337

104 . » ‘ 72673

29
hge Ic=3A iy
VeE=3V H
103 X \o
\
X
typ
102 _
\ s
- ~\
S .- -
10 5 5 4 i = .;____:H_
1) e e 1 — ;
1 -
103 104 105 106 107 108 f (Hz) 109
— Fig. 11 Small signal current gainat Ic =3 A; Vo =3 V.
=
=
vert.
- oscilloscope
0,10 +
Vec 4~
Vi TUT
. hor.
*lta+ ‘ oscilloscope
v «—T—

7773863 .1

Fig. 12 Test circuit for turn-off breakdown energy. Vip = 12 V; Rg = 270 Q.
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Silicon Darlington power transistors

BD331; 333

Wy ol
uF

BD335; 337
APPLICATION INFORMATION
27kQ 1A
1 l — +VB
100nF
;; 24kQ ;
728 74
ZOOkQ[]
L 2,4kQ
150 nF 510 2700
——4 BD331
050
|
180kQ 2200 4F
100
L =1 (40V)
| D"’ =
330 & 80 =

1,5k

1272219

Fig. 13 Basic circuit diagram of a 20 W hi-fi amplifier.

Performance at Vg = 43 V (unioaded supply voltage = 51 V):

" Collector quiescent current of BD331 and BD332
Total current drain at Po =20 W; f = 1 kHz

Input impedance

Output impedance

Output power at f = 1 kHz; digt = 1%
Input voltage for Po = 20 W; f = 1 kHz

Total harmonic distortion at P, =20 W .
Intermodulation distortion at P = 20 W
Heatsink thermal resistance per output transistor

lical
I

Zj

Zo

Po
Vi{rms)
dot
dim
Rth h-a

Stable continuous operation is ensured up to an ambient temperature of 50 OC.

typ.
typ.
typ.
typ.
typ.
typ.
typ.
typ.

20

710

180
80
24

375
0,08
0,2
6,4

mA
mA
(39
m$

mV
%

%
oc/w
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BD331; 333

BD335; 337
10 7272224
‘ [JITOT [ T 1]
Po V; =C; Per = 6dB below 20W HH
Pref
, (dB)
5
0
-5
-10 | '
10" 102 108 104 £ (Hz) 105
‘ Fig. 14 Output power in relation to reference power.
|
E 10 7272223
= 1111
- P dior = 1% HH
Fret Per = B at 1kHz L-ﬁ
(dB)
5
]
-5
\
\
-10L
10° 102 103 : 104 £ (Hz) 10°
Fig. 15 Output power in relation to reference power.
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Silicon Darlington power transistors ;1 BD331; 333

BD335; 337
1 7272222
[ LTI
Ayt 1 kHz
o | | mm——— 40 Hz
(%e) ——— 125 KkHz
0,75
0,5
0,25
e S i i utin il =
0
- -1 2
10 10 1 10 R (W) 0

Fig. 16 Total harmonic distortion.
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: - BD332; 334
BD336; 338

SILICON DARLINGTON POWER TRANSISTORS

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

QUICK REFERENCE DATA

BD332 |334 [336 |338

Collector-base voltage (open emitter)

-Vego  max. 60| 80{100(120 V
Collector-emitter voltage (open base) -VcEO max. 60| 80{100(120 V
Collector-current (d.c.) —Ic max. 6 A
Total power dissipation up to ‘

Tmb =250°C Piot max. 60 w
Junction temperature T; max. 150 °C.
D.C. current gain ’

—~lg=05A;~Veg=3V hge typ. 1500

—lc=3,0A;~Vcg =3V . hgg > 750
Transition frequency

—lc=3A;=Veg=3V fr typ. 7 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-82.

Collector connected > %;% -~

to metal part of 0,6 7.8

mounting surface. aging " max T ‘

1 n
o LA 375
i 2 PO
AR )
| Z N\
' 4 ' n1\1c'|1x
y
_+ (1) l-!
2,54
_ A ; rn:x o Lu
153
min
o

bl cl Y
ll l L ! ! 7265778.2
e Floz@ slaagle

05 .

[

4,58

max

See also chapters Mounting instructions and Accessories.
(1) Within this region the cross-section of the leads is uncontrolied.
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BD332; 334
BD336; 338

Rqtyp. 4kQ
Ro typ. 80

7266446.2

Fig. 2 Circuit diagram.

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

Collector-base voltage (opén emitter) -V¢cBO max. 60| 80{100{120 Vv
Collector-emitter, voltage (open base) -V¢eEO max. 60| 80 (100120 V
Emitter-base voltage (open collector) -VEBO max. 5| 5| 5| 6V
Collector-current (d.c.) —l¢  max. h——\g_—d A
Collector current (peak value) ‘ :

tp<10 ms; § <0,1 —lcm max. 10 , A
Base current (d.c.) —ig max. 150 mA

~ Total power dissipation up to

Tmb=250°C . Piot max. 60 w
Storage temperature - Tstg ’ —65 to + 150 oC |
Junction temperature * Tj max. 150 oC

THERMAL RESISTANCE *
From junction to mounting base Rthjmb = 2,08 oc/w
From junction to ambient in free air Rthj-a = 100 oc/w

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

BD336; 338
CHARACTERISTICS
Ty= 25 OC unless otherwise specified
Collector cut-off current
Ig=0; —VcB =—VcBOmax —Iceo < 0,2 mA
Ig =0: —VcB =—VcBOmax: Tj = 150 °C —leBo < 2 mA
Ig=0; -Vge =—"% VCEO —-Iceo < 0,56 mA
Emitter cut-off current
Ic=0;-Vgg=56V : —leBo < 5 mA
D.C. current gain *
—lc=05A;-Vcg=3V hEe typ. 1500
—lc=3A;—Vgg=3V hEg > 750
—lc=6A;-Vcg=3V . hgg typ. 1500
Base-emitter voltage **
—lc=3A;-Vcg=3V ) —VBE < 25V
Colleétor-emitter saturation voltage
—Ig=3A;-lg=12mA —VCEsat < 2V
Transition frequency
—lg=3A;-Veg=3V . . fr typ. 7 MH:z
Cut-off frequency '
—lc=3A;-Vcg=3V fhfe typ. 60 kHz
Diode, forward voltage
Ig=3A VE typ. 1.8V
D.C. current gain ratio of —
complementary matched pairs —
"—Ig=3A;-Vgg=3V ) hpg1/hpe2 - < 2,5 —

*  Measured under pulse conditions: tp < 300 us, § <2%.
** VpE decreases by about 3,8 mV/OC with increasing temperature. .
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BD332; 334
BD336; 338

i

iOz 72722211
(A)
ey 5=0,01
max \
= =5
i Cmax AN AN M N
BNANR th=
AR N N p .
(1) \ \ 0,1 ms
YV
1 \\\\
AVATEAY
\
\ . \
0,5
| @\
JK1
101 - 2
N
10
BD332H de.
BD3341 171
8D336 T[]
10-2 BD338({1[]
. 10 102 —Vgg (V)

Fig. 3 Safe Operatmg Area wnth the transistor forward biased; Tmb 25 OC.
I Region of permissible d.c. operatlon
1 Permissible extension for repetitive pulse operation

(1) Ptot max and Ppeak ‘max lines.
(2) Second breakdown limits (independent of temperature)
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Silicon Darlington power transistors ) » BD332; 334

BD336; 338
72672571
100
Ptot max \
(°/o) N
75 \
\
N
N\
50 - \
\,
25
N
N
0
0 50 100 150
Tmb(OC)
Fig. 4 Power derating curve.
10 7272226 E
Zth j-mb - ‘
(°C/W) : e tp|<— tp
«— T—» =T
10
6=1 i
1 8?3%—‘-—:::5:—"‘ A ]
0,33
0,20
=2
Lot Pt i
-~ 0,10
~ 100,05
" 0,02
10~ EL 0,01 ,
1072 ~5 s . -3 ' -2 -1
10 10 10 107 10 1 1

Fig. 5 Pulse power rating chart.
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BD336; 338

‘ BD332; 334
|
|

10 " 7272225
S.B.voltage multiplying factor at the Igng, level
My
10
-0=0,01
—,002
0,05
0,10
= 0,20 ~
—
0,33 \\
0.50 BN
075 T
1 I ;
107" 1 10 tp (mis) 102
Fig. 6 Second breakdown voltage multiplying factor at the Icmay fevel.
E 102 7267856
| 0,02
M ’\\ \f = {),01
0,05_N\N\ '
\\
\:\
10 0,1 N \‘
; <
0,2 N
! ~ NN
0,33 NN
T L ‘
0 S
I T '
0,75 \q E.._
1 I .
1071 1 10 tp (ms) 102

Fig. 7 Second breakdown current multiplying factor at the VogOmax level.
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Silicon Darlington power transistors BD332 ’ 334
BD336; 338

726731 6 726732
- ' ENEENEE
[ T EEEREN
10 -Veg=3V i ~Ic/~1g=250[T1
Tj=25°C | ~VeEsat Tj=250C [
-1Ic )
(A)
7.5 4 L
/
/
5 /
/P 2
25 typ r
) S
|-
0 0
1 1,5 2 2,5 0 5 -Ig(A) 10
-Vgg (V) ‘
Fig. 8 Collector current. Fig. 9 Collector-emitter saturation voltage.
105 RSt
—t—+14
-Veg =3V [}
hFE T] =2590C ,—IH.—
104
7w
M’
A
103 7
A
/
102
107! 1 -Ig(a) 10

Fig. 10 D.C. current gain.
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BD332; 334 .

BD336; 338
104 T
-Ic=3A [
hee S -Veg =3V 4

103 \

ﬂ’

gl
.

ty
102

10 = \

A7

103 104 © 105 106 107

Fig. 11 Small signal current gain.

108 £(Hz) 109

FOR APPLICATION INFORMATION SEE BD331, BD333, BD335 AND BD337.
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BD433; BD435
BD437

14

SILICON EPITAXIAL-BASE POWER TRANSISTORS

N-P-N transistors in a SOT-32 plastic envelope, intended for use in complementary output

stages of audio amplifiers up to 15 W.

The complementary pairs are BD433/BD434, BD435/BD436 and BD437/BD438.

QUICK REFERENCE DATA
BD433 | BD435 | BD437
Collector -emitter voltage (Vg = 0) Vecgs max. 22 32 45 VvV
Collector-emitter voltage (open base) VcEO max. 22 32 45 VvV
Collector current (peak value) IeMm max, 7 7 7 A
Total power dissipationupto Typ =250C Pyt max. 36 36 36 W
D.C. current gain
Ic = 2A; VCE =1V hFE > 50 50 40
Transition frequency
Ic=250mA; Vcg =1V fr > 3 3 3 MHz
MECHANICAL DATA Dimensions in mm
TO-126 (SOT-32)
Collector connected .27 - 78max
to metal part of max S max
mounting surface 7 Iy
I | 375
i 3,2 | ¥
Y g
E ' max
‘ .
2,54
Lat R B
* i
, , 15,3
min
‘.
H 7259324.2
+| [a58] b= *I . 2;§§+| - ,
- 05 -

For mounting instructions see section Accessories, set 56333 for insulated mounting

and type 56326 for non-insulated mounting,

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

BD437

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

\ oltaggs

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

Emitter-base voltage (open collector)

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

Base current (d.c.)

Power dlssigation

Total power dissipationuptoTpy},=250C

TemEeratures

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

From junction to ambient in free air

VecBo
VCES
VcEo
VEBO

Prot

Tstg

Rth j-mb

Ren j-a

max.

max,

max,

max.

22 32 45 Vv
22 2 | 45 v
22 32 45 VvV
5 5 5 V
max. 4 A
max., 7 A
max. 1 A
max. 36 w
-65 to +150 oC
max. 150 oc
= 3,5 oc/w
= 100 oc/w

[S]
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BD433; BD435;
BD437

CHARACTERISTICS

Collector cut-off current '

Tj =25 OC unless otherwise specified '

IE = 0; VCB = VCBOmax IcBo < 100 HA
Ig = 0; Vgp = 10 V; Tj = 150 °C IcBO < 1 mA
Ig = 0; VB = VCBOmax: Tj = 150 °C Igpg < 8 mA
Emitter cut-off current
Ic=0; VEg=5V IEBO < 1 mA
Knee voltage BD433 [BD435 | BD437
Ic=2 A IB = value for which
Ic=2,2AatVCE=1V VCEK < 0,8 - - A
. Base-emitter voltage 1)
Ic =10 mA; VcE = 5V VBE typ. 580 580 580 mV
Ic=2A;Veg =1V VRE < 1,1 | 1,1 - v
Ic=3A; Vg =1V VBE < - - L3 Vv
Collector -emitter saturation voltage
Ic=2A;I3=0,2A Vepsat < 05 |05 | - Vv
Ic=3A;I5=0,3A Vepsat < - | - |07V =
D.C. current gain —_
© Ig= 10mA;Veg =5V hpg > 25 25 25
_ . _ > 85 85 85
Ic =500 mA; Ve =1V hpg < 475 475 375
Ic=2A;Veg =1V hpg > 50 50 40
Ic=3A; Ve =1V hrFgE > - - 30.
Transition frequency at f = 1 MHz ‘
Ig=230mA; Vep =1V fT > 3 MHz
D. C. current gain ratio of the complementéry pairs
|ici=500 mA; | Veg|= 1V '
BD433/BD434 and BD435/BD436 hpg 1/hpgy < 1,4
BD437/BD438 hpg1/hpRy < 1,8
1) vgg decreases by typ. 2,3 mV /OC with increasing temperature.
August 1975 3



BD433; BD435;
BD437
10 ‘7252582A
\ y |
- IcM max §=0,01 —
\\\\\\ AN BN Itp[‘
1o [ lomax 1 DR 0,1 msT1
A
( ) PtOt max L\\\\ \
\\ 0,2
second
breakdown 1) N 0,5
L A
\ AN ‘xl
\ T
A AN 2
5
10
d.c
I
10-1
TmbSZS oc
lap w0 o~
o o o
<t <+ <
] || &
10-2 1 d
1 : 10 Veg (V) 102

Safe Operating ARea with the transistor forward biased

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

1) Independent of temperature.
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BD433; BD435;
BD437
10 ,VT T 1 . 3 r e 7262659
Zih i 1 i M —
0.75+H ~ — : e =
0.50 s —ess:
1 0.33 il Lt tTT] 5=—
==t 0. 20— =
0.10 s
0.05 1 =2
— T =T
L L1002 =T
107 0.01H
10-2
T =
1073 T
1076 1073 1074 1073 1072 107!ty (s) 1
- 7262581 f—
S.B. voltage multiplying factor at the I, level —
=
Msp(1)
102
0.05 §=0.01
0.02 4
o b TN
ll; I = - N
0.20 P
| ™ PRI
0.33 U D -
,0-59 -——____)\ §\
! T
0.75 T~ —
1 l ’ 1
1076 1075 1074 1003 tp(s) 1072
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BD433; BD435;

BD437
BD433; BD435
7262580
. S.B. current multiplying factor at the VoEQ max level
Mgsp(v)
102
6=0.01
0.05 0.02
| 1] N
10 0.10 TN
. N
! SN,
0.20 N -
T L1 el N
0.33 ~—R
= ~SY
0.50 RN
T 1 L] N —
0.75 T ——
. 11
10-6 : 105 . 1074 103 tp(s) 1072
— _ BD437
e—— !
— 7262579
— S.B. current multiplying factor at the Vo max level
MsB(v)
102
0.05
H
+H
0.20
T
0.33
T
0.50
RS
0.75
1 [
1076 _ 1075
6 . v : ' May 1972,




BD433; BD435;
BD437
104 —— 2626544 7262651
T 6 [TTTL]
Ic — V=1V typ. values|
| | T:=250C T:=25 OC
mA) J 4 VCEsat J
W)
103 4
1
J
I
|
typ
102 | 2
| 8
f \
| Ic=44A
\ 3A
\ZA ~
A ——
| i 11} \\ —
10 | 0 L A
0 0.5 1 - 1.5 ' 0 50 Ig (mA) 100
Vg (V) ’ '
p ) ) ) 7262661 —
300 T 1] =
T ) —
VCE=1V t:
hpg Ty=25 °C [1]
200
typ
o
I
— N\,
AN
100 N\
N
N 0 )
10°2 107! 1 1c (A) 10
7
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BD433; BD435;

BD437
30 7262662
111
1T
» f=1MHz ﬂ
fr [ . Veg=1V [
(MHz) Tj=25 °C
20
= typ
= N
- AN
10 P \
/ \
N\
AY
\
N\
N\
N\
A
0 -
102 1071 ) ica 10
S
s—
E 7262954
|
100
X\
B Prot max
%) A
N\
50
A\
N
\
A\
N
, 0
: -0 100 Tppp (°C) 200
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BD437

“ BD433; BD435;

APPLICATION INFORMATION
Basic circuit diagram of a 6 W car -radio audio amplifier.

1,4mH

18k

1,25A

1000 pF

1000pF

[J 330 —_—
stabistor

! 7262587.2
43

‘Typical performance:

Output power at dyoy = 10% and Ry, =4 Q@ - Py = 6
Output power at dgot = 10% and Ry, = 2 Q Po 8
Input voltage for PO =5W; Ry, =4Q Vi(rms) 20
P, =5W;Rp =2Q i(tms) 19
Input impedance Zi 20
Collector quiescent current of output transistors | ICQ‘ 10
Collector current of BC328 1) ' ] -1 50
Total current consumption at P = 6 W Lot 580
Frequenby response (=3 dB) ) 0,1to 12
Total thermal resistance per output transistor Rep j-a Max. 26,5

Stable continuous -operation is ensured up to an ambient temperature of 60 °c

_The amplifier is overdrive proof and short circuit proof,

1) Area of printed wiring copper around collector lead =1 cm?2,

i—fw 30 Vs =+14V

R (40 or 20)

w

W

mV
mV

kQ
mA
mA
mA
kHz
oc /W

May 1973




- BD433; BD435;
 BD437

APPLICATION INFORMATION (continued)

60 1;;:;; 15 : 7262655
ED434 f=1kHz
. 'Ich deot
(mA) %)
40 10
bﬁ
N
20 5
]
L tYP R=2Q
_{n-'/‘lb
0 : 0
-25 0 25 Tamp (°C) 75 10-1 1 Py (W) 10
— 7262656
= 5 T T L]
— ] i [ T117
P, - Pp=0.5W
Py
(dB)
0 >
7
/. A\
A \
-5
-10 N y
10 102 103 104 f (Hz) 105
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BD433; BD435
BD437

.
[

APPLICATION INFORMATION ' (continued)

Basic circuit diagram of a 15 W high quality amplifier.

L7k

0,8A

10|,|FiF

150nF

o[

100 ==
pF
10nF
]27_& 2000
820

f——o0 Vg loaded =36V
Vs unloaded=42 V

0,470 .
]1011 2200uF
BD438

100== R, =80
nf :

(o
Typical performance:
Output power at diot = 1%
Input voltage for Py = 10 W
Input impedanée
Qutput impedance
Coliector quiescent current of output transistors
Collector current of BD136
Collector current of BC149
Total current consumptiqn atP,=15W
Frequency response (~3 dB)
Toté] thermal resistance per output transistor

Total thermal resistance of the BD136

& 7262760
4

Py E 15 W
Viems) 360 mv
zZ, 0,15 @
—IC 72 mA
Lot 710 mA

30 Hz to 30 kHz
Rip j-a max. 18 OC/W
Rth j-a max. 44 °C/W

Stable continuous operation is ensured up to an ambient temperature of 45 °c.
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BD433; BD435;
BD437

APPLICATION INFORMATION (continued)

1262742

1
: BRI
deog — f=1kHz
T -—-£=12,5kHz
(%) ——f=40Hz - I
0,75 | : E"
(!
0,5 : ‘ﬂ
I
/]
/
0,25 v ’,/ |
A /k
e i B g
01 -
| 102 1071 1 10 P, (W) 102
J—
=2 .
5 . 7262657
\ 1
1]
Py Pg=6dB below 15W |+
Po
(dB)
0 —’f ™~
/
pd N\
\\
N
-5
-10 ‘ :
10 102 103 . 104 f (Hz) 109
12 || May 1972




BD438

BD434; BD436;

SILICON EPITAXIAL-BASE POWER TRANSISTORS

P-N-P transistors in a SOT-32 plastic envelope, intended for use in complementary out-

put stages of audio amplifiers up to 15 W.

The complementary pairs are BD433/BD434, BD435/BD436 and BD437/BD438.

QUICK REFERENCE DATA
BD434|BD436|BD438

Collector -emitter voltage (=Vgg = 0) " -VCES max. 22 32 45 %
Collector-emitter voltage (open base) -Vcgo max. 22 32 45 A%
Collector current (peak value) -Iem max. 7 7 7 A
Total power dissipation up to T, ;; =25 9C  Proy  max. 36 36 36 w
D.C. current gain ’

-lg=2A; -Vcg =1V hpg > 50 50 40
Transition frequency ' ’

-1 =250 mA; -Vgg =1V fr > 3 3 3 MHz

MECHANICAL DATA Dimensions in mm

TO-126 (SOT-32)

Collector connected 27
to metal part of : *‘mﬂx - - 7,8 max |
mounting surface , i — 4
--_.lx , + 3.7
i 3,2 ¥
- o 11
' max
! i '
254 )
i ._"";X Sl 2
' 15,3
min
N ! ) 0,88 ! 7259121..;
AEEe gy AT L

For mounting instructions see section Accessories, set 56333 for insulated mounting

and 56326 for non-insulated mounting.

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

L
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BD434; BD436;

|

BD438

o

v

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

VoltaEs

Collector-base voltage (open emitter)
Collector -emitter voltage (;VBE = 0)
Collector-emitter voltage (open base)

Emitter-base voltage (open collector)

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

Base current (d.c.)

Power dissipation

Total power dissipation uptoT 4 =250C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to mounting base

From junction to ambient in free air

~VcBo
-VcEs
-VcEO
-VEBO

max., 22 32 45 A\
max. 22 32 45 v
max. 22 32 45 -V
max. 5 5 5 Vv
max. 4 A
max. 7 A
‘max, 1 A
max. 36 w

=65 to +150 oC
max, 150 oC
= 3,5 oc/w
= 100

oCc /W
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BD434; BD436;

BD438
CHARACTERISTICS Ty =25 OC unless otherwise specified
Collector cut-off current
Ig = 0; -VCB = ~VCBOmax . -IcBo < 100 pA
IE =0; -VCB'= 10V; Tj = 150 0C "ICBO < : 1 mA
Ig = 0; -V = ~VEBOmax; Ty =150°C  -Icpo < 3 mA
Emitter cut-off current
Ic=0; -VEB=5V ' -IgBO < 1 mA
Knee voltage BD434 | BD436 [BD438
~Ic =2 A; -Ig = value for which .
~Ic=2,2Aat-Veg =1V -VCEK < 0,8 - - \
Base-emitter voltage l)
~Ig =10mA; ~Veg =5V -Vgg typ. 580 | 580 | 580 mV
~lg=2A;-Veg =1V Vg - < L1 | L1l | - V
~Ic=3A;-Vgg =1V -VpE o< - - 1153 v
Collector -emitter saturation voltage
~lc=2A;-Ig=0,2A ~VCEsat < 0,5 0,5 - v
~Ig=3A;-Ig=0,34A -VCEsat < - - 0,7 V =
D.C. current gain —
~Ig = 10 mA; -V =5V hpg > 25| 25 | 25
_ . _ > 85 85 85
IC = 500 II]A, ’VCE =1V hFE < 475 475 375
~lc=2A;-Vog =1V hrg > 50 | 50 40
=1V hpg > - - 30

—IC =3A; _VCE

Transition frequency at f = 1 MHz

=I¢c =250 mA ; ~VcE = 1v fT > 3 MHz

D.C. current gain ratio of the complementary pairs
|Ic| =500 mA;|Veg| =1V
BD433/BD434 and BD435/BD436 \ hFE l/hFEZ < 1,4
BD437/BD438 hpg1/hpE2 < 1,8

ly ~vpg decreases by typ. 2,3 mV/°C with increasing temperature,
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BD434; BD436;

BD438 - L H

lok : 4[ 71252532
F~IcMmax §=0,01 1 5_
' \ \\\\\\ AN/ AV Itpl‘
L i .
~I¢ [~ Ic max NN 0,1 ms
(A)
Ptot max AN
) 0,2
second -
breakdown 1) \k ?.5
1 AN AW K
\\ \\ }
W\\Y 2
5
io
d.c
" 1071
=
=
— Tmb525 oc
HEE
| ¥ <
gl 8 8
10-2 1 A
1 , 10 -Veg V) 102

- Safe Operating ARea with the transistor forward biased

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

1) Independent of temperature.
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BD434; BD436;
BD438
10 . 7262659
Zth j-mb [ 51}1
OC — o=t -
(°c/n 0.75 — = =St
0.50 T
1 0.33 =1
=§0.20 " 1
0.10 =] !
0,05ttt LA
— T T
- l —Q;Olzl ‘:;::7
1074 =E0.01 ¢
1072
=1
- tp }‘—_J p
e T sl 077
10-3 ‘ T
1076 1073 1074 10-3 1072 107!ty (s) 1
—
. 7262581 —
S.B. voltage multiplying factor at the I,y level —
i —t
Mgp(1)
102
5=0.01
\10'\07\ 0024
\‘"F* A
10 ez 0.10 e
| T—
— Y o
0.20 \\ 5
T NI
0.33 ~l] §‘
T T -~
0.50 TS
I | ———
0.75 e —
1 l I T —
10-6 1073 1074 10-3 tp(s) 1072

May 1972 B



BD434; BD436;
BD438

BD434; BD436

- 7262580
S.B. current multiplying factor at the VoEQmax level
Mgp(v)
102
6=0.01
0.05 0.02
. | ’ \\\\\\::
0.10 ™N
10 N
S
SN
0.20 N
T 11 ML N
0.33 e Y
|| o
0.50 TR
T 11 - = S
[Tt | \§
) 0.75 -.\t
. 11
10-6 10-5 , 1074 . ‘ 10-3 tp (s) 10-2
BD438
7262579
S.B. current multiplying factor at the Vop(omax level
MsB(v)
1102
0.05 o
’ ”‘5\\\ 0.02] 6=0.01
. NN
10 0.10 " NN\\
1 SNCONC
1 M A
0.20 SN
111 e S AN
0.33 ’ N N
111 N
10.50 —~—L TR
[ vt
0.75 BRS
1 [ ! O e
1076 1075 1074 1073 tp(s) 10-2
6 . g P - May 1972
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BD434; BD436;
BD438
4 7262654 7262652
10 i 6 I [TTT11
—IC\:_VCEZIV Tk typ. values |
] T.=250 ‘ I \[]T;=250C
(mA) ] ¢ 4 -VCEsat \ )
V)
\
3 - {H
10 4 \
1
1
i \
1 \
typ \
102 / 2
' } \ \-Ig=44A
1
I \ \
| 3A \-
2A-HN N
1A+ N
10 0 1
0 0.5 1 1.5 0. 50 -Ig (mA) 100
-Vgg (V) .
300 —- 7262660 —
| —
N ——
_VC_E=10V :: —
hpg Tj=25°C (1]
200 - —
et typ
~
N
AN
\
N\
100
N\,
0
1072 1071 1 -1 (A) 10
7



BD434; BD436;

BD438
30 - ) 7262663
1 - 117
T 1]
f=1MHz |-
fr [ : -V =1V}
. CE L]
(MHz) , ;=25 °c[[]
20
- tYP Y
A N
AN
N\
AN
i \
10 \
\
\
\
0
1072 10°1 . 1 -Ic (A) 10
— 7262954
E 100
\
Pot max \
%)
N
50 N
N
N
o :
0 100 Tpyp (OC) 200
APPLICATION INFORMATION

For information on a 6 W car-radio amplifier and on a 15 W high quality amplifier see
BD433; BD435; BD437. - :
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BD645; 647
BD649; 651

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington-circuit for audio output stages and general
amplifier and switching applications; TO-220 plastic envelope. P-N-P complements are BD646, BD648,
BD650 and BD652. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BD645 | 647 | 649 | 651

Collector-base voltage (open emitter) Vepo  max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) VCEQ  max. 60 80 | 100 | 120 Vv
Collector current (peak value) lcm max. ‘ 12 A
Total power dissipation up to Typ = 25 °C Piot max. 62,5 w
Junction temperature T max. 150 oc
D.C. current gain:
lc=05A; V=3V hgge typ. 1500
Ilc=3,0A;Veg=3V hge > 750
Cut-off frequency: [c=3 A; Ve =3V fhfe  typ. 50 kHz
MECHANICAL DATA - :noéi - . rr‘:&sx - Dimensions in mm §
Fig. 1 TO-220AB. - 36 e 13- —
Collector connected 1 v
to mounting base. ) 28 F 59
1. min
— EREX:
! | } max
| | .
Ll 4
v v L l :
3,5 max
not tinned | | ]_ o T | ; -
1 |13 127
mznax*| - ‘ ! min
(2x} gL
bilf cfi] e
I .y <-09max (3x) »|l-08
— - - 24
2,54 254
7265872.3
See also chapters Mounting Instructions and Accessories.
February 1979 1
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BD645;: 647
BD649: 651

CIRCUIT DIAGRAM

Fig. 2
Rqtyp. 4kQ
Ro typ. 100 Q

7266445.2

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

Collector-base voltage (open emitter) ‘ VecBo  max. 80 | 100 [ 120 .| 140 V
Collector-emitter voltage (open base) VCEOQ  max. 60 80 | 100 | 120 V
Emitter-base voltage (open collector) VEBO max. 5 5 5 5V
Collector current (d.c.) ' e max. . ‘ 8 A
Collector current (peak value) . Icm max. : 12 A
Base current (d.c.) . s max. 150 - mA
Total power dissipation up to Ty, =25 °C Piot . max. 62,6 w
Storage temperature ' Tstg ~65 to + 160 oC. .
Junction temperature * T max. 150 oC

THERMAL RESISTANCE * \ :
From junction to mounting base * Rthjmb = 2 . oow
From junction to ambient in free air Rthja = ) ‘ 70 oc/w

— * Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlin}gton power trar;sistors, BD645; 647

BD649; 651

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

Ie =0; VcBO = VCEOmax IcBo < 02 mA

Ig=0;Vcp =" VcBOmax: Tj= 150 °C IcBO < 2 mA

I =0; VCE = % VCEOmax Iceo < 05 mA -
Emitter cut-off current :

lc=0;Vgg=5V IEBO < 5 mA
D.C. current gain (note 1) ’

lc=05A;Vcg=3V hgg typ. 1500

lc= 3A;Veg=3V hgg > 750

Ilc= 8A;Vgg=3V hgpe typ. 500
Base-emitter voltage (notes 1 and 2)

lc=3A;Vgg=3V VBE < 25V
Collector-emitter saturation voltage (note 1)

Ic=3A;ig=12mA V(CEsat < 2V
Collector capacitance at f = 1 MHz :

lgE=1g=0;Veg=10V ) Cc typ. 75 pF
Cut-off frequency ) '

lc=3A;VCg=3V ’ fhie typ. 50 kHz

Turn-off breakdown energy with inductive load

~IBoff=0: IcMm =45 A; tp=1ms;

T= 100 ms; see Fig. 4 E(BR) > 50 mJ
D.C. current gain ratio of matched
complementary pairs

lc=3A;Veg=3V hpgt/hppz2 < 2,5 -

Small signal current gain

Ic=3A;Veg=3V;f=1MHz | e typ. 50 -

Notes
1. Measured under pulse conditions: tp < 300 us, § <2%.
2. VgE decreases by about 3,6 mV/OC with increasing temperature.
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BD645; 647
BD649; 651

CHARACTERISTICS
Tj= 25 OC unless otherwise specified

Switching times (between 10% and 90% levels)
Icon =3 A; IBon = —IBoff = 12mA; Vgc =10V

Turn-on time ton typ. 05 us
Turn-off time toff typ. 2,5 us
Vim = 10V
ty=tg= 16ns
1 = 10 us
T =500 us
R1 = 568
R2 =410Q
R3 =560%
R4 = 30

Vi —
—Vgg= 4V ™ H H
, ‘ 0
-—. I*‘p

-— T —

7278131

e Fig. 3 Test circuit switching times.
E Diode, forward voltage .
- Igp=3A VE typ. 12V
vert.
oscilloscope
_ 010 v
— cC
Vim TUT.
. ) hor.
"tp"' oscilloscope
T
7273863.1
Fig. 4 Test circuit for turn-off breakdown energy. Vi) = 12 V; Rg = 270 ; T = 100 ms; tp = 1 ms.
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Silicon Darlington power transistors ' BD645; 647

BD649; 651
102 7282093
I'c
(A)
| §=0,01
CMmax - \
10 + — X
— < th=
N NS AN P
[ | Cmax N D100 ps
AN
N\
(1) N 1=rlns
| NG
: \?[o
12 LL,Tc. -
10-! —
—
w
<
©
)
@
10-2 o
1 10 102 Vg (V)

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

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

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BD645; 647

BD649; 651
102 7282002
Ic
{A)
v =
lcMmax 8=0.01
—— Sy
- | \{ N
I 'Cmax N "
\\‘Q\\\ tp=
o A\ \\ 100ps
N
| \\\ N
. 1 N 1 s
——
21
N5
Y 10
d.c.
— 10-1
) ~O e~
< < W0
[{o R (o] o]
o000
oom
10—2 N
1 10 102 Veg (V)

_ Fig. 6 Safe Operating ARea; T, = 25 ©C.

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

(1) Ptot max and Ppeak max lines. .
(2) Second-breakdown limits (independent of temperature).
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Silicon Darlington power transistors BD645; 647

BD649; 651
5157151.1
100
P tot max N\
(%%o)
75 N
N\
N\
50
\
N
25
N
0
0 50 100 150
Tmb(°C)
Fig. 7.

3 7272445.2 =
g
thj-mb —>[tpl<— J tp
oc/w) — Tl T

(5= 1 5 ' T
2 e ot
Lt B o LA —
] o o T~ P
b e e P ’
-0 A =ahiii| > D= 7%
—0:6_4—’ i 1 i P ’
'_/O,E:J - 1 A ]
1= aal M~
A 7,
Pyt d
.
_0,2 - al L]
1 A
} [
= 0,1 'f,
0,01
o n
10-5 10-% 1073 1072 107" T g 10

‘Fig. 8 Pulse power rating chart.
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BD645; 647
BD649; 651 l
102 - v 7267854 1
S.B.voltage muitiplying factor at the Icyq, level
My ]
10
6=0,01-0,05
i
0,1
0,2
~0,33 I~ TN
05 “‘Ns:“*:Q\
075 B ——
: | ]
10! 1 10 tp(ms) 102
Fig. 9.
— 102 ) BD645 . .
—— S.B. current multiplying factor at the 60V level
—
5=0,01N
My \
0,02 \ \
NN
\ 0,05 \\\
10 0, ™ \
—
P
0,2 NN [
AN
033 T N\
—— NN
05 NN
P~ NN
‘ N
0,75 \‘EEE
1 7 .
101 1 10 tp (ms) 102
Fig. 10.
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Silicon Darlington power transistors

BD645; 647
BD649; 651

BD647; BD649
102 7267856
S.B. current multiplying factor at the 100V Jevel
L 0,02 5=
My Q 0,01
005 AN
— N \
\\
1001 \\
B
0,2 N
~ N\
0,33 NN
o -“n
05 %
- — \\
075 s~
3 T
10°1 1 10 tp (ms) 102
Fig. 11 Second breakdown current multiplying factor at the 100 V level.
BD651 7277026.1
S.B. current multiplying factor at the 120V level
M, 1
T
5=0,01
102 \\
N
[0,02]\
\‘ \‘
\\
<005 N
10 0,1 - \
N
L 0,2 A
=]
N N
- 7]
05 AN
] §\
1 B s ..
10-1 1 10 102 tp (ms) 103

Fig. 12 Second breakdown current multiplying factor at the 120 V level.
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BD645; 647
BD649; 651 \_
7267317 - 6 7267321
: Ve =3V I¢/1g =250
L= 0 c/iB
0 Tj=25%C Tj=25°%
1 VCEsot
c v)
{A) :
75 4
—
5 /(
typ 2 N
/ '
.25 - typ
’ -
4
0 : 0
1 1,5 2 yge(v) 25 0 5 I (A)
Fig. 13. Fig. 14.
-.'—_ 105 ¢ ‘7272444.1
—
— typ. values
hre
104
G / 7
S AL \
Y25
. '\ .
103 }Afj}:c. ~.
Z 1 AW AY
t /(,_-, ) 4
. 7
P
V.
y .
102l ‘
107 1 ’ ‘C (A) 10
Fig. 15. '
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Silicon Darlington power transistors

BD645; 647
BD649; 651
\— ;

04 7267329.2
1 -
Ic=3A
fe Sy
N
103 \
l
2
10 typ
Y
A
\
. - A}
)
10 x
N
A
1
2 3 4 5 6
1 10 10 10 10 10 f (kHz) 10
Fig. 16.
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BD646; 648
BD650; 652

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-220 plastic envelope. N-P-N complements are BD645, 80647
BD649 and BD651. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BD646 | 648 | 650 | 652
Collector-base voltage (open emitter) —-Vego max 60 I 80 100 ' 120 V
Collector-emitter voltage (open base) —Vgceo max 60 80 | 100 | 1200 V
Collector current (peak value) —lcm  max. 12 A
Total power dissipation up to Ty =25 °C Ptot max. 62,5 w
Junction temperature Tj max. 150 oC
D.C. current gain:
~lg=05A;-Vcg=3V hgg typ. 16500
—l¢c=30A; -V =3V hgg > 750
Cut-off frequency: '
—-lc=3A;-Vgg=3V fhfe typ. 100 kHz
MECHANICAL DATA Dimensions in mm
. 10,3 45 _° .
Fig. 1 TO-220AB. ; *~ max ~™ > max [+
Collector connected - 36 |- 13> :
to mounting base. _* L
. __3’8 59
: [} min
T 4 158
| | max
! 1
I — l
v - L] Y
3,5 max 54
not tinned AL max
| 127
rr!&ax"l [+ l ’ min
(2x} 1
bfil cjll e
-—H«O,Q max (3x) -+ i+06
—! - - le24
2,54 254

See also chapters Mounting Instructions and Accessories.

7265872.3

S
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BD646; 648
BD650; 652

7266446.2

A ————
|
|
|

e

Ro typ. 80 &

I

Fig. 2. Darlington circuit diagram.

RATINGS

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

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

Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

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

Junction temperature *

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

— * Based on maximum average junction temperature inline with common.industrial practice. The

-VeBo
-VcEo
-VEBO

_|C

—lcm
_|B

max. -
max.
max.
max.

BD646 | 648 | 650 | 652

I Rqtyp. 4k
1

60 | 80 | 100 | 120
60 80 | 100 | 120
5 5 5 5

8
12

150

62,5
—65 to + 150
150

70

resulting higher junction temperature of the output transistor part is taken:into account.

\
\
\

A
A

"mA

w
oC
oc

oC/W.
oc/w
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Silicon Darlington power transistors

BD646: 648

BD650; 652

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

Ig=0;-VcB = -VcBOmax —lceo < 0.2 mA

BD646: —Vgog =40V

_qn. BD648: —Vpp =60V _ _

'e =0 gpgso: —vag =60V ¢ Ti = 180°C —Iceo < 2 mA
BD652: —Vpg =70V

IB=0; ~VcE =% VCEOmax -Iceo < 05 mA
Emitter cut-off current

Ilc=0;—VEg=5V . —lgBO < 5 mA
D.C. current gain (note 1)

—-Ic=05A;-Vcg=3V hpe typ. 1500

—lg= 3A;=Vgg=3V hgg > 750

—-lgc= 8A;~Vgg=3V hEe typ. 500
Base-emitter voltage (notes 1 and 2)

—lg=3A;-Vgg=3V ~VBE < 25V
Collector-emitter saturation voltage (note 1) .

—lg=3A;—ig=12mA —VCEsat < 2V
Collector capacitance at f = 1 MHz

Ig=lg=0;,-Vgg=10V Ce typ. 75 pF
Cut-off frequency

—lc=3A;=Vgg=3V fhe typ. 100 kHz —
Small-signal current gain E

—lg=3A;—Vgg=3V;f=1MHz | hte| typ. 150 =
D.C. current gain ratio of matched i
complementary pairs

—lg=3A; —-Vcg=3V hpg1/hpg2  max. 2,5

Notes

1. Measured under pulse conditions: tg <300 us, § <2%.
C with increasing temperature.

2. —VE decreases by about 3,6 mV/
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BD646; 648
BD650; 652

CHARACTERISTICS (continued)

Ti = 25 OC unless otherwise specified

Switching times (between 10% and 90% levels) »
—Icon =3 A; =IBon = IBoff = 12MA; Ve =~10V

Turn-on time
Turn-off time

. =Vim= 10V
tr=tf= 1bns
t, = 10us
T  =500us
.R1 = 56Q
R2 " =410Q
R3 =560
Ri= = 3Q
Vgg = 4V

Diode, forward voltage
Ig=3A

ton typ.
toff typ.

7278131

Fig. 3 Test circuit.

VE typ.

