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l_ 
DA TA HANDBOOK SYSTEM 

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

ELECTRON TUBES BLUE 

SEM !CONDUCTORS RED 

INTEGRATED CIRCUITS PURPLE 

COMPONENTS AND MATERIALS GREEN 

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

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

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

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

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

'February 1984 iii 
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INTEGRATED CIRCUITS (PURPLE SERIES) 

The purple series of data handbooks comprises: 

EXISTING SERIES 

IC1 Bipolar !Cs for radio and audio equipment 

IC2 Bipolar ICs for video equipment 

IC3 ICs for digital systems in radio, audio and video equipment 

IC4 Digital integrated circuits 
CMOS HE4000B family 

IC5 Digital integrated circuits - ECL 

Superseded by: 

IC01N 

IC02Na and IC02Nb 

ICOl N, IC02Na and IC02Nb 

ICOON 
ECL 10000 (GX family), EGL 100 000 (HX family), dedicated designs 

IC6 Professional analogue integrated circuits 

IC7 Signetics bipolar memories 

IC8 Signetics analogue circuits IC11N 

IC9 Signetics TTL logic IC09N and IC15N 

IC10 Signetics Integrated Fuse Logic (IFL) IC13N 

IC11 Microprocessors, microcomputers and peripheral circuitry IC14N 

June 1985 



SEMICONDUCTORS (RED SERIES) 

The red series at data handbooks comprises: 

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

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a low-frequency power transistors and hybrid modules 

S4b High-voltage and switching power transistors 

S5 Field-effect transistors 

S6 R.F. power transistors and modules 

S7 Surface mounted semiconductors 

SS Devices for optoelectronics 
Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

S9 Power MOS transistors 

S10 Wideband transistors and wideband hybrid IC modules 

S11 Microwave transistors 

S12 Surface acoustic wave devices 

S13 Semiconductor sensors 

August 1985 v 
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ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons 

T4 Magnetrons for microwave heating 

T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-Miiller tubes 

T7 Gas-filled tubes (will not be reprinted) 

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

T9 Photo and electron multipliers 

T10 Plumbicon camera tubes and accessories 

Tl 1 Microwave semiconductors and components 

T12 Vidicon and Newvicon camera tubes 

T13 Image intensifiers 

T14 Infrared detectors 

T15 Dry reed switches 

Data collations on these subjects are avai I able now. 
Data Handbooks will be published in 1985. 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 

Moy 19851 



NEW SERIES 

IC01N Radio, audio and associated systems 
Bipolar, MOS 

IC02Na Video and associated systems 
Bipolar, MOS 
Types MAB8031AH to TOA 1524A 

IC02Nb Video and associated systems 
Bipolar, MOS 
Types TDA2501 to TEA 1002 

IC03N Integrated circuits for telephony 

IC04N 

IC05N 

IC06N 

HE40008 logic family 
CMOS 

HE40008 logic family - uncased ICs 
CMOS 

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

Supplement High-speed CMOS; PC74HC/HCT/HCU 
to IC06N Logic family 

IC07N 

IC08N 

IC09N 

IC10N 

IC11N 

IC12N 

IC13N 

IC14N 

IC15N 

Note 

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

ECL 10K and 100K logic families 

TTL logic series 

Memories 
MOS, TTL, ECL 

Linear LSI 

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

Semi-custom 
Integrated Fuse Logic 

Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 

FAST TTL logic series 

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

l ___ 
(published 1985) 

(published 1985) 

(published 1985) 

(published 1985) 

(published 1984) 

(published 1985) 

(published 1985) 

(published 1984) 

(published 1984) 

(published 1985) 

(published 1985) 

(published 1985) 

(published 1984) 

October 1985 vii 
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COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

C1 Programmable controller modules 
PLC modules, PC20 modules 

C2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

CS Variable mains transformers 

C9 Piezoelectric quartz devices 

C10 Connectors 

C11 Varistors, thermistors and sensors 

C12 Potentiometers, encoders and switches 

C13 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 Direct current motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C21* Assemblies for industrial use 
HNI L FZ/30 series, NORbits 60-, 61-, 90-series, input devices 

C22 Film capacitors 

*To be issued shortly. 

viii October 1985 
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GENERAL PURPOSE DARLINGTON TRANSISTORS 

le pol. collector-emitter voltage (open base) VcEO (V) 
A 45 60 80 100 120 130 150 200 

0,5 N 

1 N 80X42* 80X43* 80X44* 
p 80X45* 80X46* 80X47* 

4 N 80675 80677 80679 80681 80683 
p 80676 80678 80680 80682 80684 
N 80T61 80T61A 80T618 80T61C 
p 80T60 80T60A 80T608 80TGOC 
N TIP110 TIP111 TIP112 
p TIP115 TIP116 TIP117 