0,2 us
1,6 us

1.8V
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Silicon Darlington power transistors ‘ BD646; 648

102

(A)

10

10~

W BD650; 652
7272447.1
~lcMmax 629’“
! \\\\ \\
1 AN t
F—l e BN ~3.°-
i Cmax AN 1 ’100#5
NN
(1N NN
WA
| \
euy 1ms
\
2
5
1
\ I
104
I
d.c.
<]
<
©
[a)
)
1 10 102 —Veg (V)

Fig. 4 Safe Operating ARea. Tynp, = 25 OC.

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

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits {independent of temperature).
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BD646; 648

BD650; 652
102 7272451.2
_|C
(A) .
5=
"CMInax 2.01
10 T A
1 NS
= BN AN
Cmax NN i
AR 4N tp =
N 1
(N 100 us
. \
1 Vil
\
A\
\
@
\
. 1ms
=
— 5
— 10
¥d.c.
VWO N
T LD AD.
WO
222
10-—2 NI ]
. 1 10 102 —Veg (V)

Fig. 5 Safe Operating ARea. T,ﬁb =250C

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

{1) Ptot max and Ppeak max lines.
{2) Second-breakdown limits (independent of temperature).
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Silicon Darllmgton power transistors BD646; 648
BD650; 652

72672571
100
Ptot max \
N
(®/)
75
N
50 N
25
: N
\
N
0
0 50 100 150
Tmb(oc)
Fig. 6.
7272445.2
3
th j-mb ol t - .—t
o p s=-2
C/W) - T T
MR L
ot H -t -—‘
07 - ,l 1] —~ ot : v 71t
/'ir = ! H | ) '/ -
—0,_6;—’ 1 1
'’ Y
e
1 -
A
- 0.2+
| 20
0,1 P o
A 1
= 0,01
0 L
10°% - 107* 10-3 1072 107! T gy 10

Fig. 7 Pulse power rating chart.
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BD646:; 648
BD650; 652 K;

10é 7267854 .1
S.B.voltage multiplying factor at the I¢,, level
My
10
[ 5=001-005
|01 .
0,2 D\ -
. SNE
0,33 .~ RN
[r——— -
o TR
. | . .
10! , 1 10 " tplms) 102
Fig. 8.
B 102 - BD646 7267855
S.B. current multiplying factor at the 60V level
5=0,011
M 0,02 \
TINN
\‘\
1005 \
\
\\
10 =10, i
~—
—
0,2 N \\
[ —
0,33 ‘\~\§§
mae e \
05 et NN
" ‘\ N
\ P~
0,75 ™
1 .
10~ T 10 tp {ms) - 102
Fig. 9.
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Silicon Darlington power transistors

BD646; 648
BD650; 652

BD648; BD650 7267856

S.B. current multiplying factor at the 100V level

| 0,02

My

=

0,05

1000

0,2

NN

0,33

V4

N\

05

0,75

D
'\

-
-
o

tp (ms) 102

Fig. 10.
BD652 7277026.1

S.B. current multiplying factor at the 120V level

10 0,1

¥/

¥/
¥//4
17

/1
V"‘
y &

10~}

10 102t (ms) 103
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BD646; 648

BD650; 652
7267316 6 7277025
Vg =3V —|C/—IB=250
10 Tj =25 °C '|'i =25 OC
: " ~VCEsat
-Ie v)
(A)
75 , 4
A
/
5 / y
typ/
2
typ
4
25
P
/
0 0
1 1,5 2 _yge (v) 25 0 5 =lg (A) 10
Fig. 12. Fig. 13.
E 105 72724431
— typ. values
— —VCE =3V
hre
104
—
7
\
o AT
S LK)
S ° red N
AP N \
103 IO A
Z II/Q,Q
717
7
d \
102 -
10 1 —lc (A) 10

Fig. 14,

10
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Silicon Darlington power transistors ’ ’ BD6 46; 648

BD650; 652
7267332.2
104
_IC=3A
hf —VCE=3V
e
103 N
typ
102 A
\
10 \
1 N
1 2 3 4 5 6
10 10 10 10 10 f (kH2) 10
Fig. 15.
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BD679;681,683

J L BD675;677

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial-base transistors in monolithic Darlington circuit for audio and video applications;
SOT-32 plastic envelope. P-N-P complements are BD676, BD678, BD680, BD682 and BD684.

QUICK REFERENCE DATA

BD675 |677 |679 !681 |683

Collector-base voltage (open emitter) Veo  max. 60 | 80 l 1001120140 V
Collector-emitter voltage (open base) ’ Veeo  max. 45| 60{ 80(100{120 V
Collector current (peak value) ) lem max. 6 A
Total power dissipation o '
up to Tp =26 °C Ptot max. 40 w
Junction temperature ' Ti max. 150 ocC
D.C. current gain '
lc=05A;Vcg=3V hge typ. 1000
lc=15A;Veg=3V | hgg > 750
Cut-off frequency
Ic=15A;Veg=3V fhie typ. 60 kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126 (SOT-32). 27
>inax | < 7,8 max -
Collector connected to
mounting base. ™ i )
- LA 3.35
““i gﬁ—’ : . 1.1
; 4 ’ max
-
- 4-1’2
15,3
min
el] cfj b 4
| H o 88_.] “ I L 7259324.2
dEe e MR L
: 2,29

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

Accessories: 56326.(washer) or 56353 (clip) for direct mounting.
56333 (washer + mica) or 56353 + 56354 (clip + mica) for insulated mounting.

I
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BD675;677
BD679;681;683

CIRCUIT DIAGRAM

7266452

Fig. 2 Darlington circuit diagram.

RATINGS

R1 typ.

Limiting values |n accordance with the Absolute Maximum System (IEC 134)
BD675 |677/679 681683

60| 80,100(|120{140 V

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
Tmb=260C

Storage temperature
Junction temperature

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

VcBo
VcEo
VEBO

max.

max.

o 3k
© Rotyp. 120

45| 60| 80|100{120

5| 5/ 5

5

5

4
6
100

40

6510+ 150

150

3,12

100

\2
\
A
A
mA

w
oC
oC

oc/W
oc/wW
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Silicon Darlington power transistors BD675;677

BD679;681:BD683

CHARACTERISTICS ' |
Tj = 25 9C, unless otherwise specified; where I = 1,5 A for BD675 read Ig = 2 A.
Collector cut-off current

Ie = 0; Ve = VCEOmax lcgo < 0,2 mA

Ie=0;VeB =% VCBOmax: Tmb = 150 ©C lceo < 2 mA

g =0: VcE =% VCEOmax Iceo < 0,5 mA
Emitter cut-off current

lc=0;VEg=5V . IEBO < 5 mA
D.C. current gain {note 1) '

lc=05A;Vcg=3V hEFE typ. 1000

Ic=15A;Vgg=3V : hFE > 750

lc= 4A;Vgg=3V : hFE typ. 500
Base-emitter voltage (notes 1 and 2)

Ilc=15A;Vcg=3V VgE < 25V
Collector-emitter saturation voltage (note 1) )

Ilc=15A;1g=6mA VCEsat < 25V
Small signat current gain

lc=15A; Ve =3V;f=1MHz | htel typ. 50 -—
Cut-off frequency

Ic=15A;Vcg=3V fhfe typ. 60 kHz =—
Turn-off breakdown energy with inductive load :

—IBgoff=0; Icm=3.5A; .

.L =5 mH; see Fig. 3 E(BR) > 30m) -—

D.C. current gain ratio of matched E
complementary pairs A —
Ic=15A;Veg=3V hpg1/hpe2 < 25 -
Diode forward voltage
IF=15A VE typ. 156V <«
Notes

1. Measured under pulse conditions: t5 <300 us; § < 2%.
2. VgE decreases by about 3,6 mV/Og with increasing temperature.
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BD675;677 .

BD679;681;683

CHARACTERISTICS (continued)

Vim

> tpli—
T

Fig. 3 Test circuit for turn-off breakdown energy. Vp = 12 V; Rg =270 Q.

5mH
vert.
oscilloscope
010 ]
Vec ;-’z
N .
TU.T.
hor.

oscilloscope

7273863 .1
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Slicon Darlington power transistors ‘ VBD675;677

BD679;681:683
102 7272078.2
ic
(A)
10 5=0,01
ICl\/lmax
AVAY AV
ANA'AN
-'Cmax \ \
NN
3 \ SR
\ 50us i
2N\ |
| : \t\ 100
\
500
\
\\1msl
10~1 10 o
d.c. E
=
BD6757]
80677 1]
BD679 HF
BD68 1111
BD683 1]
10—2 1 ! :
1 10 102 Vgp (V)

Fig. 4 Safe Operating ARea. Ty, = 25 ©C.

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

(1) PtOt max line.
(2) Second-breakdown limits (independent of temperature).
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BD675;677
BD679;681,683

102

10

7267263.1

S.B. voltage multiplying factor at the Iqpy .y level

6=0, 01 :

VA4

/10,1

[/

=)
|
]

\\

10-3 10~4 » 10-3
Fig. 5 S.B. voliage multiplying factor at the Icmax level.

102

10

tp (s)

10-2

7267262.2

S.B. current multiplying factor at the VoEQ max tevels

6=0,
\0101

N

0,05 ~DN

0,1

| e —

¥/

T
0,2

10-3 10-4 10-3

Fp (s)

10~2

Fig. 6 S.B. current multiplying factor at the VoEOmax levels.
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Silicon Darlington power transistors

BD675;677
BD679;681;,683

7282096

VeEsat

(V)

typ

0 2
Fig. 7.

lc(A) 4

72672571

100

Ptot max A

(%fo) N\

75

50

25

100

Fig. 9.

150
Tmp(°C)

6 7282097
I'c
(A)
!
4
1
I
7/
typ
2
0
0 T vggivy 2
Fig. 8.
105 7267254 E
 ————— e
Veg=3v. M =
: typ. values [[]
104
il
LA N L
% NN T
1 o
3 L~ L 1510[ C
10 7 TT SN
“ 1007+
25110
7
102 ,
10-1 : 1 Ic (&) 10
Fig. 10.
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BD675;677

BD679;681;683
‘t 1272077
Zth j-mb
(°C/W)
6=1
3 _; - >
0,7 LLLeaemeteet LT
. ¥
’,r‘ 4
2 05 el YA
ettt /’/ ]
/4
A 7
v
7924 i
0,2 al %
1 H g : l I I | _JHJJ.
0,1 — - > _h-‘"
005‘4 auf =2 T
I -1 : T
— 5 _,o,o|1
o l .
-5 -4 -3 -2 -1
10 10 10 10 10 1 ty(s) 10
“Fig. 11 Pulse power rating chart.
E 104 7282099
hte
103
typ
102 )
\
\\
10 A
\
M
1 - )
1 10 102 103 104 10% ¢ (kHz) 108

Fig. 12 Small signal current gain. Ic=1,6 A; Veg=3 V.
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BD676; 678
BD680; 682; 684

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial-base transistors in monolithic Darlington circuit for audio and video applications;
SOT-32 plastic envelope. N-P-N complements are BD675, BD677, BD679, BD681 and BD683.

i

QUICK REFERENCE DATA '

BD676(678 |680 682|684

Collector-base voltage (open emitter) ~VcBo max. 45| 60| 80100120 V
Collector-emitter voltage (open base) ~VcEQ max. 45| 60| 80100]|120 V
Collector-current (peak value) —-lcm max. 6 A
Total power dissipation up to Ty, =25 °C Ptot max. 40 w
Junction temperature Tj max. 150 ' oC
D.C. current gain )
- =lg=05A;-Vcg =3V hgg typ. 1000 S,
—lc=15A;-Vcg=3V hEg . > 750
Cut-off frequency
~lc=15A;—Vcg=3V fhe typ. 60 kHz
MECHANICAL DATA ‘ Dimensions in mm =
Fig. 1 TO-126 (SOT-32). ' =
Collector connected to 2,7
g y 8 -
mounting base. ‘ max|~ < T8 max=+
— 5
2, I 375
| 3,2 | ¥
: 30 .
1 i 1,1
/ % | max
A L
2,56
max ‘M
- * ol le12
15,3
min

72593242

-l e ’O'I; max

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

See also chapters Mounting Instructions and Accessories.
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BD676: 678
'BD680: 682: 684

72664646.2

—

S S
I ‘

|

|

'
i c
‘
'
'

I__‘__._Y.A_'__-_L.__v_.._l

Fig. 2 Darlington circuit diagram.

RATINGS

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

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

Collector current (d.c.)

Collector current (peak value)

Base current (d.c.)

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

Junction temperature

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

~VcBo
-Vceo
-VEBO

_|C
—lcm
~Ig
Ptot
Tstg
Tj

Rth j-mb

Rih j-a

max.
max.
max.
max.
max.

max.
max.

max.

R1typ. 3kQ
R2 typ. 802

BD676 ]673 |680 |682J684

45! 60| 80|100{120 V
45| 60| 80100}120 V

5| 5| 5| 5{ 5.V
4 A
6 A

100 mA
40 w

—65 to + 150 oC
150 oC

3,12 oc/w

100 oc/w
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Silicon Darlington power transistors

BD676; 678
BD680; 682; 684

CHARACTERISTICS

Ti = 25 OC unless otherwise specified; where —|¢ = 1,6 A for BD676 read —Ig = 2 A.

Collector cut-off current
tg=0; -VcB =—VCBOmax

Ig=0;-VcB =—"% VCcBOmax: Tmb = 150 °C

I =0; —VcE = —"% VCEOmax
Emitter cut-off current
Ic=0;,-VEg=5V
D.C. current gain (note 1)
—-lc=05A;-Veg=3V
—ic=15A;-Vgg=3V
—lg= 4A;—-Vgg=3V
Base-emitter voltage (notes 1 and 2)
—lg=15A; -Vcg=3V
Collector-emitter saturation voltage (note 1)
—lc=15A;-Ig=6mA
Small-signal current gain
—lc=15A;-Vcg=3V;f=1MHz
Cut-off frequency
—lg=15A;—Veg=3V

D.C. current gain ratio of matched
complementary pairs
—lg=15A;~Vgg=3V

Diode, forward voltage
Ig=15A

Notes

1. Measured under pulse conditions: t, < 300 us, § < 2%.
8 with increasing temperature.

2. VgE decreases by about 3,6 mV/0

—lcBo
—Iceo
—Iceo

—lEBO

hre
hrE
hrE

—VBE
—VCEsat
|hte |

Thie

hrE1/bFE2

VF

N A

typ..

typ.

typ.

typ.

typ.

0,2

0,5

1000
750
500

25
25
50
60
25

15

mA
mA
mA

mA

kHz  -—
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BD676; 678

102

_|C

(A)

10

1

. 10~1
=

10-2

BD680; 682: 684

7272079.2
5=0,01
[~ CMmax : T
AVAY \
ANL'A
L~ Cmax \\ \
(1) N
AWV AY tp:
O 50us
27\ I
‘ 100
' \
500
\ 1msI
\}10
d.c.
8D6767]
‘BDS78HTH
BD680 HI L
sD682HT [ LHH
BD684HT]
L1 8 . y
1 10 . 102 —Vee (V)

Fig. 3 Safe Operating ARea. Ty, = 25 °C.

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

(1) PtOt max line.
{2) Second-breakdown limits {independent of temperature).
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Silicon Darlington power transistors

BD676; 678.

BD680;682;684.

10-2

102 7267263.1A
S.B. voltage multiplying factor at the ~Ig 5 level
My
6=0,01
10 740,02
£420,05
0,1
1
g ~
M g
’2 ,-.g_.
0 i —
Pt L — > L
0,5 v e — N-=
1
10-5 10-4 10-3 tp (s)
Fig. 4 S.B. voltage multiplying factor at the —lcmax level.
7267262.2A
102
S.B. current multiplying factor at the -Vopo max levels
My
_ 6=0,01
E——
0,02 TN
10 20,05m, \E:_\
0,1 Y
T —~
0,2 n
N
-
\~\
0,5 ™
\N‘
\~
1 T
10-5 1074 10-3 tp (s)

Fig. 5 S.B. current multiplying factor at the —VcEQmax levels.

10-2
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BD676; 678
BD680; 682; 684

72820

3 94 - 6 7282095
~VCEsat —lc
(V). (A)
4
2 . / 4 7
Y.
7
typ vo f
]
1 > 2 Vi
/
7
/
,l
0 , Y
0 2 (a4 05 1 15 2 25
Fig. 6. Fig. 7.
72672571 105 ~ 7267256
S S e
NVegp=3v H
100 h ty%Evalues n
FE ’ I
Ptot max N
(°/o) N\
75 N 104
AN
N
; AL N Ti=
e i
103 =< ~—NXC 150 OC
N —— . -
- 1004
25 N 25HH
N
AN\
% 50 100 150 102_1 :
: Tmb(°C) 10 -1 ~Ic@A) 10
Fig. 8. ’ Fig. 9.
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Silicon Darlington power transistors BD676; 678
BD680; 682; 684

7272077

4
Zth jomb
(°c/w)
6=1
3 —-""'h :E;
0'7 pouet L1 /
.'
’
LAT] V1
05 1] %
2 >
- }' /:/
o 7 /
a4
/, //, i
1 22 T l I I l i
ettt 1111 A~ o
01 A —»l:zL—J 5;& :1
EAATIE 0,05 T T I
i
0 I
-5 -4 -3 -2 -1
10 10 10 10 10 1 tp(s) 10
Fig. 10 Pulse power rating chart.
104 7282098
hte
103
typ
it
N
\
\
\
10 y
1
1 10 102 103 10% 105 ¢ (kHz) 108

Fig. 11 Small signal current gain. —lc =156 A; —=Vcg =3 V.
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BD933; 935
BD937; 939
BD941

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in output stages of audio and television
amplifier circuits where high peak powers can occur.

P-N-P complements are BD934

QUICK REFERENCE DATA

; 936; 938; 940 and 942.

BD933 |§35 |937 {939 |941

Collector-base voltage - Vcgo  max. 45| 60 l 1001120140 V
Collector-emitter voltage VCEQ  max. 45| 60| 80)100j120 V
Cotlector current (d.c.) ic max. 3 A
Total power dissipation up to Ty = 25 °C Ptot max. 30 w
Junction temperature Tj max. 150 oC
D.C. current gain ]
Ig=150 mA; Vo =2V hEE : 40 to 250
ic=1A;Vgg=2V hEg > 25
Transition frequency .
lc =250 mA; Vg =10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220A8B.
Collector connected 103 48
to mounting base. *~ max > ™ max [*
[ * 13> | *
- 3
59
] min
B 4 158
| max
1
| J
v
3,5 max
not tinned
e
max™ | [* I
(2x) !
biil cill e
1
| ->H<—0,9 max (3x) »>|le06
i 4 e | *2,‘&

2,54 2,54

See also chapters Mounting instructions and Accessories.

7265872.3
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" BD933; 935
BD937; 939
BD941

I

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
- BD933 |935|937 |939|941

Collector-base voltage (open emitter) VcBO max. 45 60(100(120]140 V
Collector-emitter voltage (open base) VeEO max. 45| 60} 80{100(120 V
. Emitter-base voltage (open collector) v VEBO max. ) Vv
Collector current (d.c.) Ic max. 3 A
Collector current {peak value) Icm max. 7 A
Base current (d.c.} B max. 0.5 A
Total power dissipation up to Tmp =259C  Pyot max. - 30 w
Storage temperature Tstg : —65 to + 150 oC
-~ Junction temperature . Tj max. 150 oC
THERMAL RESISTANCE
From junction to mounting base Rthjmb = 4,17 oc/w
From junction to ambient in free air "Rthja = - 70 . oc/w
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current
e =0: VcB = VeBOmax IcBO < 0,1 mA
Ig=0; Ve = VeBOmax: Tj =150 °C Icso < 3 - mA
I = 0; VCE = VCEOmax “Iceo < 0.5 mA
Emitter cut-off current : )
Ic=0;VEg=5V IEBO < i 1 mA
D.C. current gain *
Ic=150mA; Ve =2V hgg 40 to 250
ic=1A;Veg=2V heE > ) 25
Base-emitter voltage ** -
lc=1A; Vgg=2V VBE < 1,3 \
Collector-emitter saturation voltage * ,
Ic=1A;Ig=0,1A Vegsat < ‘ 0,6 v
Transition frequency at f = 1 MHz
lc=250mA; Vcg=10V fr > 3 MHz
Switching times )
. lcon=1Ailgon=—lpofs=0.1 A ; :
“turn-on time ton typ. 0,3 us
Turn-off time ' toff typ. 1 us

* Measured under pulse conditions: tp < 300 yé; §<2%.
** Vg decreases by about 2,3 mV/OC with increasing temperature.
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BD933; 935

Silicon epitaxial base power transistors 80937; 939
BD941
102 72778560,1
Ic
(A)
10} §=0,01
[ ICMlmax = v
1 RN
I ~~
| WA 1l )
Cmax N N X
\ N
(N
\ N
1 \\ D J
LY AV \
\
1=
) N P
! (2 0.1ms
\ 0,5
\ 1
N \ 10
10~}
Nd.c J—
BD933 1]
BD935 ]}
BD937 1]
BD939 T THA+111T]
' BD941
10-2 .
1 B ) 102 Vgp (V)

Fig. 2 Safe Operating ARea; Ty, = 25 OC:

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

(1) Ptot max and Ppeak max lines.
(2) Second breakdown limits, independent of temperature.
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BDO33; 935 :
BD937; 939 . -

iiiiil

BD941
102 _ i i . 7282178
My
M .
10 0,01
N
~ 0,05
N 0.1
[ 027 T
oy,
2,:?) \\\‘:~\
075 ‘—h:::‘\\§:~--___ \
R\\ - \\.*“‘—4—.'\,_*
1 -
[ 1 10 tp (ms) 102

Fig. 3 Second breakdown voltage multiplying factor at the 'Cmax level and second breakdown current
multiplying factor at the VCEQmiax level-

6 . B 7282150
Zthj-mb
(°c/w)
[,
410,75 —— =
-1 A
[ Lt] 1 ]
L 0,5 1 - A
1
. '
v f /.
ot
/4
224 .
. /7 V
i 4
— 0.2 1] —
- 0‘,1 11 I e
1 la— t
b1 »p l =_E
—'ed%l‘ . L.——T:—*b 8 T
0 :
- -1 3 4
1072 10 1 10 102 103 ¢ (ms) 10

Fig. 4 Pulse power rating chart.
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BD933; 935

Silicon epitaxial base power transistors BD937; 939
BD941
104 7282161
Vv ‘\ \
YCEsat
v \ AW
\ \L)
\‘ \
N\ A\ la=
e 4A
\ \ N 3A
N N
AQ ™ 2A
N
N
102 N HH1A
0,5A
10
1. 10 102 0% 15 (ma) 10

Fig. 5 Typical collector-emitter saturation voltage as a function of base current with collector current

as a parameter. 7282153
2 I
I
|
C
(A) [
’ typ
]
1
|
|
/
/
0
0 0,5 1,5
Vge (V)

Fig. 6 Typical collector current as a function of basé-emitter voltage. Ve =2 V; Tj =25 0C.
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‘BDO33; 935

BD937; 939

BD941
7282166
h T
FE| T ¥
. , \\
102 : N
N .
~
N\
N
10
! 1 ) . 2

Fig. 7 Typical static forward current transfer ratio as a function of tHe collector current. Vog =2 V;
T; =250C. ' ’
]

March 1979



’ BD934; 936
‘ BD938; 940
: BD942

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in output stages of audio and television
amplifier circuits where high peak powers can occur.
N-P-N complements are BD933; 935; 937; 939 and 941.

QUICK REFERENCE DATA

BD934 936|938 (940 942

Collector-base voltage —Vego max. 45| 60|100(120{140 V
Collector-emitter voltage ~VcEo max. 45| 60| 80]100}120 Vv
Collector current (d.c.) -Ic max. 3 A
Total power dissipation up to Typ =25°C Ptot -~ max. 30 w
Junction temperature T max. 150 oc
D.C. current gain
—lg=150 mA; ~Vgg =2V hEg 40 to 250
—lg=1A;~Veg=2V hgg > 25
Transition frequency )

—lg=250mA; -Vgg=10V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB.

Collector connected 45
to mouriting base. ™ max [*
1,3
v
- i
u 59
N min
4 158
| max
]

L J

4 _

3,5 max
nottinned || N I |
) 11/
13 } 12,7
max™ 1 min
(2x) . . :
biil c|i] e|
*‘I «+-09max (3x} . »|l«06
G N U - le24
2,54 2,54

7265872.3

&

See also chapters Mounting instructions and Accessories.
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'BD934: 936
BD938; 940
BD942 |

RATINGS

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

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

Emltter base voltage (open col|ector)
Collector current (d.c.) .

Collector current (peak value)

Base current {d.c.)

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

—= Junction temperature

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

CHARACTERISTICS

Tj = 26 OC unless otherwise specified

Collector cut-off current
—lg =0; -V¢B = —VCBOmax
—Ig=0;~VcB = —VcBOmax: Tj= 150 °C
I8 =0; —-VCE = —VCEOmax

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

D.C. current gain (note 1)
—lc=150mA; -V =2V
—lc=1A;-Vge=2V

Base-emitter voltage (notes 1 and 2)
—ic=1A;-Vgg=2V

Collector-emitter saturation voltage (note 1)
—lc=1A;-Ig=01A

Transition frequency at f = 1 MHz
—lc =250 mA; ~Veg =10V

Switching times

—lcon=1A;~IBon= lBoff 01A
turn-on time

turn-off time

Notes

-VeBo
=VcEo

—VEBO
_|C
=icm
_|B

. Ptot-

Tstg
Tj

Rth j-mb
Rth j-a

—IcBo
-IcBo
—Iceo

—lgBO

1. Measured under pulse conditions: t < 300 us; § <2%.

2. —VgE decreases by about 2,3 mV/ C with increasing temperature.

max.
max.
niax.
max.
max.
max.
max.

max.

A

typ.
typ.

BD934 |936 |938 |940|942

45
45

60 {100

80

5

3

7

05

30

—65 to + 150
150

4,17
70

0,1

05

40 to 250
25

1,3
06
3

0,3
0,7

120
100

140 V
120 v

8E>>><

ocw
oCc/W

mA
mA
mA

mA

MHz

us
s
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BD934; 936

Silicon epitaxial base power transistors o 80938; 940
BD942
102 72778851.1
(A)
10} _ == §=0,01
L —'CMmax I \
! ~
| ANEAN
I ) N ERANDN b
~!Cmax N N I N
\ N
11\
\RN} \ \ \
1 \ N \
NN A
\\ ‘\tp= )
N N
1 (2) “0,1 ms
0,5
\\ 1
\\10 :
10~ 3
Nd.c. —
=
=
80934 T
B8D936 T T 1
8D938 —H
BD940 T L4111
BD942
102 - s
1 ’ 0 102 —Veg (V)

Fig. 2 Safe Operating ARea; Ty, = 25 °C.
| Region of permissible d.c. operation.
il Permissible extension for repetitive pulse operation.

(1 PtOt max and Ppeak max lines.
(2) Second breakdown limits independent of temperature.
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BD934; 936

'BD938; 940
BD942
102 ] : 7282178
Mv
M,
10 = 0,01
N 0,051,
= 0.1
_QZ“«§ ,
033 \5"\
— 0,50 ' S
0,75 BER \E**~--
'| .
107! . 1 10 tp (ms) 102

Flg 3 Second breakdown voltage multiplying factor at the 'Cmax level and second breakdown current
multiplying factor at the VCEOmax level..

E . 7282150
' Zthj-mb :
{o°c/w)
-6 =1
4£0,75 o
] = — :
[~ 0.5 - ]
9
/ o /
0,3 AT /4
2 —
— 0,2
ool ‘
— Ty l-— t
: - P | =P
- 0,01 = L—-T—-» 8=
o L1 . .
10°2 . 107! 1 10 102 103 ¢ (ms) 10°

Fig. 4 Pulse powér rating chart.
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BD934; 936

Silicon epitaxial base power transistors BD938; 940
BD942
104 : : 7282162
. \ \ t “\ LY
\ \
~VeEsat \
(mVv) \ X
103 \ \‘ \\ \ — |C=
= aA
N 3A
N L 2A
N .
N
n
102 0,5A
10 2 3 4
1 10 10 ) 10 ~Ig (mA) 10
‘Fig. 5 Typical collector-emitter saturation voltage as a function of base current with collector current ‘
as a parameter. 7282154 E
2 —
|
]
~Ig |
(A)
typ
f
1
]
Il
i
[
0 A
0 0,5 1 1,5
-Vgg (V)

Fig. 6 Typical collector current as a function of base-emitter voltage. —Vce=2V;Tj=250C.
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BD934; 936 -
BD938; 940
BD942

7282165

02 E ‘ ’tvp

10

1
-2 -1
10 10 1 10 10 (A) 102

Fig. 7 Typical static forward current transfer ratio as a function of the collector current. -Veg =2V;
T: <250C. i '
J

L]
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' BD943
BD945
BD947

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N silicon transistors in a plastic envelope intended for use in audio output stages and general
purpose amplifier applications. P-N-P complements are BD944; 946 and 948.

QUICK REFERENCE DATA

BD943 | 945 | 947

Coliector-base voliage (open emitter) Vego  max. 22 32 45 V
Collector-emitter voltage {open base) VCEOQ  max. 22 32 45 Vv
Collector current (d.c.) Ic max. 5 A
Total power dissipation up to Ty = 25 °C Ptot max. 40 w
Junction temperature . Tj max. 150 oc
D.C. current gain

Ilc= 10mA;Veg=56V hge > 25

Ic=500mA; Veg=1V hgg 85 to 475

lc= 2A;Vgg=1V hgg > 50 | 50 | 40
Transition frequency at f = 1 MHz .

Ic=250 mA; Vep=1V fr > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. 45
Collector connected | max <
to mounting base. V 13-+ = v

. Y
| 28 H | se
[ : min
] 4 158
| max
)
LJ
- v . '
3,5~mux 51
not t:qnid_'_‘___._ L1l max
13 -l le| ‘ . * 12"7
max . min
(2x) 11
blu c elh v
i ->H<—0,9 max (3x) »|le-06
—p ES -— > - 2,‘&
2,54 254

7265872.3

i

See also chapters Mounting instructions and Accessories.
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BD943
'BD945
BD947 |

RATINGS

Limiting values in accordance with the Absolute Maxlmum System (IEC 134) . !
BD943 | 945 | 947

Collector-base voltage (open emitter) VeBO max. 22 32 45 V-
‘Collector-emitter voltage (open base) VCEO C omax. | 22 32 | 45V
Emitter-base voltage (open collector) VEBO max. - 5 v
Collector current (d.c.) g max. 5 A
Collector current {peak value) Icm max. 8 A
Base current (d.c.) : Ig max. 1 A
Total power dissipation up to Tmb 250C Piot max. 40 w
Storage temperature : Tstg -65 to + 150 oC
Junction temperature - T max. 150 oc
THERMAL RESISTANCE :
From junction to mounting base Rthjmb = 3,12 oc/wW
From junction to ambient in free air Rth j-a = 70 oc/w
CHARACTERISTICS

= 25 OC unless otherwise specified
Collector cut-off current

IE=0;VcB=VCBOmax. IcBo < ~ 01 mA

le=0; VcB = VcBOmax: Tj = 150 °C lcgo < : 3 mA

15 V; BD943 , ‘ .
Ig=0; Vg =20 V; BD945 i Iceo R < 05 mA
25'V; BD947

Emitter cut-off current .

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

Ic= 10mA;Vgg=5V hEE > 25

Ic=500mA; Veg=1V heg 85 to 475

Ic=2A;VCg=1V hee > 50 | 50 | 40

lc=3A;Vgg=1V hEe > - - 30
Base-emitter voltage. (notes 1 and 2) .

Ic=2A;VCg=1V . o vgg . < 1111 ] —-v

ic=3A;Veg=1VvV , VBE < - - 13V
Collector-emitter saturation voltage (note 1) ' i

Ic=2A;iIg=02A VCEsat < 05 | 05 -V

Ic=3A;Ig=03A : VeEsat . < - - 107V

Notes
1. Measured under pulse conditions; t, < 300 us; § < 2%.
2. Vg decreases by about 2,3 mvlog with increasing temperature,
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Silicon epitaxial base power transistors

BD943
BD945
BD947

Knee voltage *
g =2 A; Ig value for which
Ic=22Aand V=1V
Transition frequency af f =1 MHz
Ic=250mA; V=1V

VCEK

72672571

BD943 l945 !947

< 08 - -V

> .3 3 3 MHz

100

Ptot max

(/o)

75

50

25

N

50

100

Tmbl°C)

Fig. 2 Power derating curve.

* Measured under pulse conditions; 1 < 300 us; § < 2%.

150

-~
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BD943

BD945
BD947

102 7277801.1
I'c
(A)
10 : 'Cquax 3=(&01
+ : N
B 'Cmax \\ \\ = 14
N ,1ms 4
1) \ \\
NINNVAEID
\\ ' Yo,2
\ N\
' ‘2\3\ \
1 A\
" 1
\
N10
d.c.
™ wn ~
< < <
=] (<] (=2
2] & &
10~ .
1 10 Ve (V) 102
. CE °

Fig. 3 Safe Operating ARea, Ty, = 25 °C.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Ptot max @nd Ppeak max lines.
(2) Second-breakdown limits ( mdependent of temperature).
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.~ BD943
Silicon epitaxial base power transistors ) - BD945
| BD947

4 7282140
hj-mb
'C/W)
L 5= 1 i
3 et
il i //'7
ul - ATk
- 0,75 = > e g
P .
LA AL
B entl L1 /
2105 L b /,/
el ¢ /
] L —— 2%
0,33 __44-1--—’ LT P
1 l 1A VvV
6,2 atill 1] T 1
- i g
0,1 I — I——Il l——t
-+ —] tp - I _p
=t el
10-6  10-5 10-4 10-3 10-2 1077 ¢ (g 1
-tp
Fig. 4 Pulse power rating chart.
102 7282145
My
§=
&
0,05
10 B
— 0,1~
\ N
N
— 0,2 \=‘~E\
TS
0,5 §§J\
T — - -.\\
TTH
1L
10-5 10—4 103 tp (s) 1072

Fig. 5 S.B. vo_liage multiplying factor at the {Cmax level.
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BD943

BD945
'BD947. k
102 7282147
M ,
| 5
0,05 001 |
T — N
10 pmnd n ~
— —
-— S\
o2 : — X
N
05 \‘:K:::&
— T
—— - E -_~.._~
| . rr~Ng\EE=:::,
1 ‘
10-5 10-4 i0-3 1072

tp (s)

Fig. 6 S.B. current multiplying factor at the VGEQmax level for BD943 and BD946.

7282146

102
MI &=
0,01 .
0,05 y \
i 01 N
10 ft . —
S .
- NN
0,2 N
‘ LT TS
T NN
B ~
05 N
Tdl e
I S~ 5
1 .
10-5 10-4 10-3 tp (5) 1072

vFig. 7 S.B. current multiplying factor at the' VCEQmax level for BD947.
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BD943

Silicon epitaxial base power transistors BD945
BD947
103 7282138 ‘
Pre
—___——"" ———_.——_.—_—- ~.\
102 \
: AN
N
\
10
=2 -1
10 ) 10 _ ’ 1 Ic (A) 10
Fig. 8 Typical d.c. current gain at Vg = 1V; T; =25 °C.
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BD944
BD946
BD948

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P silicon transistors in a plastic envelope intended for use in audio output stages and general
purpose amplifiers. N-P-N complements are BD943; 945 and 947.

QUICK REFERENCE DATA

BD944 | 946 | 948

Collector-base voltage (open emitter) ~Vcgo = max. 22 ‘ 32 ‘ 45 v
Collector-emitter voltage (open base) -VCEO max. 22 32 45 Vv
Collector current (d.c.) —Ic max. 5 A
Total power dissipation up to Ty, = 25 ©C Ptot max. 40 w
Junction temperature Tj' max. 150 oC
D.C. current gain )
—lg= 10mA;-V¢cg=5V hgg > 25
—lc=600mA; -Vgg =1V hEE 85 to 475
—lg= 2A;—Vgg=1V hEE > ~ 50| 50| 40
Transition frequency at f = 1 MHz
—lg=250mA; —Veg =1V T > 3 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. 10,3 oy 45 o
Collector connected max max
to mounting base. - 3,6 |- ' 13| (- '
Y . b
s H | ss
[} [ ] min
T ] 4 158
i ) | max
| [
4 )
L v o '
3,5 max 51
not tinned _j__ e
1,3 } 127
max min
(2%) l
'4-0,9max (3x) »|l+06
- |24

—» -
254 254

&

See also chapters Mounting instructions and Accessories.

72658723
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BD944 .
BD946
BD948 \

RATINGS

Limiting values in accordance with the Absolute Maximdm;;s_ysteh (IEC134)

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

Collector current {peak valugé)

Base current (d.c.) .
Total power dissipation up to Typ = 25 °C
Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to moqnting base
From junction to ambient (in free air)

CHARACTERISTICS
Tj‘ = 25'0C unless otherwise specified
Collector cut-off current
Ig=0:;-VcB = —VCBOmax
g =0; -Vcg = —VCBOmax: Tj= 150 °C
Ig = 0; Vg = 15 V; BD944
—Vee =20 V; BD946
—~VCE =25 V; BD948
Ef'nitter cut-off current
—lg=0;-Vgg=5V.
D.C. current gain (note 1)
—lg= 10mA;-Veg=5V
—lg=500mA; -Vgg =1V -
—IC=2A;—VCE=1V .
—lg=3A;~Vgg=1V
Base-emitter voltage (notes 1 and 2)
—lg=2A;~Vgg=1V
—lg=3A;—Vgg=1V

Collector-emitter saturation voltage (note 1)

—lc=2A;-1g=0,2A
—lc=3A;-lg=03V

Notes

-VCBo
-Vceo
—VEBO

—lcm
—{ B
Ptot
Tstg
Tj

Rth j-mb
Rth j-a

—IcBo
=icso

—Iceo

—-lgBO

hre
hre
hre
heg

=VBE '
_VBE .

—VCEsat

~VCEsat

1. Measured under pulse conditions; tp < 300 ps; 8 < 2%.
2. Vg decreases by about 2,3 mV/OC with increasing temperature. .

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

max;

BD944 | 946 | 948

T2
2

32

w o ;o

1
40

. —65 to + 150
- 150

3,12
70

25
85 to 475

50 | 60 |

1.1 11

05 | 05

32

45 YV
45 Vv

gg$?>><

oc/w
oc/w

mA
mA

mA

mA

40
30

13V

07V

V
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Silicon epitaxial base power transistors

B

BD944
BD946
BD948

K‘nee voltage *
—lc =2 A; —lg = value for which
—lg=22Aand-Vgg=1V —VeEK
Transition frequency at f = 1 MHz
=lc=250mA; -Vcg=1V ) fr

726725

<

Jh

BD944 | 946 | 948

038

3

100

P tot max A’}
(%) : N

75 N

50 \

25 - N\

\

0 50 100

150

Tmbl(°C)

Fig. 2 Power derating curve.

* Measured under pulse conditions; tp, < 300 ps; & < 2%.

3

-V

3 MHz
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BD944
BD946
BD948

102 . 7277802.1
(A)
10 —Icpimax 5=0,01
+ \\ \\ AN
- —lcmax L\ o= 1
,1 ms 4
1 \ \\
RINA'EID
K;\ No.2
\ N
I , (A:
1 A
A, e
\
\\
10
d.c.
A4 - (] ®
<] < «
=) -] [+2]
al 8 8
10! )
1 ‘ 10 —Vgg (V) 10

Fig. 3 Safe Operating ARea, T,ﬁb =250C.

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

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (mdependent of temperature)
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BD944

Silicon epitaxial base power transistors : BD946
) BD948
4 7282140
“thj-mb
OC/W)
-6=1
3 - iii rF
[44 L 7
- 0,75 — - :
./)/ A )
LA L~ ) A )
2|-05 et L
7/
|44 My
| B V1
0,33 s A P J/
. - a4
[ 02 antii MDD o
T N »
0,1 1" — -
et ——>‘ tp | tp
0 — §=—
0 -— T —a T
10-6 105 . 1074 103 1072 1077 ¢ (s)
Fig. 4 -Pulse power rating chart.
102 7282145 =
—
N
NN
1] =
0,6
e e Y -
e ——t—— ~§
] .
-5 —4 =3 -
- 10 10 10 tp (s) 10-2

Fig. 5 S.B. voltage multiplying factor at the —lgmax level.
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BD944
BD946
'‘BD948 ‘ \
102 \ 7282147
M
| i
0,01
005 3
\_\J 1 \\ o
TN “
10 jmt mal
—— —
S
= -
0,2 SN
—— N \
e _‘\:\ﬁ
0.5 iy M
BERRE EE L
1 . oL — .
10-5 ' 10—4 : 10-3 tp (s) 10-2
. Fig. 8_S.B. current multiplying factor at the ~VCEOmax level for BD944/946.
— ) B 7282146
— 10
—
M 5=
0,01
L 0,05 N
\\\ .
0,1 \\Q"\ ‘
10 : N —
o .‘\ N [
[ 0,2 ‘ NN
e - ‘
, s RN
- = 3
05 v ’ \\\\
‘ I ‘ —'~J. —
SQE:':V..
1 - ‘ v -
"10-8 . 10-4 10-3 tp (s) 10-2

Fig. 7 S.8. current multiplying factor at the ~VoEQmax level for BDY48,
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BD944