5 N TIP120 TIP121 TIP122 
p TIP125 TIP126 TIP127 

6 N 
N 80331 80333 80335 80337 
p 80332 80334 80336 80338 

8 N 80645 80647 80649 80651 
p 80646 80648 80650 80652 
N 8U807 8U806 
N 80T21 
p 80T20 
N 80X63 80X63A BOX638 BOX63C 
p 80X62 BOX62A 80X628 80X62C 
N TIP130 TIP131 TIP132 
p TIP135 TIP136 TIP137 

10 N 80T63 80T63A BOT63B BOT63C 
p 80T62 80T62A 80T628 80T62C 
N TIP140 TIP141 TIP142 
p TIP145 TIP146 TIP147 

* VcER· 

Ptot 

375 400 w 
8U824 2 

5 

40 

50 

50 

65 

BU826 125 
60 

62,5 

60 
62,5 

90 

70 

90 

125 

case 

T0-202 

T0-126 

T0-126 

T0-220 

T0-220 

T0-220 

SOT-93 
SOT-82 

T0-220 

T0-220 
T0-220 

T0-3 

T0-220 

T0-220 

SOT-93 

en 
G>m 
chi 
-() 
0-1 m-o z 
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le pol. 
A 45 60 80 

12 N BDT65 BDT65A 
p BDT64 BDT64A 
N BDV65 BDV65A 
p BOV64 BDV64A 
N BDX65 BDX65A 
p 8DX64 8DX64A 
H 

16 N 8DV67 BDV67A 
p 8DV66 80V66A 
N BDX67 8DX67A 
p 8DX66 BDX66A 

25 N BDX69 8DX69A 
p BDX68 8DX68A 

GENERAL PURPOSE POWER TRANSISTORS 

le pol. 
A 20 22 32 
1 N 

p 
N 
p 

N 
p 
N 
p 
N 
p 

1, 5 N 
p 

N 
p 

collector-emitter voltage (open base) VeEO (V) 

100 120 130 150 200 
BDT65B BDT65C 
BDT64B BDT64C 
BDV65B BDV65C 
BDV64B 8DV64C 
8DX658 80X65C 
80X648 8DX64C 

80V678 8DV67C 
80V668 8DV66C 
80X678 80X67C 
8DX668 BDX66C 

8DX698 8DX69C 
80X688 80X68C 

collector-emitter voltage (open base) VeEO (V) 

40 45 60 80 100 
8D135 8D137 8D139 
80136 80138 80140 
8D825 BD827 8D829 
80826 80828 80830 
8DW55 80W57 8DW59 
8DW56 8DW58 8DW60 

80T29 8DT29A BDT29B 8DT29C 
8DT30 BDT30A 8DT308 8DT30C 
TIP29 TIP29A TIP298 TIP29C 
TIP30 TIP30A TIP308 TIP30C 

8D226 80228 80230 
80227 80229 BD231 
80839 8D841 80843 80845 
80840 80842 80844 80846 

! Ptot 

375 400 w 

125 

BUV90;A 125 

117 

8UX90 125 

200 

150 

200 

Ptot 

120 140 w 

8 

30 

30 

12,5 

80847 80849 10 
80848 80850 

case 

T0-220 

SOT-93 

T0-3 

T0-3 

SOT-93 

T0-3 

T0-3 

case 

T0-126 

T0-202 

T0-126 

T0-220 

T0-220 

T0-126 

T0-202 

(/) 

G)~ 
cm 
-() 
CJ -; m-o 

z 



"" 

(/) 

"' TI 
<ti 
3 
er 
!ll 

~ 
01 

GENERAL PURPOSE POWER TRANSISTORS (continued) 

----------

'.,< I :_~T32___ loo~~"""'("'""'' {opoo b-{ Vern {V{ 

21 N r-r--r- BD233 

I
. ~ I II 11· :~~~~ 

p 1 BD814 

N I 

60 I 80 ----+--
BD235 I BD237 
BD236 i BD238 
BD815 I BD817 
BD816 I BD818 

100 

'BD239 BD239A BD239B IBD239C 
p I BD240 BD240A BD240B BD240C 
N I BD131 
p BD132 
N BD329 
p BD330 
N BD933 BD935 BD937 BD939 
p BD934 BD936 BD938 BD940 
N BDT31 ' BDT31A BDT31B BDT31C 
p BDT32 BDT32A BDT32B BDT32C 
N TIP31 TIP31A TIP31B TIP31C 
p TIP32 TIP32A TIP32B TIP32C 