Silicon epitaxial base power transistors BD946
‘ BD948
103 7282139
hee
typ
~~~T~
102 AN
~
10 = - — .
10 10 1 ~Ic (A) 10

Fig. 8 Typical d.c. current gainat —Vgg =1V; Tj=25 oC.
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BD949; 951
BD953; 955

SILICON EPITAXIAL BASE POWER TRANSISTORS

N-P-N transistors in a plastic TO-220 envelope. With their p-n-p,complements BD950; 952; 954 and
956 they are intended for use in a wide range of power amplifiers and for switching applications.

QUICK REFERENCE DATA

BD949 | BD951 | BDY53 | BDIS5

Collector-base voltage (open emitter) Vcgo max. 60 80 100 [ 120 V
Collector-emitter voltage (open base) - Vegg max. 60 80 100 [ 120 V
Collector current (d.c.) Ic max. 5 A
Collector current (peak value) Icm max. 8 A
Total power dissipation up to T, = 25 °C Piot max. 40 - w
Junction temperdture T max. 150 oC
D.C. current gain
Ic=05A;Vcg=4V hgg > 40
Ic=2A;Vcg=4V heg > 20
MECHANICAL DATA
Fig. 1 TO-220AB. Dimensions in mm —
Collector connected to ] r#bsx < —_—
mounting base. 130 |- ; '
- Y
2°8 H] 59
[ u min
B 4 158
max
|
-
' ' '
3,5 max 54 [
not tinned | | 1| _L_ max
[} .
} 12,7
n:::ax" l min
(2x) :
bf|l cli| e
_ - I «-0,9max {3x) +|le06
See also chapters P N G - 24
Mounting instructions 2,54 284 S
and Accessories.
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BD949; 951
BD953: 955

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)
Collegtor current (d.c.)

Collector current (peak value)

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

Junction temperature

THERMAL RESISTANCE
from junction to mounting base
from junction to ambient (in free air)

' CHARACTERISTICS

Tj=25°C unless otherwise specified

Collector cut-off current
Ie = 0; VeB = VEBO max
Ig=0; VB =% VeBO max: Tj = 150 °C
I183=0; VcE = % VCEO max

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

D.C. current gain (note 1)
Ic=05A;Vcg=4V
Ic=2A;Vgg=4V

Base-emitter voltage (notes 1 and 2)
Ic=2A;Vep=4V :

Collector-emitter saturation voltage (note 1)
Ic=2A;1g=02A

Transition frequency at f = 1 MHz
Ic=05A;Vcg=4V

VcBo
Vceo
VEBO
Ic
icm
Ptot
Tstg

Tj

Rthj-a

IcBo
Icso
Iceo

lEBO

hre
hee

VBE

VCEsat

(1) Measured under pulse conditions: tg <300 us, § <2%.

(2) VEp decreases by about 2,3 mV/©

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

max.

Rthj-mb =

ANA

with increasing temperature.

BDY49 | 951 | 953 | 955

60
60

|

80 ‘ 100
80 | 100
5

5

8
40

- —65 to 150

150

3,12
70

0,1

015 .

40
20

14

120 V

120 v
v
A
A
w
oc
oc

oc/w
oc/W

mA
mA
mA

mA

MHz -

2
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Silicon epitaxial base power transistors | BD 949; 951

BD953; 955
CHARACTERISTICS (continued)
Switching times
{between 10% and 90% levels)
Icon=1A:Igon = —Igotf=0,1A .
Turn-on time ton typ. 03 s
Turn-off time toff  typ. 1,5 us
7277499.A
901----FT======f  leon
ig (%)
10 f===
90 +— -1
ic
(%)
10 f———
0 J R P et
"-on >l tors le— g
| - =
Fig. 2 Switching times waveforms. b
VimM = 30V
Vee = 20V
vgg =-35V
) R1 = 828
' R2 = 150 Q
R3 = 39 Q
R4 = 200
V|M— fr=tf <15 ns
19 = 10 us
0 = 500 us
*l -t
- T —»
7278131

Fig. 3 Switching times test circuit.
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BD949; 951
BD953; 955

$=0,01
10 - 'CMmax A 7277852.1
! 1 N \\
- 'Cmax SSTTSS
{ N\ NN
c NN
(A) N
NN NN
- \ N tp=
’ 0,1ms
1 \ \ \N
\ ARAY 0 2
AN
(2)
N1?
| N 10
10-1
d.c.
102
8D9494—
| 8D951 |
LT BD953 |
<~ BD955
10-3 ! | ,
1 10 102 Vg (V)

Fig. 4 Safe Operating ARea; Ty < 25 °C.

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

(1) Ptot max and Ppeak max lines. -
(2) Second-breakdown limit (independent of temperature).
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‘Silicon epitaxial base power transistors _ BD949; A951

BD953; 955
72672574 -
100 N
Ptot max \\
(°/o)
75 N
N
50
\ ‘
N,
25
N
TN
N
0 50 100 150
Tmb(°C)
Fig. 5 Power derating curve.
—_
4 7282140 =
Zthj-mb
(°c/w)
L 5=1 i F
- A "
3 - % 1
- - o //
- 0,75 =] et "
oA p. §
L1 L / l/
) m A L 1/
2 —'0,5 - H J,
il V17
L1 9%
0,33 Y bl P %
, ! '// ,.;//
| 0.2 il 11 UM —
] M=ot o
o i il Tt
| Ty f— p
- 7 | P L
0 g -
1078 10-% 1074 10-3 10°2: 107! tp(s) !

Fig. 6 Pulse power rating chart.
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BD949; 951
BD953; 955

7282147

102
M
| 5=
' 0,
0,05 :
\\ : .
e
0,1 ; N \
10 A
L » AN
0,2 . |
. ' N~
015 i} k\ ~~R
T -~
F ’\N\::EE\.
1 ,
10-5 10~4 o 10-3 tp (s) 10-2
Fig. 7 S.B. current multiplying factor at the VCEQ max level for BD949/951,
:hy_: 102 7282146
=
Ml - &=
1 o008 0,01
- E * N
. TN
0,1 . . \\\
10 . T
: RTINS
— L N
02" NS
-—- Ty ° R \ \
P S NN
T R SR R e SR S
- 05 ‘ ; LTINS
—.y - .
SSSS
1075 , 1074 1073 tpls) 1072

Fig. 8 S.B. current multiplying factor at the VoEQ max level for BD953/955,
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Silicon epitaxial base power transistors - BD949; 951
‘BD953; 955

102 7282145
My
6= |
, ~0\01 :
0,05

10 P e

— 0,1

\\ N \
SN
— 0,2 RN
T \\‘
05 S~
T S
H—
] ,
1075 - 1074 10-3 tp (5) 1072
Fig. 9 S.B. voltage multiplying factor at the {C max tevel.
103 7282141.1
hre
102
.= O ooy
| AT - 4=
L1 \\\\
)
~
A \‘\ N
./25 OC q\ \\
3
N
N

10

1072 10~" 1 ic (A) 10

Fig. 10 Typical d.c. current gain at Vee=4V.
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' BD949:; 951 .
BD953; 955

104 . y . 7282143
1t
Vce
(mV)
103 \ .
t X \ W |C=
\\ 7A
, 5A
\\ < 3A
— 2A
. \¢\~ 2
10 ~T Ty
- LELT
05A
10
1 10 102 103 g (mA) 104

Fig. 11 Collector-emitter voltage as a function of base current.
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BD950; 952
BD954; 956

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P transistors in a plastic TO-220 envelope. With their n-p-n complements BD949; 951; 953 and
955 they are intended for use in a wide range of power amplifiers and for switching applications.

QUICK REFERENCE DATA

BD9S50 | 952 | 954 | 956

See also chapters
Mounting instructions
and Accessories.

Collector-base voltage (open emitter) ~Vcgo max. - 60 ‘ 80 ‘ 100 I 120 v
Collector-emitter voltage (open base) ~Vcgo max. 60 | 80 | 100|120 v
Collector current (d.c.) —le max. 5 A
Collector current {peak value) —lcm max. 8 A
Total power dissipation up to Ty, =25 °C Piot max. 40 w
Junction temperature Tj max. 150 oC
D.C. current gain
—lc=05A; -V =4V hgg > 40
-lg=2A;-Vgg =4V hge > 20
- MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. 45 =
max [* ]
Collector connected 13- - —
to mounting base. L L \
8 H | se
B 1 | min
=+ 158
\ max
1
-
' ¥ .
3,5 max 54
not tinned 1l max
| } 12,7
n:asx min
(2x)
b
jle-0.8max (3x) olle 06
- 24

— R
2,54 254 -

72656723
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BD950; 952
BD954; 956

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

BD950 | 952 | 954 | 956

Collector-base voltage {open emitter) -Vepo ~ max. 60 ' 80 I 100-| 120 V
Collector-emitter voltage (open base) ~Vceo  max. 60 80 | 100 120 V
Emitter-base voltage (open collector) ‘ -VEBO max., 5 \
Collector current (d.c.) ~Ig max. 5 . A

. Collector current (peak value) ‘ -lcm max. 8 A
Total power dissipation up to Ty, = 25 °C Piot max. : 40 W
Storage temperature Tstg ’ —65 to 150 oC
Junction temperature B T;

i max. 150 - °c

“THERMAL RESISTANCE

from junction to mounting base Rthjmb = 3,12 - oc/w
from junction to.ambient (in free air) Rthj-a = 70 - oc/w
CHARACTERISTICS

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

Ig=0;-VcB =—-VCBO max -lcgo < 0,1 mA
Ig=0;-Vcg =—"% VCBO max: Tl =150°C —Icgo < 2 mA
'8 = 0; ~VCE = —% VCEQ max -lceo < 65 .. mA
Emitter cut-off current ) o
ic=0;-Vgg=5V —lEBO < 1 . mA
D.C. current gain (note 1) . : i
—Ilc=05A;-Vcg=4V hgg > 40
—=lg=2A;-Vge=4V hgg > 20
Base-emitter voltage (notes 1 and 2)
~lg=2A;-Vcg=4V -Vgg . < 14 \
Collector-emitter saturation voltage (note 1) ‘ o o
—lc=2A;-1g=02A : ~VeEgsat < -1 v
Transition frequency at f = 1 MHz ) _ T
—Ic=05A;—Vgg=4V o > 3 MHz

(1) Measured under pulse conditions: tp< <300 us, ) < 2%.
(2) VER decreases by about 2,3 mV/OC with increasing temperature
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Silicon epitaxial base power transistors

BD950; 952

BD954; 956
CHARACTERISTICS (continued)
Switching times
(between 10% and 90% levels)
Icon=1A; —Igon = IBofr = 0.1 A
Turn-on time ton typ. 0,1 us
Turn-off time toff  typ. 0,4 s
WVt---~—f—————— |— ~Igon
-ig(%) | Z
10 o=
L[ t
— IBott
Y\ U I S I Teon
-i¢
(%)
0o L—
0 — |<— —»|tf4— t
‘ ton > torr
Fig. 2 Switching times waveforms. :
-Vim = 30V —
-Vge = 20V
vgg = 35V
R1 = 82 Q
R2 = 150 Q
R3 = 39 Q2
0 R& = 200
” ) ” t=t<15 ns
V| —_ tp = 10 Hs
L_ ty T = 500 us

et

7278130

- T —

Fig. 3 Switching times test circuit.
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BD950; 952
BD954; 956

i

' % 7277853.1
10 £ ~'CMmax

10!

6=0,01

[ i N AN
- —Cmax —- AMNEAN

//
A

A X

BN
W
\ \0,1 ms

10

BD9501 |
- 8D952] |

B BD954

AN

> BDI56

1 10 C102 —Vge (V)

Fig. 4 Safe Operating ARea; Tynp < 25 °C.

I Region of permissible d.c. operation. )

Il Permissible extension for repetitive pulse operation.
(1) Ptot max and Ppeak max lines.

(2) Second breakdown limit (independent of temperature)
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Silicon epitaxial base power transistors : ) BD950; 952
| BD954; 956

72672571
100
Ptot max N
(%/o) - s
75 N
AN
N
50 \C
\t
25 - \
N
N\
0
0 50 100 . 150
Tmol°C)
Fig. 5 Power derating curve.
a ) © 7282140
Zthj-mb
(°c/w)
L 5=1 i
3 i ’— b1 /’/!/ 1l
1 At
L 0,75 —— - :, ,/
] .
AT LA
Lt ed y.&
2105 divViarzZa!
LT 1 /
L 1" ”
| 033 TTH— L
1 i
| 0.2 Rl P2l —
I n 1]
0 ’ | S,
0 -—-\——"- »ltpl« l 8=.t_.p_
o o T —» T
10-6 10-5 10-4 10-3% 1072 107" ¢ (s)

Fig. 6 Pulse power rating chart.
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'BDY50: 952

BD954; 956
102 7282147
M
1 5=
0,01
0,05 .
N
I~ \
10 2 N X<
SN
SN
02 T~ \
. - N
\\
NN
0,5 \\\\\:\‘
——tr—t ] \\
-~~~-\\§§§N
11—
10-5 10-4 10-3 tp (s) 10~2

Fig. 7 S.B. current multiplying factor at the —VCEQ max level for BD950 and BD952.

— 7282146
— 102
—
——
—
Ml &=
' 0,01
L_ 0,05 ¥
L \
o
10—t S
. & T
— AN
0,2 i AOh
— NN
NN
0'5 \‘~&
- ‘§\
1 - =2
- - -3 -2
1075 1074 10 tp (s) 10
" Fig. 8 S.B. current multiplying factor at the —~VCEQ max level for BD954 and BD956.
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S/ilicon epitaxial base power transistors . BD950; 952

BD954; 956

102 7282145
My
6 =
%
0,05
10 [—
— 0,1
\"\ M,
o) N
e SRS
ey
\N..\_‘ \\
. —
05| - e~
B e o M - ™~ L
"!'\'
1 ‘
10-° 10—4 1073 tp (s) 1072
Fig. 9 S.B. voltage multiplying factor at the —Ic max level.
103 ' 72821421
hee
T.=125°C
102 ' =
PR | — =z
= Ty
25°C =SUNI IR
—— h N
N
N\
A
N\
10
1072 10~1 1 —lg(a) . 10

Fig. 10 Typical d.c. current gain.at -Vgg =4 V.

February 1979



[HI

BD950; 952
BD954; 956

104 - , : 7282144
SSEEnS R
'—VCE “ \
(mV) - ‘\ \\ A ;
; WERIRNENIL
10 A 8 A ¥
. LY X 5§ o=
’ ll 1 ‘\ - C
X A\ ~—7A
\ 5,;\
\ 3A
N 2A
2 g N ‘h.‘.\ |ttt 1A :
10
= 05A
10
o 10 102

103 ~Ig (mA) 10*

Fig. 11 Collector-emitter voltage as a function of base current.
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BDT62; 62A
BDT62B; 62C

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications. TO-220 plastic envelope. N-P-N complements are BDT63,

BDT63A, BDT63B and

BDT63C.

QUICK REFERENCE DATA

‘

Al B | C

Collector-base voltage {open emitter) —VcBo max. 80 l 100 ‘ 120 V
Collector-emitter voltage (open base) —VCEQ max. 80 100 | 120 Vv
Collector current (d.c.) —lc max. 10 A
Collector current (peak vaiue) : )
tp= 0,3 ms; 6§ = 10% —lcm max. 15 A
Total power dissipation up to Ty, = 25 °C Piot max. 90 w
Junction temperature Tj max. 150 oC
D.C. current gain
—lc=3A;—Veeg=3V hge > 1000
MECHANICAL DATA
Fig. 1 TO-220AB. 10.3 4.5
'+ s -
Collector connected = max. max
to mounting base. ->| 3,6 |<- ¥ [~ v
/ 3
|;| D 28 59
[} - min
1 T * 158
| | | - max
! i ]
| I I 4
i _ | ¢ B
3,5 max 54
not tinned | L H max
) /
o DL

See also chapters
Mounting instructions
and Accessories.

max
(2x)

b

-

-
254

1 1

T

- I «-0,9max (3x)

-

&

l+-og

.24

7265872.3
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BDT62; 62A
BDT62B; 62C

7266446.2

|
!

Fig. 2 Circuit diagram.

RATINGS

1.1

(4]

R1 typ. 4k
R2 typ. 60 Q

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

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

Collector current (peak value)
tp= 0,3ms; 5 = 10%

Base current (d.c.)

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

Junction temperature®

THERMAL RESISTANCE*
From junction to mounting base
From junction to ambient (in free air)

-VcBOo

-VcEo
. —VEBO

_|C

~lcm
Ptot
Tstg

Tj

max.

max.
max.
max.

max.

Rthjmb =

Rth j-a

BDT62 | A | B | ¢C

60
60

l 80 l 100 |120
80 | 100 | 120

5
10

15
250
90
—65 to + 150
150

1,39
70

* Base 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.

\"
v
\
A

A
mA
w
oC
oc

oc/w
oc/w
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Silicon Darlington power transistors BDT62; B62A

BDT62B; 62C

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

le =0; —Vcp = -VcBOmax -lceo < 02mA

Ig=0; —VcB = —%VCBOmax: Tj=150 oC —lcBo < 2 mA

I8 = 0; —V¢E = —%VCEOmax -lcec < 05mA
Emitter cut-off current

lc=0;,-Vgg=5V ~lEBO < 5 mA
Forward bias second-breakdown collector current

—Vcge =40 V; t=0,1s; non-repetitive

(without heatsink)

BDT62 ) : l(sB) > 045 A

BDT62A, B and C I(sB) > 14 A
D.C. current gain*

—lg=3A;=Vcg=3V i hFg > 1000

—lg=10A; Vg =3V » hEg typ. 200
Base-emitter voltage* o

—lg=3A;~Vgg=3V ) -VBE < 25V
Collector-emitter saturation voltage* E

—ic=3A;—-Ig=12mA —VeEsat < 2V

—lg=8A;—1g=80mA ) —V(CEsat ’ < 25V
Cut-off frequency

—lc=3A;-Veg=3V ) ‘ fhe typ. 100 kHz
Collector capacitance —

—Vep=10V; f=1MHz : Cob typ. 100 pF —_—
D.C. current gain ratio of matched E

complementary pairs

—lc=3A;-Vgg=3V ‘ hee1/hpe2 < 25
Small-signal current gain at f=1 MHz

—lc=3A; —Vgg=3V ) hge > 25

* Measured under pulse conditions; tp <300 us; & < 2%.
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BDT62; 62A
BDT62B; 62C

CHARACTERISTICS (continued)
Diode, forward voltage

[F=3A : VE - <
Switching times

(between 10% and 90% levels)

=!Con =3 A:~Igon = IBoff = 12 mA

turn-on time ton typ.
turn-off time . toff typ.
._.tr,__ 72776911
0{-———| === — ~Igon
-ig (%)
0 b=z

¥ 90f---}
-ic
(%) -
Py —

o] —
1
E : on T torr

Fig. 3 Switching times waveforms.

7278130

Fig. 4 Switching times test circuit.

nonononowwonunu

-
oo

§.._. K-
cawdod s
EE30900<<<
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Silicon Dadington power transistors

BDT62; 62A

BDT62B; 62C
72672571
100
P{ot max N
(%%} N
75 N
N\
\N
A |
50 \- ‘
25 ,
N
N\
0
0 50 100 150
Trmp(°C)
Fig. 5 Power derating curve. e
=
February 1979 5




BDT62; 62A
BDT62B; 62C

102 - ‘ - - 7282169
(A)
o §=0,01 =
~IcMmax _— p
- ~+40,1ms
10 ' NEANANS R
E —lcmax \\Q\\\ X ms
NS 98
N\
\\ \
L
B\
1
A Wi
\\\
I 10
!
100
— 10—1 ) d.c.
—
=
o~
©
-
o
2l
10-2 L
1 10 102 —Vee (V)

_Fig. 6 Safe Operating ARea BDT62; Ty, =25 °C.

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

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

) 6 February 1979




Silicon Darlington power transistors . ’ BDT62; 62A
BDT62B; 62C

102 7277520.1
(A)
L _ §=0,01
CMmax A
- J <
10 NNEAWAN
:_lCmax - \\\\‘\ ‘\\\\ I tp
AN 0,1 ms
N
(1N NCT N
0,5
q ,
R
1
1 AL
(2) N
| N
o
\ 100
10~! —
d.c. —_—
BDT62ArT] |
BDT62B{ i
BDT62C1
10—2 g | I
1 - 10 102 —Vce (V)
Fig. 7 Safe Operating ARea BDT62A; 628 and 62C; Tryp = 25 °C.
| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.
(1} Ptot max and Ppeak max lines.
(2) Second-breakdown limits (lndependent of temperature).
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BDT62; 62A -
BDT62B; 62C ) k | /
15 : : 7z¢szusv
51 | m T
Zehj-mb ]
(°c/w) 0.7
"
1
1
05 P4 V4
0,2
'0,5 .
Y v
V1
V [ )
0,01
| » —.' tplq—— 6_52 .
- T —» —T
1075 104 10-3 1072 107! T tg(s) 10
' Fig. 8 Pulse power rating chart.
E 104 7282163
hee p N
Z) L LA \\
11 \
103 ya A
T;j=125%% :
HH [/
259CY -
102 1\
X
T
10 2 T o 2
10 10 . 1 ) 10 =g (A) 10
Fig. 9 Typical d.c. current gain at =Vcg =3 V. ,
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Silicon Darlington power transistors

BDT62: 62A

BDT62B; 62C
102 7282171
My
10 §=0,01
IS0, 1N
~
PIMNAN
0,2
-\\
NN
0,5 \\:“§
v ~ - -
- --._é\:::_::.
1 .
10! 1 10 tp (ms) 102
Fig. 10 S.B. voltage multiplying factor at the IC 5 level.
102 — 7282172 - E
- —
5=0,01 —
\
M, 0,02 N
TN
0,05 ™ \
- N
N
N
0,1 N
10 N
—-— \
~OSR
—0,2 ]
o -
-“"-‘_ \\\\
Pong
— \\~\ ~
Py
05 in =
\\
\\\
! 2
10— 1 : 10 tp (ms) 10

Fig. 11 8.B. current multiplying factor at the VCEQ max level.
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BDT62; 62A
BDT62B; 62C

1HIH

7282159

" —VeEsat
(mV)
sl _—'c=1A| 2All[an | 6A| | [8A
107 = : X X *1‘\
1 A Y
\ 1} \
1 —\ A
\ AN
\
\ {
\ N
1038 g
102
10-1 1 10 102 _jg(ma)  10°
* Fig. 12 Typical collector-emitter saturation voltage.
7282151
10
(A)
75
' /
/
/l
/
/
/
25 -
/
o s s Fig. 13 Typical base emitter voltage
' Vare (V) ’ as a function.of the collector current.
~VBE
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BDT63; 63A
BDT63B; 63C

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darfington circuit for audio output stages and general
amplifier and switching applications; TO-220 plastic envelope. P-N-P complements are BDT62,
BDT62A; BDT62B and.BDT62C.

QUICK REFERENCE DATA

BDT63 | A | B | C

Collector—base voltage (open emitter) : Vecgo Mmax. 60 ' 80 ’ 100 l 120 V
Collector-emitter voltage {open base) Veeg max. 60 80 100 | 120 V
Collector current (d.c.) ic max. 10 A
Collector current (peak value) -
tp= 0,3 ms; & = 10% Iem max. 15 A
Total power dissipation up to Ty, =25 °C Piot max. . 20 w
Junction temperature Tj max. 150 oC
D.C. current gain
lc=3A;Vcg=3V hgg > 1000
MECHANICAL DATA -
Fig. 1 TO-220AB. - 103 . - 2S5 - =
Collector connected 1 3,6 | 13> (= —
to mouriting base. el ¥ v '
4 N I i 58
4 ) min
] T 4 158
I | max
|
L--j,--.‘l La
{ | { _
3,5 max 51
not tinned [ | max
} ( ‘
? 12,7 .
rrlfx" [~ min
: (2x) ) _
; bm c|lf e v
' i —>i<—0,9'mux {3x) > |<—0,6
— -— . -J -2.4
See also chapters 2,54 2,54 » 2265872.3

Mounting instructions
and Accessories. Eﬁ
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BDT63; 63A
BDT63B; 63C

R2 typ. 100 &

]

. |
R1typ.8kQ

| ‘!

| |

_

= e
7266445.2

Fig. 2 Circuit diagram.

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

BDT63 | A | B | C

Collector-base voltage (open emitter) Vego  max. 60 80 | 100 l 120 Vv
Collector-emitter voltage (open base) . Vcgp max. 60 | 80 i .100 | 120 V
Emitter-base voltage (open collector) " VEBO  max. 5 v
Collector current (d.c.} e max.: 10 A
Collector current (peak value) : V
tp=03ms;5=10%" Icm max. 15 A

Base current {d.c.) I} max. 250 . mA
Total power dissipation up to T =25 °C  Pyot max. ‘90 w
Storage temperature Tstg —65 to + 150 oC

- Junction temperature* Tj max. 150 . oC
THERMAL RESISTANCE * ‘ ; .

" From junction to mounting base Rthjimb = . 1,39 oc/w
From junction to ambient (in free air) Rthja = 70 ‘ oc/w

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

|
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BDT63; 63A

Silicon Darlington power transistors

BDT63B; 63C

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

1e=0; VcB = VCBOmax IcBo < 0,2 mA

Ig =0; Vcp = %VcBOmax: Tj = 150 °C ~ IcBo < 2 mA

Ig = 0; VCE = %2VCEOmax : Iceo < 0,5 mA
Emitter cut-off current _

Ilc=0;Vgg=5V lego < 5 mA
Forward-bias second-breakdown collector current

Veg =40 V; t=0,1 s; non-repetitive ) -

{without heatsink) l{sB) > 2,25 A
D.C. current gain*

Ilc=3A;Vcg=3V . hgg > 1000

Ilc=10A;Vgg=3V i hge typ. 3000
Base-emitter voltage*

Ic=3A;Vgg=3V VBE < 25V
Collector-emitter saturation voltage*

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

Ic=8A;Ig=80mA o VCEsat < 25 Vv
Diode, forward voltage '

IE=3A . ) Vg < 2V
Turn-off breakdown energy with inductive load {Fig. 6)

—Igoff=0; L=56mH . E(BR) > 100 mJ
Small-signal current gain at f = 1 MHz ) e

Ic=3A;Vgg=3V ' : hte > 25 —
Cut-off frequency ]

lg=3A;Vcg=3V fhfe “typ. 50 kHz
Collector capacitance ' .

Veg=10V;f=1MHz Cob typ. 100 pF
D.C. current gain ratio of matched

complementary pairs

Ic=3A;Vgg=3V heg1/hpe2 < 25

* Measured under pulse conditions; o <300 us; § < 2%.
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BDT63; 63A
BDT63B; 63C

* CHARACTERISTICS (continued) -

Switching times
{between 10% and 90% levels)

Icon =3 A; Igon = —IBoff = 1

2mA

turn-on time ton - typ. 05 us
turn-off time toff typ. 25 us
72774991
e
90 - ——~|
i (%)
0 t===
;; [ ]
‘ ) 90 L LY o ___1 .
N .
(%)
18 ------------- '
ol Jee —»lt,(«- t
ton —* tops e
Fig. 3 Switching times waveforms.
. ViM = 10V
Vee = 10V
-Vgg = 4V
R1 = 56 Q
R2 =410 Q
v R3 = 560 Q
IMm— R4 = 3 Q
1 tr=tf = 15 ns
0 t = 10 pus
- |<- tp -lp = 500 Mus
e T
7278131

Fig. 4 Switching times test circuit. -
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Silicon Darlington power transistors

BDT63; 63A
BDT63B; 63C

72672574
100
Ptot max N
(%) N
75 \
N\
N
\Y
50° \C
N
25
N
N
AN
0
0 50 100 150
Tmp(°C)
Fig. 5 Power derating curve. —
vert.
oscilloscope
010 *
vk
N
Vim TUT
hor.
sl |l ‘ oscilloscope
<-p-T—> -
7273863.1
Fig. 6 Turn-off breakdown energy with inductive load.
VimM=12V;Rg=270%; 8 =$ x 100% = 1%; loc = 6,3 A.
5

February 1979



BDT63; 63A - .
BDT63B; 63C-

'102 . . . 72775191

‘c
(A)
™ |CMmax 5=0.01
10k NN A
E | N ~ NHE tp =
[ 'Cmax A\ 3 p
RN N 0,1 ms
ANN
DN
R
I\
, Wi}
(2) 1
I
10
, oo
10- .
° d.c. C
BOT63
BDT63ATT
BDT63B-TTTHH
BDT63C T
10—2 1 1] }
1 10 - 102 Vg (V)

'Fig. 7 Safe Operating ARea; Tryp, = 25 ©C.

| Region of perr;nissible d.c. operatioh. _
It Permissible extension for repetitive pulse operation.

{1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits {independent of temperature).
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Silicon Darlington power transistors BDT63; 63A
) BDT63B; 63C
7282148
15 . m T
z ) - - - , -
thj-mb 7
(°c/w) 0.7
LtT'] /'
1 - -
0,5 Lydet” 7 —~
.
- —
——
0,2 y.
05 -
7
- pre——
0,01}
L ""l tp|<— ‘ _t;
- T —»l 8—?—
0 -5 -4 -3 -2 -1
10 10 107° 10 10 i tp (s) 10
Fig. 8 Pulse power rating chart.
104 ) 7282164 =
=T ™~ E
-
e P N
-
P4 // N
hre . \
. // /’ \‘ \
4,, \
’ 4 . \
’ / \ \T=25%
10314 A L ‘
. ]
- A 1250¢
4
10? 1 ‘ ' 2
10 , o 10 I (A) 10
Fig. 9 Typical d.c. current gain at Vg =3 V.
: .
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BDT63; 63A

BDT63B; 63C
1 02 - 7282173
My
100,01
N\,
\‘
NO2 N
05_| IO
\\s__\\‘:\
T — ]
107! 1 10 tp (ms) 102
Fig. 10 S.B. voitage multiplying factor at the | max level.
1 02’ 7282174
M|
§ =0,01
10}6=0,1
A
—] N
— N\,
e 0,2 ‘h\
] NN <
‘\§ ~
NN
05 R
. \\’\ “%\ .
e el
'\\\:5':5—&
1 i .
10-1 1 ' » 10 tp (ms) 102

Fig.-11 S.B. current multiplying factor at VcgQ level =

60V and 100 V.
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Silicon Darlington power transistors

, BDT63; 63A

BDT63B; 63C
. 7282160
VCEsat
(mV)
10 __Ic= 1A 2A|[4A6A8A10A
- 1 11 ‘\
1 1 N
\ N\
1 [\
\\ \ [\
\ \-_‘
103
102
10~1 1 10 102 1o (ma) 10°
Fig. 12 Typical collector-emitter saturation voltage. )
) 7282152 E
10
I'c
(A) -
75
/
/
7
/
5 /
25
/ Fig. 13 Typical base-emitter
voltage as a function of the
0 | collector current.
1 1,5 25
VBE (V)
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BDT91
BDT93
BDT95

SILICON EPITAXIAL BASE POWER TRANSISTORS

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

switching applications.
P-N-P complements are BDT92, BDT94 and BDT96.

QUICK REFERENCE DATA
BDT91 ] BDT93 | BDT95
Collector-base voltage (open emitter) Vego max. 60 80 100 V
Collector-emitter voltage (open base) Vcep max. 60 80 100 V
Collector current (d.c.) Ic max. 10 A
Collector current (peak value) Icm max. 20 A
Total power dissipation up to Tryp = 26 °C Piot max. 90 w
Junction temperature Tj max. 150 oC
D.C. current gain
Ic= 4A;Vcg=4V hgg 20 to 200
Ic=10A;Vgg=4V : hrg > 5
Transition frequency :
lc=05A;Veg=10V fr > 4 MHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-220AB. 103 4k
<~ max ™ ™| max [*
Collector 'connected - 36 1370 |
to mounting base. ] | v
[~ b
s o | s
[} ] min
1 H ) 158
] | max
b | 1
Ll 4 L)
' | ¥ .. '
@ 3,5 max » 51
i not tinned | | . I} | | max
top view } '
13 4 127
max™ ' min
{2x) .
bljl c]ij e
See also chapters *i «-0,9max (3x) - <-o,sv
“Mounting instructions and Accessories. i s - le24

7265872.3
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BDT91
BDT93
BDT95

]

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)
;e 'BDT91 | BDT93, | BDT95

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 Typ =25 °C
Storage temperature

Junction temperature

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

CHARACTERISTICS

Tj = 25 OC unless otherwise specified

Collector cut- off current
e =0;VcB = VCBOmax
Ie=0; Ve = %VeBOmax: Tj = 150 oy
I8 =0; VCE = VCEOmax

Emitter cut-off current
Ic=0;VEg=7V

D.C. current gain (note 1)
lc=4A;Vcg=4V
lc=10A;Vcg=4V

Base-emitter voltage (notes 1 and 2)
Ic=4A;Veg=4V

Collector-emitter saturation voltage (note 1)
lc=4A;1g=04A
Ic=10 A; Ig=33A

Transition frequency at f= 1 MHz
lc=05A;Vcg=10V

Cut-off frequency
Ic=05A;Veg=10V .

Notes

VeBo
VCEO
VEBO .
Ic

Icm

IB

Ptot
Tstg

Rthj-mb
Rthj-a

icBO
IcBO
IcEO

IEBO

hee
hrE

'VBE

VCEsat
VCEsat

fr

fh‘fe

1. Measured under pulse conditions: t, (? <300 us; § < 2%.

2. Vg decreases by about 2,3 mV/0

max.

max.
max.
max.

max.
max.

max.

ANAA

with increasing temperature.

60
60

80
80
7
10
20
4
90
—65 to +150
150

139
70

20 to 200
5

1.6

20

100 Vv
100 Vv

<

oc/wW
oc/w

mA
mA
mA

mA

MHz

kHz

\
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BDTO1

7278131

" Fig. 3 Switching times test circuit.

Silicon epitaxial base power transistors BDT93
BDT95
- Second-breakdown collector current .
Vce=60V; tp=0,1s 1{sB) < 15 A
Switching times
(between 10% and 90% levels)
Icon =4 A;lgon=—IBoff =04 A
Turn-on time . ton typ. 0,3 us
Turn-off time toff typ. 1,6 us
tr 77776991
-
} 01+-—-——F-———=—= | Igon
ig (%)
10 === "
t
— ~lgort
30 Y. ICcm
ic
(%)
18 1
— e —’ltf -— t
ton > tors e
—
—
Fig. 2 Switching times waveforms. —
: =
Vim = 45V
Vee. = 20V
-V = 35V
R1 =21082
R2 = 56 Q
R3 = 10Q
Vim —
M H ll R& = 5Q
0 te=tf = 16ns
I ¢ t, = 10 us
=P 1p =500 us
- T -
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BDT91

it

BDT93 | |
BDT95 \
102 ) 7278502.2
I'c
(A) 1 - §=0,01
CMmax A
: N N
lCmax \ \\\ \
10 —
Q\ N I >
AN o=
N
(”\\\ . 0,1ms
N,
N N 0,5
\\\
1
1
! (2)4
10
Md.e.
10"
BDT914
BDT93+11
BDTI5+T11T]
102 11
1 10 : 102 Vg (V)

Fig. 4 Safe Operating ARea; Tmp = 25 ©C.

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

(1) Ptot max and Ppeak miax lines.
(2) Second-breakdown limits (independent of temperature).
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BDT91

Silicon epitaxial base power transistors - BDT93

BDT95

72672570 -

100

P tot max

(°/o)

75

50

25

N\

50 100 150
Tmp(°C)

'Fig. 5 Power derating curve.

i 7282149
15 1| P T I
Zthj-mb =" 1]
(OC/W) -~ » st
DS
1 s
2 A2/
05 //;
>/
= 7/
[— /4
0,2 414
0,5
4 A/
Z/
A ] F
». 0'1 e
_>0,05 ——Itplq— ‘ e
H 0'101| e T—o B—T
0 - .
10-5 10-4 10-3 10-2 10" b (s 10

Fig. 6 Pulse power rating chart.
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BDTO1

March 1979

BDT93 |
BDT95 |
2 7282157
10 1T
50,01 0
0,02 1] AN
M Ni"\\ \\
0,05 NGO ONL
i N-hqhh“\ \ \\
0 0,1 L \\ \
-~
P —
A
0,2
NN
05 \
-\\\
\§§\~V--—
1 }
107° , 10-4 1073 tp (s) 1072
Fig. 7 S.B. current multiplying factor at the VCEQmax level.
— 102 7282158
My
5=
0,01
0,02
0,05
10 ——
) P
— N —
— 0,1 T —,
0,2 i -\‘ Q
e . \ \\
NN
0,5 \‘\\:E:\ .
‘\\
o S R
'\é:==%=__
1 ‘
-5 -4 E - n—
10 ’ 10 103 tp (s) 1072
Fig. 8 S.B. voltage multiplying factor at the Igmax level.
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. ' v BDTO1
Silicon epitaxial base power transistors ‘ BDT93

BDT95

103 7278554.2

.= o
heg Tl 125°C
—— = =] T T
I~
_/r/‘ \\I\\
.=250
/// T;=25°C \\\

102

4

\
10 ——
1072 107! 1 Ic (A) 10
Fig. 9 Typical d.c. current gain at Vo =4 V.
a4 7278556
10° T+ P -
A W T I | T S - 1 T C
——\05 71 2 Y3 3a¥s H7H9a
VecEsat —1\
{mv)
108 \ \
A ¥ ‘l A Y N\
\ N\
N\
AN
\ NN
N T
N Y T~
102 \\ \‘\‘L..H. /
S ——
B
10 ,
1 10 102 103 1g(mA) 104

Fig. 10 Typical collector-emitter saturation voltage. Trmp = 25 ©C.
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BDT92
BDT94
BDT96

SILICON EPITAXIAL BASE POWER TRANSISTORS

P-N-P transistors in a plastic envelope intended for use in audio output stages and general amplifier and
" switching applications.
N-P-N complements are BDT91, BDT93 and BDT95.

QUICK REFERENCE DATA

BDT92 | BDT94 | BDT96

Collector-base voltage (open emitter) —-VeBO max. ~ 60 80 100 Vv
. Collector-emitter voltage (open base) -VcEO max. 60 80 100 Vv
Collector current (d.c.) —l¢c max. 10 A
Collector current {peak value) —lcm max. 20 A
Total power dissipation up to T = 25 °C Piot © max. 90 w
Junction temperature T; .max. 150 oC
D.C. current gain
—igc=4A;—-Vcg=4V hpg - 20 to 200
—lc=10A; V=4V hFg > 5
Transition frequency )
~lc=05A;=Vgg=10V . fr > 4 MHz
MECHANICAL DATA : Dimensions in mm
Fig. 1 TO-220AB.
— 45 -
max
1,3 |-
v
59 |
min
i | X 158
! 1 max
! |
v + .
. 3,5 max
top view not tinned B r:‘,:x
13 | 12,7
- mZ‘Jx") i ’ t min
(2x) i
bl cfl| efll-
See also chapters
Mounting instructions and Accessories. H _.J' «-0,9max (3x) > le-06
- le24

— | -—
2,54 254

72658723
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BDT92
BDT94
BDT96

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
BDT92 | BDT94 | BDT96

Collector-base voltage (open emitter)

-VcBO max 60 80 100 V
Collector-emitter voltage (open base) -VcEO max. 60 ‘80 100 Vv
Emitter-base voltage (open collector) —-VEBO max. 7 vV .
Collector current (d.c.) —lc max. 10 A
Collector current {peak value) ~lem max. 20 A
Base current (d.c.) —Ig max. 4 A
Total power dissipation up to Tyyp, = 25 °C Ptot max. 90 w
Storage temperature Tstg —65 to +150 oc
Junction temperature T; max. 150 oC
THERMAL RESISTANCE
“From junction to'mounting base Rthjmb = 1,39 oc/w
From junction to ambient (in free air) Rthj-a = 70 oc/w
CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current '
Ig=0; —Veg = —~VeBOmax ~lcego < 0.1 mA
— Ig=0;~VcB = ~%VeBOmax: Tj= 150°C  —IcBo < 5 mA
= I8 = 0: ~VCE = ~VCEOmax —lceo < 1 mA
—_— Emitter cut-off current .
- Ic=0;-Vgg=7V —IERO < 1 mA
D.C. current gain {note 1) . :
~lc=4A;—-Vcg=4V hrg 20 to 200
—lg=10A; -Vcg=4V hEE > 5
Base-emitter voltage (notes 1 and 2)
~lg=4A;—Vop=4V ~vge < 16 v
Collector-emitter saturation voltage (note 1) . )
—lg=4A;-1lg=04A —VeEsat < 1 A%
~1c=10A;-Ig=3,3A ~VCEsat < 3 v
Transition frequency at f=1 MHz
—lg=05A;-Veg=10V fr > 4 MHz
Cut-off frequency
—l¢=05A;-Vcg=10V fhie > 20 kHz
Notes ]
1. Measured under pulse conditions: t, < 300 us; § < 2%.
2. VBE decreases by about 2,3 mV/OC with increasing temperature.
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BDT92

Silicon epitaxial base power transistors N BDT94

BDT96

Second-breakdown collector current
—Veg=60V;t,=0,1s —lisy < 06 A
Switching times
(between 10% and 90% levels)
—lcon =4 A; —Igon = *IBoff = 0,4 A
Turn-on time ton typ. 0,3 us
Turn-off time toff typ. 1.5 us

72776911

— Igofs

90
_ic
(%)
10
0
— |« —>|tf — t
ton ™ torf
Fig. 2 Switching times waveforms.
= 45V
= 20V
=35V
=210 Q
= 56 Q2
108
0 = 580
= 15ns
V'M — = 10 MS
. tp =500 us
- T —
7278130

Fig. 3 Switching times test circuit.
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BDT92

BDT94
BDT96
102 72785011
(A) = $=0,01
~'CMmax A
l NN
-] !
10 Cmax W\:\\\‘ \\
oo HHRHE =
AN h
NECRN 0,1 ms
INSTNXS
\ARM
N o5
1 (2)\
) AY
N
|
NY 10
d.c.
10!
BDT92
BDT94 7
BDT96 7]
10—2 [ i
(. ‘ 10 C10% Ve (V)

Fig. 4 Safe Operating ARea; T = 25 °C.

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

(1) Piot max and Ppeak max lines.

(2) Second-breakdown limits (indepehdent of temperature).
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Silicon epitaxial base power transistors

BDT92
BDT94
BDT96

72672571

100

P tot max

. (°fo)

75

50

25

N\

50 100

150

Tmp(°C)

Fig. 5 Power derating curve.
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(°c/w)

/ /
' //)

: 7
05 Z

7.
1IN
|
o
o
[$;]

L

tpl<—

-— T —»

10-5 . 1074

10-3 10-2

- Fig. 6 Pulse power rating chart.
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‘BDT92

BDT94
BDT96
.7282157
102 1T T 107 ~
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Fig. 7 S.B. current multiplying factor at the VoEOmax level.
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Fig. 8 S.B. voltage multiplying factor at the Icmax level.

March 1979




BDT92

Silicon epitaxial base power transistors ‘ BDT94
BDT96
103 ) 7278553.1
PFE

J 11 T] = 1250C

‘-—___4_-— _‘-}\ i
102 F— B
T;=25°C ~<
NS
N N
i N
S
N
\\
N}
N
10
-2 —1 , .
Fig. 9 Typical d.c. current gainat —Vcg =4 V.
4 7278568.1
10 \ 1+ — Xt 4 l~=
A VN A Y l;] 1 A W 4 C
0,5HH1 Y2134 Y5 k7Y 9A
~VCEsat \ \ A1y
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103 ! \“ (WA Vil
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\ ~
\\ N
N \\PJV.‘ ; H
102 : ~ :
10
1 10 102 103 -Ig (mA) 10%

Fig. 10 Typical collector-emitter saturation voltage. Typ = 25 9C.
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BDV64
BDV64A
BDV64B

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications. N-P-N complements are BDV65, BDV65A and BDV65B. Matched

complementary pairs can be supplied.

- QUICK REFERENCE DATA

BDV64 | BDV64A | BDV64B

Collector-base voltage (open emitter) —-VeBo max. 60 80 100V
Collector-emitter voltage (open base) —VceEp max. 60 80 100V
Collector current (peak value) - —lgm  max. 20 A -
Total power dissipation up t0 T;p =25°C  Pyot max. 125 w
Junction temperature Ti max. 150 oC
D.C. current gain
—lc=1A;-Vcg=4V hgg typ. 1500
—Ic=5A;—VCcg=4V hpge > 1000
Cut-off frequency
—lg=5A;-Vgg=4V fhe typ. 100 kHz
MECHANICAL DATA . Dimensions in mm =
Collector connected % L6
to mounting base. 4.25 *max [+
415~ : |2
Lu -
4 \ } -
T 21
max
i 12,7
l max
N . |
2 (.
RN e e
dimensions within 136
this zone are min
uncontrolled l
- @ L RN o) lLot.
115 -
o l 5 7275220
Accessories éupplied on request: 56368 (see also data sheet Mounting instructions SOT-93).
1
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BDV64
BDV64A
BDV64B

CIRCUIT DIAGRAM

-
| ’ i c
| b : 'i
R R2
|_ i Fig. 2
72664462 Tt T "R1 typical 5 k2

e R2 typical 80 Q.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC134) ,
BDV64 | BDV64A | BDV64B

Collector-base voltage (open emitter) —VcBO max. 60 80| 100
Collector-emitter voltage (open base) —Vcgg max. 60 80 100
Emitter-base voltage {open colléctor) —VEgo  max. 5 5 5
— Collector current (d.c.) —l¢ max. . 12
— Collector current (peak value) —lcm max. 20
Base current (d.c.) —lg max. 0,5
Total power dissipation up to Ty, = 25 °C Ptot max. 125
Storage temperature Tstg ©—65to+ 150
Junction temperature ' ) T]- max. 150

THERMAL RESISTANCE
From junction to mounting base Rthjmb = 1

* Based on maximum average junction temperature in line wnth common industrial practice. The
resultmg higher junction temperature of the output transistor part is taken into account.
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- BDVe4
Silicon Darlington power transistors BDV64A
' BDVé64B

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

Ig=0;-Vcg = ~VCBOmax -lecgo < 400 pA
Ig=0;-VcB = —% VCBOmax: Tj= 150 °C ) —I¢cBO < 2 mA
18 =0:; =VcE = =% VCEOmax : -lceo < 1 mA
Emitter cut-off current
Ic=0;-Vgg=5V —lgBO < 5 mA
D.C. current gain* :
—lc=1A;—Vcg=4V hEE typ. 1500
—lg=5A;-Vcg=4V hge > 1000
—lg=10A;-Vcg=4V hEe typ. 1000
Base-emitter voltage*
—ic=5A;-Vcg=4V —VBE < 2,5 v**
Collector-emitter saturation voltage* \
—lg=5bA; —-ig=20mA —VeEsat < 2V |
Collector capacitance at f = 1 MHz )
dg=1lg=0;-Vgg=10V Ce typ. 200 pF
Cut-off frequency
~lg=5A;—-Vgcg=4V } ' fhfe typ. 100 kHz
Diode, forward voltage
Ip=56A VE typ. 1,8V
Switching times (see also Fig. 4)
—lcon =5 A; —lgon = IBoff = 20 MA;Vce=—16 V —
Turn-on time ton typ. 0,5 us E
Fall time ) tf typ. 1,0 us -—
Turn-off time toff typ. 2,0 us -

* Measured under pulse conditions: t, <300 us; § < 2%.
** —VBE decreases by about 3,6 mV/gc with increasing temperature.

t, . 7277491

80 - -
-ig (%)
10 toms

90 +——-

-ie
(°%)

10 +———-

- e —-»ltf<— t
ton — l—

torr

Fig. 3 Waveforms showing tgp; ts + tf = toff.
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BDV64
BDV64A
BDV64B

; 7276905

Fig. 4 Switching times test circuit; Voc = —16 V;
Vim=16,5V;t,=1=15ns; = 10 ps; T =500 us.
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BDVé64

Silicon Darlington power transistors ‘ BDV64A
BDV64B
102 7277496.1
-—
-l
(A) | =0,01
~'CMmax A
N -
~ICmax \\\l\' \\ NN 0,05ms
10 AUERN LD N
Y A\MVAN
AN AN
~ NN Yo 1
ORI
SNWA A AT
\\ \ 0,2
| \ \
Yos
(2) 1
1 \\ A
N\ 2
\
5 —
\ 10  —
\ 20 —_
d.c.
BDV64—T] || :
, 8DV64AT 1T
BDV64B —1 T
10-—1 - . i )
1 10 ~Veg (V) 104 -

Fig. 5 Safe Operating ARea; T\,p, < 25 OC.

| 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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BDV64

Fig..7 Heating-up curve.

BDVG6G4A
BDV64B
100 “
Ptot muxr
(°/o)
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50
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0
0
E 10 7277494
=
Zthj-mb
(°c/w)
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1
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£0,5 u-
0,33 tH
L 0,201 L]
LLBURJ 1
1ot = OO
= e 3
St A
X H
g 0,05
_ 0,02
1072 0,01
0
tp e 6-=-t-£
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Silicon Darlington power transistors

BDV64
BDV64A
BDV64B

7277493

102

Msg(1)

10

—

-
P —

1

17
1
T

1071

1

10

Fig. 8 S.B. voltage multiplying factor at the —lcmax level.
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Fig. 9 S.B. current multiplying factor at the ~VcEOmax level (100 V).
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. BDV64

-BDV64A
BDV64B
7277497 7277498
10 - S22
- 4
- 4 ‘ - "
—1 -V,
Cc R CEsat
(A) 2 (v) /
/WD
/ .
+typ /
5 / 1=
4
/,
N Yy '
oL - 0 ‘ ;
1 1,5 2 25 0 5 10 _ 15
' —Vgg (V) sl (A
Fig. 10~ VeE =4 V; Tj=25°C. Fig. 11 —I¢/—Ip = 250; T = 25 °C.
= 104 7277492
hre // Ll \\
A - N :
% / YTi=150°C
R ‘ N
103 / p ' 25°% |
7 T - :
ya 7
/ .
€ /7
7
102 -1 : 2
- 10 ‘ 1 10° —lg (A) ’ 10

Fig. 12 Typical values; —Vog =4 V.
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BDVE6S
BDVG5A
BDV65B

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications. P-N-P complements are BDV64, BDV64A and BDV64B. Matched

complementary pairs can be supplied.

QUICK REFERENCE DATA

BDVE5 | BDVE5A | BDVESB

Collector-base voftage (open emitter) Vego max. 60 80 100 vV
Collector-emitter voltage (open base) Veeg max. 60 80 100 Vv
Collector current (peak value) lcm max. 20 A
Total power dissipation up to Ty = 25 °C Piot max. 125 w
Junction temperature Tj max. 150 oC
D.C. current gain
lc=1A;Veg=4V hege typ. 1500
lc=5A;Vcg=4V hgg > 1000
Cut-off frequency
Jc=5A;Vcg=4V fhfe typ. 70 kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-93.
Collector connected Uy — 4,6
to mounting-base. max [
g * —| |-
, K bk -
' ki H

|

dimensions wit

A
in
this zone are -
uncontrolled
b c
- BF =

95
|

; ]
2
i !
h 136
min
A
"I- &
3,15 [&os ®

T 21
max

12,7

max

| 1y

o

1‘6 7275220

Accessories supplied on request: 56368 (see also data sheet Mounting instructions SO 7-93).
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BDV65
BDV65A
BDV65B

CIRCUIT DIAGRAM

7Z66645.2

RATINGS

Fig. 2.

R1 typical 5 k2
R2 typical 80 Q.

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

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

— Collector current (d.c.}
—» Collector current (peak value)
Base current (d.c.)
Total power dissipation up to Ty, = 25 °C
Storage temperature
Junction temperature

THERMAL RESISTANCE
From junction to mounting base

BDV65 | BDV65A BDV65B

Vecgo  max.
VCEQ  max.
VEBO  max.
,IC rr{ax
lcm max.
g max.
Ptot max.
Tstg

TJ- max.
Rthj-mb =

60 80 100
60 80 100
5 5 5

12

20

0,5

125

— 65 to + 150
150

* 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.

A
v
\

A
A
A
w
oCc
oCc*
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BDV65
Silicon Darlington power transistors ' BDV65A
BDV65B

CHARACTERISTICS )
Tj = 25 OC unless otherwise specified.
Collector cut-off currents .

Ie =0: VB = VeBOmax Iceo < 400 pA

I =0; Ve = 2VCBOmax: Tj= 160 °C » lcgo < 2 mA

IB = 0; VCE = %V CEOmax lceo < T mA
Emitter cut-off current

Ic=0;VEg=5V ) lepo < 5 mA
D.C. current gain*

lc=1A;Vgg=4V hge typ. 1500

Ic=5A;Vcg=4V hgg > 1000

Ic=10A; Ve =4V ) hEFg typ. 1750
Base-emitter voltage*

Ic=5A;Vecg=4V VBE < 2,6 V**
Collector-emitter saturation voltage*

Ic=5A;1g=20mA - VCEsat < 2V
Collector capacitance at f = 1 MHz

lg=1g=0;Vgg=10V Cc typ. 150 pF
Cut-off frequency

Ilc=5A;Vcg=4V fhe typ. 70 kHz
Diode, forward voltage '

IF=5A i VE typ. 12V
Switching times (see also Fig. 4)

Icon =5 A lBon = —IBoff = 20mA; Vo = 16 V .

Turn-on time : ton typ. 05 us

Fall time t typ. 1,6 us

Turn-off time toff typ. 2,5 us

* Measured under pulse conditions: P < 300 us; 6 < 2%.
** VgE decreases by about 3,6 mV/OC with increasing temperature.

' 7277499
tr

o\]‘_— ------ — leo
ig (%)
10 t===

0 T+——-1
ic -
(%)
18 T+ ———
) —»l e —>‘|tf «— t
ton ' tors 4

Fig. 3 Waveforms showing ton; tg + tf = toff.

January 1978



BDV65 | o .
BDV65A | . -
BDV65B

- 9,
+ .
7 7276906

Fig. 4 Switching times test circuit; Vog =16 V;
Vim=165V;t,=t;=15ns; th= 10 us; T = 500 us.

Turn-off breakdown energy with inductive load (see also Fig. 5). = .
Icon =63 A; —Igoff=0; tp = 1 ms; T = 100 ms E(gRr) > 100 mJ

L]

5mH

- vert.
oscilloscope

. +
I:] '3 ;_
TUT.
L~
hor.

vy . — )
T oscilloscope

7273170

Fig. 5 Test circuit; V1 =12 V; Rg =270 Q.
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BDVe65

Silicon Darlington power transistors BDVG65A
. BDV65B
102 7277500.1
-—
Ic
(A)
= 1
IcMmax d (\)'0
\\\:\ \ \\l t,=
NP
'Crmax \ \” \\ N N0,05ms
10 - \\ \\\\Y: \\ 3 A
~ ANNAN 01
AN\ N
(1‘)\ N :\ N
. ANEANNNN
N \\\‘ N 0,2

1 \
\
5
10
20 p—
d.c. E
‘ BDV65—]
BDVESATTT1
BDV65BT 17|
10~ 1 ‘ _ L ! )
1 ) 10 VCE (V) 10
Fig. 6 Safe Operating ARea; Typ < 25 OC.
I Region of permissible d.c. operation.
1l Permissible extension for repetitive pulse operation
(1) Ptot max and Ppeak max lines. ]
(2) Second breakdown limits (independent of temperature).
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BDV65

BDV65A
BDV65B
72672571
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Fig. 8 Heating-up curve.
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| . BDV65
Silicon Darlington power transistors BDV65A
' BDV65B

7277493

102

Msg(1)

6=0
/0,01
0,02
0,05
10 o1

P ]
—

11
17
I

R e e
-
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10~2 107! 1 10 tp (ms) 102
Fig. 9 S.B. voltage multiplying factor at the I max level. '

7277495
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/
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Fig. 10 S.B. current multiplying factor at the VoEQmax level (100 V).
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BDV65

BDV65A
BDV65B -
7277503 7277502
10 2
I =
Ic . VCEsat
(A) | j ) i V)
P
th'/ 7t tvp
5 1 .
/
7 y
/
0 . 0
1 15 | 2 yop (v) 25 0 5 10 o (a) 15
Fig. 11 Ve =4 V; Tj=25°C. Fig. 12 1¢/lg = 250; Tj = 25 °C.
—— 104 ) : . 7277501
=
hEE. ' .
. i g
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P | \ T;=25°C
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. / »
“ : \ o,
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. i V
r_ V4
e
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A
102 - . o il )
10‘ : 1 10 Ic (A 10

Fig. 13 Typical values; Veg =4 V.

‘8 January 1978



: | BDX35
BDX36
BDX37

SILICON PLANAR EPITAXIAL POWER TRANSISTORS

N-P-N transistors in TO-126 plastic envelopes intended for high current switching applications, e.g.
inverters, and switching regulator circuits.

QUICK REFERENCE DATA

BDX35 | BDX36 | BDX37

Collector-base voltage (open emitter) VeBo max. 100 120 120 V
Collector-emitter voltage (open base) VCEO max. 60 60 80 V
Collector current (peak value) lcm © max. 10 10 10 A
Total power dissipation ' ’

up to Typp = 75 °C , Piot max. 16 15 15 W
D.C. current gain

Ic=05A;Vcg=10V hEE > 45 45 45
Collector-emitter saturation voltage . :

Ic=5A;Ig=05A VCEsat < 09 | 07 09 V

- Turn-off time k : .

Icon=5A; Igon =—!Boff =05 A toff typ. 350 350 350 ns

MECHANICAL DATA Dimensions in mm

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

to the metal part of oy 207 < 7.8 max =]
the mounting surface méx[~ !
] . 4
) vl 375
3,2 - R
- 3‘—'0 n
i l max
-
o |12
15,3
min
el clj b} Y
1 i 0,88_,] I‘- ! 7259324.2
- 58] =+ +0L+ mac™ T

(1) Within this region the cross-section of the leads is uncontrolled.
See also chapters Mounting instructions and Accessories.
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BDX35
BDX36
BDX37

RATINGS

Voltages

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

" Emitter-base voltage (open collector)

Collector current (d.c.)

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

Base current (p_eak value)
Reverse base current (peak value)

Total power dissipation
up to Tyyp =75 °C
up to Tamp =25 °C

Storage temperature

Junction temperature

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

~VeBo

VcEs
VcEo

VEBO

max.

max.
max.
max.
max.

max.

max.

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

BDX35 | BDX36 | BDX37

100 120 120 vV
100 120 120 V
60 60 80 v
5 \Y
5 A
10 A
1 A
2 A
2 A
15 w
1,25 w
—65 to + 150 oC
150 oc
5 oc/wW
100 oc/wW
rd
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u BDX35
Silicon planar epitaxial power transistors BDX36
BDX37
CHARACTERISTICS
Tj =25 OC unless otherwise specified
Collector cut-off current -
lg=0;Vcg=80V BDX35 IcBO < 10 pA
lg=0;Vcg =80V;T;=100°C BDX356 IcBO < 50 pA
lg=0;Vgg =100V BDX36/37 IcBO < 10 uA
lg=0;Vgg =100 V; Tj=100°C BDX36/37 IcBO < 50 pA
Emitter cut-off current typ 5 nA
Ic=0;Vep=4V IEBO < 10 wA
ic=0;Vgp=5V IEBO < 1 mA
D.C. current gain hgg 45 to 450
1c=05A;Vcg=10V BDX35/36 hEe typ. 130
: BDX37 hEg typ. 80
Collector-emitter saturation voltage .
lc=5A;lg=05A BDX35/37 VCEsat < 09 Vv
BDX36 VCEsat < 07 V
lc=7A;1g=0,7A BDX35/37 VCEsat < 1,2 VvV
lc=10A;lg=1A BDX36 VCEsat < 16 V
Base-emitter saturation voltage
iIc=5A;Ig=05A VBEsat < 1,6 V
Ic=7A;1g=0,7A BDX35/37 VBEsat < 18V
ic=10A;1g=1A BDX36 VBEsat < 22V
Collector capacitance at f = 1 MHz »
e =l.=0 = typ. 40 pF —
IgE=1g=0;Vgg=10V Ce < 60 pF —
Transition frequency at f = 35 MHz —
Ic=05A;Veg=5V:Tymp=26°C T ‘typ. 100 MHz -
Turn-off time
= . = - typ. 350 ns
lc=5A;lggn=—1Boff=05 A toff < 800 ns

]
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'BDX35
BDX36
BDX37

7287998

] 6=0,01
10 CMmax r\ - - —
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AN ~
" N N\ AN v
Cmax N NN T NINY
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(A) N \ N
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I \ 18
1. \ AY ANEAN
\‘ \\ \\ AVA 100 s
second VZah\ ANEAVRY H
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-
— 2ms
= i
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BDX35
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BOX37-
102 . l 2
1 10 Veg (V) 19

Fig. 2 Safe Operating Area with the transistor forward biased.
Region of permissible d.c. operation

1l Permissible extension for repetitive pulse operation.

1) Independent of terﬁperature.
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BDX35
Silicon planar epitaxial power transistors gg))égg
7278885
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Fig. 3 Power derating curve.
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BDX35

L4
‘BDX36
BDX37 )
102 7272662,
‘ S.B. voltage multiplying factor at the Igmq, level
My
10
5=0,01
™
PRI
0'2 ﬁ.h\\\
. AR
O,v ——..p.~_§~
[
11— > - }
10 10 ‘ 1 tp (ms) 10
v Fig. 5 S.B. voltage multiplying factor at the Igmay level.
— 102 7272463
— S.B. current multiplying factor at the Vegomay level
5=0,01 N
' 0,14
M. N\
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\\\\\
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Fig. 6 S.B. current multiplying factor atthe VCEOmax level.
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BDX35

Silicon planar epitaxial power transistors BDX36
' BDX37
D7538 07539
10 { { 10 TT
7 1 . Ic/lg=10
Ic/ig=10 T;=25°C
- o, 5
s T' =25°C [
VCE sat VBE sat Max.for
V) )] E'I‘Jl;(as
ﬁ"&:.
2
2 moX A"y
1 1M — T
- / / / - e t]
1 g’ 1
A 7
5
2
0.1 0.1
1 z To (A 1 z T 0 elA)

Fig. 7 Collector-emitter saturation voltage as.
a function of the collector current.
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Fig. 8 Base-emitter saturation voltage as
a function of the collector current.

Fig. 9 Collector-base current with an open
emitter as a function of junction temperature,
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BDX35

BDX36
BDX37 I\
07537
7
‘ 5 ) VCE =2V
T,=25°C
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2
typ. BDX35/36
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IERRNR
100 typ BDX37
. ) —_— i N
\ ‘\
5 min Pt ‘\‘
— N
\ \
: NN N
Above 7A min. \\‘
for BDX36 only—T 7T |Y
10 1 R
2 s 7 2 .5 7 2 7
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(- Fig. 10 D.C. current gain as a function of collector current.
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BDX42
: BDX43
BDX44

N-P-N SILICON PLANAR DARLINGTON TRANSISTORS

Silicon n-p-n planar Darlington transistors for industrial switching applications, e.g. print hammer,
solenoid, relay and lamp driving. Encapsulated in a TO-126 plastic envelope with collector connected

to the heatsink.

P-N-P complements are BDX45, BDX46 and BDX47 respectively.

QUICK REFERENCE DATA

BDX42 BDX43 BDX44
Collector-base voltage (open emitter) Vego  max. 60 80 100 v
Collector-emitter voltage VCER  max. 45 . 60 80 Vv
Collector current I max. 1 1 1TA
Total power dissipation

up to Tamp =25 °C Piot max 1,25 1,25 1,25 W

up to Typ = 100 °C Piot max. 5 5 5 W
D.C. current gain

Ic =500 mA; Vce=10V hgg > 2000 2000 2000
Collector-emitter saturation voltage

lc=1A;1g=1mA VeEsat < - 1,6 -V

Ilc=1A;Ig=4mA VeEsat < 1,6 - 16 V

" Turn-off time .

Ic =500 mA; Iggp =—Igoff=0,5mA toff typ. 1500 1500 1500 ns
MECHANICAL DATA Dimensions in mm
Fig. 1 -126.

1 T0-126 > n%&',x - < 7.8 max |
Collector connected to the
metal part of mounting - T i
surface. E L___ 3.75
. 32, | . Bt
'“% b 14
; ' l " max
' L '
254 4
(1)
(Maxt L e
'
15.3
min
- e|] cf] bl l
. S 0.88_,' I‘_ & I 1;33:2:..:)
! le- %E max "7 [

(1) Dimensions within this zone are uncontrolled.

See also chapters Mounting Instructions and Accessories.

1111
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'BDX42

BDX43
BDX44

TIOLLBLY e

Fig. 2. Circuit diagram.
RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134) :
BDX42 | BDX43 | BDx44

Collector-base voltage (open emitter) VeBo max. 60 80 ' 100 Vv
Collector-emitter voltage * VCER max. 45 60 80 V
Emitter-base voltage (open collector) VEBO max. b Vv
Collector current (d.c.) e - max. A
Collector current (peak) Iem max. . 2 A
Base current (d.c.) iB max. 0,1 A
Total power dissipation

up to Tamp =25 °C Ptot max. 1,25 w

up to Ty = 100 OC Ptot max. ) 5 w
Storage temperature ~ Tstg —65 to + 150 oC
Junction temperature ** ] Tj max, 150 oC

- THERMAL RESISTANCE **

From junction to ambient Rth j-a = 100 k oc/w
From junction to mounting base Rthjmb = 10 oc/w

*  External Rgg not to exceed value shown in Fig. 12.
** Based on maximum average junction temperature in line wnth common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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. ‘ BDX42
N-P-N silicon planar Darlington transistors BDX43
BDX44

CHARACTERISTICS
= 25 OC unless otherwise specified

Collector cut-off current .
VBe=0;Vcg=45V BDX42 IcES < 10 pA

VBe=0;Vcg =60V BDX43 ICES < 10 pA
VBg=0;Vcg =80V . ~ BDX44 ICES < 10 pA
Emitter cut-off current
Ic=0;VEg=4V leBO < 10 pA
D.C. current gain : :
Ig=1560 mA; Vg =10V hgg > 1000
Ic=500mA; Ve =10V hEg > 2000
Collector-emitter saturation voltage .
Ic =500 mA; Ig =0,5 mA Veesat < 13V
Ic=1A;Ig=1mA BDX43 VeEsat < 16 vV
lc=1A;Ig=4mA BDX42,44 VeEgsat < 16V
"Ic =500 mA; Ig = 0,5 mA; Tj=1500°C : Veesat < 1,3V
lc=1A;Ig=1mA;Tj=1500C BDX43 VeEsat < 18 V
Ic=1A;Ig=4mA;Tj=150°C BDX42,44 VQEsat < 16 V
Base-emitter saturation voltage
Ic=500mA; ig =0,5mA VBEsat < 19V
Ic=1A;Ig=1mA ) BDX43 VBEsat < 22V
dc=1A;Ig=4mA BDX42,44 Vgggat < 22V
Small signal current gain )
lc=500mA; Vg =5V;f=35 MHz ‘ hfe typ. 10

Switching times (see also Fig. 3 and Fig. 4)
Ic =500 mA; Igon = —IBoff = 0,5 mA

Turn-on time ton typ. 400 ns
Turn-off time toff typ. 1500 ns
Ic=1A;Igon = —IBoff=1mA

Turn-on time ton typ. 400 ns
Turn-off time ) toff typ. 1500 ns
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BDX42

BDX43
BDX44
=2,2V +10V
18O
............ _!
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!
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Fig. 3 Test circuit for 500 mA switching.
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BDX42

N-P-N silicon planar Darlington transistors BDX43
BDX44
80
Ptot Deo21 e 7 7267586.1
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50 te H e =i0v
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Fig. 7. Fig. 8.
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BDX42

N-P-N silicon planar Darlington transistors BDX43
BDX44
107 7272903
A 1 max. external Rge'vs Ti for thermal stability
N
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(§2) a

N .
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N
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N
N
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N
N
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Fig. 12.
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BDX45
BDX46
BDX47

P-N-P SILICON PLANAR DARLINGTON TRANSISTORS

Silicon p-n-p planar Darlington transistors for industrial switching applications, e.g. print hammer,
solenoid, relay and lamp driving. Encapsulated in a TO-126 plastic envelope with collector connected

to the heatsink.

N-P-N compléments are BDX42, BDX43 and BDX44 respectively.

QUICK REFERENCE DATA

) BDX45 | BDX46 | BDX47
Collector-base voltage (open emitter) max. 60 80 100 Vv
Collector-emitter voltage max. 45 60 80 V
Collector current max. 1 1 1A
Total power dissipation

up to Tamp = 25 °C max. 1,25 1,25 1.25 W
up to Typ =100 °C max. 5 5 8w
D.C. current gain ‘
—lg=500mA; -Veg =10V > 2000 2000 2000
Collector-emitter saturation voltage
—=lc=1A;-ig=1mA < - 16 - V-
—lg=1A;-lg=4mA < 1,6 - 16 V
Turn-off time i A
—lg =600 mA; —lggn = IBoff = 0,5 mA typ. 1500 1500 1500 ns
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126. - < 7.8max |
Collector connected to X
the metal part of mounting vl 375
surface. ' gg ,$ i
£ ' rl\’d’:(
-12
153
min
ef] cf] bl '
g‘.gg_,l L,i . ez

(1) Dimensions within this zone are uncontrolled
See also chapters Mounting Instructions and Accessories.

i
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BDX45

BDX46
- BDX47
[ S

| I

! 4

| |

gzv-n;a— T N J

. R }Fig. 2 Circuit diagram.
RATINGS

Limiting valueés in accordancé with the Absolute Maximum System (IEC 134)
’ BDX45 | BDX46 | BDX47

Collector-base voitage (open emitter) -Veo  max. 60 80 100°
Collector-emitter voltage * ~VCER  max. 45 60 80
" Emitter-base voltage (open collector) —VEgOD  max. . 5
" Collector current (d.c.) =l max.
Collector current (peak) - ~lcm max. 2
Base current {d.c.) =g _max. 0,1
Total power dissipation : ) -
uptoTamp=26°C . . Ptot max. - - 1,25
upto Typ=100°C. . - * Piot max. s 5
) Storage Vter‘ﬁpéfé,tur'e . Tstq ' —65 to + 150
Junction temperature** Tj . max. 150
THERMAL RESISTANCE **
From junction to ambient Rth j-a = : 100

From junction to mounting base . Rthjmb = ‘ 10

*

External RpBE not to exceed value shown in Fig. 12. )
- ** 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.

PP P < <<

822_,

‘o¢

oc/w

- oc/w
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BDX45

P-N-P silicon planar Darlington transistors BDX46
BDX47
CHARACTERISTICS
Tj= 25 OC unless otherwise specified
Collector cut-off current
VBe=0;,-Vcg=45V BDX45 —lces < 10 wA
VBE = 0; —~Vcg =60V BDX46 —lces < 10 uA
Ve =0;—-Vceg =80V BDX47 —IcEs < 10 nA
Emitter cut-off current
lc=0;Vgg=4V ~lEBO < 10 pA
D.C. current gain
—lc=150mA; =Vcg =10V hgg > 1000
—lc=500mA; -V =10V hgg > 2000
Collector-emitter saturation voltage
—l¢ =500 mA; —ig=0,5mA —“Veesat < 1.3V
—lg=1A;~lg=1mA BDX46 —-Vegsat < 1,6 V
—lc=1A;-lg=4mA BDX45,47 —VCgsat <. 16 V
—Ic =500 mA; ~Ig =0,5 mA; T; = 150 °C ~Vegsat < 1,3V
—lc=1A;~Ig=1mA;T;=150 °C BDX46 ~Veesat < 18V
—Ic=1A;=Ig=4mA;T;=150°C BDX45,47 —Vegsat < 1,6 V
Base-emitter saturation voltage
—Ilc=500mA; —Ig =0,5mA . —VBEsat < 19V
~lg=1A;~lg=1mA - BDX46 —VBEsat < 22v
—lc=1A;~lg=4mA BDX45,47 . —Vpgeat < 22 v -
Small signal current gain ) E
—Ic=500mA;~Vpog =5V, f=35 MHz h¢e typ. 10 E
Switching times (see also Fig. 3 and Fig. 4)
—lg =500 mA; —Igon = IBoff = 0,5 MA
Turn-on time ton typ. 400 ns
Turn-off time.  toff typ. 1500 ns
—=lg=1A;~lgon=IBoff = 1 MA
Turn-on time ton typ. 400 ns
Turn-off time toff typ. 1500 ns
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BDX45
BDX46
BDX47

mmr

-38Vv
Gus L——

i
!
A
!
!
!

L

~Icon = 500 mA ‘ (IS N »
~Igon = !Boff = 0,5 mA 7272908

Fig. 3 Test circuit for 500 mA switching.
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Fig. 4 Switching wavefdrms.
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BDX45

P-N-P silicon planar Darlington transistors : BDX46
BDX47
D 6021 3 7267586.1A
P 10 7
tot ] . i . T4
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(W) II :
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&
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BDX47
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' BDX45
P-N-P silicon planar Darlington transistors ) BDX46
' BDX47

107 7272979
A max. external Rgp vs T; for thermal stability
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Fig. 12.
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BDX62: 62A
BDX62B: 62C

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Dérlington circuit for audio output stages and general
amplifier and switching applications: TO-3 envelope, N-P-N complements are BDX63, BDX63A,
BDX63B and BDX63C. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BDX62 | 62A | 628 | 62C
Collector-base voltage (open emitter) ~Vcgo max. 60 80 { 100 | 120 V
Collector-emitter voltage (open base) ~VCEO max. 60 80 | 100 | 120 V
Collector current {(peak value) ~lcm max. 12 A
Total power dissipation up to :

Tmb =25 °C Ptot max. 90 w
Junction temperature T max. 200 oC
D.C. current gain

~lc=05A;—Vcg=3V hre typ. 15600

—lg=3.0A; -Vee =3V hEE > 1000
Cut-off frequency

—lg=3A;-Vcg=3V fhe typ. 100 kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.

Collector connected to case.
—+18,63max =
->| 16
[+
4.2
40
T !
20,3
max *
1
Y
L
7268066.3 | g 12,8 _
1,2

See also chapters Mounting instructions and Accessories.
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BDX62; 62A
BDX62B:; 62C

i

"""/
] . i [
- i
R . R1typ. 6kR
l_ ] Ro typ. 80 ©
neeeksz | - .
e

Fig. 2 Circuit diagram.

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

‘ BDX62 | 62A [ 628 | 62C
Collector-base voltage {open emitter) ~VCBO Mmax. 60 80 | 100 .| 120

v

Collector-emitter voltage {open base) —VCEQ max. 60 80 [ 100 [ 120 V'
Emitter-base voltage (open collector) " —Vgpp max. 5 5 5 5V
Collector current (d.c.) ‘g max. 8 A
Collector current (peak value) ~lcm  max. 12 A
Base current (d.c.) ~lg max. 150 . mA
Total power dissipatit:)n up to

Tmb=25°C Piot  mex. ] 90 w
Storage- temperature . Tstq —65 to +200 oc
Junction temperature* o T max. 200 oc

THERMAL RESISTANCE*
From junction to mounting base _ Bthjmb = 1,94 oc/W

* Based on maximum average junction temperature in line with common industrial practice. The
resultjng higher junction temperature of the output transistor part is taken into account.
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Silicon Darlingtoh power transistors v BDX62 , 62A
BDX62B; 62C

CHARACTERISTICS
Tj=25 OC unless otherwise specified.
. Collector cut-off current
Ie =0; VB = ~VCcBOmax -lcego < 0,2 mA
Ig = 0; —Vcp =40 V; Tj = 200 °C; BDX62 :
Ig = 0; —Vcg = 50 V; Tj = 200 OC; BDX62A

-lcBo- < 2 mA

lg=0;-Vcp=60V;T;=200 0C; BDX628B [

lg=0;-Vcp=70V;Tj=200 OC; BDX62C

Ig=0; -Vcg = —%VcEO —lCEO < 0,5 mA
Emitter cut-off current

lc=0,-VEg=56V —lgBO < 5 mA
D.C. current gain (note 1)

—lc=05A;-Vcg=3V ] hFg typ. 1500

—ic= 3A;-Vgg=3V hFE > 1000

—lc= 8A;-Vgg=3V - hge typ. 750
Base-emitter voltage (notes 1 and 2)

—lg=3A;-Vgg=3V —VBE < 25V
Collector-emitter saturation voltage (note 1) -

—lc=3A;—Ig=12mA —VeEsat < 2V
Collector capacitance at f = 1 MHz

lg=1g=0;-Vcg=10V ) Cc typ. 100 pF
Cut-off frequency

—lc=3A;—Vpg=3V . fhfe typ. 100 kHz
Small-signal current gain )

—lc=3A;~Vgg=3V;f=1MHz hfe . typ. 100
D.C. current gain ratio of complementary
matched pairs

~lg=3A;-Vcg=3V hpg1/hpe2 < 25

Notes
1. Measured under pulse conditions: tp <300 ps, 5 <2%.

2. —VpgE decreases by about 3,6 mV/OC with increasing temperature.
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BDX62; 62A
- BDX62B; 62C

CHARACTERISTICS (continued)

Switch‘ing times

(between 10% and 90% levels)
—lcon=3 A; —IBon = IBoff = 12 MA
turn-on time ton typ. 0,5 us
turn-off time . toff typ- 2,5 us

72774911
90
~ig (%)
10+

90 +-—=}

-ic
(%)

— 14— —»ltf «— t

ton ™ torr

Fig. 3 Switching times waveforms.

10 V"
10 V
22V
56 Q
410
560
3Q
15 ns
10 us
500 us

7278130
Fig. 4 Switching times test circuit.

Diode forward voltage - )
IF=3A : : VE  typ. 1,8V
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Silicon Darlington power transistors i BDX62; 62A
BDX62B; 62C

102 7282170
(A)
'~ !CMmax 6=001
10 I D
1 N\
-1 j \\} AN \ =
I~ 'Cmax N th=
(1 N i 1ms
2
1 (2) \
1
\ \
X {1y10
il
\}100
10! 2 d.c.
o~
©
x
2
10-2 |
1 10 102 —Veg (V)

Fig. 5 Safe Operating ARea; Ty, = 265 OC.

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

(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits (independent of temperature).
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BDX62; 62A :
BDX62B; 62C '

102 R 7277084 .1
(A)
= lCcMmax 5-0.01
10 ! AN
— N Tt.=
F—1 R AN il D
[~ 'Cmax AN R N 0,1 ms
NI,
, \
kY
\
\ N
I 1
(2)\ !
10-! : : 10
— 1100
BDX62A:H Yoec.
BDX62B 1T
8 i
10—2 DIXGIZFj ]
1 10 : 102 —Vgg (V)

’ )
Fig. 6 Safe Operating ARea; Ty, = 26 OC.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

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

BDX62; 62A

BDX62B; 62C
-

7267325 105 7272648
. typ. values
_VCE = 3V
Ptot max h
(°/a) FE
100 A 104
N
— T;=150 °c
N A .
N py
N / //’
50 A 103 A25° i
v
7
7
N,
N
\\
\
0 - 102
0 100 Tmb (°C) 200 10_1 1 -IC (A) 10
Fig. 7 Power derating curve. Fig. 8 D.C. current gain.
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Fig. 9 Pulse power rating chart. .
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BDX62; 62A : ,
BDX62B; 62C )
102 ‘ e - 7282175
My
i =001
10 —
. AN
N \‘L
0,2
\
- ~ J
\\\:\
N
0,5 \\:‘§
Pt L \\ ~_
1 - .
10~! 1 10 tp (ms) 102
Fig. 10 S.B. voltage multiplying factor at the Icmax level.
102 — 7282176
1
L
6 =0,01
.\\
M, 0'02\‘\ N
0,05 TN
I \\
\\\
10 = IS
N\
b,
NN
0,2 N
""~-\\ NN
\ ‘\N\~
T~ ~RY\Q\
05 | T T
1 , : -
-1 . .
10 1 - 10 tp (ms) 102

Fig. 11 S.B. current multiplying factor at the Vcgp 100 V and 60 V level.
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Silicon Darlington power transistors BDX62; 62A
) BDX62B; 62C
726732 7267316
6 EREEEN T
EEEEEE [T ]

v : -Ic/-1p =250 10 -VCcE=3Vi—
CEsat Tj=250C N Tj=25°C [
V) o

(A)
4 7,5
Vi
/
/
5 /
) / typ
t 1
g 2,5
| bt
gt
/
0 0
0 5 -Ig(A) 10 1 1,5 2 2,5
~Vgg (V)
Fig. 12. Fig. 13.
104 7282155
hte Sau
. .\
108

N tvp

pa

p

1 . : It
1 10 102 103 10* 10° ¢ ikHz) 10°
Fig. 14 Small signal current gain at —lc =3 A; =Vop =3 V.
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-BDX63; 63A
BDX63B; 63C

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-3 envelope, P-N-P complements are BDX62, BDX62A,
BDX62B and BDX62C. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BDX63 | 63A | 63B | 63C

Coliector-base voltage {open emitter) Vego — max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) Vceg  max. 60 80 | 100 | 120 V
Collector current (peak value) lem max. 12 A
Total power dissipation up to
Tmp =25°C Piot max. 920 w
Junction temperature Ti max. 200 oC
D.C. current gain
lc=05A;Veg=3V hrg typ. 1500
Ic=30A;Vcg=3V hgg > 1000
Cut-off frequency )
lc=3A;VCg=3V. fhie typ. 100 kHz —_—
MECHANICAL DATA Dimensions in mm —
Fig. 1 TO-3. '
Collector connected to case.
18,63 max |«
> |=16
118
4,2
40
T }
20,3
max ‘
1
3
: 12,8
7268064.3 | g "2 —»
See also chapters Mounting instructions and Accessories.
1
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BDX63; 63A
BDX63B; 63C

(2]

L1

|

72664645.2

e
Fig. 2 Circuit diagram.

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

R1 typ.

8 kO
R2 typ. 100 2

BDX63 |63A |63B | 63C

Collector-base voltage (open emitter) VcBo . max. 80 | 100 | 120 | 140
Collector-emitter voltage (open-base) VCEO  max. 60 80 | 100 | 120
Emitter-base voltage (open collector) VEBO  max. 5 5 5 5
Collector current (d.c.) Ic max. 8
Collector current (peak value) Icm max. 12
Base current (d.c.) Ig max. 150
Total power dissipation up to

Tmb =250C PtOt max. 90
Storage temperature ) .Tstg —65 to +200
Junction temperature* : i Tj max. : 200
THERMAL RESISTANCE *
From junctivon to mounting base Rthjmb = 1,94

* 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.

> r << <<

oc
oc

oc/w
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Silicon Darlington power transistors

BDX63; 63A

BDX63B; 63C
CHARACTERISTICS
Tj= 25 OC unless otherwise specified
Collector cut-off current

Ig=0: VB = VCEOmax IcBO < 0,2 mA

Ie =0; Vcp = %V¢BOmax: Tj = 200 °C IcBO < 2 mA

Ig = 0; VCE = %V CEOmax 'ceO < 05 mA
Emitter cut-off current

lc=0;Vggp=5V IEBO < 5 mA
D.C. current gain (note 1)

Ic=05A;Vcg=3V hFE typ. - 1500

lc= 3A;Vcg=3V hEE > 1000

Ic= 8A;Vcg=3V hrg typ. 2000
Base-emitter voltage (notes 1 and 2)

Ic=3A;Vge=3V VBE < 25V
Collector-emitter saturation voltage (note 1)

Ic=3A;Ig=12mA VCEsat < 2V
Collector capacitance at f = 1 MHz

lg=1g=0;Veg=10V Cc typ. 100 pF
Cut-off frequency

lIc=3A;Vgg=3V fhe typ. 100 kHz
Turn-off breakdown energy with inductive load (Fig. 4)

—IBoff = 0; lcon = 4.5 A; = 1 ms;

T=100ms ) E(BR) > 50 mJ —
D.C. current gain ratio of complementary _—
matched pairs =

Ic=3A;Vcg=3V hEet1/hEe2 < 2,5

Notes

1. Measured under pulse conditions: tp <300 us, § < 2%.
2. VgE decreases by about 3,6 mV/OC with increasing temperature.
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BDX63; 63A
BDX638; 63C

CHARACTERISTICS (continued)

Switching times

(between 10% and 90% levels)
lcon =3 A; IBon = —IBoff = 12 mA

turn-on time ton typ. 0,5 us
turn-off time toff typ. 2,5 us
72774991
90
ig (%)
10 £
90
ic
(%)
10
0
— |¢— —>|tf<— t
ton — tors e
p— Fig. 3 Switching time waveforms.
= 10V
= 10V
= =22V
= 56 §2
= 410 Q
= 560 Q
VlM —_ = 3Q
I I | | < 15 ns
0 = 10 s
- |<- tp = 500 us
- T —
7278131
Fig. 4 Switching times test circuit.
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Silicon Darlington power transistors

BDX63; 63A
BDX63B; 63C

Diode, forward voltage
lg=3A

vert.
oscilloscope

0,10 H
Vec A

Vim TU.T.

hor.

VE  typ. 12V

0 — .
“’tpl‘” oscilloscope

«—T—»

7273863.14

Fig. 5 Test circuit for turn-off breakdown energy.
Vim=12V;Rg=270Q;1c=45 A;tp= 1ms; = 1%.

March 1979

(9




BDX63; 63A
BDX63B; 63C

102

(A)

10

10!

10~2

7267327.1
ICMmax 8= 9’01 tp=
1 AW NO,1ms
T N AN 1
" lemax BNNAN T
[ AN URN 1
AN
(1) \\
NoYH10
\\ ]
10
(2N 11
d.c
I
™
©
%
[a}
[es]
- 1
1 10 102 Vg (V)

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

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

(1) Piot max and Ppeak max lines.
(2) Second-breakdown limits {independent of temperature).
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Silicon Darlington power transistors BDX63; 63A
' : BDX63B; 63C

102 7277085.1
'
(A)
|cMmax 8=0.01
10 N W
AN N -
| \\\\ \\ I tp—
- Cmax "X 0,1 ms
NN
AN
‘”\\\\ 1
N
1 N
W
(2 70
I ' 100
\ d.c.
10~
BDX63ATT] ]
BDX63B
BDX63CHT]
10~2 | 1]
1 10 102 Vg (V)

Fig. 7 Safe Operating ARea, Trp < 25 °OC.

1 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).

{1
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BDX63; 63A
BDX63B; 63C )

7267325 105 7272649
typ. values
. Veg =3V
Ptot max h T;=25 °c
(%) | FE [
T)=150°C [~
100 =y - 104
V.
7
N 95 °C,/ N
N / N
N . y/ )r
50 103
' 7
- :
7
/.
4
AN
A,
N
0 102 :
0 100 1, (°c) 200 101 1 Ic (A) 10
Fig. 8 Power derating curve. Fig. 9 D.C. current gain.
3 ° - 72673331
Z¢h j-mb - i tpl«_"
t
(°CTW) _ Tl 8=
=1
) 6
-
M 1
-
0,7 -1 B A
o —
L4 'y
et
1 L 021 A
o
P i
.l 7 (i Y
Bl= 0,05
B 0,01
et |
0 ' .
-5 - - -3 -2 ~1 o
1072 10 10 10 10 ‘ 1 tp(s‘) 10

Fig. 10. Pulse power rating chart.
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Silicon Darlington power transistors ‘ BDX63; 63A

BDX63B; 63C
102 7282177
My
&=
10 k0,01
R‘
~
w S
05 ™~ N
T —_—
et —
1
10~7 1 10 tp (ms) 102
Fig. 11 S.B. voltage multiplying factor at the Icmax level.
102 . 7277086.1 g
M
. S =
10 o1 0,01
T — \
0,2 N
—~{ N
NL
N
0,5 R \E
— N —
T %E\
1 ‘ NE%
10~ 1 10 tp (ms) 102

Fig. 12 S.B. current multiplying factor at the Vg 100 V and 60V level.
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BDX63; 63A

BDX63B; 63C )

104 7282156
hte P
N
~
103 c
N
102 :
Ay
A)
A
‘ |
10 AR
! 6
1 10 102 103 104 10% ¢ (kHz) 10
Fig. 13 Small-signal current gain at Ic=3 A; Vg =3 V.
— 5 7267321 7267317
I —
— IC,IB=250 Vce—av
828 T,=25°%
' T;=25% 0 j
VCEsut I
(V) c
(A)
4 75
/
/
5 A
/
¢ /
2 i
/
o]
Rl ' 25
= ’ /
’—
0 ‘ 0
0 5 Ic(A) 10 - 15 2 vge (V) 25
Fig. 14. Fig. 15.
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BDX64; 64A

)\

BDX64B; 64C

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-3 envelope. N-P-N complements are BDX65, BDX65A,
BDX65B and BDX65C. Matched complementary pairs can be supplied. :

QUICK REFERENCE DATA

BDX64 | 64A | 64B | 64C

Collector-base voltage (open emitter) -Vepo  max. 60 I 80 | 100 l 120 v
Collector-emitter voltage (open base) -VcEO max. 60 80 | 100 | 120 V
Collector current (peak value) —lem max. 16 A
Total power dissipation up to

Tmb =25 °C Piot max. 117 w
Junction temperature T max. 200 oc
D.C. current gain

—lg=1A;=Vgg=3V heg typ. 1500

—1c=5A; —Vgg =3V hgg > 1000
Cut-off frequency

‘—Ic=5A;=Vgg=3V fhfe typ. 80 kHz
MECHANICAL DATA Dimensions in mm
Fig. 1 TO-3.
Collector connected to case.
8,63 max (<
- |16
1+
42
4,0
T A
20,3
max
+1
4
7268064.3 4,12, -

See also chapters Mounting instructions and Accessories.
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BDX64; 64A
BDX64B; 64C

L

b ' R1typ. 5kQ
| I: I R2 typ. 80 Q
H R1 R2 —i
' ’7268&:&.2__—— T _"- —

Fig. 2 Circuit diagram.

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

BDX64 | 64A | 64B | 64C

Collector-base voltage (open emitter) -VeBo max. 60 80 | 100 | 120
Collector-emitter voltage (Gpen base) —Vcgog  max. 60 80 | 100 | 120
Emitter-base voltage (open collector) —VEBO  max. 5 5 5 5
Collector current (d.c.) : ~lg max. 12
Collector current (peak value) —lcm max. v 16
Base current (d.c.) —ig . max. 200
Total power dissipation up to -

Tmb =25°C : Piot max. 117
Storage temperature Tstg —65 to + 200
Junction temperature® Tj max. 200

THERMAL RESISTANCE*:
From junction to mounting base ~ R¢h jmb = ) 1,56

* 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.

\
\
Vv

A
A
mA

w

oC
oc

oc/w
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Silicon Darlington power traﬁsistors BDX64; 64A

BDX64B; 64C

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

Ie=0; -VcB = —VCBOmax —lcBo < 04 mA

Ig=0;-Vcg =40 V;Tj =200 9C: BDX64 '

lg=0;-Vcg=50V; Tj =200 OC: BDX64A —IcBo < 3 mA

Ig=0;-Vcg=60V; T; =200 OC: BDX64B

Ig=0;~Vcg=70V; Tj =200 9C: BDX64C

I =0; —VcE = —% VCEOmax —Iceo < 1 mA
Emitter cut-off current .

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

—l¢g=1A;-Vcg=3V hEg typ. 1500

—lg=5A; -Vcg=3V hgg > 1000

~lg=12A; -Veg=3V heg typ. - 750
Base-emitter voltage (notes 1 and 2)

—Ic=5A;—Vgg=3V - —VBE < 25 V
Collector-emitter saturation voltage (note 1)

—lg=5A;-lg=20mA . —VCEsat < 2V
Collector capacitance at f = 1 MHz

Ig=1g=0;~-Vgg =10V Ce typ. 200 pF
Cut-off frequency ) )

—lg=5A; -Vgg=3V - : fhie typ. 80 kHz
Small-signal current gain ) : E

—Ig=5A;~Vgg =3V;f=1MHz hfe typ. 30 =

D.C. current gain ratio of
complementary matched pairs

—Ic=5A;-Vgg=3V hrert/hFe2 < . 25

Notes

1. Measured under bulse conditions: tp <300 us, § < 2%.
2. —VRE decreases by about 3,6 mV/0C with increasing temperature.
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- BDX64; 64A :
BDX64B; 64C ,

ITH]

CHARACTERISTICS (continued)
Diode, forward voltage . .
IF=5A Ve . < 18V
Switching times
(between 10% and 90% levels)
—Icon =5 A =IBon = IBoff = 20 MA : ,
turn-on time : . ton typ. 1 us
turn-off time . toff typ. 2,5 us

72776911

10 £===

90 f-—-1
_ic

(%)

g —

—» '4— ——»[tfc— t
ton . - -

toss

Fig. 3 Switching times waveforms.

=VIm =16,5 v

Vg = 16V
+Vgg = 65V
R1 = 56 Q
R2 =410 Q
R3 = 560
R4 = 3Q
tr=tf < 15 ns
tp = 10 us
T = 500 us

N
Vim—

-

-1y

- T —

7278130

‘ ¥
Fig. 4 Switching times test circuit.
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Silicon Darlinéton power transistors BDX64; B4A .
BDX64B; 64C

102 7267927.1
(A)
-1 8=0,01
-~ 'CMmax
L N
o
I — 'Cmax N -
o AN ~ 1m
(1) N
AL
\
1 @
\
10
1
T
100
1077 d.c.
<t
©w
x
2
10-2 L
1 10 102 —Vgg (V)

Fig. 5 Safe Operating ARea; T, < 25 ©C.

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

(1) Ptot max and Ppeak max lines.
{2) - Second-breakdown limits {independent of temperature). -
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BDX64; 64A
BDX64B; 64C

102 7267928.1
_|C
(A)
. 5=
- —lCMmax q,01 ~
l Y\<> ‘\\\ N te=
10F - e N0 1
F " 'Cmax N N ,1 ms
_ ANEAN
1N \
!
1 ‘ \
2
(2) X1y ]
10— 1] 10
100
BDX64 AT
8DX648 1] ] &-¢
10-2 BDX64C{TT]
\ 1 10 102 —Vge (V)

Fig. 6 Safe Operating ARea; Ty < 25 °C.

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

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

-]
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Silicon Darlington power transistors | BDX64; 64A
BDX64B; 64C

7267325
Ptot max
(%)
100
N
N
N
,\‘
50 N
N,
A
N
[ N
0
0 100 Tp (°C) 200
Fig. 7 Power derating curve. —
7267844 =
3 ——
JLL =
Zh jomb _’tpl‘_J gote
(°C/W) «—T- T
2
b=1
"]
07 T+ Bzl i
s
0,214
11
S 1
= 0,1
» 1 11170,05
0 M1 0,01
10-5 104 103 102 . 10! 1 t, (s) 10
Fig. 8 Pulse power rating chart.
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BDX64; 64A

BDX64B; 64C
102 ‘ 7267847.1
My
§=10,01
10
015G
L N
=02
: T,
~N \\
NN .
05 NI
e~ {0
T
——
1 T
1077 1 ‘ 10 tp (ms) 102

Fig. 9 S.B. voltage multiplying factor at the —Ig max level.

102 - 7267848.1
1
T T
§=0,01
N
M, 0,02 N
~] N
N
0,05 NN
- \\ \\
\
0,1 \\\\
10 , \\
™~ N
NN
N
02 NN
-~.~\\ \\b N
— TRS——L
: ‘\\.~~ ‘g\
B ~ —
0,5 : Sl
\~‘_—h_
1 - 9
10"t . - 1 . 10 tp (ms) 10

Fig. 10 S.B. current multiplying factor at -~V 100 V and 60 V level.
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Siticon Darlington power transistors

BDX64; 64A
BDX64B; 64C

104 7272714 .
typ. values
Veg =3V
’, \\\
heg
/ NI\ =
J
/ pe , \\ 150°C
103 ,/ \
— _ Y 25°C
102
10— 1 10 “IC (A) 102
Fig. 11 D.C. current gain.
104&» 72673301 E
*\I/c =5 3AV e
Ve =
hre Tj=25°C
\~..
103 AN
\
'\
102 \t):ﬁ.p
H
i
N
\)
\
10 3
R
\
\
! . 8 9
103 104 10° 108 107 108 §(Hz) 10
Fig. 12 Smali-signal current gain.
9
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BDX64:

64A

BDX64B; 64C

LI

S 7267318

6 . . 7267323.1
\ ~Veg =3V : _
T=25C Tl _ 250
10 -lg
~Veesat [T T;=25°C
I (V)
(A)
75 4
typ/
5 /
/
/ 2
' .
25 typ 3
—’
0 00 n
1 1,5 2 Ve (V) ~Ic (A) 10,

Fig. 13 Typical collector current.

Fig. 14 Typical collector-emitter saturation
voltage.

10
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BDX65; 65A
BDX65B; 65C

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-3 envelope. P-N-P complements are BDX64, BDX64A,
BDX64B and BDX64C. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BDX65 | 65A | 658 | 65C

- Collector-base voltage (open emitter) Vepo  max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) Vceo  max. 60 80 | 100 | 120 V
-Collector current (peak value) Icm max. 16 A
Total power dissipation up to
Tmb=25°C Piot max. 117 w
Junction temperature T max. 200 oC
D.C. current gain
Ic=1A;Vcg=3V . hge typ. 1500
Ic=5A;Veg=3V . hgg > 1000
Cut-off frequency
lc=5A;Vgg=3V Thie typ. 50 ‘ kHz
MECHANICAL DATA : Dimensions in mm
Fig. 1 TO-3.
Collector connected to case.
-8 63max |«
. > |16
'
?’— 4.2
40
. T I}
20,3
max *
.
3
72680643 | 12,8

. See also chapters Mounting instructions and Accessories.