4 N BD433 BD435 BD437 
p BD434 I BD436 BD438 

5 N 

I 
BD241 BD241A BD241B BD241C 

p BD242 BD242A BD242B BD242C 
N BDX35 BDX37 
N BDX36 
N BD943 BD945 

I 
BD947 BD949 BD951 BD953 

p BD944 B0-946 BD948 BD950 BD952 BD954 
6 N BD243 BD243A BD243B BD243C 

p BD244 BD244A BD24"4B BD244C 
N BDT41 , BDT41A BDT41B BDT41C 
p BDT42 l BDT42A BDT42B BDT42C 
N TIP41 TIP41A TIP41B TIP41C 
p TIP42 TIP42A TIP42B TIP42C 

(/) 

G>m 
chi 

r;:;- --

j Pwt case -0 

120 I 140 
0-l m_ 

-- 0 
25 T0-126 z 

12,5 T0-202 

I I 30 I T0-220 

15 T0-126 

I 
BD941 30 T0-220 
BD942 

I 40 T0-220 

36 T0-126 

140 T0-220 

15 T0-126 

I T0-220 BD955 40 
BD956 

65 T0-220 

65 T0-220 

80 SOT-93 
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le pol. collector-emitter voltage (open base) VeEO (V) Ptot case 
A 20 22 32 40 45 60 80 100 120 140 w 

8 N BD201 BD203 BDX77 60 T0-220 
p BD202 BD204 BDX78 
N BDX91 BDX93 BDX95 90 T0-3 
p BDX92 BDX94 BDX96 

10 N PH3055T 75 T0-220 
p PH2955T 
N I BDT91 BDT93 BDT95 90 T0-220 I p BDT92 BDT94 BDT96 
N BDV91 BDV93 BDV95 100 SOT-93 
p BDV92 BDV94 BDV96 
N TIP33 TIP33A TIP33B TIP33C 80 SOT-93 
p I TIP34 TIP34A TIP34B TIP34C 

I 
15 N BDT51 BDT53 BDT55 BDT57 90 T0-220 

p BDT52 BDT54 BDT56 BDT58 
N BDT81 BDT83 BDT85 BDT87 125 T0-220 
p 

I 
BDT82 BDT84 BDT86 I BDT88 

N TIP30551 

I 
100 SOT-93 

TIP29551 
I 

I i p 
I I 

Special: TIP47; 48; 49; 50 with VcEO of 250, 300, 350, 400 V respectively at Ic = 1 A and Ptot = 40 W in T0-220. 

LOW-VOLTAGE SWITCHING TRANSISTORS 

le pol. collector-emitter voltage (open base) VeEO (V) Ptot I case 
A 60 Jso 100 w 

I T0-3 
--

10 N BDY92 1BDY91 BDY90 40 

12 l I 
N BDY90A 40 I T0-3 

(f) 

G> p:! 
cm 
-() 
0--t mo 

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

le pol. collector-emitter voltage (open base) VcEO (V) 
A 160 250 300 350 375 400 450 700 

0,05 N BF469 BF471* 
p BF470 BF472* 
N BF583 BF585 BF587 
N BF869 BF871* 
p BF870 BF872* 

0, 1 N BF419 
N BF457 BF458 BF459 
N BF819 
N BF857 BF858 BF859 

0, 15 N BF591 BF593 

0,5 N BUX86 BUX87 

1,5 N BUX99 
PH13002 PH13003 

2 N BUW84 BUW85 
N BUX84 BUX85 
N BUX84F BUX85F 

2,5 N BU705 

3,5 N BUX46 BUX46A 

5 N BUT11 BUT11A BU506;D 
N BUT11F BUT11AF 
N BUW11 BUW11A BU706;D 
N BUS11 BUS11A 
N BUS21 BUS21A BUS21B BUS21C 

6 N BU426 BU426A 
N BU433 
N BUX82 BUX83 
N BUV82 BUV83 
N 

* VcER· 

Ptot 

800 w 
1, 8 

1,6 
5 

6 

6 

1,3 

20 

28 

50 
40 
18 

75 

85 

100 
20 

100 
100 

70 
70 
60 
70 

BUY89 80 

case 

T0-126 

T0-202 
T0-202 

T0-126 

T0-202 

T0-202 

T0-126 

T0-126 

SOT-82 
T0-220 
SOT-18E 

SOT-93 

T0-3 

T0-220 
SOT-18E 
SOT-93 
T0-3 

SOT-93 
SOT-93 
T0-3 
SOT-93 
T0-3 

en 
G>m 
c~ -o 
~ -I 

0 z 



re pol. collector-emitter voltage (open base) VcEO (V) Ptot case 
A 160 250 300 350 375 400 450 700 800 w 

8 N BUV89 125 SOT-93 
N BUW12 BUW12A 125 507-93 
N BUS12 BUS12A 

I BU508A 

125 T0-3 
N BUS22 BUS22A BUS22B BUS22C 
N BUP22 BUP22A BUP22B BUP22C 125 SOT-93 

9 N BUX47 BUX47A 125 T0-3 

10 N I BUX80 BUX81 100 T0-3 
12 I N I BU808 BUX88 160 T0-3 
15 N BUW13 BUW13A - 175 SOT-93 

N BUS13 BUS13A 

I 
175 T0-3 

N 

J 

BUX48 BUX48A 175 T0-3 
N BUP23 BUP23A BUP23B BUP23C 175 SOT-93 
N BUS23 BUS23A BUS23B BUS23C 175 T0-3 

30 N BUS14 BUS14A · 250 T0-3 
N BUX98 BUX98A 250 T0-3 

en 
"' ~ 
ct> 

(/) 

G)~ 
3 
er 
~ 

iO cm -o 
0 -I m-

00 
CJ'1 

0 z 
-.I 



SELECTION 
GUIDE 

ACCESSORIES 

CLIP MOUNTING 

direct mounting 
envelope 

clip mica 

T0-126 56353 56354 
(SOT-32) 

SOT-82 56353 56354 

T0-220 56363 56369 
(SOT-78) 

SOT-93 56379 56378 

SCREW MOUNTING 

direct mounting 

envelope metal mounting mica 
washer material washer 

---+-

T0-126 56326 M3 
(SOT-32) 
up to 300 v 56387a 

T0-220 
(SOT-78) 56360a M3 
up to 800 v 5635% 
up to 1000 v 5635% 

SOT-93 - M4 56368a 

T0-3 - M4 
(SOT-3) 
up to 500 V 5620ld 

up to 2000 V 56339 

The accessories mentioned can be supplied on request. 

See also chapter Mounting Instructions. 

8 September 1985 

or 

j 

insulated mounting 

alumina clip 

56353 

56353 

56367 56364 

56379 

insulated mounting 

insul. metal mounting 
bush washer material 

!--------

56387b 56326 M2,5 

56359c 56360a M3 
56359d 56360a M3 

56368b M3 

5620lj or M3 
5626la 
56352 M3 



type number 

NPN PNP 

BF469 BF470 
BF471 BF472 

BDX42 BDX45 
BDX43 BDX46 
BDX44 BDX47 

BF419 
BF457 
BF458 
BF459 

BD135 BD136 
BD137 BD138 
BD139 BD140 
BDW55 BDW56 
BDW57 BDW58 
BDW59 BDW60 

BD226 BD227 
BD228 BD229 
BD230 BD231 
BD131 BD132 
BD329 BD330 
BDX35 
BDX36 
BDX37 

BUX86 
BUX87 

BD233 BD234 
BD235 BD236 
BD237 BD238 

BUX99 
PH13002 
PH13003 

BD433 BD434 
BD435 BD436 
BD437 BD438 

BD675 BD676 
BD677 BD678 
BD679 BD680 
BD681 BD682 
BD683 BD684 

* VcER· 

T0-126 
(SOT-32) 

Ptot VcEO 
w v 

1, 8 250. 
300 

* 5 45. 
60. 
80 

6 250 
160 
250 
300 

8 45 
60 
80 
45 
60 
80 

12,5 45 
60 
80 

15 45 
20 
60 
60 
80 

20 400 
450 

25 45 
60 
80 

28 300 
300 
400 

36 22 
32 
45 

40 45 
60 
80 

100 
120 

type number 

NPN PNP 

BUX84F 
BUX85F 

BUT11F 
BUT11AF 

type number 

NPN PNP 

BF583 
BF585 
BF587 
BF869 BF870 
BF871 BF872 

BF591 
BF593 

BF819 

BF857 
BF858 
BF859 

BD825 BD826 
BD827 BD828 
BD829 BD830 

BD839 BD840 
BD841 BD842 
BD843 BD844 
BD845 BD846 
BD847 BD848 
BD849 BD850 

BD813 BD814 
BD815 BD816 
BD817 BD818 

* VcER· 
() free air dissipation. 