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BDX65; 65A
BDX65B; 65C

i

R1typ. 5k
R2 typ. 80 £

7Z66445.2

Fig. 2 Circuit diagram.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
BDX65 | 65A | 65B | 65C

Collector-base voltage (open emitter) " Veso max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) VcEO max. 60 80 { 100 | 120 V
Emitter-base voltage (open collector) VEBO max. 5 5 5 5V
Collector current (d.c.) Ic ‘max. 12 A
Collector current (peak value) iCM max. 16 A
Base current (d.c.) : -~ g max. 200 mA
Total power dissipation up to

Tmb=25°C Piot max. 117 w
Storage temperature ' Tstg —65 to + 200 oC
Junction temperature® ) Tj " max. 200 oC

THERMAL RESISTANCE * .
From junction to mounting base Rthjmb = 15 oc/wW

* Based on maximum average junction temperature in line with common industrial practice. The
resulting higher junction temperature of the output transistor part is taken into account.
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Silicon Darlington power transistors | BDX65; 65A

BDX65B; 65C
CHARACTERISTICS
Tj=25 OC unless otherwise specified
Collector cut-off current )
Ie =0:VcB = VCEOmax IcBo < 04 mA
Ig =0; VcB =% VcBOmax: Tj = 200 °C IcBO < . 3 mA
Ig = 0; VCE = % VCEOmax Iceo < 1 mA
Emitter cut-off current
lc=0;Vgg=5V : IeBO < 5 mA
D.C. current gain (note 1) .
Ic= 1TA;Vce=3V BDX865;65A; 658 hgg typ. 1500
BDX65C hgg typ. 1250
lc= 5A;Vcg=3V : hgg > 1000
Ic=12A;Vge=3V BDX65; 65A; 65B hge typ. 1250
BDX65C hgge typ. 600
Base-emitter voltage (notes 1 and 2)
lc=6A;Vecg=3V VBE < 25V
Collector-emitter saturation voltage (note 1)
Ic=5A;Ig=20mA VCEsat < 2V
Collector capacitance at f = 1 MHz
lg=1lg=0;Vpg=10V Ce typ. 200 pF
Cut-off frequency
Ic=6A;Vgg=3V The typ. 50 kHz
Turn-off breakdown energy with inductive load (Fig. 5) -
—IBoff =0; lcon = 6,3 A E(BR) > 100 mJ =
D.C. current gain ratio of E
complementary matched pairs

Ic=5A;Vcg=3V hget/hpg2 < 25

Notes - .
1. Measured under pulse conditions: tp < 300 ps, § <2%.
2. VBE decreases by about 3,6 mV/OC with increasing temperature.
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BDX65; 65A
BDX65B; 65C

' CHARACTERISTICS {continued)
Diode, forward voltage ‘
lg=56A ) VF typ. 12V
Switching times ’
(between 10% and 90% levels)
Icon =5 A 1gon = —1Boff = 20 MA

Turn-on time ton  typ. 1 us

Turn-off time toff  typ. 25 us
72774992

90 - ——~
ig (%)
I E

o Igon

I ——
ic
(%) |.
I

ton = toss e

Fig. 3 Switching times waveforms.-

Vim = 165V
Vee = 16V
—-VBR = 6,5V

R1 = b6
R2 = 410
Vim— R3 = 6560 £
R4 =. 3 Q
0 I | | | =< 15 ns
] ' ¢ ty = 10 pus
> = p T = 500 us

- T —

7278131

Fig. 4 Switching times test circuit.
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Silicon Darlington powér transistor;s BDX65; B65A
BDX65B; 65C

CHARACTERISTICS (continued)

vert.
oscilloscope
0,10 pl .
o Ve A
N
V!M TUT.
0 | hor.
"tpl‘“ ) oscilloscope
«—T—»

7273863 .1

Fig. 5 Test circuit for turn-off breakdown energy. VimM=12V;Rg=2702;1c=6,3 A; .= 1%.

7267325
Ptot max
(%)
100 =ty
N
N
50
NC
0
0 . 100 T (°C) .200

Fig. 6 Power derating curve.
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BDX65: 65A
BDX65B; 65C

102

lc
(A)

10~

10~2

7267929.1
' §=0,01
[ 'CMmax -
| N
E |Cmax \\\ § Iittp=
N
AN \\‘\\‘\\ } ms
NN
10
100
\ (2)\ (ljlcl
w0
©
X
)
[aa]
|
1 .10 102" Vg (V)

Fig. 7 Safe Operating ARea at Ty < 25 9C of BDX65.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

(1) Pot max and Piot peak max lines. )
(2) Second-breakdown limits {independent of temperature).
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Silicon Darlington power transistors ' | BDX65; 65A

10~2

BDX65B; 65C
7267930.1
| §=0,01
r 'CMmax
| \\\7\\ n| NN [ te=
:"Cmax NS 0,1ms
AN
AN
NN
N, N
NN Y1
N
Y
' \
{2)] -
\} 5
10
\] 100
Nac
BDX65AFH
BDX65B [} |
BDX65CTT]
1 10 102 Vg (V)

Fig. 8 Safe Operating ARea at Tryp <25 OC.
I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.

{1) Ptot max and Pyot peak max lines.
(2) Second-breakdown limits {independent of temperature).
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BDX65; 65A

BDX65B; 65C
3 7267844
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- ] !
== S
- I ~r0,05
0 11 0,01
10-5 104 103 102 101 1 tp (s) 10
Fig. 9 Pulse power rating chart.
= 7267315 5 7267324
m— Vee =3V i Ie
— " '|3 Za5% . I—a=250
—— { - - o,
VCEsat TJ =237
I / (v)
(A)
/
75 / 4
/
typ
5 /
/
/ 2
. ot
25 / =
/ e
S
7
" B
01 1,5 2 25 00 10
y Vge (V) © 5 Ic (A)

Fig. 10 Typical collector current.

Fig. 11 Typical collector-emitter
saturation voltage.
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ilicon Darlington power transistors BDX65; 65A

BDX65B; 65C
102 7282177
, ;
My
10 R0,0I
N
\\
w S
05
Ny
N
|_os [
P— . ey
\_\EE==:—-
1
10~ 1 10 tp (ms) 102
Fig. 12 S.B. voltage multiplying factor at the lcmayx level.
102 7277086.1 E
M
5 ="0,01
10 .
——101
~= ]
I~ AN
0,2 N N
Tl R
\\
\\\\‘\‘
NN
0,5 \\:i;\
Py
T ~§\
e NN \\
1 \\Nﬂsiﬁ
107! 1 10 tp(ms) 107

Fig. 13 S.B. current muitiplying factor at Vogo 100 V and 60 V level.
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BDX65; 65A
BDX65B; 65C

10& 7267336.1
— typ. values
> Veg=3V
A
'/ \
/|
hee 1A \Tj =°
150 °C
// )t .
. A 25°C
103 .
/'
y
/
102 )
101 1 19 Ic (A) 10
Fig. 14 Typical d.c. current gain BDX65; 65A and 65B.
m—— 106 ‘ 7272115
—— VCE = 3 V
— T;=25°
hrg
//
10? " N\
\
y.d \
/
7
/
102 — 2
10 1 10 < Ig (A) 10
Fig. 15 Typical d.c. current gain for BDX65C.
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Silicon Darlington power transistors ] : BDX65; 65A
BDX65B; 65C

104_ ' 7267331.1
[c=5A
Veg =3V
hee TJ- =25°C
Ty
\..~
103 N
\
N
t
102 3 yp
1T
\\
N\
10 A
A)
\|
A
1 K 9
103 104 10° 105 107 108 £ (Hz) 10

" Fig. 16 Typical small-signal current gain for BDX65; 65A and 65B.

10h : . 7272716
Ic=5A
Veg=3V -
hf’e TJ = 25 °C
108 ﬁ\\~~
N
AN
\\
102 \
\.
] A)
R \
10 A
AY
A)
\
1
3 4 5 6 7 8 9
10 10 10 10 10 10 £ (Ha) 10

Fig. 17 Typical small-signal current gain for BDX65C.
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BDX66; 66A
BDX66B; 66C

SILICON DARLINGTON POWER TRANSISTORS

P-N-P epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-3 envelope. N-P-N complements are BDX67, BDX67A,
BDX67B and BDX67C. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BDX66 | 66A | 66B | 66C

Collector-base voltage (open emitter) -VeBO max. 60 ‘ 80 | 100 | 120 V
Collector-emitter voltage (open base) -VeEOo max. 60 80 | 100 | 120 V
Collector current (peak value) ~lcm max. 20 A
Total power dissipation up to

Tmb = 256 °C Ptot max. 150 w
Junction temperature T max. 200 oC
D.C. current gain }

—lg= 1A -Vgg=3V hre typ. 2000

—lc=10A; -Vcg=3V hgg > 1000
Cut-off frequency

—lc=5A;-Vgg=3V fhie typ. 60 ' kHz
MECHANICAL DATA Ditnensions in mm
Fig. 1 TO-3. ' ‘

—+18,63max |+
> |16
\
- 4,2
40
T 4
20,3
max )
1
}

See also chapters Mounting instructions and Accessories.

I

72680643 | g 12,8 4|
1,2
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BDX66; 66A

I

BDX66B; 66C
-.—-—.—_-—_-_—__' :
r | .
b B ‘ ;
l I R1 typ. 3k
' —_—K . R2 typ. 80 2
el | |
R1 R2 _l
Teeessz 1
e
Fig. 2 Circuit diagram.
RATINGS

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

Collector-base voltage {(open emitter)
Coliector-emitter voltage (open-base)
Emitter-base voltage (open collector)
Collector current (d.c.)
Collector current (peak value)
Base current
-Total power dissipation up to Typ =25 °C
Storage temperature -
Junction temperature®

THERMAL RESISTANCE *
From junction to mounting base

-VcBo
—VCEO
—VEBO
—lc
—lem
__.|B
Ptot
Tstg

Tj

Rthj-mb

BDX66 | 66A | 66B | 66C

max.
max.
h‘l&X.
max.
max.
max.
max.

max.

60 80 | 100 | 120
60 80 | 100 | 120
5 5 5 5

16

20

250

150

—65 to +200

200

* 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.

\Y
\Y
\Y
A
A
mA
W
oC
oC

oc/w

’
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Silicon Darlington power transistors BDX66; 66A
‘ : BDX66B; 66C

CHARACTERISTICS

Tj=25 OC unless otherwise specified.

Collector cut-off current
le=0; -VcB = —VcBOmax A -lceo < 1 mA
Ig=0;~Vcg =40 V; Tj= 200 °C; BDX66
lg=0;-Vcg=50V; Tj = 200 °C; BDX66A

. —I < 5 mA

Ig = 0; -V g = 60 V; Tj = 200 °C; BDX668B CBO

lg=0;-Vcg=70V;Tj= 20°C; BDX66C

I8 = 0; =VCE = —"%VCEOmax —-lceo < 3 mA
Emitter cut-off current .

lIc=0;-Vgg=5V i —lggo < 5 mA
D.C. current gain * )

—lg= 1A, =Vcg=3V hgg typ. 2000

—lc=10A; -Vcg=3V hrg > 1000

—lg=16 A; —Vgg=3V hgg typ. 1000
Base-emitter voltage * . .

—lg=10A; -V =3V —VBE < 25V
Collector-emitter saturation voltage * .

~Ic=10A; —Ig=40mA —VeEsat < 2v
Collector capacitance at f = 1 MHz

Ig=1g=0;-Vpeg=10V Ce typ. 300 pF
Cut-off frequency )

—lg=5A;-Vcg=3V . . fhie - typ. . 60 kHz
Small-signal current gain

—lg=56A;—Vog=3V;f=1MHz hse typ. 50
D.C. current gain ratio of complementary '
matched pairs

~lc=10A; -Vcg=3V hret1/hpe2 <, 2,5
Diode, forward voltage

IF=10A Vg typ. 2V

* Measured under pulse conditions: tp < 300 ps, § < 2%.
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'BDX66; 66A

BDX66B; 66C

CHARACTERISTICS (continued)
Tj= 25 OC unless otherwise specified

(between 10% and 90% levels)

~ICon =10 A; —IBon = IBoff = 40 MA;

turn-on time - typ. 1 us
turn-off time typ. 3,5\ us
_,tr‘__ 72776911
90 4-———|F=====——= — ~lgon
-ig (%)
0 ===
t
— Ipors
90 = ——+
_iC
(%)
.18 ———-
! — ‘4— -—»It;e t
ton = torr 4
—— Fig. 3 Switching times waveforms.
——
-Vim = 18V
—~Veeg = 12V
+Vgg = 3V
R1 = 56 Q
R2 =220 Q
R3 =180
R4 = 18
tr=tf = 16 ns
t = 10 us
1p =500 us
7278130
Fig. 4 Switching times test circuit.
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Silicon Darlington power transistors BDX66; 66A
’ BDX66B; 66C

7267910

2
’ S=LC
T $25°C [
-IC
(A) -1 6=0,01
CMmax A )
P =1
N NN
“Iemax ) \ ) \ \ 500
10 : N \ } HS ||
AN \ 1
SN\ 1
Ptot max \ ‘
\\ \
I \ o
1msTT
=4
second—"|
. breakdown (1)
\ I\
\‘ \
\15 ms
d.c.
107" v R
1
10 “Vee (v) 10

Fig. 5 Safe Operating ARea with the transistor forward biased.

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

{1) Independent of temperature.

1111
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BDX66: 66A
BDX66B: 66C

102 7277087.1
— |C
(A) §=0,01
—lcMmax L N
| N =
y N Nt
-|Cmax - \ \ N N 0,ims
10 S o . o B e
(1) X \\ A}
— I\
AWAY I \Y
\\
A
NN
! (2) L
1 \ - 0,5
1
101 N1s
i \ \
E d.c.
—
BDX66 AT}
|BDX668B 1T
BDX66CTTT]
10~2 L1l
1 o 10 o 102 —Vgg (V)
Fig. 6 Safe Operating ARea. '
| Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.
(1)Ptot max and Ptot peak max 'ines.
{2) Second breakdown limits (independent of temperature).
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Silicon Darlington bower transistors . i . BDX66, 66A
BDX66B; 66C

7267325
Ptot max -
(%) '
100 <
\ 3
AN
N <
50 h
N
AN
\\
N
[¢]
0 00 1 (oc) 200
Fig. 7 Power derating curve.
15 . 7267917
Zthj-mb
(°C/W) —’tpl‘—' ‘ 5_t_p
1,25 ‘5 T - T T
= e
==
1 1 s A
ot (71 dd
— L1 LA
0,7 1= ~21
Ran // v
] A v
0,75 5 o e
- L <
O,Ad ’; //
05 sceaingly ATl LA
» 03 |~ >
Ll L
0,2 pe P
L4 1
— 01T LA
025 0L
=11 /1
=171 0,01
0 [0 |
1073 o104 103 102 107 1ot 10

Fig. 8 Pulse power rating chart.
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BDX66; 66A
BDX66B; 66C

M

7277090
S.B. voltage multiplying factor at the Icmax level
My
102
—6=0,01
0,02
40T
\C\ |
N
NN
10 ——— 0,1 :E\\
i
0,2
T~
0,5 ™
10-5 1074 . 1073 1072 g 1077
Fig. 9 S.B. voltage multiplying factor at the |gmax level.
. 7277089
S.B. current multiplying factor at the VCEOmax level A
M \5=0,01
102 \
N\
\
0,027\
AN \\
0,05\\‘ N
v Q\ \
10 0,1 NN
0,2 R
TSN
] , N
0,5 N
” - Ny,
H-\\N ﬁ
1 |
10-5 C 1074 1073 1072 tp s) 107"

Fig. 10 S,B. current multiplying factor at the VCEQmax level.
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ﬁlicon Darlington power transistors BDX66; 66A
BDX66B; 66C

104 — ']Izamz.
I .
typical values (11
~Veg=3V BEE
T;=150°C
"
h 4 ™
FE
d N
Pra 25°C N
v "

10° / ol

\
A )
/
/’
/
t0? -1 2
10 , 1 10 I (A) 102 -
Fig. 11 D.C. current gain.
72673051 726790311
5 T T ] 6 ITTTTT]
[TTT11 [TTTET]
Teogs0 [ Je _gs0 [
=Vcesat -Ig a :1—1 -VeEsat -Ig - . 1]
vl Tamb =25°C [ | v Tamb=25°C [ 1]
4 4
2 2 typ 15
ot
st
‘tyﬁﬁ -
gy
P
0 0
0 10 20 0 10 : 20
-I¢c (A) -Ic (A)
Fig. 12 Collector-emitter saturation voltage. Fig. 13 Base-emitter saturation voltage.
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BDX66; 66A
BDX66B; 66C

~Vge
(V)

7267901.1

typical values|—

=Veg=3V

HEEE

50 100 150
T; (°C)

Fig. 14" Typical base-emitter voltage.

106

104 72679114
=+
R -1.=5A [
" q Vee =3V [T
N
103 \\
N\
\
102 typ
\
\\
10 .
AY
\
»
! 2 3 ‘b 5
1 10 10 10 10 05 ¢ i)

Fig. 15 Small-signal current gain.
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BDX67; 67A
BDX67B; 67C

SILICON DARLINGTON POWER TRANSISTORS

N-P-N epitaxial base transistors in monolithic Darlington circuit for audio output stages and general
amplifier and switching applications; TO-3 envelope. P-N-P complements are BDX66, BDX66A,
BDX66B and BDX66C. Matched complementary pairs can be supplied.

QUICK REFERENCE DATA

BDX67 | 67A | 678 | 67C

Collector-base voltage (open emitter) Vego  max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) Vceo  max. 60 80 | 100 | 120 V
Collector current (peak value) lcm max. 20 A
Total power dissipation
up to Ty =25 °C Piot max. 150 w
Junction temperature Tj max. 200 oC
" D.C. current gain .
Ic= 1A;Vcg=3V hge typ. 1350
Ic=10A;Vcg=3V hge > 1000
Cut-off frequency ) )
lc= B5A; V=3V fhie typ. 50 kHz
MECHANICAL DATA ’ Dimensions in mm
_Fig. 1 TO-3.
Collector connected to case.
- 8,63max |+
—>l <16
1+
42
40
’
20,3
m%x v
1
*
72680643 <_12,3_,>

See also chapters Mounting instructions and Accessories.
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BDX67: 67A

BDX67B; 67C

c
R1typ. 3kQ
R2 typ. 80 Q
7266445.2
e
Fig. 2 Circuit diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum' System (IEC 134)
BDX67 | 67A | 678 .| 67C

Collector-base voltage (open emitter) - VeBo max. 80 | 100 | 120 | 140 V
Collector-emitter voltage (open base) VeEO max. 60 80 | 100 | 120 V
Emitter-base voltage (open collector) VEBO max. 5 54 5 5V
Collector current (d.c.) Ic max. 16 A
Collector current (peak value) - lem max. 20 A
Base current (d.c.) Ig max. 250 mA
Total power dissipation

up to Tpyp =25 °C Ptot max. 150 w
Storage temperature Tstg ~65 to +200 oc
Junction temperature * Tj max. 200 oC
THERMAL RESISTANCE *
From junction to mounting base ~ Rthjmb 1,17 oc/w

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

resulting higher junction temperature of the output transistor part is

taken into account.
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Silicon Darlington power transistors

BDX67; 67A
BDX67B; 67C

CHARACTERISTICS

Tj = 265 OC unless otherwise specified

Collector cut-off current
IE=0; VcB = VCEOmax
IE=0; VcB = % VCBOmax: Tj = 200 °C
18 =0; VCE =% VCEOmax

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

D.C. current gain *
Ic= TA;Vgg=3V
Ic=10A;Vgg=3V
Ic=16A;Vgg=3V

Base-emitter voltage *
Ic=10A;Vgg=3V

_ Collector-emitter saturation voltage *

Ic=10A; 1g =40 mA

Coliector capacitance at f= 1 MHz
lg=lg=0;Vcg=10V

Cut-off frequency
Ic=5A;Veg=3V

Turn-off breakdown energy with inductive load

—IBoff = 0; lcon = 7.8 A; see Fig. 5

Small-signal current gain
Ic=5A;Vcg=3V;f=1MHz

“ D.C. current gain ratio of -

complementary matched pairs
Ic=10A;Vcg=3V

Diode, forward voltage
IF=10A

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

IcBO < 1T mA
IcBO < 5 mA
IceO < ° 3 mA
IEBO < 5 mA
hpg typ. 1350
heg > 1000
hgg © typ. 850
VBE < 25V
VCEsat < 2V
Ce typ. 300 pF
fhe typ. 50 kHz
E(BR) > 160 mJ
e
hfe typ. 20 —
, -
—
bret/bpe2 < 25
Vg typ. 25V
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BDX67; 67A
BDX67B; 67C

CHARACTERISTICS (continued

) N

Tj=25 OC unless otherwise specified

Switching times
(between 10% and 90% levels) .

icon = 10 A; Igon = —IBoff = 40 MA;

turn-on time
turn-off time

QOl

ig (%)

10

90
ic
(%)

—»

Fig. 3 Switching times waveforms.

-

- T —a

7278131

|- tp,

ton  typ.
toff  typ. 35 us
7177&?91

—»‘tfo— t

tors
Vim = 18V
Vee = 12V
Vgg = -3V .
R1 = 56Q
R2 =220%Q
R3 =180Q
R4 = 1Q
tr=t< 16ns
tp = 10us
T =500 us

Fig. 4 Switching times test circuit.

1 us
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Silicon Darlington power transistors - § BDXG?, 67A
: BDX67B; 67C

CHARACTERISTICS (continued)

5 mH
vert.
oscilloscope
010 +Ha
Ve A4~
™M TUT.
0 . ] hor.
"tpl" ’ oscilloscope
‘—T—’

7273663 .1

Fig. 5 Test circuit for turn-off breakdown energy. V iy = 12 V; Rg = 270 ; lc=78A; = 1 ms;
5 =1%.

April 1979
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BDX67; 67A
‘BDX67B; 67C

102 B 7267909.1
Ic
(A) - §=0,01
CMmax \
] X NNt~
0 ICmax \‘ \n\ ?,Sms
(M
\
N 1\0
1T
100
A PN
I
1
10~1
|
~
[(]
>
a
1072 : ;
! 10 102 Vg (V)

Fig. 6 Safe Operating ARea at T = 25 9C of BDX67.
| Region of permissible d.c. operation. )
11 Permissible extension for repetitive pulse operation.

(1) Ptot max and Ptot peak max lines.
(2) Second breakdown limits (independent of temperature).
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Silicon Darlington power transistors : BDXG?; 67A

‘BDX67B; 67C
102 7277088.1
t IC
(A) -§=0,01
|CMmax 5 \;
! NN
T N
ICmax \\ 1]
10 N A — tp=
SN S
ANk ] N 0,5 ms
(1) 1
N,
1 ! 2)
(10
N 100
d.c.
1071
BDX67AT L
8DX678 1111
BDX67CTT]
10—2 P11
1 10 102 Ve (V)

Fig. 7 Safe Operating ARea at Ty, = 25 OC.
| - Region of permissible d.c. operation.
Al Permissible extension for repetitive pulse operation.

(1) Ptot max and Pyot peak max lines.
{2) Second breakdown limits {independent of temperature).
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BDX67; 67A
BDX67B; 67C

/
v
7267325
\
Ptotmux /
(%)
100
N
N
N,
AN
\k
50 N
AN
\\
N
0
0 00 1. (oc) 200
Fig. 8 Power derating curve.
E 1’5 7267917
E Zenj-mb
(°c/w) —>{tole— ‘ 5=2
1,25 «—T— T
6=1 = ot
/
- -
1 f P
gt ] -
0,7 T T
Lo t’] 1
- - 1 P 1
075 o5 AT
. 1 ] pod
] 1 V.
0,4 .7
0,5 =axigl (i /
» 0,3 I~ AT
= B
0,2 A
g —— B ”
0,25 Ol
%FE:ﬁ“l
o e TTIT0 ]
107° 1074 107 1072 107" T ot 10

Fig. 9 Pulse power rating chart.
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Silicon Darlington power transistors

BDX67; 67A

BDX67B; 67C
102 7282177
My
5=
10 R0,01
AN
\\
w ™
92
< \\\
05 \\: \\\
T~ \\:i\
7‘~~_~ T \
| T
1 - —
10— 1 10 tp (ms) 102
Fig. 10 S.B. voltage multiplying factor at the Icmax level.
102 7277086.1 g
My
5=
10 o1 0,01
— ] -
—
0,2 N N
1 ‘\\
\\\\‘\
N
0.5 \\:SN\J\
) \N-____‘\\Q\
T —— T
: h\\:%
10-1 L 10 tp (ms) 102

Fig. 11 S.B. current multiplying factor at the VoEQmax level.
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BDX67; 67A
BDX67B; 67C
104 . L — 171?791341
|
typical values -
Veg =3V T
N
> ~
P L~ ™ Tj=
M N, M 150°C
3
10 \-25°C
.
/ g
102
- ‘ 0 102
10 o ( 1 e (A)
Fig. 12 D.C. current gain.
7267906 7267904
6 T T 6 EEEEEN
[TTTTI] [T :
. Ic 1 I -
—= =250 - —= =250 1]
Veesat Ig _5 VBEsat : Ig j_
W Tamb =25 °c _A~ ) Tamb =25 °c ——:
4 4
2 2 typ’ . .
Lot
typ = -
Lo
0 - oL
0 10 I (A) 20 0 10 e (A 20
Fig. 13 Collector-emitter saturation voltage. Fig. 14 Base-emitter saturation voltage. '
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Silicon Darlington power transistors BDX67; 67A

BDX67B; 67C
7267902
2
=~ I.=10 A
"
Vae i
{v)
Y
.
1 M~ 0,5 A+
—
TN
typical values [—
VCE=3V —
o [TTT]
5
0 50 100 T (°c) 150
Fig.-15 Typical base-emitter voltage at Ic =10 A and [c=0,5 A.
104 7267912.1 E
S =
‘ : Ic=5A [0 =
hte Vee=3V [
N
103 b =
N
typ
102
10 \
‘\
\
1 A
1 10 102 103 104 105 106
. f (kHz)

Fig. 16 Small-signal current gain.
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BDX77

SILICON EPITAXIAL-BASE POWER TRANSISTOR

N-P-N transistor in a plastic envelope, intended for industrial amplifier and switching
applications. P-N-P complement is BDX78.

QUICK REFERENCE DATA

Collector-emitter voltage (open base)

Collector current (d.c.) ~

Total power dissipation

D.C. current gain
Ic=2A; Vg =2V

Cut-off frequency

up to Tpyp = 25 °C

IC :O’SA;VCE =3V

VCEO
Ic
Prot

hpp

thfe

max.

max.

80

60

30

25

kHz

MECHANICAL DATA
TO-220

Collector connected
to mounting base

[? {
1 %
‘ [ A |
| ] v
3,5_mux | 51
not tlr;ned_ L max
13 _J - 1 o127
max ) min
(2x}

bcev’ l

’l' «-09max (3x)

—Pl -

2,54 254

'

T

For mounting instructions and accessories see section Accessories,

—|

Dimensions in mm

> |+ 0,6

- 2.4

72658723

i
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BDX77

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

Voltage

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

Emitter -base voltage (open collector)

Current

Collector current (d.c.)

Collector current (peak value, t_ < 10 ms)

p

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

Temperature

Storage temperature

Junction temperature

Power dissipation

Total power dissipation up to Typ, = 25 °C

THERMAL RESISTANCE
From junction to mounting base

From junction to ambient in free air

Vcpo
VcEo
VEBO

Ic
IcMm

Iosm

Tstg

Prot

Rih j-mb
Ren j-a

max.
. max.

max.

max,

max,

max.,

max,

max.

il

100
80
5

12

25

~65 to +150
150

60

2,08
70

<

°c
°c

Oc/W
oC/W
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BDX77

CHARACTERISTICS

Collector cut -off current

Tj = 25 OC unless otherwise specified

IB =03 VCE =30V IceO < 1 mA
Ig = 0; Vg = 40 V; Tj = 150 °C Icpo < 1 mA
Emitter cut-off current
Ic=0; VEB =5V IEBO < 5 mA
Base -emitter voltage Ly
Knee voltage 1)
Ic = 3 A; Ig = value for which
I[c=33AatVogp=2V VeEk typ. 1 Vv
Saturation voltage 1)
I[n=3A;13=0,3A VoEsat < 1V
D.C. current gain 1)
Io=2A;VeE=2V hpg > 30 —
Cut -off frequency —
p—
I=0,34A; Vpg = 3V fhte . > 25 kHz :
Transition frequency at f = 1 MHz
-Ig =0,3A; Vg =3V fp > 3 MHz
1) Measured under pulse conditions: t, < 300 us, & < 2%,.
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BDX77 | . : ”

T

2 726285514
10 BDX77.
[l l "
| N
Io Tmb < 25 °C HH
A)
. 6 =0,01 tp =
ICMmax — JP
0 1 N W AN N 20ps
10} 1omax—— : A i A
\‘ N\ \ \ \\
\NNAN oo
Peot max# \\\ \\ \
) ‘ \
1T
NN N
\ \
1 _ second |
. breakdown 1)» \
1 ALY
A\ WA AV
500
\NEIA\
\\ N1
ms
\\\
\\
10
d.c.
1071 L
1 10 Veg (V) 102

Safe Operating Area with the transistor forward biased

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

,1) Independent of temperature.
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BDX77

7267257
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BDX77
102 i 7262887
S.B. voltage multiplying factor at the Ic max level
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BDX77
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BDX78

SILICON EPITAXIAL-BASE POWER TRANSISTOR

P-N-P transistor in a plastic envelope, intended for industrial amplifier and switching

applications. N-P-N complement BDX77.

QUICK REFERENCE DATA
Collector-emitter voltage (open base) _VCE o max. 80 V
Collector current (d.c.) le max., 8 A
Total power dissipation up to Ty, = 25 °C Piot max. 60 W
D.C. current gain
-Ig=2A; -Veg =2V hFE > " 30
Cut-off frequency
-Ic=0,3A; -Vgg =3V fhte > 25 kiz
MECHANICAL DATA Dimensions in mm
TO-220
Collector connected - 1037 __ . 45 o
to mounting base max max
' | 3,6 |- 1,3 |-
4 Ty
. -Ii 28 - 59
' [ il min
T i T K 158
; | | max
t t
L__ .r__J L
v ' ~
3,5_mox 51
not tlriwi . L max
12| - b
max min
(2x) .
bi|| ¢f{} e
i ->|\<—0,9max (3x} »| 06
— - - - 2.4

2,54 2,54

&3

7265872.3

For mounting instructions and accessories see section Accessories,

June 1977



BDX78

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

Voltage

Collector -base voltage (open emitter) -VeRO - max, 80 V
Collector ~emitter voltage (opén base) -VeEo max, 80 V
Emitter -base voltage (open collector) -VEBO max, 5 Vv
Current
Collector current (d.c.) -Ic max. 8 A
Collector current (peak value, tp 510 ms) ~Iem max. 12 A
Collector current (non-repetitive peak value,
ti) <2 ms) 'ICSM max. 25 A

Temperature
Storage temperature Tstg -65to +150 °C
Junction temperature Tj max. 150 °c
Power dissipation
Total power dissipation up to Ty} = 25 OC Peot max. 60 w

M——

DE——

m— THERMAL RESISTANCE

— . N . '

m— From junction to mounting base Rth j-mb = 2,08 °c/w
From junction to mounting base in free air Rin j-a = 70 °c/w

2 May 1974



BDX78

CHARACTERISTICS ' ) Tj = 25 OC unless otherwise specified

Collector cut-off current

Ig=0; Vo =30V -Iceo = bomA
Ig=0; -Vcp = 40 V; T = 150 °C -leBo < toma

Emitter cut-off current

Ic=0; -Vgg=5V -1EBO < 5 mA

Base -emitter voltage 1)

"IC = SA; "VCE =2V —VBE < 1,5 A\

Knee voltage l)
~Ic = 3 A; -Ig = value at which
-IC =3,3A at "'VCE =2V -VCEK . typ. 1 v

Saturation voltage 1)

-lg=3A; -lg=0,3A ~VCEsat < Ly

D.C. current gain 1)

—IC =2 A; -VCE = 2V - hFE > 30

Cut -off frequency
“Ip=0,3A; ~Vep =3V fhfe > 25 kHz

Transition frequency at f = 1 MHz
I

g =034 -V =3V fp > 3 MHz

1) Measured under pulse conditions: t_ < 300 ps, § < 2%.

p

May 1974 3



BDX78 | | o ”

72628551

2
10 : BDX78
I
] N
-Io . Tmb=25°C 11 .
(A) ) ' )
6= ’ 1 =
-IcMmax p “ %P
10 l N AN 20ps
-ICmax : \\\ AV \\\. \wav S
N N AN
P \\ \\ Y100
tot max \ \ \ \
\

1 second ,X
breakdown 1) |

\
1 \\
\\ AMANAY
\ 500
\VEAY
ANEL
\ ms
A\
\ 10
d.c.
1071 L
1 10 ~Vog (V) 102

. Safe Operating Area with the transistor forward biased

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

1) Independent of temperature,

| I April 1974




BDX78
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BDX78

102 i 72628574

S.B. voltage multiplying factor at the —1¢ max level
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BDX91
BDX93
BDX95

SILICON POWER TRANSISTORS

N-P-N transistors in TO-3 envelopé for audio output stages and general amplifier and
switching applications. P-N-P complements are BDX92, BDX94 and BDX9%6. |

QUICK REFERENCE DATA
BDX91| BDX93! BDX95
Collector -base voltage (open emitter) VCB0> max. 60 80 100 A%
Collector -emitter voltage (open base) VCEO max. 60 80 100 V
Collector current (peak value) ICM max., 12 A
Total power dissipation up to .
T . =25°% p max. 90 A
mb tot
Junction temperature T j max. 200 °c
.D.C. current gain
IC=3 A; VCE=2V hpg > 20
Transition frequency
IC =1 A; VCE =10V fr > . 4 MHz ——
MECHANICAL DATA ' Dimensions in mm ——
TO-3 ‘
Collector connected to envelope
+— 26,6 max ——» =»18,63max |+
. —>‘ - 16
1+
4,2
40
*
T -
203 ‘
ma
4
3
L
-109-> 7268064.3 | g 12,8 |

1,2

For mounting instructions and accessories see section Accessories.

February 1979 1 L



BD X9
BDX93
BDX95

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

Voltages BDX91 | BDX93 | BDX95
Collector-base voltage (open emitter) Vepo max. 60 80 100 v

" Collector-emitter voltage (open base) Vopo max. 60 80 100 V
Emitter ~base voltage (open collector) VEBO max. 5 5 5 V
Currents
Collector current (d.c.) Ic max. 8 A
Collector current (peak value) ICM ‘ max, . 12 A

Power dissipation
Total power dissipation up to
Tmb =25 OC PtOt max. ’ . 90 ‘ ) W

Temperatures

Storage temperature ) ‘ Tstg ) ~65 to +200 oc
Ju;lction temperature T]- max. 200 oc
THERMAL RESISTANCE ]

From junction to mounting base ‘ Rth j-mb = 1,94 °C/W

July 1977

[



BDX91

BDX93
BDX95
CHARACTERISTICS Tj = 25 °C unless otherwise specified.
Collector cut-off current
Ig = 0; Vcp = VCBOmax Icgo 0,1 mA
Ig = 0; Vg =30V; Tj= 200 °C: BDX91
1 = 0; Vop =40 V: Tj=200 °C: BDX93 {  Igpo 2 ma
Ig =0; Vgp=50V; T =200 °C: BDX95
Emitter cut-off current
Ic=0; VEp=5V IEBO 1 mA
D.C. current gain l)
Ic=34A; Vgp=2V hpg 20
IC=5A; VCE=2V hgpg 10
Base-emitter voltage 1)
IC:3A; Veg=2V VBE 1,4 V
Collector-emitter saturation voltage 1)
Io=3A; Ig=0,3A VCEsat . 0,8 V —
Ic=5A;Ig= 1A VCEsat 1 v —
Base-emitter saturation voltage ]
Ic=34A; Ig=0,34 VBEsat 1,5 V
Ic=5A; Ig= 1A VBEsat 2 V-
Small-signal current gain at f = 1 kHz
IC=0,5A§ VCE=10V hfe ; 40
Transition frequency
Ia=1A; Vop =10V fr 4 MHz
I) Measured under pulse conditions: tp < 300 ps, & < 2%.
October 1975 3



BDX93

BDX91
BDX95 i

CHARACTERISTICS (continued) T i= 25 °C unless otherwise specified
5witching times (between 10% and 90% levels)

ICO[I =3 A; IBO[‘[ = —IBoff = 0’3 A; VCC =30V
—» Turn-on time ton t<yp‘ O,f tz
. 1,2
—» Turn-off time ) ) toff t<yp ) ﬁ:

Test circuit

Vim = 55V
tI =tg = 15 ns
tp =. 10 ps
T =500 ps .
‘g‘ 72724784
72
103 7282167
he
fe Tib =
150 °C
. // \\\
102 25°C \
— il NN
AN
~N
o N
“s0oel— L ND
/-’—”— \\\ N
— D
\\FN
N
10 -
1072 107! 1 I (A) 10

Typical small-signal current gain as a function of collector current; Vo =2 V.

4 H ' March 1979



BDX91
BDX93
BDX95

7272452

Tmb < 25 °c

102

(A)

BDX91
+

BDX93

BDX95

6=001

ICMmcn(

0

A

p
AN 100 ps

/V //

[~ ICmux

\\\ 500 us

3 1ms

Q 10ms

d.c.
102

107! ‘ -
1 10 Veg (V)
Safe Operating ARea with the transistor forward biased

I Region of permissible d.c. operation

I1 Permissible extension for repetitive pulse operation

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

October 19735




BDX91
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BDX95
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07 L
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- ]
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e
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=
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BDX91

BDX93
BDX95
102 7272456
S.B. voltage 'multiplying factor at the Icnq, level
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BDX92

BDX94

BDX96

SILICON POWER TRANSISTORS

P-N-P transistors in TO~-3 envelope for audio output stages and general amplifier and
switching applications. N-P~N complements are BDX91, BDX93 and BDX95.

QUICK REFERENCE DATA

BDX92| BDX94|BDX96

Collector -base voltage (open emitter) _VCBO max. 60 80 100 %
Collector -emitter voltage (open base) —VCEO max 60 80 100 v
Collector current (peak value) —ICM max. 12 A
Total power dissipation up to

=95 O,

Tmb =25°C rot max. 90 w.
Junction temperature Tj‘ max, 200 °c
D.C. current gain .

- = s - = > 20

IC 3 A; VCE 2V hpgr
Transition frequency
- = s - =1 > 4 MH:
IC 1 A; VCE ov fp ‘ Z
- MECHANICAL DATA Dimensions in mm
TO-3 .
Collector connected to envelope
-»18,63max [+
> |16
¥
?—A,Z
4.0
T A
20,3
madx *
1
I}
L
<109 7268066.3 | 12,8 |

12

For mounting instructions and accessories see section Accessories.

February 1979
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BDX92
BDX94
BDX96

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

Voltages

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

Emitter -base voltage (open collector)

Currents
Collector current (d.c.)

Collector current (peak value) -

Power dissipation

Total power dissipation up to
T . =259C
mb

Temperatures

Storage temperature

Junction témperature

THERMAL RESISTANCE

From junction to mounting base

BDX92|BDX94{BDX96

-V max. 60 80 | 100

7VCEO max. 60 . 80 100
-VEBO max. 5 5 5
—IC max. 8
_ICM max. 12
P max. 90
tot
T -65 to +200-
stg
Tj max. 200
Rth j=mb 1,94

<

oC -

OC/W

Ottober 1975



BDX92
BDX94
BDX96

CHARACTERISTICS

Collector cut-off current

Tj = 25 °C unless otherwise specified

Ig =0 -Vcp = ~VCBOmax ~Icpo 0,1  mA
Ig=0; -Vog=30V; T; = 200 °C: BDX92
Ig=0; ~Vgp=40V;T;=200 °C: BDX94 ~IcBo 2 mA
Ig=0; -Vog=50V; T]i =200 OC‘, BDX96 .
Ip=0; -Vcg = ~VCEOmax ‘ ~Iceo 1 ma
Emitter cut-off current
Ig=0; -Vgg=5V ~Iggo 1 mA
D.C. current gain 1)
slg=3A; -V =2V hpg 20
-Ic=5A; -Veg=2V hpg 10
Base-emitter voltage 1)
“Io=34A; -Vog=2V ~Vgg 1,4 A%
Collector -emitter saturat‘ion voltage l)
-lc=3A; -1Ig=0,34A _VCEsat 0,8 A\ —
-lg=54; -Ig= 1A ~VeEsgat 1 v o
" Base-emitter saturation voltage 1) . =
-Ic=3A; -I3=0,3A ~VBEsat L5 v
=Ig=5A; -Ig= 1A ~VBEsat 2 AY
Small-signal current gain at f = 1 kHz
—IC =0,54A; —VCE =10V hee 40
Transition frequency
“lo=14A; -Vep=10V fr 4 MHz
l) Measured under pulse conditions: tp < 300 us, § < 2%.
October 1975 ’ 3




BDX92
BDX94
BDX96

CHARACTERISTICS (continued) k ' T; = 25 °C unless otherwise specified

J
Switching times (between 10% and 90% levels)

~Igon = 3 Ai ~Tpon = Ipoft = 0,3 A5 Vgg = =30 V

— Turn-on time typ. (),2 Hs

. < 1 Hus

- Turn- ) ime ’ - typ. 1 Us
rn-off tim t . 2

Test circuit -

ViM = 55V
tp=ty= 15ns
tp = 10 pus
T =500 ps
0
Vim TUT.
T
; 72724794
72
103 k 7282168
Tmb =
P 150 °C
prorret==" P—]
//" ot 0 I:\
N —— -~ 25°C LN
/ NN
- —.—L—"'—' ) P
102 . ~
AN
S \\\
NN
AW
N
N
10 L .
102 10! 1 ~1g (A) 10

Typical small-signal current gain as a function of collector current; 'VCE‘ =2V.

. I

March 1979



BDX92
, BDX94

BDX96
102 ) 7272453
T < 25 °C
-1,
(A)
o~ | S0
oTatm
SEIE
~Lemmar 6=0,01 © oo
10 AN
i \\\\ \\\\ S Py
— J T
Cmax ?\ \ < \‘ OQPS
AN N \
3 i
\\ |
1 2\\ T
\ ‘ 500 us
1 \\ \ \
\
\
\\
1ms
\
\
\
\ 10ms
10-—1 . d.c.
1 10 _VéE V) 102

Safe Operating ARea with the transistor forward biased
I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

1) P and P lines.
tot max peak max

y Second-breakdown limits (independent of temperature).

w
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BDX92

BDX94
BDX96
7267325
Ptot max
(%)
100
A
N
N,
N
N
100 Tp (°C) 200
E 3 7272657
Zth j-mb
ot —s|tple— 4
T 77T
11 [T
2 5=1 11 11
- potet=] | 1
el
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" el - L LM
— 05 -
> "ol
. Yl
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) 7
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|t
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BDX92

BDX94
BDX96
102 i 7272456
S.B. voltage multiplying factor at the Igm, level
Msain
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|
10 0,02
[ 005 ~
I P —
0,1 ] ~
Sha
| 0,2 ﬁ“\‘ ;:\\
L \\Eb\
B R Y
————
|___05 i <
—— \
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1 .
1
10~5 10=4 1073 tp(s) 10~2
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BDX92

BDX94
BDX96
10.3' 7272460
-Veg =2V
T;=25°C
hee
typ
‘\L~&\
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N
N
10l— =
10 10 -Ic (A) 10
E 7272459
— T I Te . ,
—_— 2A__3A'hlt|A"5A G‘A A %A typ.values
“Veesat| _1 _0s5a \ ) none
v \X
1| \ \
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BDY 20

SILICON DIFFUSED POWER TRANSISTORS

N-P-N transistor in a. TO~3 metal envelope, intended for use inlinear applications
such as hi-fi amplifiers and signal processing circuits.

QUICK REFERENCE DATA

Collector-base Voltage (open emitter) VCBO max. 100 V
Collector -emitter voltage (open base) VcEOo max. 60 V
Collector current (peak value) Icm max. 15 A
Total power dissipation up to Ty = 25 0C Ptot max. 115 W
Junction temperature T; max, 200 ©C
D.C. current gain

Ic=4A; Vg =4V ‘hpg 20 to 70
Transition frequency at f = 1 MHz )

Ic=1A;Veg =4V - fT typ. 1 MHz

MECHANICAL DATA Dimensions in mﬁl

Collector connected to envelope
TO-3

—8,63max |+
> <16
1+
4.2
|40
f 4
20,3
max ¥
1
[
L

7268066.3 | 12,8 .|

For mounting instructions and accessories, see section Accessories.
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BDY20

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

Voltages

Collector -base voltage (open emitter)

Collector -emitter voltage (open base)

Collector -emitter voltage (RBg = 100 2)

Emitter-base voltage (open collector)

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

Emitter current (peak value)

Power dissipation

Total power dissipation up to T, = 25 °C

Temperatures

Storage temperature

Junction temperature

THERMAL RESISTANCE
From junction to ambient in free air

From junction to mounting base

1)ig=0.24

VCBO.
"VcEo

VCER

VEBO

Ic
Icm
~IEM

Prot -

Tstg

Reh j-a
Rih j-mb

max. 100 -

max. 60
max. 70
max. 7
max. 15
max. 15
max. 15

max. 115

" =65 to +200

max. 200
= 40
= 1,5

A%

v 1)’

vl
v

oc
oC

oC/W
oC/W

February 1979



BDY 20

CHARACTERISTICS Tj = 25 °C unless otherwise specified
Collector cut-off currents
= . - typ. 3 MA
Ig 0; Vg =100V Icso < S mA
- = . = typ. 4 uA
VBg = 1.5V; Ve 100V IcEX It 5 mA
. = . - L= 0 typ. 0.3 mA
Vgg = 1.5 V; Vog =100 V: Ty = 150 °C logx It 10 mA
Emitter cut-off current
B . = typ. 1 nA
IC 0; VEB 7 V IEBO < 5 mA
Base-emitter voltage
= s = typ. 1.1 'V
Ic 4A; VR 4V VBE < 1.8 V
Collector -emitter saturation voltage
- . - . typ. 0.4 V
Ic 4 A; 1 0.4 A VCEsat < 1.1V
Knee voltage : )
Ic = 10 A; Ig = value for which
Ic=11AatVgg =5V VCEK < 3.0V —
D.C. current gain —_—
I[c = 4A;Vgg= 4V hpg 20 to 70
Collector capacitance at f = 1 MHz
Ig =le=0;Vcg = 20V Ce typ. 250 pF
Transition frequency at f = 1 MHz
IC = 1 A; VCE = 4V fT typ. 1 MHz
Cut-off frequency
Ic = 1A;VCE= 4V fhie typ. 9, kHz
February 1979 3
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BDY20

CHARACTERISTICS (continued) Tj = 25 0C unless otherwise specified

Switching times
Ic=4A;1g= -Igp = 400 mA '
Delay time tg typ. 0.4 us
Rise time ‘ . ty typ. 2 us
Storage time tg typ. 2 us
Fall time S tf typ. 2.5 us

Test circuit:

250 oscilloscope
ma

n

Pulse generator: ' Oscilloscope:
Pulse duration t > 10 us Rise time | tyr < 10 mns
Rise time ty <

10 ns Input resistance Rj = 50 @

4 May 1969



BDY20
725932
Ot TIIT
»|tp e 7]
Zoth j—mb LP—T—>| 5:?‘.—;‘ ::;
°c/wi
2
6 =
1.5 1
0. 75 jpaswomsere>t i
goasuentt
4 ] 0.5 1 Lt
=] —
10.27T_+CH
0.5 ] ‘E 4 N
0.01
0 -4 -3 ~2 -1 2
10 10 10 10 1 10 tpls) 10
. 7209380
maximum allowable collector-emitter voltage (with ]
a resistance between base and emitter and 1
100 : 1c=0.2 A) versus the base-emitter resistance ap-
P~ plied.
YeeR S S EEe———
V) Tj = 25°C
N
80 ~\
N
N
60
Ic=02A
40
VCer
Ree
29 -t 2 3 ‘ 4 - 5
10 1 10 10 10 10% "Rgg(2) 10

July 1970 5




BDY20

LI

15 ' 7208581 15 ' 7209372
- typical values - | typical volues
I Tj=25°C Ic Tj = 25°C
(A) : (A)
~078 )
187>
- AW
10 OGP‘ 10 Q,/D' 0.6A
= OS.A. Ve 05A
= 04~ y 04A]
=0.3: ], 03A
== = T
0.2A 0.2A
5 5 y T !
DA 7 Q1A
0.05A1 05A
|
] " : L1
()( 1 AA 0.01A'
¥ |
0 0 - -
0 20 Vcg(V) 40 -0 o2 VCE(V 4,
7209374 /}.osz 82
15 VCE=4V 60 VCE=4V
I T =25°C Ic T, =25°C
(A) (mayT { { :
- g typt maxi——
10 ' 40
typ h
/max i '
4 M
I
5 ] 20 H
/ !
/!
/1 |,
/i J
] W
00 ] 2 Vgg(V) 4 00 - 500 vgg(mV) 1000

' . /
6 : | l August 1968



BDY 20
. 7209585
10 V=4V
Ie Tj =25°C =
(A Atyp
1
V.
Y
107
V.
A
I /
02 )4
III
10°
1072 107! 1 10 102 10° Ig(mA) 10%
7209584 E
120 VCE =4V =
Tj  =25°CF m—
hrg
A\
100 4 \
/ Ytyp
4 N \
V.
\
A \
'/
50 = \
-
'/'
N
0 -3 -2 -1
10 10 10 1 Ic®) 10
August 1968 ” ” 7



" BDY20

il

30 ] 7209583 15 7209373
Ve =4V Vee=4V
fhfe - T; =25°C . fT f. =1M|;l2
(kHZ) (MHZ) T’ =25°C
] \
20 VA 1
: typ
N
y4 Lyt
/
4
10 L 05
——g
% R S 71y R S 2 IcA) 4
i
150 The appropriate l:’ei(t)ssisnlzg)
P will be found in the section
tot } Accessories and Heatsinks
(W= :
\
N
100 s
‘\6\
Yo
. __"7 (.))
/) @)
| % 6\6‘00/ N
D,
50 i /@\ N
A N
A
P,
"(@/ N
- N
— Vé&/.\
ZinY
I
0 00 Tomb(°C) 200

August 1968