SELECTION 
GUIDE 

SOT-186 
(T0-220F) 

Ptot VcEO 
w v 

18 400 
450 

20 400 
450 

T0-202 
(SOT-128) 

Ptot VcEO 
w v 

5 ( 1, 6) 250 
300 
350 

~~~· 
( 1I3) 170 

210 

6(1,2) 250 

6(2) 160 
250 
300 

8(2) 45 
60 
80 

10(2) 45 
60 
80 

100 
120 
140 

12,5 45 
60 
80 

September 1985 9 
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type number 

r NPN PNP 
L 

BD239 BD240 
BD239A BD240A 
BD239B BD240B 
BD239C B0240C 
B0933 B0934 
B0935 BD936 
BD937 BD938 
BD939 BD940 
BD941 BD942 
BDT29 BDT30 
BDT29A BDT30A 
BDT29B BDT30B 
BDT29C BDT30C 
TIP29 TIP30 
TIP29A TIP30A 
TIP29B TIP30B 
TIP29C TIP30C 

BD241 BD242 
BD241A BD242A 
BD241B BD242B 
BD241C BD242C 
TIP47 
TIP48 
TlP49 
TIPSO 
BD943 BD944 
BD945 BD946 
BD947 BD948 
BD949 BD950 
BD951 BD952 
BD953 BD954 
BD955 BD956 
BD'l'31 BDT32 
BDT31A BDT32A 
BDT31B BDT32B 
BDT31C BDT32C 
BUX84 
BUX85 
TIP31 TIP32 
TIP31A TIP32A 
TIP31B TIP32B 
TIP31C TIP32C 

10 September 1985 

T0-220 
(SOT-78) 

Ptot -r VcEO 
w v 

30 45 
60 
80 

100 
45 
60 
80 

100 
120 
40 
60 
80 

I 100 

I 
40 
60 
80 

100 

40 45 
60 
80 

100 
250 
300 
350 
400 

22 
32 

I 
45 
60 
80 

100 
120 

45 
60 

I 
80 

100 
400 
450 

40 
60 
80 

100 

type number Ptot Vern 
NPN PNP 

w v 

BDT61 BDT60 50 60 
BDT61A BDT60A 80 
BDT61B BDT60B 100 
BDT61C BDT60C 120 
TIP 110 TIP 115 60 
TIP111 TIP116 80 
TIP 112 TIP117 100 
BD201 BD202 60 45 
BD203 BD204 60 
BDX77 BDX78 80 
BU807 150 
BU806 200 

BD645 BD646 62,5 60 
BD647 BD648 80 
BD649 I BD650 100 
BD651 BD652 120 

I BDT21 BDT20 130 

BD243 BD244 65 45 
BD243A BD244A 60 
BD243B BD244B 80 
BD243C BD244C 100 
BDT41 BDT42 40 

I 

BDT41A BDT42A 60 
BDT41B BDT42B 80 
BDT41C BDT42C 100 
TIP41 TIP42 40 
TIP41A TIP42A 60 
TIP41B TIP42B 80 
TIP41C TIP42C 100 
TIP120 TIP125 60 
TIP121 TIP126 80 
TIP122 TIP127 100 

TIP130 TIP135 70 60 
TIP131 TIP136 80 
TIP132 TIP137 100 

PH3055T PH2955T 75 60 

BDT51 BDT52 90 60 
BDT53 BDT54 80 

I BDT55 BDT56 100 
BDT57 BDT58 120 
BDT63 BDT62 60 
BDT63A BDT62A 80 
BDT63B BDT62B 100 
BDT63C BDT62C 120 
BDT91 BDT92 60 
BDT93 BDT94 80 
BDT95 BDT96 100 



type number 

NPN PNP 

BUT11 
BUT11A 
BU506 
BU506D 

BDT65 BDT64 
BDT65A BDT64A 
BDT65B BDT64B 
BDT65C BDT64C 
BDT81 BDT82 
BDT83 BDT84 
BDT85 BDT86 
BDT87 BDT88 

type number 

NPN PNP 

BU426 
BU426A 
BU433 
BUV82 
BUV83 

BU705 

TIP33 TIP34 
TIP33A TIP34A 
TIP33B TIP34B 
TIP33C TIP34C 

BDV91 BDV92 
BDV93 BDV94 
BDV95 BDV96 
BUW11 
BUW11A 
BU706 
BU706D 
TIP3055 TIP2955 

Ptot 
w 

100 

125 

Ptot 
w 

70 

75 

80 

100 

Vern 
v 

400 
450 
700 
700 

60 
80 

100 
120 
60 
80 

100 
120 

SOT-93 
(SOT-93) 

Vern 
v 

375 
400 
375 
400 
450 

700 

40 
60 
80 

100 

60 
80 

100 
400 
450 
700 
700 
60 

type number 

NPI~ PNP 

BDV65 BDV64 
BDV65A BDV64A 
BDV65B BDV64B 
BDV65C BDV64C 
TIP140 TIP145 
TIP141 TIP146 
TIP142 TIP147 
BUP22 
BUP22A 
BUP22B 
BUP22C 
BUV90 
BUV90A 
BUW12 
BUW12A 
BU508A 
BU508D 
BUV89 

BUP23 
BUP23A 
BUP23B 
BUP23C 
BUW13 
BUW13A 

BDV67 BDV66 
BDV67A BDV66A 
BDV67B BDV66B 
BDV67C BDV66C 

SELECTION 
GUIDE 

Ptot Vern 
w v 

125 60 
80 

100 
120 
60 
80 

100 
300 
350 
400 
450 
400 
400 
400 
450 
700 
700 
800 

175 300 
350 
400 
450 
400 
450 

200 60 
80 

100 
120 
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SELECTION 
GUIDE 

,.----
type number 

NPN PNP 

BDY90 
BDY90A 
BDY91 
BDY92 

BUX82 
BUX83 

BUY89 

BUX46 
BUX46A 

BDX63 BDX62 
BDX91 BDX92 
BDX63A BDX62A 
BDX93 BDX94 
BDX63B BDX62B 
BDX95 BDX96 
BDX63C BDX62C 

BUS11 
BUS11A 

I BUS21 
I BUS21A 

BUS21B 
BUS21C 
BUX80 
BUX81 

BDX65 BOX64 
BOX65A BDX64A 
BOX65B BDX64B 
BDX65C BDX64C 

BUS12 
BUS12A 
BUS22 
BUS22A 
BUS22B 
BUS22C 

BUX47 
BUX47A 

BOX67 BDX66 
BDX67A BDX66A 
BDX67B BOX66B 
BDX67C BDX66C 

BU808 

BUX88 

12 September 1985 

T0-3 
(SOT-3) 

Ptot VcEO 
w v 

40 100 
100 
80 
60 

60 400 
450 

80 800 

85 400 
450 

90 60 
60 
80 
80 

100 
100 
120 

100 400 
450 
300 
350 
400 
450 
400 
450 

117 60 
80 

100 
120 

125 400 
450 
300 
350 
400 
450 

400 
450 

150 60 
80 

100 
120 

700 

160 800 

type number 

NPN PNP 

BUS13 
BUS13A 
BUS23 
BUS23A 
BUS23B 
BUS23C 
BUX48 
BUX48A 

BDX69 BOX68 
BDX69A BDX68A 
BDX69B BOX68B 
BDX69C BDX68C 

BUS14 
BUS14A 
BUX98 
BUX98A 

type number 

NPN PNP 

BUW84 
BUW85 

BD331 80332 
BD333 80334 
BD335 80336 
BD337 80338 

Ptot VcEO 
w v 

175 400 
450 
300 
350 
400 
450 
400 
450 

200 60 
80 

100 
120 

250 400 
450 
400 
450 

SOT-82 
(SOT-82) 

Ptot VcEO 
w v 

50 400 
450 

60 60 
80 

100 
120 



TYPE NUMBER SURVEY 



TYPE NUMBER SURVEY POWER TRANSISTORS 

-
type number Ptot type number Ptot 

NPN PNP envelope w NPN PNP envelope w 
!--·----1-----

BD131 BD132 T0-126 15 BD651 BD652 T0-220 62,5 
BD1"35 BD136 T0-126 8 BD675 BQ676 T0-126 40 
BD137 BD138 T0-126 8 BD677 BD678 T0·· 126 40 
BD139 BD140 T0-126 8 BD679 BD680 T0-126 40 
BD201 BD202 T0·-220 60 BD681 BD682 T0-126 40 

BD203 BD204 T0-220 60 BD683 BD684 T0-126 40 
BD226 BD227 T0-126 12,5 BD813 BD814 T0-202 2 
BD228 BD229 T0-126 

I 
12' 5 BD815 BD816 T0-202 2 

BD230 BD231 T0-126 12,5 BD817 BD818 T0-202 2 
BD233 BD234 T0-126 25 BD825 BD826 T0-202 2 

BD235 BD236 T0-126 25 BD827 BD828 T0-202 2 
BD237 BD238 T0-126 25 BD829 BD830 T0-202 2 
BD239 BD240 T0-220 30 BD839 BD840 T0·-202 2 
BD239A BD240A T0-220 30 BD841 BD842 T0-202 2 
BD239B BD240B T0-220 30 BD843 BD844 T0-202 2 

BD239C BD240C T0-220 30 BD845 BD846 T0-202 2 
BD241 BD242 T0-220 40 BD847 BD848 T0-·202 2 