BDY20

15 2209375
0 T
[
(A)
I
10
E: 02
L I m|
11 (A
5:: 01 -
1 HHo \
1 0 !
1 50\@5(\0'00
0
50 Vg (V) 100

I Region of permissible operation under all base-emitter conditions provided no
limiting values are exceeded. '

II Additional region of operation when the transistor is cut-off with ~Vgg < 1.5V.

III Operation during switching off is allowed, provided the transistor is cut-off with
-VBE < 1.5V and the transient energy does not exceed 75 mWs.

August 1968 : ’ 9



BDY20

102 7209379

Ieso
(mA)

P

—\@®
5 T\
\

10 2

107 \

- "
102 4l

10°

10*
0 50 100 150 Tj (°C) 200

10 |l ) ‘ ‘ ‘ August 1968 -



BDY90 to 92

SILICON DIFFUSED POWER TRANSISTORS

High-speed switching n-p-n transistors in a metal envelope intended for use in con-
verters, inverters, switching regulators and switching control amplifiers.

QUICK REFERENCE DATA
BDY90 | BDY91 | BDY92
Collector -base voltage (open emitter) Vcpo max. 120 100 80V
Collector -emitter voltage (open base) Vcgo max. 100 80 60 V
Collector current (peak value) - IcM max. 15 15 15 A
Total power dissipation upto Typ=75°C  Po¢ max. 40 40 40w
Collector -emitter saturation voltage
Ic=10A;Ig=1A Vegsat, < 1.5 1.5 1.0V
Fall time
Ig=5.0A;Ig=~1,,,=0.5A
Ve =30V M te < 0.2( 0.2 0.2 ps
Transition frequency at f = 5 MHz )
Ic=0.5A; Vg =5V fT typ. 70 70 70 MHz
MECHANICAL DATA
Collector connected to case ‘ Dimensions in mm
TO-3 —= 95 max r—
) <—— 26,6 max ————»| —»i <315
RER I
4.2
|40
g t
T -
203 +
max ————————10
l 4
A N—
7
. 12,8
- 10,9—> - 1 1, 2 —

7269700

For mounting instructions and accessories, see section Accessories.

February 1979 1



BDY90 to 92

| » l'

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

Voltages (See also pages 4, 5 and 6)
Collector -base voltage (open emitter)
Coliector -emitter voltage (Vgg = 1.5 V)
Collector -emitter voltage (open base)

Emitter -base voltage (open collector)

Currénts

Collector current (d.c.)
Col}ector current (peak value)
Base current (d.c.)

Base current (peak vé.lue)
Emitter current (d.c.)
Emitter current (péak value)

Power dissipation

Total power dissipation up to Tpp=75°C
Temperatures

Storage temperature

Junction temperature
THERMAL RESISTANCE

From junction to mounting base

CHARACTERISTICS

Collector cut-off current

VEB = 1.5 V; VCE = VCEXmax:
Tmb=150°C /

Saturation voltages
Ic=5A;Ig=0.5A

Ic=10A;1g=1A BDY90

BDY92
BDY90to 92

. BDY91.

BDY90 | BDY91 | BDY92
VeBo max. 120 100 80V
Vcex  max, 120 100 80V .
VCEO max. 100 80 60 V
VEBO max. 6 ‘ 6 6V
Ic max. 10 A
IcMm max 15 A
I max, 2 A
Igm max. 3 A
~Ig max. 11 A
-IEM max. 15 A
Pyot max. 40 W
Tstg -65 to + 175 °C
Ty max. 175 °C
Rth j-mb = 2.5 °Cc/w

Tj = 25°C unless otherwise specified

Icex

VCEsat
VBEsat

VCEsat

VCEsat
VBEsat

< 3
< 0.5
< 1.2
< 1.5
< 1.0
< 1.5

< < < <<

‘ | October 1972



BDY90 to 92

CHARACTERISTICS (continued)
D.C. current gain

Ic= 1A; Ve =2V

Ig= 10 A; VCE=5V

Transition frequency at f = 5 MHz

IC=0.5A;VCE=5V

Switching times
Turn on time

Ic=5A;Ig=-Igy=0.54A
Ve =30V
Turn off time
Ic=5A;Ig=-Igy=0.54A
Ve = 30 V storage time
fall time

Test circuit

Ve =30V

Tj=25 OC unless otherwise specified

hrg 30 to 120

hFE > 20

fr typ. 70 MHz
ton < 0.35 ps
tg < 1.3 ps
te < 0.2 ps

input waveform

2

W}

|

-Igm ,___:_ ______
|
|

| | |
—wftajtrie —ltafteje—

3ov—l=§___:_}_ 5%
1%

-Vgg=-
Bp=-6Y time
TI0861 output waveform
Pulse generator:
Rise time . < 50 ns Pulse duration tp = 20 s
Fall time tg. < 50 ns Duty cycle 6 = 0.02
October 1972

T w




BDY90 to 92 | ||

[111E{1

102 7267086
~ i s e
Tmb < 75 °C ]
Ic
(4) ,
§=0,01
IcMmax T; A
e TN
Q \\ ‘\ \ ‘Y ‘\ \
A, I[\\ \L \ AVEAY 1
ANAVAY
AN IVAVAVAY
\
N \ \\ tp=
! \\ \ \ o
®
1 %o \\ - -

Y
0‘\\ A WY \\\‘rIIZO

6 ‘\Q\\ ANANAY
*Z‘g,\\\\ W \Nso
@6\\\\ A 100
AN 200
ZN 500
lms.
_ I 2
1071} I o
1 4 __I 1 45
[ (mA) mjm| 10
21 Islsls 20
- S{S] = d.c. -
R 0 21818
| 40 80 120 | 1l sHig
Vg V) = 215
w2l L LU 818[||=
1 10 Veg @) 102

Safe Operating Area (Regions I and II forward biased)

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

III Repetitive pulse operation in this region is allowahle,
provided -Vgg > 1,5 V

Fot Prot max versus Ty, see page 10.

b) Independent of temperature

4 : October 1972



BDY90 to 92

10° ITRT e
Zthj-mb HH
(°c/w) | m

»|tp e ]
LP—T—>l 5=t—
10
6=1
-0,75 ==
. 0‘5 _..——'—‘——
1 ==t 0,33 H
0,2 !
£10,1 =4
b t
10" aeL, 0,05
0,02
- =<0,01
10%— -
10 10° 1 10 102 10° tp(ms) 10%
. 7267084
MsB(1) S.B. voltage multiplying factor at the Icmax level
MSB(V) S.B. current multiplying factor at the VoEOmax level (100V) of BDY90
102
6=0,01
410,02
0,05
\ >
o
0,1
T - \\\
0,2 = \\‘Q
O,:’}'-l R — -
! ST
0,5
- ==
0’75 "*—: .
1 L =
10°5 10-4 1073 1072 tp(s) 1071

{1

October 1972 | l : 5



BDY90 to 92

7267083

$.B. current multiplying factor at the VGEQmax level (80V) BDY91
Msp(v) ‘
’ 102
AN
—\6=0,01
h \\
\ [
] .~
0,02
R
~0,05) TR
10 o THIIN
‘ = - \\\\
_':_0,'2_ \‘ ~ N
0,33 W T
0,5 ~— T —N
T B N
0,75 I
1 | , i
1075 1074 1073 1072 1, (s) 101
= N 7267085
—— S.B. current multiplying factor at the VoEQmax level (60 V) BDY92
)
102 sﬁ0,0l
\\
T=<0,02
S N
0,05]_AD
I N~ NN
. 0.1 | | TTHI
10 d S
——
- \‘
0,2
1 NN
0,33 SR
I -
0,5|- ] ~‘-~..\\
=)
1 | ] ' T
10-5 1074 , 103 1072 () 107t

October 1972
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BDY90 to 92
"2 7259944 72599564
10 T 7 150 ]
I S
Ve =V
o
(:‘:%( —— ~Vee=1, hgg T;=25 oC[]
/
typ
10 , 100
/
/ __\tYP
Y
Vi
1 S/ 50 Y
] \
10" - 0
0 100 Tj(eC) 200 0,1 1 IC (A) 10
103 7 }7;59945 150 7259943 E
typical values —
Vee=5V  H f Veg=5V —
Ig (MH2) £25MHz [
(mA) » T,=25°C
Ic=10A
102 = o 100
—~
tyPTNY
1 1 50 -
0,54
e
1 0
0 100 T (°C) 200 0,1 1 I. (A) 10
October 1972 7




BDY90 to 92

i

7259940

075 ] l
Tj=25°C
vCEsot %:10 m
v g
05
025 /
e
- pot
0" L
107 1 Ic (A) 10
1,5 | 7259939
Tj=25°C
VBEsat kz o [T
(v)~ Ig
1 /
PZ
typ 1
——"",
05
0
107! 1 Ic(A) 10

08 T T TTTTTT o]
I TT
. —— typical values
VCEsat 11 ic =10 .
v T r
N D=
I.=10A—
(P /
P
5A =
02 T
1A -
O e i
1
0,5A
g [11 [
0 100 T, (°C) 200
N 7259942 .
15 ITTTTL]
TTTTT
typical values |
VBesat I 10 1]
v) I 1]
4 R
1 —— = I.=10A
= Py
— E
Ny may
-
[y
N N
= = 1A
—
05 =
: 0,5A
0 -
0 100 Tj (°c) 200

October 1972



'BDY90 to 92

APPLICATION INFORMATION

Typical operation in a 250 W d.c. to d.c. converter with two BDY92 transistors

150 0L
1 ®
g P
6W BDY9?2
180
20 BYX5Q
1W 1
T
L4 .
28v 1350 r
n Cc n2 R y
P 5 - ]
n2 5,6
nF T
¢ = 10nF ‘ 7259832
BYX50
Each transistor is mounted on a heatsink of Rth h-a = 15 0C/W
VPerformance at Tyyp = 55 °C + 28V
- Q
Ig =10,5A
Vo= 240V
Po = 250W
no= 84% 22k0
f =28,5kHz
R - B
Losses at Pg =250 W 22M0.
1
In transistors 2x6W S
In diodes 2x2W
In transformers 8W .
Circuit losses 14 W Stqrt'f’g
circuit

Transformer data

7259831

T = Ferroxcube core E 55 material 3E1 Ty = Ferroxcube core H16 material 3E2

Cat. No. 4332 020 34900
n] + nj is bifilarly wound
ny =ni = 9 turns, ¢ 1,4 mm

n2 =nj = 85 turns, ¢ 0,5 mm

Cat. No. 4322 020 33030
ng + ng is bifilarly wound
‘ng.=ng =4 turns, ¢ 0,7 mm

np = 24 turns, ¢ 0,3 mm

August 1975




BDY90 to 92 || °

LT

7259830 " 7259829
i IENEEEE
fl1alvw -
10 4NN (kH2)| (%0 (V) typical values |
| i/ ) 0k L
1s y 30t 90t 260
(A) hN P~
- n amw
7.5 - 80125011 1p&- 1
. A
"4
/ Vo
/ 25& 701240 >
5 ALY 7
| j'
. ‘,
/ - 60} 230
Vi ,
2.5/
20} s0f220
/V
09 100 200 P, (W) 300 : 0 100 PolW) . 300
-267131
100
\
Ptot max |- \\
%) ’ \
\ B
50 \\
\
\
- ] \
0 100 T (OC) 200

10 . ‘October 19 72.



MAINTENANCE TYPES -— BDY93
BDY94

SILICON DIFFUSED POWER TRANSISTORS

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

QUICK REFERENCE DATA
BDY93 | BDY9%4
Collector-emitter peak voltage (Vgg = 0) VCcgEsM — max. 750 750 V
Collector-emitter voltage Rgg =100 Q) VCER ~— max. 450 400 V
Collector -emitter voltage (open base) Vero max. 350 300 V
Collector current (d.c.) Ia max. 4 4 A
Collector current (peak value) ICM _ max. 7 7 A
Total power dissipation up to
Tmp =75°C Pyot max. 30 30 W
Collector-emitter saturation
voltage In =2,5AjIp =0,5A VCoEsat < 1,5 1,5 V
Fall time
Ic=2,5A;13;=0,5A; -Igg=1A te typ. 0,4 0,5 s
MECHANICAL DATA Dimensions in mm
Collector connected to case k
TO-3 -1 95 max (<
|<¢—— 26,6 max ——— —>1 -—315
4,2
f 4,0
203
max 10
LL_
—
128
- —
7269700 11'2
For mounting instructions and accessories, see section Accessories, ’

February 1979 4 1







MAINTENANCE TYPES

-

BDY96
BDY97

SILICON DIFFUSED POWER TRANSISTORS

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

QUICK REFERENCE DATA
BDY96 | BDY97
‘Collector—ernitte.r peak voltage (Vgg = 0) VCEsM max. 750 750 V-
Collector-emitter voltage (Rgg = 100 ) VeER — max. 450 400 V
Collector-emitter voltage (open base) VcEO max. 350 300 V
Collector current (d.c.) I max. 10 10 A
Collector current (peak value) IcMm max. 15 15 A
Total power dissipation up to
Tmb =90 °C Peot max. 40 40 W
- Collector-emitter saturation voltage }
[c=5A;Ig=1A Vegsar < 1,5 1,5 Vv
Fall time i
Ic=5A;1g; =1A; -Igy =2 A te typ. 0,3 0,4 s
MECHANICAL DATA Dimensions in mm
TO-3

Collector connected to case

—{ 9,5 max (e

4
4,2
|—40
1 ?
203 +
max ———————— 10
*
JL A ——
Em,g—» 128 .
7269700 11'2
For mounting instructions and accessories, see section Accessories
February 1979 1







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) VeBoO max. 300 \'
Collector-emitter voltage (open base) Vceo max. 250 \
Collector current {peak value) Icm max. 300 mA
Total power dissipation up to Ty = 90 °C Ptot max. 6 w
Junction temperature : Tj max. ~ 150 oc
D.C. current gain

Ic=20mA;Vcg =10V hFg typ. 45
Storage time ot typ. 0.5 us
MECHANICAL DATA Dimensions in mm

Fig.1 TO-126 (SOT-32)

Collector connected to
mounting base

- >
—

1‘}""\0!

!’1—’
254 max 1)
4

=

|58, | 105 0s8™x)|

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

See also chapters Mounting Instructions and Accessories.

March 1979




BF419

RATINGS

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

* Collector-base voltage {open emitter) “VeBo max. 300 \Y
Collector-emitter voltage (RRg < 1 k2) VCER max. 300 \
Collector-emitter voltage (open base) VcEOo, max. 250 \
Emitter-base voltage {open collector) VEBO max. 5 \
Collector current (continuous) Ic max. 100 mA
Collector current {peak value) * Iem max. 300 mA
Total power dissipation up to Ty = 90 °C Piot max. 6 w

up to Tymp=70°C Piot max. 0.8 w
Storage temperature Tsig —65 to +150 oC
Operating junction temperature . Tj max. 150 oC

THERMAL RESISTANCE
From junction to mounting base ‘ Rthjmb = - 10 oc/w
From junction to ambient Rth j-a = 100 oCc/W

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

N

March 1979



High-voltage transistor BF419

CHARACTERISTICS

Tj= 25 0C
Collector cut-off current

IE=0;Vcg =250V IcBO < 50 nA
Emitter cut-off current :

Ic=0;VEg=3V lEBO < 50 nA
D.C. current gain .

Ilc=20mA;Veg=10V hEe typ. 45
Collector-emitter saturation voltage

Ig=200 mA; ig =20 mA * VCEsat < 11 \
Collector output capacitance at f = 1 MHz

lg=0;Veg=30V Cte < 4.5 pF
Storage time : ’

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

* The BF419 is controlled to Vggat max. 11.0 V and is thermally stable under all operating
conditions where Tjmax of 160 OC is not exceeded. For the typical circuit shown befow, a heatsink
is not required for operation with Tamp < 70 OC.

-0 160V

1nFT

AT4043/50 -
—— .
2200 \
o BF419
TBA920 100nF
1BA2590
mr—— ;/' \ D8248

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 R is 0.5 £ plus 0.1 Q2 lead resistance. .

March 1979




BF419

824!
— §-0.01 I
CM max P
Ic v " N tp=
(mA) | Repetitive pulse operation N N \\ 5us Tep < 90 °C
N
. \\\ \ %\ 10
Icmax ) 5ms N \ \ 20
102 \; 30
\ 1
N
TTINNS N ]°
Second N\
breakdown N
(independent of AN 100
temperature \\ 200
\E&
d.c.
10
1
1 10 . 102 103 Vee(V) 104

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

08250

Zthj-mb ‘ _I_]._r—l_
(°C/W) ' ’L‘P_l"' e
3 ' Ll
=1
10
0.75 -
5
L =
0.3 1 A
T =11
—0.2—TTT]
OII”k‘r »
e\ ——‘—’_—
1
~—51.0.05
S 0.02
0.01
0
107! _ '
1 10 - 102 103 tp (ps) 104

Fig. 4.

March 1979



High-voltage transistor BF419

0825)

2
10 S.B.voltage multiplying factor at the Ig mqy level
My

§=001
0.02
10 0.05
0.1
M
02
0.33 \~\\\
— 0.5 \\ \\§§
. -
NN\“L"~~
0.75 EER
1.0 oy
1 | —
10 . 102 10° tp (us) 10t
. Fig. 5.

) 08252 E
10 S.B.current multiplying factor at the Veoggmqy level E
M

§=0.01
0.02
0.05
0.1
10 )
I YNY
N -
NN
- \\\\
0.2 N .
— IN
0.3 s NN
_\F\.\ N
05 Mt
075 -""“Ss\ g
1.0 N\:: -..._:%
1 o - ——
10 102 108 tp (bs) 10
Fig. 6 : :
| | March 1979 5
1



BF419

0825

08254

-104
o0 - leso g ey 4
v (nA) —7cB > | /
Ptot max [ Ig = 4
(q/o) \ //
75 \ 103 A
/7
V.
‘\\ //max
50 Too (°C) \ /
== Tamp (°C) K \ /
102 /
\ v 4
25
|
0 ) l 10
0 50 100 T(°C) 150 0 50 100 T (°C) 150
Fig. 7. ‘ : Fig. 8.
. . 08255
hee : 1
Vee =\QV
T =25°C
50 :
/"'}‘
N
40
: N
typ. ¥~
"
30 f—
]
vd ‘\
: N\
20 \\
N\
10
0 N
1 10 100 IcimA)
Fig. 9. '

6 March 1979.



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

BF457 |BF458 | BF459

Collector-base voltage (open emitter) VcBo - max. 160 | 260 | 300 V
Collector-emitter voltage (open base) VCEQ  max. 160 | 250 | 300 V
Collector current (peak value) lem max. 300 mA
Total power dissipation up to Ty, = 90 °C Piot max. 6 w
Junction temperature v Tj max. 150 oC
D.C. current gain at Tj=25 oC
Ic=30mA;Vcg=10V hfFE > 26
Transition frequency
lc=15mA;Veg=10V | fr typ. 90 MHz
Feedback capacitance at f = 1 MHz
Ig=0;Vcg=30V , Cre < 35 pF
MECHANICAL DATA Dimensions in mm
Collector connected to metal part of mounting surface
T0-126 (SOT-32) -2 -7 8max—
—
S N
| 32
I
- ;

v

2,54
ey}
]T"‘:" 12

Ll e *o”s* max

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

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

56333 for insulated mounting.

October 1977 1



BF457 to 459

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

Voltage ’ BF457 | BF458 | BF459
Collector -base'voltage (open emitter) Vo max. 160 250 300 VvV
. | .
Collector -emitter voltage (open base) - VCEO max. 160 250 300 Vv
Emitter -base voltage (open collector) = VEBO. max. 5 5 5 VvV
Current
Collector current (d.c.) Ia max, 100 mA
Collector current (peak value) IcMm max. 300 mA
Base cutrent (d.c.) : Ig - max. 50 mA
Power dissipatibn
Total poWer dissipation up to Tmpp = 90 °c Prot - max. 6 W
Temperature .
Storage temperature T stg -55 to +150 _ °C
Junction temperature Tj max. 150 ©C
THERMAL RESISTANCE
N . . - O,
; From junction to amb}ent ’ Rth jra T 104 °C/W
— From junction to mounting base . Reh j-mb = 10 °%c/w
2 November 1972



BF457 to 459

/
CHARACTERISTICS ) TJ = 25 °C unless otherwise specified
Collector cut-off current '
- Ig = 0; Vop = 100 V for BF457
Ig =0; Vop = 200 V for BF458 Iepo < 50 nA

" 1Ig = 0; Vo = 250 V for BF459

Emitter cut-off current

IC =0; VEB=3V IEBO < 50 nA

D.C. current gain
IC =30 mA; VCE =10V hFE > 26

Collector -emitter saturation voltage

Ig = 30 mA; Ig = 6 mA VeBsat < v

High frequency knee voltage at Tj = 150 °c

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; Vop =10V f, typ. 90  MHz

Feedback capacitance at f = 1 MHz
Ig=0;Vgg =30V ’ Cre < 3,5 pF

Output capacitance at f = 1 MHz

Ig=0; Vg =30V Coe < 4,5 pF

February 1974 —_— : , 3
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BF457 to 459
. 7267068.1
[ e =001 T -
1 CMmax = o~
C 1 i < \\\\\ W tq . Tmbs 90 “C .
(mA) | repetitive pulse operation_ NNWNNNNN N5 ps
NN \\‘\\ ;
I s ms NN L N L2
102 | Cmax 2o NN NN 20
t NN T30
second NNKN |
breakdown \\\ 50
N 1
(independent of NN T
temperature) NN 100
NN NM
}Q 2(?0
N 500
10 d.c
Hatats
s 8|2
1 ABIE
1 10 102 100 vegpw  10?
Safe Operating Area with the transistor forward biased
E 7267879
= Zthj-mb I | I l :
(o]
(°C/W) —»Ltp_k—_.l s -Eg
T T
10 K= i
0[,75 ==
les et :,
0,337 11 ] -
d72-—.—-—"‘_'—
| | LT =
e OJ —’/’ Z
L1
1= =
=
zd 0,01
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107!
1 10 10° 100 ges 10
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BF457 to 459

. 102 - . 7267877
S.B. voltage multiplying factor at the Ig y,x level
Msp (1)
6 =0,01
10 N 0,02
005
0,1
R ]
0 RN
N
P~ Ny
[ 0,33 ™~ R\
——— TR
—0,5 s
—1 1 T
0,75 T T
1,0 Tt
' 2 3 B 4
10 10 10 tp (us) 10
102 _ 7267878
S.B. current multiplying factor at the Vogqg pmax level
Mss(v)
§=0,01
0,02
0,05
0,1
10 }
K\
— T~
™
NS
0,2 NN
NN
EOY I B o= R Y
] ! \\\
|05 T~ ‘\
0,75 "‘§§\
—-\\:N___‘ u
1 1,0 B e T e e
0 102 10° tp () 10*

February 1974 : 5



BF457 to 459

726706 4 7267067
10 P
100 — BF457 BF458 BF459
00 IcBo [ veg=100v 200V 250V [,
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Prot max \ @A) =15 =0 y
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75 \\ 103 A
\ y4
7
. \ ,/mcx
50 L/
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BF469
BF471

‘SILICON PLANAR EPITAXIAL TRANSISTORS

for high-voltage i.f. output stages.
P-N-P complements are BF470 and BF472 respectively.

QUICK REFERENCE DATA

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

Collector-base voltage (open emitter) VeBO
Collector-emitter voltage
. open base VCEO
RBE = 2,7 kQ VCER
Collector current (peak value) lcm
Total power dissipation up to Tyyp < 114 0C Piot
Junction temperature . Tj

D.C. current gain

Ic=25mA; VeE=20V _ hpe

Transition frequency
Ic=10mA; V=10V ) fr
Feedback capacitance at f = 0,6 MHz

lg=0;Veg =30V Cre

BF469 |BF471
max. 250 300 Vv
max. 250 -V
max. — 300 vV
max. 100 mA
max. 1,8 w
max. 150 oC
> 50
> 60 MHz
< 1,8 pF

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

Collector connected
to mounting base

¥
2560 0 |
,L‘;" | w12
For mounting instructions ] ; _
see Handbook section Accessories ol [ - ]54_

type 56326 for direct mounting
type 56333 for insulated mounting ‘
types 56353 and 56354 for direct and insulated clip mounting.

Dimensions in.mm

< 7,8 max
[
¥ 375
e —
e 1
. + max
4
A
15,3
min
[ef o] v
. 0,884,' I‘ 7259324.2
max

{1

w Fanuary 1979




BF469
BF471

(i

RATINGS

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

Collector-base voltage (open emitter)

Collector-emitter voltage
RBe =2,7 k2
open base

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

Collector current (peak value)

Total power dissipation up to Tryp = 114 °C *
Storage temperature

Junction temperature

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

collector lead minimum 10 mm x 10 mm.

Veeo -

VCER
VCEO

VEBO
Ic
Iem
Ptot
Tstg

Tj

Rth j-mb
Rih j-a

max.

BF469 | BF471

250 300 V
- 300 Vv
250 -V
5 v
50 mA
100 mA
1,8 w
—65 to+ 1560 ©°C
150 oC
20 oc/w
100 oCc/wW

¥ Transustor mounted on a printed-circuit board, maximum lead length 4 mm, mounting pad for

January 1979



BF469

Silicon planar epitaxial transistors

BF471

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

Ig=0; Vo =200 V IcBO <. 10 nA

RBE =2,7kQ; Vo =200V; Tj=150 oC ICER < 10 uA
Emitter cut-off current

lc=0; VEg =5V IEBO < 10 A
D.C. current gain

lc=25mA;Vcg=20V hgg > 50
High-frequency knee voltage at T = 150 oC*

lc=25mA VCEK typ. 20 \
Transistion frequency ‘ :

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

lg=0;Veg=30V Cre < 1.8 pF
Feedback time constant at f = 10,7 MHz** ’ :

—lg=10mA;Vpeg=20V : ob'Ch'e < 0 ps

* 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
Vcg =50 V.

A further reduction of the collector-emitter voltage results in a rapid increase of the distortion of
the sngnal
[hrp |

* % ’ l =

vb' Ch o

January 1979



BF469
BF471

7278609

//
Y

/]
//
/

/I

0
V1

¥

[ ! Crnax

/
p 7440

A X 1A
— A7
.
7
/7
WN
oo

e
—~—
TN S
oo oM
SR=R=2=)

7t

%2

s
/A
S

10

10 102 Veg (V) 108
Fig. 2 Safe Operating ARea at T, = 114 OC. .

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

(1) Ptot max and Ppeak max lines.
~ (2) Second breakdown limits {independent of temperature).
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Silicon planar expitaxial transistors BF469

. ' . W ‘(Janudry 1979

BF471
200 7278606
IE—30mA
(mA) // 20mA
— et 15 mA
pt —
T 10mA
L L
- —
5mA
100 p—— m
e s
//
——
O .
—-10 -0 10 20 30 50
. Fig.3 Tj=250C. —
50 7278608 —
5=
20 |—8=1.0 L]
} JI———
0 05 T
0,20
"thj~mb ‘___O/'L——’,/’
oc/w) o%;;;*
A\002
1 0,01
0
—->[tpl<— 1 t|:)
- — Tl 7T
10~ - -
10—6 10-5 - 1074 : 1073 () 1072
Fig. 4.
5



BF469

i

Fig.5 VCE=20V; T;=25°C,

BF471
7278599 7278696
150
I
08
I 7 ‘
(mA) VgE
typ gl max J
ity ] (V) ~\
3 N
100 J 07 S
J1 17 INC
\\Wp
Vi
N Ty
0,6
50 J1 1,
1 14
y, L4
ARvVa 0,5
y
%6 0'40 0o |
o, 08 yo.(v) 10 5 100 150
BE Tamb (°C)-

Fig. 6 Ic =25 mA; Veg =20 V.

\

Fig. 7 1g =0; f= 1-MHz; Tj =25.0C,

7278595
3
\
v
1
Cre [ 1\
(pF)
(U
IDE
\
2 \ | Max
<3
\
typ
1
0 .
10 20 Ve (V) 30
January 1979 (




Silicon planar epitaxial transistors

200

(MHz)

150

100

50

'co
(nA)

103

102

10

7278603
Vee=
'/7/ \20V
/ \
‘;7' 4/" \u \
N\
10V
|
\
10 1o (mA) 102

Fig. 8 fy = 35 MHzZ; Tamp, = 25 °C.

7278605
L
/
max/
)4
yA
/ 4
D4 typ,
/
/
7
4
50 100 T](OC)150

Fig. 10 Vgg =200 V.

10

BF469

BF471
7278601
typ|
4 ‘\‘
mlin_ i \
A
\\
\| |17
10 ig(mA) 107

Fig. 9 VgE =20 V; Tamp = 26 OC.
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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 -Vceo'

RBE = 2,7 k&2 ~VCER
Collector current (peak value) ~lem
Total power dissipation up to Ty, = 114 °C Piot

Junction temperature TJ-

D.C. current gain
—lc=26mA; V=20V hEFE > 50
Transition frequency : .
—Ic=10mA; -V =10V fT > 60 MHz

Feedback capacitance at f = 0,5 MHz
lg=0;-Veg =30V ' Cre < 18 pF

MECHANICAL DATA Dimensions in mm
Fig. 1 TO-126 (SOT-32). 27

[-— -— 7’8 max |

Collector connected
to mounting base.

+
3,75
- 4

T
H |
1] i
ww
o [+

11
i max
|
!

254
R

min

For mounting instructions 12593267

see Handbook section Accessories -l le- +0|<— max " | L_
type 56326 for direct mounting :

types 56353 and 56354 for direct and insulated clip mounting.

type 56333 for insulated mounting
w (January 1979 1



BF470
BF472

RATINGS

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

Collector-base voltage (open emitter) -VcRo
Collector-emitter voltage ' v
RBg = 2,7 k2 . —VCER
open base -VCEO
Emitter-base voltage {open collector) . ~VEBO
Collector current (d.c.) —Ic
Collector current (peak value) —lem
Total power dissipation up t0 Ty, = 114 0C * Piot
Storage temperatdre Tstg
Junction temperature Tj-

" THERMAL RESISTANCE

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

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

collector fead minimum 10 mm x 10 mm.

max.

max.
max.

max.
max.
max.
max.

max.

BF470
300 vV
300 VvV
Y,
5 Y,
50 mA
100 mA.
1,8 w
—65to + 160 ©C
150 oC
20 OoC/W
100 oc/w

2 January 1979) (



Silicon planar epitaxial transistors . BF470

BF472

CHARACTERISTICS
T]- = 25 9C unless otherwise specified
Collector cut-off current .

lg=0;-Vcp =200V - —leBo < 10 nA

RBE = 2,7 k§2; -V g =200 V;Tj= 150 °C —ICER . < 10 uA

 Emitter cut-off current

Ic=0;-Vgg=56V —lgBO < 10 A
D.C. current gain

—lg=25mA; -Vcg =20V hre > 50
High-frequency knee voltage at Tp= 150 oCc*

—lg=25mA ’ —VCEK typ. 20 A"
Transition frequency v .

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

lg=0;-Vcp =30V Cre < 18 pF
Feedback time constant at f = 10,7 MHz** )

Ig=10mA; -Vgg =20V bb.Ch.c < 20 ps

* 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
—~V¢E =50 V. A further reduction of the collector-emitter voltage results in a rapid increase of
the distortion of the signal.

. hrp|.
** ob'Cp'c = l-; -

January 1979



BF470

BF472
103 V 7278609
-lIc
{mA)
1'cMmax §=0,01
2 r Y
10 AW AN ANV
SN N SN
x\\ AN %\
Flomax NANN R
\: \\ o \: — 5 us
NN 10
N J30
(1) "\ 50
\ ~100
1 b 200
W\N-5600
10 Tms
57
d.c.
1
10 102 _Vee (V) 103

Fig. 2 Safe Operating ARea.at Ty, = 114 °C .

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

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

January 1979



Silicon planar epitaxial transistors BF470

BF472
200. 7278607
—Ie . lg=30mA
(mA) —T"] 25"}%
" T —T"] 1§L“ﬁ-‘-—
g Lt —— P —— 1|0n|\A_
100 A== - ———— l
- p—— _____5_5“_&
/ |1 '_____-—-"‘
T | ot
//
—
0
-10 0 10 20 30 0 50
Fig. 3 Tj=25 °C.
50 7278608 E
00 | —8=1.0 LU
——-—-'—""——
0,5 L]
10
0,2 —1——
Zth j-mb 0.1
(°c/w) 00 1]
7 0,02
: 0,01
0
—»\tpl*— ’ 6=t_p.
- T —» T
101
1086 105 1074 1073 tpls) 1072
Fig. 4.
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BF470

Fig. 5 —~VgE = 20 V; Tj = 25 °C.

7278594
4\
\\\‘
Cre \\‘
(pF) N\
max
NN
2 ‘\ ~'\
N ~Jo
typ NG
™
0
0 10 20 30
=V (V)

 BF472
150 7278698 7278697
- 0.8
-l f
- {(mA) f VBE
(V)
. / I :
100 ’ K 0,7 N
/ N
: ~RLYP
yp'I 7 max: -
VgE]
BE 06
#t-
50 y
A y 0,5
y
0 04
-0,6 08 1,0 0 50 100 150
i S _voe (V)
BE Tamb (°c)

Fig.6 —VoE=20V; —Igc=25mA.

Fig. 7 I =0; = 1 MHz; T; = 25 OC.
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Silicon planar epitaxial transistors BF470

BF472
: 7278600
200 7278602 103
fr
MHz} . hee
150 typ
I T
102 ] \\
=Vee= minL e
20V — AY
100 - : :
» N ‘ N
_A \ M \
10v\ [\
| 10 \%
1]
50 2 | IN]
1 _ 0 —ig(mA) 10 1 10—l (mA) 10
Fig. 8 fy = 356 MHz; Tamp = 25 OC. Fig. 9 —VCE = 20 V; Tamp = 25 °C.
7278604 E
104 5 —
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{(nA)
/
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max
7
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102 7 =
74
7 typ
7
10 £
1 i
0 50 100 T (00)150
j
Fig. 10 —Vcg =200 V.
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 MAINTENANCE TYPE J L BUI26 «—

SILICON DIFFUSED POWER TRANSISTOR

High voltage, high speed switching n-p-n power transistor intended for use in the switched mode
power supply of 90° and 110° colour television receivers.

QUICK REFERENCE DATA

Collector-emitter voltage (Vg = 0) (peak value) VCESM max. 780.V
Collector current {peak value) lem max. 6 A
Total power dissipation up to
Tmp=500C " ) Ptot max. 30 W
Collector-emitter saturation voltage
Ic=25A;Ig=0,26 A . VeEsat < 10 Vv
Fall time -
lcm=25A;Ig(end) =0.25 A tf typ. 0,156 us
MECHANICAL DATA Dimensions in mm
Collector connected to case.
TO-3 ’ ~— 95 max (<
+—— 26,6 max ——| ) -»I 315
AR
4,2
~{—— 40
’ t
T
203 ;
max ————— {1
l S8
LA
L— 10,9 —»| _ 4—1%2—»

7269700 ’

For mounting instructions and accessories, see section Accessories.

February 1979 1







MAINTENANCE TYPE -—

BU133

SILICON DIFFUSED POWER TRANSISTOR

High voltage n-p-n power transistor intended for general purpose applications.

A\

QUICK REFERENCE DATA
Collector -emitter voltage (Vgg = 0) (peak value) VeESM max. 750 V
Collector current (peak value) ICM max. 6 A
Total power dissipation up to
Tmp = 50 °C Prot max. 30 W
Collector -emitter saturation voltage
Ig=2.54A;13=0.25A VeRsat < 10V
Fall time
Icm =2.5A;1g; = -Ig2 = 0.5 A; Vo =125V te typ 0.5 us
MECHANICAL DATA Dimensions in mm
Collector connected to case
. ’ ~—» 9 5max e
TO-3
<—— 26,6 max ———» —>| --315
RN
. 4,2
4 {40
11 !
169
395 l 203
max 3;0'1 ——‘ max ::_—‘_3_—,+ 1,0
l '
Y € J
12,8
2"

7269700

For mounting instructions and accessories, see section Accessories.

February 1979







BU204 to 206

SILICON DIFFUSED POWER TRANSISTORS

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

QUICK REFERENCE DATA

BU204 |BU205 | BU206

Collector -emitter voltage (Vg =0,

peak value) Vcgsm max. 1300 | 1500 1700
Collector current (d.c.) Ic max. 2,5 2,5 2,5 A
Total power dissipation up to ] o

Tmp = %0 °C Peot max. 10 10 10 w
D.C. current gain

IC=2A;VCE=5V " hpgp > 2 2 1,8
Fall time

IcM=2A;1gend) =1 A tf typ. 0,75 | 0,75 0,75 wus

MECHANICAL DATA
TO-3
Collector connected = 95 max [+
to case
[+—— 26,6 max ——»| —b‘ 315
4
42
_ 3 40
T 'd
395 203
max 301 max z:*m
l '
S N—
I ' 12,8
< 10,9 | -~ 2—>

7269700 ’

For mounting instructions and accessories see section Accessories.
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BU204 to 206

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

Voltage BU204| BU205 :| BU206
Collector -~emitter voltage ’
(Vgg =0, peak value) o VCESM max. 1300 1500 1700 V

Collector -emitter voltage ) .
(RBE = 100 @, peak value) VCErM max. 1300 1500 1700 Vv

Collector -emitter voltage (open base) Vago max. 600 700 800 V.

Current

Collector current (d.c.) I max. 2,5 A

Collector current (peak value) ICM max. 3 A

Base current (peak value) Igm max. i 2,5 A

Reverse base current (d.c. or . , . . . A
average over any 20 ms period) 'IB( AV) max, 100 mA

Reverse base current (peak value)l) ~IgMm max, 1,5 A

Power dissiEtion

Total power dissipation up to

Tmb = 90 °C ‘ Prot max., 10 , w
Temperature
Storage temperature o Teeg ) -65 to +115 °c
Junction temperature Tj max. 115 oc
THERMAL RESISTANCE
* From junction to mounting base Rin j-mb max. 2,5 oc/w

1) Turn -off current.

2 - : o June 1972



BU204 to 206 .

CHARACTERISTICS

Collector cut-off current

VgE = 0 VCE = VCESMmax
D.C. current gain

Ic=2A;Veg =5V
Emitter -base voltage

Ic=0;Ig = 10mA

1o = 0; Iy =100 mA

Saturation voltage
IC=2A:IB=1A
IC:2A;1B=1,1A
Ic=2A;1g=1A
Ic=2A;1g=1,1A

Collector -emitter sustaining voltage

IB=0;IC=100mA;L=25mH

. |
min VeEo sust |
‘ 1

Vego (V)

7262340

Oscilloscope display for VCEQsust

Tj = 25 °C unless otherwise specified

lcgs <
hpg >
+VEBO >
+VEBO tYD.'
VCEsat <
VCEsat <
VBEsat <
VBEsat <
VeoEOsust >

~

30-60Hz “¥

1 mA
BU204 | BU205 | BU206
2 2 1,8
5 5 5V
7 7 7V
5 5 - vV
- - 5 v
1,5 1,5 -
- - 1,5 Vv
600 700 800 V
+6V
L ¢
hor.
oscilloscope

— vert. )

10

—E; 7262752
74

Test circuit for VCEOsust

June 1972




BU204 to 206

CHARACTERISTICS (continued) Tj=125 OC unless otherwise specified
Transition frequeﬁcy at f =5 MHz o

Ic=0,1A; Vg =5V ; ' fp typ. 7,5 . MHz

Collector capacitance at f = 1 MHz

Ig=1=0; Vgg =10V G typ. 65 pF

Switching times (in horizontal deflection circuit)
IcM=2A; IB(end) =1A;Lg=25pH
Fall time ; te typ. 0,75 ps

Storage time tg - typ. 10 us

. Iem__ k
ic =N —90%
|
I
|
1
| —10%
] time
‘t’ tf L—
is !
s
—_T_—fIB (end)
|
|
}
| time
I

7259204.4

4 September 1975



BU204 to 206
108 28
BU204 o
Ig Tmh = 90 °C[H
(A)
102 ]
10
IcMmax -6 :9 01
5 l N \‘ tpz
ICmaX ‘ W N \\ llJ'S
. RN RN 2]
‘\\ AEAWRAY “ /10
: NSEONEE 20
% X AN =50
0, NN N 100
% g U NN HHF 200
1071 g NS NN 500
2 . 1ms
%, NN 2
RN A
2 51
1~ 10 ’
1 d.c. —
—
1072 b =
1073 i
1 10 102 103 v¢g (V) 104

Safe Operation Area with the transistor forward biased.

I Region of permissible d.c. operation.

II Permissible extension for repetitive pulse operation.
111 Repetitive pulse operation in this region is allowablé,

provided Rpg = 100 €; t;, =20 ps; 6 = 0, 25.
Note

Information on picture tube arcing is available.

1) Independent of temperature,

September 1972




BU204 to 206

’ | '

7262738
T

103

BU205 = +F

Tmb = 90 OCHT

Ic

() |

102

10

1071

1072

1

TcMma 6=0,01%
Icr;a);\ N[ \[ ‘\\\\\‘\ tp=
= N \ NN \\ N ;Llls \ )
N SRR =5
‘Q:\ N \\\ N 10
N
@o% \K <Y \U:,loc
D\ INNNE
e\? NN lms
"foa N\ 21°
o%\\\ N 57
N
1 W

1073

il |
IR 10 102 103 Vg (V) 104

Safe Operation Area with the transistor forward biased.

I Region of permissible d.c. operation.

II Permissible extension for repetitive pulse operation.

1III Repetitive pulse operation in this region is allowable,
provided Rgg = 100 € tp = 20 ps; 6 <0, 25,

Note

Information on picure tube arcing is available.

1) Independent of temperature.
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BU204 to 206

103
(A)

102

10

10

1072

10-3

7262737
BU206 H——H
Tmb = 90 °CH{
ICI\/IIrnlax 6=0,01
7 — HERNANEAINNNN tp=
max h N
RO NN —--éi“s
NN
ANV N AW\
N SIS /%
STRNN N
%o, NIR S 100
2 N
@ N N ML 200
é»@\hg\\ 500
Q”\,ﬁo’l\tk ~ : 1mq
(e A 4]
% 3 5]
VAN J 10
MR N e
i
1 10 102 103 Vg (V) 104

Safe Operating Area with the transistor forward biased. )

I Region of permissible d.c. operation.

11 Permissible extension for repetitive pulse operation.

III Repetitive pulse operation in this region is allowable,
provided Rpgg = 100 @; tp =20 ps; 6 =0,25,

Note . ,

Information on picture tube arcing is available.

1) Independent of temperature.

{111
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BU204 to 206
) 10 72624L09
Zth j-mb
(°C/W) [=6=1.0
0,75 — it
1 0.51r T ] == ’_
0,33 =
0,20
0.10 =
0,054 =
1071 0.02 1
1
0,01
10-2 . :
1073 — T
1 10 102 103 104 105 tp (ps) 100
. ' : 726261
S.B. voltage multiplying factor at the I max level
MsB()
102 [_8=0.01
1 1
0.02 —
~
~< TN
0.05 NN\
T SN
10 0.10 \\\
—1 N
1
0.20 s \ N
1] N
0.33 N TR
0.50 ~INN
0.75 T
. S
i I SS8 L:J
1 10 102 103t us) 104
8 June 1972



BU204 to 206

72624610
S.B. current multiplying factor at the VoEQ max level
Msp(v)
6§ =0,
102 | 0.01
— —
0.02
\\
™ 1™
0.05 N
| | —-~+\ \\
10 0.10 N
‘J[;‘r N
— — ™
——0.20 3
| |
o3 =t
T 1 sSunil i
(l).soI h\\§
0.75 I
1 L 1
1 10 102 103ty (us) 104
102 7262736
i
Veg=5V [}
L= O
Tj=25°C|
hpg
—-——‘/ tVPJ\
10
N
N\
1 ‘ ;
10?2 107! 1 Ic (A) 10

June 1972 ” ' ” 9




BU204 to 206 . ”
750 i 7262740 1250 : 1262741
LT | L
T;=25°C Vi Ti=25°C
VCEsat ! - BEsat .
(mV) i—§—= | L §= /
500 - ~ 1000
, //
typ
U
/
250 ty 3// = 750
/
//’
//l
0 : 500 L
wt 1 I 10 107 1 Ig@ 10

10 ' ll _ ‘ , H © June 1972



BU207A
BU209A

b\

SILICON DIFFUSED POWER TRANSISTORS

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

deflection circuits of colour television receivers.

QUICK REFERENCE DATA

p - BU207A | BU209A
Collector-emitter voltage (Vgg =0,

peak value) VcESM  max. 1500 1700 v
Collector current (d.c.) Ic -max. 5 4 A
Total power dissipation up to

Tmb =95 °C Piot max. 12,5 125 W
Collector-emitter saturation voltage

Ilc=45A;1g=2A VeEsat < 5 -V

Ic=3A;1g=13A Vegsat < - 5 V
Fall time

Icm=45A; igend) = 1.8A tf typ. 09 -~ us

lcm=3A: IB(end) = 1.3 A tf typ. - 0,7 us
MECHANICAL DATA Dimensions in mm
TO-3
Collector connected to case.

~»1 95 max [«

e— 26,6 max ——

-+ [«+315

R
4,2
40
aglh
203 )
max . ———>—10
l_ IR
NS
:]
128,

7

1.2

269700

See also chapters Mounting instructions and Accessories.
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BU207A
BU209A

RATINGS

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

Collector-emitter voltage

(Vgg =0, peak value) B VCESM
Collector-emitter voltage

(RBE < 100 £, peak value) VCERM
Collector-emitter voltage (open base) VcEo
Collector current (d.c.) . Ic .
Collector current {peak value) . lem
Base current (peak value) IBm
Reverse base current (d.c. or

average over any 20 ms period) —IB(AV)
Reverse base current (peak value)* —Igm
Total power dissipation up to

Tmb =95 ocC ) . . PtOt
Storage temperature Tstg
Junction temperature T;

THERMAL RESISTANCE
From junction to mounting base ’ Rth j-mb

* Turn-off current.

max.

max.
max.
max. -
max.
max.

max.
max.

max.

max.

BU207A | BU209A
1500 1700 V
1500 1700 Vv
600 800 V

5 4 A
75 6 A
4 4 A
N—————— et
100 mA
35 ‘A
12,5 w
—65t0+ 115 oc
15 oc
16 oc/W

February 1979



Silicon diffused power transistors ’ BU207A
BU209A

CHARACTERISTICS
Tj = 25 OC unless otherwise specified

Collector cut-off current
VBE = 0; VCE = VCESMmax "~ Ices < 1,0 mA

. BU207A | BU209A

D.C. current gain

Ic=45A;Vcg=5V hgg > 2,25 -

Ic=30A; V=5V . i hgg > - 2,25
Emitter-base voltage

Ic=0;1g= 10mA +Vego > 5 5 V

lc=0; Ig =100 mA +VEBO typ. 7 7V
Saturation voltage ‘

Ic=45A;Ig=2A VCEsat < 5 -V

Ic=3,0A;Ig=13A VCEsat < - 5 V

Ic=45A;ig=2A VBEsat < 15 -

Ic=30A;13=13A VBEsat < - 15 V
Collector-emitter sustaining voltage

Ig=0; Ic=100mA; L =25 mH VCEOsust - 600 800 V

+6V
L

hor.

oscilloscope

vert.

30-60Hz Lv -E 10000 10
7262340 _D; 7262752
4

Oscilloscope display for VCEQsust- ) Test circuit for VoEQsust-

February 1979




BU207A

~ BU209A

I

CHARACTERISTICS (continued)

Tj=25 OC unless otherwise specified

Transition frequency at f = 5 MHz
Ic=01A;Veg=5V

Collector capacitance at f = 1 MHz
lg=1g=0;Vgg=10V

Switching times (in line deflection circuit)

Lg=10pH
IcM =45 A; Ig(end) = 1.8 A
lcm=30A; Ig(end) = 1.3 A
Icm=45A;Ig(end) = 18 A
Icm=30A; Igend) = 1.3 A

T typ. -7 MHz

Cc  typ 125 pF

BU207A | BU209A

tf typ. 09 — us
tf typ. - 0,7 us
Ltg typ. 10 — us
ts typ. - 10 us
Iem_
N-— —90%,
— 10%
time
>ty -
ts>
————— —Ig (ena)

time
7259204.5

February 1979



Silicon diffuséd power transistors ’ BU207A

BU209A
103 262735
BU207A T 1+t
Ic Tmb= 95 OCHH
S (A)
102
10 | 'CMmax 6=0,01 anily
p=
: \\\ - \\\*\ N AN - 1}14:
I e
Iomax4-D NN NN S
N N \
et \\\\\11 N \}\ N ind
—— Ptot max NS PSS 20!
N O 50,
3 N 100
%8, \\\ N ‘219.9
0, NN - 500
107! A k‘\ i
NS 1ms
935 N \\ Tt
%% 2
LI
2, RN} 3
. - I < \\\ 10
10 d.c
111
10"3 L1 .
1 10 102 103 Vg (V) 104

Safe Operating ARea with the transistor forward biased.

I Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

111 Repetitive pulse operation in this region is permissible,
provided Rgg < 100 &; tp <20 us; 8 <0,25.

Notes .
Information on picture tube arcing is available.
(1) Independent of temperature.

February 1979



BU209A

BU207A

10

10

10-2

1262733
BU209AF P
~ Tmb < 95 °C
I
CMmax §=0,01 |
: =6 S tp =
\w \\\ = N ~ = = ]_lJ,S
'l i \\\ N A \\ \'\ . 2
ICmax ¥ ~\\\\t MANIN \'Vﬁ' .
N N
.___.lPult n N\ \II\ \\\\‘\\‘\T\;&w
NS > 20
N \‘ N \\\\\ 50
\\ N \\
OIS 100
\ \\\ \\ 200
6)(’o* & \\\ N I
o R 000
é’&;\‘\\ 1ms
T
% 2
1 °'z$>>\§\\ %55
2
- NMN10
d.c.
I
11 .
1 10 102 103 Vg (V) 104

Safe Operating ARea with the transistor forward biased.

1. Region of permissible d.c. operation.

11 Permissible extension for repetitive pulse operation.

111 Repetitive pulse operation in this region is permissible,
provided Rgg < 100 ; tp < 20 pus; § <0,25.

Notes :
Information on picture tube arcing is available.
(1) Independent of temperature.

February 1979




Silicon diffused power transistors ' ’ BU207A

BU209A
102 : 7258626
Zth j-mb - |
(°crw) — —
. T B -» tp @ 5:.&
0 . «T T
5=1
0,75
1 05
0 3 -
.2
0,1 1 _ 1A
- 0,05 _| Lttt ’
10 0,025
II
- 1 —
== <001
//
10-2 // 1
107 1072 107" 1 10 102 tyims)  10°
————
7262732 —
M S.B. multiplying factor at the oy ¢ and Vopomax levels —
V ——
M
102 &= 0.,.01
1 ~
TFT
0,02
——] AN
L] \\
0,05 NN
M TN\
10 0,10 N
: 1N
I
0,20
T - N
0,33 ™ N
A T
0,50 TN
LR B
,75 -\\ -
—
L [
1073 1072 107} 1ty (ms) 10

February 1979 7,



BU207A

il

BU209A
250 L " 7258620 1250 7258619
i I_c =2 - i =
Vegsat T Is VaEsa : is_ .
{mv) : Tj=25% (mv) Tj=25°¢
‘500 1000
i Vyp
| %
250 ] : // : 750 gt
- — ==
typ,
'—""—
0 — 500
0,1 1 Ic(A) 10 0,1 1 Ic(A) 10
2
10 . — 7|zsz753
| I
>VCE =5V [T}
) Tj=25 oC | 1]
hrg :
L t T
,———’——P— i \
,._—-—"" 1
10
AN
N\
1
10-2 -1

10 1 Ic (A) 10

February 1979



BU208A

SILICON DIFFUSED POWER TRANSISTOR

High-voitage, 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 (Vgg = 0, peak value)
Collector current (d.c.)
Total power dissipation up to Tjp =25 °C
Collector-emitter saturation voltage
Ic=45A;I1g=2A
Fall time
Icm=45A; IB(end) =14A

VCESM max. 1500 V

e max. 5A
Piot max. 80 W