BD241A BD242A T0-220 40 BD849 BD850 T0-202 2 
BD241B BD242B T0-220 40 BD933 BD934 T0-220 30 
BD241C BD242C T0-220 40 BD835 BD936 T0-220 30 

BD243 BD244 T0·-220 65 BD937 BD938 T0-220 30 
BD243A 

I 
BD244A T0-220 65 BD939 BD940 T0-220 30 

BD243B BD244B T0-220 65 BD941 BD942 T0-220 30 
BD243C BD244C T0-220 65 BD943 BD944 T0-220 40 
BD329 BD330 TO- 126 15 BD945 BD946 T0-220 40 

BD331 80332 SOT-82 60 BD947 BD948 T0-220 40 
BD333 BD334 SOT·-82 60 BD949 BD950 T0-220 40 
BD335 BD336 SOT-82 60 80951 BD952 T0-220 40 
BD337 BD338 ·sor-s2 60 BD954 BD955 TO 220 40 
BD433 BD434 T0· 126 36 BD956 BD957 T0-220 40 

BD435 BD436 TO 126 36 BDT21 BDT20 T0-220 62,5 
BD437 BD438 T0-126 36 BDT29 BDT30 T0-220 30 
BD645 BD646 T0-220 62,5 BDT29A BDT30A T0-220 30 
BD647 BD648 ':'0·220 62,5 BDT29B BDT30B T0-220 30 
BD649 BD650 T0-220 62,5 BDT29C BDT30C T0-220 30 

-
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type number 

NPN PNP 
·------

BnT31 BDT32 
BDT31A BDT32A 
BDT31B BDT32B 
BDT31C BDT32C 
BDT41 BDT42 

BDT41A BDT42A 
BDT41B BDT42B 
BDT41C BDT42C 
RDT51 BDT52 
BDT53 BDT54 

BDT55 BDT56 
BDT57 BDT58 
BDT61 BDT60 
BDT61A BDT60A 
BDT61B BDT60B 

BDT61C BDT60C 
BDT63 BDT62 
BDT63A BDT62A 
BDT63B BDT62B 
BDT63C BDT62C 

BDT65 801'64 
BDT65A BDT64A 
BDT65B BDT64B 
B:JT6 5C BDT64C 
BDT81 BDT82 

BDT83 BDT84 
BDT85 BDT86 
BDT87 BDT88 
BDT91 BDT92 
BDT93 BDT94 

BDT9S BDT96 
BDV65 BDV64 
BDV65A BDV64A 
BDV65B BDV64B 
BDV65C BDV64C 

BDV67A BDV66A 
BDV67B BDV66B 
BDV67C BDV66C 
BDV67D BDV66D 
BDV91 BDV92 

TYPE NUMBER 
SURVEY 

Ptot type number Ptot 
env elope W NPN PNP envelope w 

---- --+------+--------+----------+-------+--~ 

TO- 220 40 BDV93 BDV94 
TO- 220 40 BDV95 BDV96 
TO 220 40 BDW55 BDW56 
TO-
TO-

TO 
TO-
TO-
TO-
TO-

TO-
TO-
TO 
TO-
TO -

22C 
220 

220 
220 
220 
220 
220 

220 
220 
220 
220 
220 

TO-' 220 
220 
220 
220 
220 

TO·-
TO-
TO-
TO-

TO 
TO 
TO-
TO 
TO 

TO· 
TO-
TO-
TO--
TO 

TO-
SOT 
SOT 
SOT 

220 
220 
220 
220 
;20 

220 
220 
220 
220 
220 

220 
-93 
-93 

SOT· 
93 
93 

SOT 
SOT· 
SOT 

93 
-93 
-93 

SOT -93 
SOT- 93 

40 
65 

65 
65 
65 
90 
90 

90 
90 
50 
50 
50 

50 
90 
90 
90 
90 

125 
125 
125 
125 
125 

125 
125 
125 
90 
90 

90 
125 
125 
125 
125 

175 
175 
175 
175 
100 

BDW57 
BDW59 

BDX35 
BDX36 
BDX37 
BDX42 
BDX43 

BDX44 
BDX63 
BDX63A 
BDX63B 
BDX63C 

BClt65 
BDX65A 
BCX65B 
BDX65C 
BDX67 

BDX67A 
BDX67B 
BDX67C 
BDX69 
BDX69A 

BDX69B 
BDX69C 
BDX77 
BDX91 
BDX93 

BDX95 
BDY90 
BDY90A 
BDY91 
BDY92 

BF419 
BF457 
BF458 
BF459 
BF469 

BDW58 
BDW60 

BDX45 
BDX46 

BDlt47 
BDX62 
BDX62A 
BDX62B 
BDX62C 

BDX64 
BDX64A 
BDX64B 
BDX64C 
BDX66 

BDX66A 
BDX66B 
BDX66C 
BDX68 
BDX68A 

BDX68B 
BDX68C 