VCEsat < TV
tf typ. 0,7 us

MECHANICAL DATA
Fig. 1 TO-3.
Collector connected to case.

4 26,6 max ~——

-~ 95 max e

-~
n il

m__“l)o
i
L]
LJ
128
27"

7269700 ’

For mounting instructions and accessories see Handbook section Accessories.
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BU208A

HHI

RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Collector-emitter voltage

{Vgg =0, peak value) . : VCESM
Collector-emitter voltage )

(R < 100 £, peak value) VCERM
Collector-emitter voltage (open base) ) "VCEO
Collector current (d.c.) : I
Collector current (peak value) ' Icm
Collector current (non-repetitive peak) . lcsm
Base current (peak value) iBm
Reverse base current (d.c. or

average over any 20 ms period) . - ~IB(AV)
Reverse base current (peak value) * —Igm
Total power dissipation up to Tyyp =25 °C ) Piot
Storage temperature - ' Tsig
Junction temperature Tj

THERMAL RESISTANCE
From junction to mounting base : Rih j-mb

* Turn-off current.

max. 1500 .
max. 1500
max. 700
max. 5
max. 75
max. 15
max. 4
max. 100
max. 4
max. 80
—65to + 115
max. 115

max. 1,12

<

»>» > > <<

w
e
oc

oc/W.

February 1979



_ Silicon diffused power transistor

CHARACTERISTICS
Tj = 25 OC unless otherwise specified
Collector cut-off current
VBE = 0: VCE = VCESMmax
D.C. current gain
lc=45A; V=56V
Emitter-base voltage
lc=0;ig= 10mA
Ic=0; Ig =100 mA
Saturation voltage
Ic=45A;1g=2A
lc=45A;1g=2A
Collector-emitter sustaining voltage
1Ig=0; Ic=100mA; L=25mH

Ices
hrEe

+VEBO
+VEBO

VCEsat
VBEsat

VCEOsust

BU208A

< 1.0 mA
> 25

> : 5V
typ. 7V

< 1V

< 15V

> 700 V

+6V

L

250 1 hor.
200 :
Ic oscilloscope —
(mA) —
100 """——-—_—.——_—_T $—— vert. =
min Vego sust 1
! ~
0 : 30-gorz “V T 1000 n ‘
Veeo (V) 1262300 . —:}; 7262752
7
Fig. 2 Oscitloscope display for VogEQsust- Fig. 3 Test circuit for VoEQsust-
February 1979 3



BU208A

CHARACTERISTICS (continued)
Transition frequency at f = 5 MHz

7 MHz

Ic=0,1A;Vcg=5V i fr typ.
Collector capacitance at f = 1 MHz ) ‘
lg=lg=0;Vcg=10V Cc typ. 125 pF
Switching times (in line deflection circuit)
Lg=6uH; -Viy=4V;
lcm=45A;Ig(end) =14 A .
(—dig/dt = 0,6 A/us) t typ. 0,7 us
tg typ. 6,5 us
. Iem_
ic =N 90%
— 100
' time
>t
ig
E ]‘ts_’
————— —Ig (end)
— time
i 7259204.5
Fig. 4 Switching times.
4 February 1979



Silicon diffused power transistor . BU208A

7282058
T T
5=0,01
10Flcm 1V N
\\E tp‘
\ SENOY
Ic [ AN NN % [N+ 10us
'C N =20
(A — W\ A N\ 20
AN N N1 700
\\‘\ ] 200
1 \ NN \
\ ‘\ \ \
\\ \\\ \\\ 500
ANNEEAN A
N \\§ \\ \
‘\\\\ S 1ms
(2) |2
10—1 : \\\§\\ 1] 5
AN N 10
< 20
a:‘ d.c.
|
10~2 v
M
10-3 L
10 102 10° yog(v) 104

Fig. 5 Safe Operating ARea with the transistor forward biased. Tmb <250C,

| Region of permissible d.c. operation.

Il Permissible extension for repetitive pulse operation.

111 Repetitive pulse operation in this region is permissible,
provided Rgg < 100 £; tp < 20 us; § <0,25.

IV Transient I¢/VcE limit, e.g. during picture tube fiashover
(less than 10 line periods);
for VG less than 700 V then ty, less than or equal to 25 us
for VcE greater than 700 V then t, less than 5 us.

Notes

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

.
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BU208A JL |

. 750 7258620, 1250 7258619.
Ic Ic
. —= =2 _— =2
VCE t g IB Vee IB
{m) Tj=25°C N T,225°
500 F 1000 /
//
T /
/ W typ |
. A
250 750 ——— a
/ i~
) T
typ,
/"‘
0 500
01 1 IclA) 10 0 1 IciA) 1Q
Fig. 6 Collector-emitter saturation voltage. Fig. 7 Base-emitter saturation voltage.
102 ’ 7262753.1
Pee
typ [}
. _‘Jr—\—"‘ T
/———'P—
10
N
\
1 ; - i
10-2 10” 1 Ic(A) 10

- Fig. 8 D.C. current gain. Vg =5 V; T; =25 OC. -
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Silicon diffused power transistor BU208A

APPLICATION INFORMATION - HORIZONTAL DEFLECTION CIRCUIT WITH BU208A *

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 25%, 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 coliector
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 be sufficiently long and, during turn-off, the negative base-emitter voltage 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 during 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 —dig/dt, see Fig. 11.

Ry

i3

BU208A

Laer!

11
1

T

TR1 I 72734681

driver

Fig. 9 Simplified horizontal deflection circuit.

* Detailed Application Information is available.
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BU208A

I

APPLICATION INFORMATION (continued)

The maximum transistor dissipation largely depends on the tolerances in the drive conditions. The
dissipation given in Fig. 12 allows for base current and —d1g/dt tolerances in the order of + 20%. .
The curve applies for a limit-case transistor at @ mounting base temperature of 100 °C.

100 = Tamb max

Ptot max
Tamb max is the maximum ambient temperature of the transistor. In order to assure a value of
thermal resistance at which thermal stability is ascertained, the minimum value for Ty in the above
equation is 45 ©C.

The thermal resistance for the heatsink can be calculated from Rt mb-a = in which

is ] ‘
\\ /_\\lﬁ(end)
0
\ ' \/
-t s
—VBE
-—V
- = ————— ]
J\
0 1 :
L_ Le—
t L
“Vim
- - -

i TN : 7N
— CM
R X /// \\

1 ,\\ : e . \
4
/ N
//
0 .
| 7
i/ t T
A7 1
v 4
Veem
Vee z
o=
t‘ 7273489

Fig. 10 Fundamental waveforms.
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Silicon diffused power transistor

BU208A

3 7282056
I8(end) —dig/dt
(A)
/
/|
2 7
4
y 7T 'B(end) 1
: A
1 7 )
V.
)
0 ‘
1 3 'CM(A) 5
7282087
15
Ptot
(W) .
T=
48#5}L r64us
10 1]
64 us
/
AV,
5} 64 us
-VeEM =
[ 1200V Y [ g
L1200V o
1000 Vv 124
1200V s
RN
o
L 3 em(ar S

0,7

—dIB/dt

(A/us)

05

0,3

0,1

Fig. 11

Nominal end value of the base current and its
rate of fall during turn-off as a function of
nominal peak collector current to obtain, for
a typical transistor, the recommended storage
time of 6,5 us. (During the storage time and
the decay time of the collector current the
negative turn-off drive voltage (—V ) must
be>4V.)

Fig. 12 ‘
Continuous lines are maximum values;
Tmp = 100 OC; & = 0,18; base tolerances
+20%.

Total dissipation of a limit-case transistor
under maximum operating conditions for
625 and 819 lines (T = 100 °C).

The dashed line gives the total dissipation of
a typical transistor under nominal conditions
(Tmp =50 °C).
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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 902 and 1100 colour television receivers.

QUICK REFERENCE DATA

Collector-emitter volitage (Vg = 0; peak value)
Collector-emitter voltage {open base)
Collector current (d.c.)
Collector current (peak value; tp <2ms)
Total power dissipation up to Ty, =50 °C
Collector-emitter saturation voltage
Ic=25A;1g=05A
Fall time
lcon=25A;Igon=05A; ~Igoff=1A

-BU326

800
375

VCESM max.
Vceo  max.
e max.
lem max.
Ptot max.
VCEsat <

. tf typ.

BU326A

900 V

400 VvV

6 A
8 A
60 w
1,5 \"
0,3 us

_MECHANICAL DATA
Fig. 1 TO-3.
Collector connected to case.

See also chapters Mounting instructions and Accessories.

Dimensions in mm

—»1 95 max e
—»l --315
'
P
inlh
20,3
max ::_—__:‘—{ 1,0
l )
-1
]
128
127"

7269700
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BU326

‘BU326A

Transition frequency at f

RATINGS

Limiting values in aécordance with the Absolute Maximum System (IEC 134)
BU326 | BU326A

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

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; turn-off current)

Total power dissipation up to Trpp = 50 °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; VCEM = VCESMmax
VBE = 0; VCEM = VCESMmax: Tj = 125°C
Emitter cut-off current
Ilc=0;Vgg=10V
Saturation voltages
Ic=25A;1g=05

Ic=4A;lg=125A

Collector-emitter sustaining voltage (see Figs 2 and 3)
IBoff=0;Ic=0,1A;L=25mH BU326
BU326A
D.C. current gain
Ic=06A;Vcg =5V
1 MHz

Ic=0,2A; VCE=10V

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

ICES
Ices

IEBO

VCEsat
VBEsat
VCEsat
VBEsat

VCEOQsust
VCEOsust

hre

fr

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

max.
max.
max.

max.

A

AN AA A

VvV

typ.

typ.

60
—65 to + 150
150

1,65

> > > P <<

> >

oc

oc/w

mA
mA

<< <<

<<

MHz
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Silicon diffused power transistors

BU326
i BU326A

min Vego sust ‘:
1
0 +
Vego (V)

‘7262340

Fig. 2 Oscilloscope display for VcEQsust-

+50vV
100-2000

hor.

oscilloscope
———— vert.

30-60Hz n

7262263

Fig. 3 Test circuit for VCEQsust:

7272640

t-<30ns
W=D fr -~ Igon
ig(%)
: Y
Switching times {see Figs 4 and 5)
lcon=25A;Vec=250V;
IBon=05A; —Igefr=T1A
Turn-on time ton 'gp. g'g ﬁ: P N N —
Turn-off time (tgff = tg + tf) i
. typ. 2 us ¢
Storage time L 3,5 us (%)
Fall time t¢  typ. 0,3 us Ly ¥ | I
Fall time at Tppp =95 OC < 1 us, 0 R ot
ton —l tg <!—
Fig. 4 Waveforms.
+25V

BD226

%1?:0 Vee
T— WF 250V
L
w ][]
| I 2
tp .

] 100

Y s2[] *L eso
Pulse generator ~ } 80227 Q T HF
tp =20us - / Fig. 5 Test circuit.
T = 2ms % 7273191.4
Vim=15V
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BU326 |
BU326A :

6=0101 7272650.3
10 L cumes o
= SRR tops T
1 ANV N AN HS T
. Cmax N NSNNTN N |
Ie R TN 20
(A) {1 NN NS
\ \\\\
N \ 50
. \ N\
j\\ A\
X; \\\ \NAY) LYY \
A WEN
AN 200
AN \\ ]
N50
AN
I (2) \ \ ims
10! A W
\ a \u
\ 5
3H1o
1l |
d.‘c.
m
102
0,
Trmp < 50°C BU326 ]
BU326AT
: s
10-3 : ‘
2 10 07y v 10%

Fig. 6 Safe Operating ARea.

| Region of permissible d.c. operation
Il Permissible extension for repetitive puise operation
-1l 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 < G and p< <2ms
(1) Ptot max and Ppeak max lines.
(2) Second-breakdown limits {(independent of temperature)

March 1979



Silicon diffused power transistors BU326

BU326A
7272731
100
P!O't max
(®/o)
50
\
0
0 50 100 150
T g (°C)
Fig. 7 Power derating curve.
. 102 7272653 E
Zyn j-mb -
(°C/W) |ty R
5=2L
le—T—> T
10
| 5=1
3 —.0'75 e —r————cr IR o
==K
_——--10_3_7 ———
—0,2 =
—|01| —T A
——l ' I s ///;4/
101 ——-IO,O.S - -
=
<001
1073 —6 -5 —hv -3 -2 -1 '
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
0,02
~—
N
005 ’\§§\
10 [
—51 =
P \\
02 S N
: 1 S~
| 0,33 N
0,l5 i - — N
—T T
0,75 T — !
| — —
1
105 10-4 7 103 10—2 tp (s) 10—
Fig. 9 S.B. voltage multiplying factor at the Igmax level.
= 7272654
—_— S.B. current multiplying factor at the Vceomax level
My
102001
0,027
P
N N
005 TN
~L]] ~N
olod LN
0,2 — N
\~\
0,33 T
05 T
—
0,75 T ;
1 I =L.
105 10-4 103 - 10-2 101

tp (s)

Fig. 10 S.B. current multiplying factor at the VCEOmaX level.
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Silicon diffused power transistors

BU326
BU326A
103 7272649 1 5 7272648
Veg= 5V typ.values
[ _ [}
T;=25%C T,=25°C L=
\"/
hee B(sls)at 4A
,/ L 3A
: : 2A
102 f— 1|
\Qp
\
10 A 05
A
N
1 — 0
10 1 I.a) 10 0 L Ig(A) 2
Fig. 11 D.C. current gain. Fig. 12 Base-emitter saturation voltage.
100 " i . 727266411 _=_
e \ 3 ' T;=25°% =
v T - \ A} ==—=max. values
CEsat 1 -l =4 A )
1 i L—1°C I~ \
(V) i 1 \ \—— \\ — -typ. values
\ \ v
PO X
| 13A| \ \ \
! A \
i NEa . :
1 \
\ \
50 HREZXOY N\ \
A) \ \
\ N AY
1 \\_ \ \\ \ N
\ \ \ \ RS
25 AN A AN S
— 1A% \ \ N - g
™ \\ N ~
N ~ ~4
\ A\ N
\ N .
(VAN ; .
) S —
oo 025 0,5 0,75 10 1,25 15
, , , | b Ig(A) "

Fig. 13 Collector-emitter saturation voltage.
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BU326
BU326A

]

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 optlmum base drive and
device dissipation given in the graphs on page 10 is concentrated on this apphcatlon in these figures
oM represents the highest repetitive peak collector current that can occur in the given circuit, e.g.
during overload .

The total power d\ssipation for a limit-case transistor is given in Fig. 18 which applies for a mounting
base temperature of 100 OC. The required thermal resistance for the heatsink can be calculated from

Tmb max =~ Tamb max

Ptot
* Including additional thermal resistances resulting from mountmg hardware

Rth mb-a max

To ensure thermal stablhty 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. .

Tmp=25°C | =1000C

Storage time tg  typ. 1.4 < 20 us
Fall time . tf typ. 0,15 < 05 us

k

=05us

| ]
e ! ‘ 091
‘ | 7 ICM
i v CM -
- 'c1T 4: i} [o,,nc,\,,
o | —’lt,‘— .
— L e ~———
' ! | . }
Vee : : / VCE (t1)
- | _A : i
I I ’
| |
I
!

-
T
?/i_

{end) \R

—
e
N

Tﬁ

;*

7274469.3

<
=N
po1
z
k3

Fig. 14 Relevant waveforms of switching transistor.
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Silicon diffused power transistors BU326
’ ' BU326A
+290V . )
- 1 T
100
18kQ 100k2 nF | : @
5,6nF . ! | ik
Yt BY208 : :
, o34
§—@—" 2,2uf l
BAX12 TR1 '
T 1,6nF
' . 10Q
n1 n2 1002
. ,
: BY208
2,2k2
22k
7 ’ W}) . 7 ,72544701

Fig. 15 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=6mH

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 coliector 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 15
|C1/|CM=OOI' 0,4 6
IBlend) y Lg —Vdrive ™~ Vdrive
(mA) (uH) 1 (V)
L
400 10 4
T=32us N
.
// p
Va " LB
Yy
200 5 - 2
4 764 us ’
.
0 0
1
2 |C|V| (A) 3 1 2 ICM (A) 3
Fig. 16. Fig. 17.
E : 15 7277061 35 7277062
—_— A'B(end)=120% T=32usor64 us
- o Tmp<100° | \
1ot ) thmb-a
T=3 64
w) 2ksor 93451 (ocw) \
10 : / 25
/
, N
Ic1/lem =044~ A
Ic1/lem=0
» v
T 0
5 - 15 AN -
-
- N
= N
.
o J C l
] 0,4 A
0 . 5 - i
L 2 a3 1 2 ey 3
Fig. 18. Fig. 19.
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BU426
BU426A
BU433

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 90° and 1109 colour television receivers.

QUICK REFERENCE DATA

BU426 | 426A | 433

Collector-emitter voltage (VB = 0; peak value) VCESM  max. 800 | 900 |800 V
Collector-emitter voltage (open base) VCEQ  max. 375 | 400 | 375V
Collector current (d.c.) Ic max. 6 A
Collector current (peak value)
tp = 2ms lem max. 8 A
Total power dissipation up to Ty =73 °C Piot max. 70 w
Collector-emitter saturation voltage ’ '
Ic=25A;I1g=05A Veesat < 16 Vv
Fall time
IGon =25 A: Igon = 0,5 A; —lgosf=1A t typ. 03 | 03 |045 us
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-93.
Collector connected to - 152
. max .
mounting base n
—_—
e[+
4,25
a,15| , {2
L ¥
+ 4Lk -
. . 1l
N ! =
21
max
I 12,7 .
| max
I
" 1
2_ (). o
o
dimensions within 136
this zone are min
uncontrolled
b c el l
I | 0,5 L—O 4
- Bl s BlsEl o
0,95 16 7275220
L—IE—,—'

See also chapters Mounting instructions and Accessories.
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BU426

BU426A

BU433

LT

RATINGS

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 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=900V; Vg =0
VCEM =900 V; Vg = 0; T; = 126 °C
D.C. current gain ’
Ic=0,6 A; Vcg =5 V; BU426; BU426A
lc=086A; Vg =5 V; BU433
Emitter cut-off current
Ic=0; Vgg=10V
Transition frequency at f = 1 MHz
Ilc=02A;Veg=10V

*  Turn-off current.

VCESM
VcEo
Ic

Icm
s
IBM

ICES

Ices
hrE
hFE
'Eéo

T

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

max.
max.
max.

max.
max.
max.

max.

typ.

typ.

typ.

_ Limiting values in accordance w»th the Absolute Maximum System (IEC 134)
BU426 | 426A | 433

800
375

900
400
6

100

3

70

—65 to + 150

150 -

1,1

30
60

40

10

800 Vv
375 V
A

A
A
A

oc/w

mA
mA

mA

MHz
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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 voitages
Ic=25A;1g=05A VCEsat < 15V
VBEsat < 1.4V
ilc=4A;1g=125A V(CEsat < 3V
VBEsat < 16V
Collector-emitter sustaining voltage
Ic =100 mA; Igoff = 0; L = 25 mH; BU426; BU433 VCEOsust > 375 Vv
I =100 mA; Igoff = 0; L = 25 mH; BU426A VCEOsust = 400 V
7275254
0 : =
min  Veg (V) —
VCEOsust —
Fig. 2 Oscilloscope display for VCEQsust-

~ 7
so-goHz &V T 30?%5 ‘

7262283

+50V
“100-2000.

hor.

oscilloscope

——— vert.

Fig. 3 Test circuit for VEEQsust.
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BU426
BU426A
BU433

CHARACTERISTICS (continued)

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

IBon =05 A; ~lgoff=1A

Turn-on time ton t<yp- gg
Storage time tg t<yp. 3 g
BU426; 426A tf typ. 03
Fall time
Turn-off time (tosf = tg+1t¢) BU433 ot t<yp. 061' ?
. |BU433 v P %
Fall time, Tyyp =95 °C ’
BU426;426A  tf < 0,75
tr 7277699
90 1- -2~
ig (%)
10 4=z
FY S—
ic
(%)
18 +———-
— I<— —’l‘fl“— t
ton i topr e
Fig. 4 Waveforms.
+25V -
BD226
120 ‘i. 680
a WF 1000
J v Lo v
—T—s a1 , THF 250V
. l l TUT.
Vim l
_ L b
e 50
tp ’
180
' 82 +1 680
= WF
tp =20us BD227
T = 2ms ‘
Vim=15V

Fig. 5 Test circuit.

72731911
%/ .

us
us
us
us
us
us
us
us
us
us
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BU426

Silicon diffused power transistors BU426A
: BU433
§=0,01 .
10 . . 7277412.1
:CMmax/ \\\\\‘\\\ : \‘ ] \\\\ - tp=
Cmax e \i‘ AV N N ] [ 10 us
(A) (1) N N \ \\ \\ r1LL20
N
NANION il
, W\ NN ”\ N 111100
NN NN
A
1 \ e 200
At amwi N
NS 500
WANAN a
AN 1
1 ms
\ L
(2 mi [ 2
10-1 AN 5
3 P 10
N 20
mE = d.c
1072 =
BU433| | =
BU42|6 R —
BU426A
Tmp <73°C
W H
0_3 11
2 3
j|0 10 10 Vee (V)

Fig. 6 Safe Operating ARea.
I Region of permissible d.c. operation.
1l Permissible extension for repetitive pulse operation.

1l Area of permissible operation during turn-on in single-transistor converters, provided
RBE < 100 £ and t, < 0,6 ps.

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 ( mdependent of temperature).
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BU426

BU426A
BU433
7277019
maximum power dissipation versus
mounting base temperature -
100
\
Ptot
%
(%) \
\
\
J \
0
50 100 150 200
Tmb (°C)
— Fig. 7 Power derating curve.
— 2 : 7277023
— 10
- Zthj-mb ] |
(OC/W) -->| tp | — 5—2
: e T T
10
F =
1 —— 0,75 =
0,50
0,33 b
0,20 T =
[ T1LHE 0,107
10-1 T 0,05 ]
—_— L
= (0,02
A HHT-0,01
< R0
10~2 |
10-3 102 10~1 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 Icmax level
My '
102
§=0
10,01
0,02
10 —— \
0,054
0,103 T
0,20 N —
{1 o~
0,33 z =
0,5'0 ) i Ry
0,75 e BN L
1 1,00 | h
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 gmax level E
M »
§=0
102 ™~
0,011
0,02
e TS
NRRN
10,05
\"H\
T
0,10 \\
10 ~
-
0,20 AT
: R ——
0,33 LTS
] N
0,50 nat RN
0,75 T
1 1,00 — ==
10-2 107! 1 ' ' 10 to (ms) 102

Fig. 10 S.B. current multiplying factor at the VCcgOmax level.
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'BU426 .

BU426A
BU433
103 7272649 . 1 5 7272648
Vee= 5V typ.values
Tj=25°C T;=25°C Tom
v N
hee ?ff)“ 4A
/ 3A
102 : 1 |t
U Let=11 A
s .Q,p
\\
10 N 05
N
1 0
101 1 IC (A) 10 0 1 IB (A) 2
Fig. 11 D.C. current gain Fig. 12 Base-emitter saturation
— BU426 and BU426A. voltage for BU426 and BU426A.
—_— 72726411
= O T T R
— 1 |I i= |
vCEsat ] | 1. =4A A ===ee= max. values
} C— \ typ. values
v) | v \\\
1 1 \ AN
75 \
NN WY :
| BELNAL N
IV LAYl \
iy :
] \ \
50 1
’ HRIEZYOA \ LY M
KA \ \
\ \ \\ \
I ‘\ \ \ \ N s
25 \\ LAY N\ \\ : AY
1A t \ \ . \ \\\
MA \ AN ~
\ N\ T h
\L [N [~ T3-
h S
0 - =
0 0,25 ) 0,5 075 - 10

1,25 15
S A7
Fig. 13 Collector-emitter saturation voltage for BU426 and BU426A.
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| | ‘ BU426
Silicon diffused power transistors v BU426A
~ y) BU433

103 7277604 15 7277605
: v
h [ BEsat [
FE <+ ) C
s 3A
""—__‘-QA
102 1 =
/’ ——T1A
L—"1 h\typ
10 = 05
1 0
107! 1 e (A) 10 0 1

g (A 2

Fig. 15 Base-emitter saturation '
voltage for BU433; Tj=250C.

Fig. 14 D.C. current gain for BU433;
Vee=5V;Tj=250C.

. 7277606
10 T ‘. 1\
\
VCEsat % \ \\
(V) I I IA \
| ] ™
7,5 I \
1 \ \
HIEL
ALY \
- LI
IR\ \
| S\l
\ AN
\ \
25 WA\ ' N
|t \ \ \ P\
1A N I~
( N ~l i —
0 SIS C o= =
o 025 05 075 1 125 1 (a) 15
Fig. 16 Typical (——) and maximum (— — —) values collector-emitter saturation voltage for BU433;
Tj=250C. :
I
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BU426
BU426A
BU433

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 19, 20, 21 and 22, 23, 24 is based on these
applications: '

The total power dissipation for a limit-case transistor BU426 or BU433 is given in Figs 21 and 24,
which apply for a mounting base temperature of 100.9C. The required thermal resistance for the
heatsink can be calculated from: ’

Tmb max — Tamb max

Rth mb-a max™ =

Ptot
* Including additional thermal resistances resulting from mounting hardware.

To ensure thermal stability minimum value of T, in this equation is 40 ©C. 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 19 and 22. At a callector current of 2,5 A and a base current of 0,25 A in these circuits the

—— following turn-off times can be expected.
25 0C 100 °C
BU426 (426A) Storage time tg typ. 1,4 <20us
Fall time t¢ 0,15 ) < 0,5 us
BU433 Storage time tg typ. 1,4 ' <20us
Fall time tf 0,18 < 0,6 us
10 March 1979 |



Silicon diffused power transistors

BU426
BU426A
BU433

/ I
Ic ‘c%_f/’:/ 'em
¥ ;

72744693

|
!
|
|
!

t |

| | —y

D! e~ __

. | | T
o et
| | ]
| I L
| : : ty=0,5us
1 |
Ig 'es [ R
¢ | B(endl)’
T T
[
~Vdrive l e

i

|

|

|
I
!
!
\
I
!

Fig. 17 Relevant waveforms of switching transistor.

15 7277060
Lg —Vdrive > = —Vdrive
(uH) - (V)
-
p
1
10/ 4
\\
N
N
\\
N
] Lg
5 ~ 2
——
0
. 2 gyt 3

Fig. 18 Minimum required base inductance and recommended negative drive voltage versus maximum

peak collector current.
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BU426

BU426A
BU433
+290V
1 12
: 100
18k 100k$2 nF 1l
i
5,6nF ::
—i— BY208 : :
el
§-—-@—<- 2.2 uF
=1,6nF
00 B
BU426
1002 or )
BU426A
BY208
22kQ[
22k
4 7 T 7 71274470.24
— Fig. 19 Practical output circuit of a flyback SMPS of BU426 or BU426A.
T1 (driver transformer) : .
core U20; n1 =400 turns
n2= 25 turns
. LBtOt ~ 4,5 pH
T2 (output transformer)
Lp =6 mH
VcE(t1) <500V (see Fig. 17)
12 March 1979



BU426

Silicon diffused power transistors BU426A
' BU433
7277059
600
|C1 /ch =0or 04
y,
'8(end)
{mA)
400 A
)4
T=32us
/] vd
/|
200]
- % (64 us
- A
|t
Fig. 20 Recommended nominal “end” value
of the base current versus maximum peak
0 collector current.
L 2 igmiA) 3
15 7277061 —
A'B(end) =1+ 20%
Tmb < 100°C
Prot T=32usor64pus
(w)
10
4
|c1 “CM =04
4, O
o
5 3
o P
» A
= Fig. 21 Maximum total power dissipation of a
i limit-case transistor of the base current is chosen
0 in accordance with Fig. 20.
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BU426
BU426A
BU433 -

1111

BU433
Y
279 3mH
BY207
50uH
- p
BYX 71
+
2,2 nF I ? [] Ry
7277610 7
Fig. 22 Practical output circuit of a forward SMPS with BU433.
T (driver transformer): Core U20 ‘
n1 =400 turns; n2 = 25 turns
LBtot ~ 4.5 uH
750 7277607 15 7277608
32us |
o ’ 64 us .
!8(end). / / Prot
{mA) w)
Ic1/lem=92
32 us,
/ \ y, / /
/ / -
/1 4
/ )
4 64 usA
7 1( - / »
V.
250 . /'/ />’< 5 >
/,/ AL »
// / 4/ IC1/|CM=O’4
v o
7S
e
0 0 ‘
1 2 lCM (A) 3 1 . 2 'CM (A) 3
Fig. 23 Recommended nominal “’end” value Fig. 24 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. 23.
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BUWS84
BUWSS

~ 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

BUWS4 (BUWS5S

Collector-emitter voltage (Vgg = 0, peak value) VCESM max.
Collector-emitter voltage (open base) Vceo  max.
Collector current (d.c.) Ic max.
Collector current (peak value)

tp=2ms lem max. 3 A
Total power dissipation up to Ty, = 45 °C Ptot max. 50 w
Collector-emitter saturation voltage

Ic=1A;Ig=0,2A VCEsat < 3 \
Fall time .

lcon=1A; IBon=0.2 A; —lgoss =04 A tf typ. 04 Hs
MECHANICAL DATA Dimensions in mm
Fig. 1 SOT-82. . %:g -
Collector connected R . 8

to mounting base.

For mounting instructions see Handbook se
Accessories: 56353 and 56354.

) S 375
3 DD
P

11
max

bl b el
+0' |,; Q) Oug shagle
’ max

ction Accessories.

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

15,3
min

7265778.2
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BUWS4
BUWS5

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

BUWS4 BUWSS

Coliector-emitter voltage (Vgg =0, peak value) VCESM

Collector-emitter voltage {open base) VcEO
Collector current (d.c.}) o Ic max. 2 A
Collector current {peak value)

tp=2ms ' : icm max. 3 A
Base current (d.c.) g max. 0,75 A
Base current (peak value) - Igm max. 1 A
Reverse base current (peak value) * ) —igm max. 1 A
Total power dissipation up to Ty =45 °C Piot max. 50 w
Storage tamperature . ‘ Tstg ) © —65to +150 oC
Junction temperature T max. 150 oC

THERMAL RESISTANGE
From junction to mounting base , Rthjmb = 21 oc/w
From junction to ambient in free air Rthj-a = 100 oc/w

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

VCEM = VCESMmax: VBE =0 ICES < 200 HA

VCEM = VCESMmax: VBE = 0; Tj= 125 °C . lces < 1,5 mA
D.C. current gain i .

Ic=0,1A;Vgg=56V . : hrg typ. 50

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

BUWS4

BUWSS

CHARACTERISTICS (continued)
Ti = 25 OC uniess otherwise specified
Emitter cut-off current

lc=0;Vgp=5V IEBO < 1 mA
Saturation voltages

Ic=03 A;Ig=30mA VeEsat < 1,5 \"

lg= 1A;1g=02A VCEsat < 3 \
Ilc= 1A;Ig=0,2A VBEsat < 11 \

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

7275256

min  Veg (V)
VeEosust

Fig. 2 Oscilloscope display for sustaining voltage.

+50v
100-2000

hor.

oscilloscope

$——— vert.

30-60Hz °¥ T 2004 n
) LD;’_ 7262263
. 4 '

Fig. 3 Test circuit for VegQsust:

BUWS84 | BUWSS
VCEOsust> 400 450 VvV
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BUWS84
BUWS5

CHARACTERISTICS (continued)
Tj = 25 OC unless otherwise specified
Transition frequency at f= 1 MHz

Ic=02A;Vgg=10V fr typ. 20 MHz
Switching times
Icon= 1A;Vge=250V
1Bon =02 A; —Igoff =04 A .
. typ. 0,2 us
Turn-on time ton < 05 us
. : typ. 2 ps
Turn-off: Storage time ts < 35 pus
Fall time t typ. 0,4 us
Fall time, T = 95 °C t < 14 pus
t - 7277499
90 4 ——\ ——————— —— Igon
i (%) )
10 ===
90 +——-t
ic
(%)
1 —
—> |4— ) —»lts|e— t
on > torr e
Fig. 4 Waveforms.
+25V - -
BD139 T:L
20 680 | |2s02
1 +
\
T Q 2100 “cc
=™ 100 - kF 250V
vw 1 JL
;ﬁ L} | TUT
—>I L— ‘ 3002
tp .
v; []100 I__L
so[] el eso
) Q uF
BD140 ) T
: 7275253.1
”

Fig. 5 Test éircu it.
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Silicon diffused power transistors | BUW84
BUWS8S

10 7277946
lc Hemmax 5=0,01—
(A) < N
N N \\ \\ t%=
20pus
ICmax (‘I\) \ N hrx r\ I I
1 AN I A
- 5
=~ .
\\ NN 1
ANANE AN 5.V
AN R
\ Y200}
(2) N I I
\\\\500
‘0_1 A\\WNAY +{
R\ \UAY 1T
‘\ \ 1ms
\
\N\NH
\N Y2
I
\ 5
10
! d.c.
10~2
1
v
10-—3 e
10 102 103 Ve (V)

Fig. 6 Safe Operating ARea at Ty, < 25 °C of BUWS84.

| 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 Q and L < 0,6 us

IV Repetitive pulse operation in this region |s permissible,
provided Vg <O and t, <2ms

(1) Ptot max line.
(2) Second-breakdown limits (independent of temperature).
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BUWS84
BUWS8S

N

10 7277947
o H 5=0,01 "
() il - o
10 us
\ NN AN Ny
I
Cmax (1 N N \20
1 bk AN \ Al
N ! 50
AN ~
NTEN = 21100
L L\ \\l
AN\ N\ [ NHH200
]
\ \ i| | 500
101
A\ A o
AN \l
AN 1 ms
1
N- 12
] 5
] r
110
. i ;’“’j Ld.c
10-2 il
m
I
Y
10—3 - i
10 102 103 veg (V)

Fig. 7 Safe Operating ARea at Tynp, < 25 °C of BUWS5.

I Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation

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

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

(1) Ptot max line. ,
(2) Second-breakdown limits {(independent of temperature).
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Silicon diffused power transistors

BUWS4

BUWS8S
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-BUwW84

BUWS8S

7Z77044A

S.B. current multiplying factor at the VCEOmax level
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Silicon diffused power transistors BUWS84

BUWS8S
7277945
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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) Vegsym max.
Collector-emitter voltage (RBg = 50 Q) Vegr  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 Typ = 40 °C Pior max. 100 w
Collector-emitter saturation voltage
Ic=5A;Ig=1A VCEsat < LS v
Fall time
Icon =5 A;IBon = 1 A; ~Igoff =2 A tf typ. 0,3 us
MECHANICAL DATA Dimensions in mm
TO-3
Collector connected to case —+ 9,5 max (e
<+—— 26,6 max ——» - %315

LY ) E—

]

L-40,9 —

7269700

For mounting instructions and accessories see section Accessories. in handbook SC2.
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BUX80
BUX81

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

Voltages

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

Collector-emitter voltage
(Rpg =50 €)

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) 1)
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 = VoESMmax’ VBE =0

: o
VCEM = VCESMmaxs VBE = 0; Tj =125 °C

D.C. current gain

Ic=l,2A;VCE=5V

1y Turn-off current.

BUX80|BUX81

VcESM max.

VCER max.

VCEO max.

Ia max. 10 A
Iem max. 15 A
Iy max. 4 A
Ipm max. A
IB(AV) max. 100 mA
IBM max. 6 A
Peot max. 100 w
Tstg -65 to +150 oC
Tj max. 150 oC
Repjomp = L1 °C/W

Tj =25 OC unless otherwise specified

Ices < 3 mA
hgg typ. 30

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

August 1976



BUX80

BUXSI
CHARACTERISTICS (continued) T j= 25 OC unless otherwise specified
Emitter cut-off current
[c=0;Vgg=10V IEBO < 10 mA
Saturation voltages )
Ic=5A;Ig=1A VCEsat < 1,5 v
VBE sat < L4. v
Ic=8A;I5=2,54 VCEsat < 8 v.
VBE sat < 1,8 v
Collector -emitter sustaining voltages BUX80|BUX81

Ic = 100 mA; Igoff = 0; L = 25 mH VCEOsust - =~
Ic =100 mA; Rgg =509Q; L = 15 mH VCERsust =

7272203

—t~
min min  Vee (V)
Vceosust YCERsust

Oscilloscope display for sustaining voltages

+50V
+50v 100-2000
100-2000
hor.
hor.
oscilloscope

oscilloscope

r——— vert. |—aj

30-60Hz OV T 2oa 10 30-60Hz T 10
7262283 I 7272304 ;
v 4

Test circuit for Vopogust Test circuit for VOER sust

vert.

August 1976 : ' 3
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BUX80
BUXS8I

i

CHARACTERISTICS (continued)

Transition frequency at f = 1 MHz

Ty =25 OC.unless otherwise specified

‘6 MHz

Ic=0,2A;Vog =10V .fT typ.
Switching times
Icon =5A; Voc =250V
Igon = LA; ~Igoff =2 A i 0 35
typ. y
Turn-on time ton <yp 0.5 ﬁ:
. typ. 2, us
Turn-off: Storage time tg < 3.5 s
Fall time tf typ. ps
Fall time, Ty} = 95 OC tf < s us
tr 7272640
90 - ——X ——————— =~ Igon
ig (%)
10 fo==
Waveform t
—~Tgoss
— g ——
—_—
—_ ic
(%)
18 imd]
— t
+25V
Test circuit B8D226 +|
120 == 680
a bF 500
__-l " T 00 Ve
470 W 250V
T—» !
LE_ | TUT. T
aw 1L
| | 2o
tp
1(‘))0
ty, =20 s i 82| | *Li es0
”IP = 2 ms Q T WF
ViM =15V BD227
Y70 12721984
August 1976

'



BUX80

BUX81
BUX80
102 7272729.2
Tenp S40°C
Ic
(A)
LI 5:0,01
CMmax -
T Y AN
10 ICmu \‘\\\\b \‘X -
AN NORS X N t,=
AN AN \\ \\ S-S\ \‘ 18 s_,_E
1 N SN\ ¥s T
) NN NE SN N Y20
\\ \ N\ “\\ 50
LN NEN AW
1200 1
2 N N \ \\/
I ) \
, AN
- i — g 4V
o AWV [ nn
C 1 EmuwAwiymu:
: (A) AN 1ms-\‘--m
i AN VAV
! AN
v }\ J5
1o-1| 10-sLLl , AVE L
E o Ve 10 \
- e (V)
AV
d.c.
T
m———_
10-2 -
2 10 102 Veg (V) 103
Safe Operating ARea

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

II" 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 Vpg =0 and tp <2 ms

1) Pot max and Ppeak max lines.

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

L
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BUX80
BUXS8I

i

BUXS81
102 . 72727391
Trb 40 °C
I
{A)
' ™ IeMma 0=001
T T \
ol_lcmar NN
)T Y > \‘\\ \‘ t, = [
AN ANNTRCS P
1 AV AN 10 s}
) AN 20
N[N NN
50
\ WA\ 1100 -
1 N N o\, \ W\z00
\ \ANARN
o ——

TT
>
/ 1
4 /ﬁ/
1
L
]
ES
[
1
1

' N
X
101 \__' 10-3 I L : \ \

o
[2)

102

2
2 10 10 Vee (V) 10°

Safe Operating ARea
1 Région of permissible d.c. operation
II 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 ps

IV Repetitive pulse. operation in this region is perm1ssm1e
provided Vg =0 and tp <2 ms

b Prot max and Ppeak max lines.

2y Second-breakdown limits (independent of temperature).
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BUX80

BUXS8I
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BUXS80

- BUX8I
7272646
S.B. voltage multiplying factor at the Icmax level
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BUXS8I
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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 |y 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 Tymp, in the above equation is 40 CC.
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 i typ 0,18 0,5 us
f— ] . K — Y091 ¢y
— g [ lem
< l 0.1 lem
? »{tple -
| — —
?
VcE VCE (1)
+
:1 = 0,?/_.45
g e TN
B en:
IB1 '
t .
v v I
Vg <« g
— $Tl\/e .
Y | | |
* f 7217362
Fig. 1 Relevant waveforms of switching transistor.
10 August 1977



Silicon diffused power transistors

BUX80
BUX81

+24V

=10nF

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)

7277361

. August 1977
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BUX80

BUX81
i 5 7277364 6 ) 7277365
IB(end) \ts \ —Vdrive
“{A) T=25us U\H) V)
- 4 . A - —+=Vdrive ]
: 4
1 4 6
50us L
\\
yd / o ~ LB
/ -
- A
. Yy \
05 2 4
o \
1
)
0 ) e 0 2
45 gy (Al 2 4 gyt 8
Fig. 3. Fig. 4.
E 15 7277363
— A|B(end)=i'.20%
- Tmb < 100°C
Prot T ;
(W) INEEEN . .
T=25us / Fig. 3 Recommended nominal "end” value of
A1 the base current versus maximum peak collec-
10 - tor current.
: 7 4 // ,“v Fig. 4 Minimum required base inductance and
VI 1TX recommended negative drive voltage versus
y.av L7 4 maximum peak collector current.
1/ » A Fig. 5 Maximum total power dissipation of a
p y limit-case transistor if the base current is
, pd T=50us chosen in accordance with Fig. 3. Solid lines
5 Hp4 for transformer drive and dotted lines for
/ 7 collector-coupled current drive.
v .
" .
2 4 emta 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

Collector current (d.c.)

tp = 2 ms

Ic=25A;I=0,5A

Fall time

Collector-emitter voltage (VBE = 0, peak value)
Collector-emitter voltage (RBg = 100 2)

Collector-emitter voltége (open base)

Collector current (peak value)

Total power dissipation up to Typ = 50 °C

Collector-emitter saturation voltage

Icon =2,5A;1ggp =0,5A; ~Iposf =1 A

VCESM
VCER
VCEO
Ic

IcMm
Ptot

" VCEsat

tf

BUX82 | BUX83

v

max. ‘
max. \%
max. A
max. 6 A
max. 8 A
max. 60 w
< 1,5 \%
typ. 0,3 as

MECHANICAL DATA

TO-3
Collector connected to case

|-—— 26,6 max ——»

Dimensions in mm

— 95 max <

315

203

7269700

-

For mounting instructions and accessories see section Accessories in handbook SC2.

[T
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BUX82
BUX83

f

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

Voltages

Collector-emitter voltage
(VBE =0, peak value) VCESM — Mmax.

BUX82 | BUX83

Collector-emitter voltage

(RBg =100 €2) ‘ ‘ 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 A
Base current (d.c.) _ ig max. 2 A
Base cufrent (peak value) IBM max. 3 A
Reverse base current (d.c. or average.

over any 20 ms period) : -Ipav) max. 100 mA
Reverse base current (peak value) 1y -Ipm max. 3 A

Power dissipation

Total power dissipation up to Tymp = 50 °c Pot - max. 60 w
Temperatures
Storage temperature Tetg -65 to +150 °c
Junction temperature Tj max. 150 oc
THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 1,65 oc/W
CHARACTERISTICS Tj; = 25 °C unless otherwise specified
Collector cut-off current 2)
VCEM = VCESMmax' VBE = 0 lces < boomA
VCEM = VQESMmax ; VBE = 0; Tj =125 OC ICES < 2 mA

D.C. current gain )
Ic=0,6 A;VGE =5V - hFE typ. 30

1) 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; VEg =10V IEBO < . 10 mA
Saturation voltages
Ic=2,5A;Ig=0,5A VCeEsat < 1,5 A%
VBE sat < 1,4 v
Ic= 4A;lp=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; Rgg = 1009Q2; L = 15 mH VCER sust

30-60Hz

7262283

7272203

min min Ve (V)
VCEOsust vCERsust

Oscilloscope display for sustaining voltages

+50V +50V
100-2000 100-2000
hor.
hor. or.
oscilloscope

oscilloscope

———— vert.
—— vert. lE:I
~ 6V

8V T 300 10 30-60Hz T 10
;:L/ 72722021 ;/~

Test circuit for VCEOsust Test circuit for VERgust
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BUX82
BUX83

CHARACTERISTICS (continued) 'Tj = 25 OC unless otherwise specified
Transition frequency at f = 1 MHz

1c=0,2A; Vgg = 10V fr typ. 6 MHz

Switching times
Igon = 2,5 A; Voo = 250 V
IBon = 0,5 A; ~IBoff = 1 A

- i ‘ : typ. 0,3 us
Turn-on time . ton < 0.5 us
e . typ. 2 ps
Turn-off: Storage tl.me tg < 3,5  us
Fall time te typ. 0,3 Hs
Fall time, Tpp = 95 °C ts < 1 Hs
tr 7272640
90 4 ——\ ——————— -~~~ Igon
ig (%) )
Waveform
—
(em——
\—
+25V
Test circuit
1000
:ﬁ“OFO VCC
T T 2s0v
L': L TUT. :
Vim J| , I l_ W
tp : '
. | }(1)0 » ;
tpr =20ps . _ 82[| *L ee0
T = 2ms o} WF
ViM =15V . BD227 T
; 7273191.1
4
4
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BUX82

BUX83
. BUX82 6=0,01 727264464
101 1T
__?_M_r_nlmx A N tp= 1
-y ANON LAY AN 10ps 17
I Cmax N NNNN . NN ]
e NANNAYL SANAND L
) \\\\\ \\\ \

,,
rd
rd
73
’ H/
il %
//
3

) N
NG
I &\\\ \ 1ms
10-1 . \\ N
- A \ Ve
\ =
ANAN 5
Y10
|
\ d.ic
[
m
10~2
Teb <50 °C
14
10-3 |
2 10 10 Vee (V) 10

Safe Operating ARea
1 Region of permissible d.c. operation
I Permissible extension for repetitive pulse operation

III Area of permissible operation during turn-on in single-transistor
converters, provided RBE = 100 @ and t =0,6us

IV Repetitive pulse operation in this region is permissible,
provided VBE =0 and tp =2 ms

1) Prot max and Ppeak max lines.

2y Second-breakdown limits (independent of temperature).
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BUX82 | “

BUX83
.BUX83 5=0.01 - mmme
0 =Iemman . : 1
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\ b
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\Nl
d.c.HH
[
10-2 T
Tenp <50 €
v
10-3
2 3

Safe Operating ARea
1 Region of permissible d.c. operation
1I Permissible extension for repetitive pulse cperation

III Area of permissible operation during turn-on in single-transistor
converters, provided Rgy =100 Q and tp =0, 6 is

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

Iy Ptot max and Ppeak max lines.

2y second-breakdown limits (independent of témperature).

T |
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BUX82

BUX83
7272731
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BUX82
BUX83
7272652
S.B. voltage multiplying factor at the Icmax level
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BUX82
BUX83
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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'operatihg 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 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 applies for a mount-
ing base temperature of 100 O©C. The required thermal resistance for the heatsink can be calculated from

100—Tamb max‘

* Prot
To ensure thermal stability the minimum value of Tymp, in the above equation is 40 ©C.

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 ‘ ts  typ 19 2,7 us
Fall time tf typ 0,17 0,7 us
— .
=-_—-_- 1 . 1% —TTTY 091 ey
——3 I e Iem
’ ¢ ! ' 01tem