BDX78 
BDX92 
BDX94 

BDX96 

BF470 

SOT 93 100 
SOT-93 100 
T0-126 8 
T0-126 8 
T0-126 8 

T0-126 15 
T0126 15 
T0-126 15 
TO 126 5 
T0-126 5 

TO 126 5 
T0-3 90 
T0-3 90 
T0-3 90 
TO 3 90 

T0-3 117 
T0-3 117 
T0-3 117 
TO 3 117 
T0-3 150 

TO 3 150 
T0-3 150 
T0-3 150 
T0--3 200 
TO 3 200 

T0-3 200 
T0-3 200 
T0-220 60 
T0-3 90 
T0-3 90 

T0-3 90 
T0-3 40 
T0--3 40 
T0-3 40 
T0-3 40 

T0-126 6 
T0-126 6 
T0-126 6 
T0--126 6 
T0-126 1, 8 
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type number 
envelope Ptot type number 

envelope 
Ptot 

NPN PNP w NPN PNP w 
BF471 BF472 T0-126 1, 8 BUS21A T0-3 100 
BF583 T0-202 1, 6 BUS21B T0-3 100 
BF585 T.0-202 1, 6 BUS21C T0-3 100 
BF587 T0-202 1, 6 BUS22 T0-3 125 
BF591 T0-202 1, 3 BUS22A T0-3 125 

BF593 T0-202 1, 3 BUS22B T0-3 125 
BF819 T0-202 6 BUS22C T0-3 125 
BF857 T0-202 6 BUS23 T0-3 175 
BF858 T0-202 6 BUS23A T0-3 175 
BF859 T0-202 6 BUS23B T0-3 175 

BF869 BF870 T0-202 5 BUS23C T0-3 175 
BF871 BF872 T0-202 5 BUT11; A T0-220 100 
BU426; A SOT-93 70 BUT11F SOT-186 20 
BU433 SOT-93 70 BUT11AF SOT-186 20 
BU505 T0-220 75 BUV82; 83 SOT-93 70 

BU506 T0-220 100 BUV89 SOT-93A 125 
BU506D T0-220 100 BUV90; A SOT-93 125 
BU508A SOT-93A 125 BUW11; A SOT-92 100 
BU508D SOT-93A 125 BUW12; A SOT-93 125 
BU705 SOT-93A 75 BUW13; A SOT·-93 175 

BU706 SOT-93A 100 BUW84; 85 SOT-82 50 
BU706D SOT-93A 100 BUX46; A T0-3 85 
BU806 T0-220 60 BUX47; A T0-3 125 
BU807 T0-220 60 BUX48; A T0-3 175 
BU808 T0-3 160 BUX80; 81 T0-3 100 

BU824 T0-202 2 BUX82; 83 T0-3 60 
BU826 SOT-93 125 BUX84; 85 T0-220 40 
BUP22 SOT-93 125 BUX84F SOT-186 18 
BUP22A SOT-93 125 BUX85F SOT-186 18 
BUP22B SOT-93 125 BUX86; 87 T0-126 20 

BUP22C SOT-93 125 BUX88 T0-3 160 
BUP23 SOT-93 175 BUX90 T0-3 125 
BUP23A SOT-93 175 BUX98; A T0-3 250 
BUP23B SOT-93 175 BUX99 T0-126 28 
BUP23C SOT-93 175 BUY89 T0-3 80 

BUS11; A T0-3 100 PH3055T PH2955T T0-220 75 
BUS12; A T0-3 125 PH13002 T0-126 28 
BUS13; A T0-3 175 PH13003 T0-126 28 
BUS14; A T0-3 250 TIP29 TIP30 T0-220 30 
BUS21 T0-3 100 TIP29A TIP30A T0-220 30 

16 October 1985 



type number Ptot 
envelope 

w NPN PNP 

TIP29B TIP JOB T0-220 30 
TIP29C TIP30C T0-220 30 
TIP31 TIP32 T0-220 40 
TIP31A TIP32A TO 220 40 
TIP31B TIP32B TO 220 40 

TIP31C TIP32C TO ·220 40 
TIP33 TIP34 SOT 93 80 
TIP33A TIP34A SOT-93 80 
TIP33!3 TIP34B SOT 93 80 
TIP33C TIP34C SOT-93 80 

TIP41 TIP4/ T0-220 65 
TIP41A TIP42A T0-220 65 
TIP41B TIP42B T0-220 65 
TIP41C TIP42C T0-220 65 
TIP47 TO 220 40 

type number 

NPN PNP 

TIP48 
TIP49 
TIP50 
TIP110 TIP11'j 
TIP111 TIP116 

TIP112 TIP117 
TIP120 TIP125 
TIP121 TIP126 
TIP122 TIP127 
TIP130 TIP135 

TIP131 TIP136 
TIP132 TIP1 37 
TIP140 TIP145 
TIP141 TIP146 
TIP142 TIP 14 7 

TIP3055 TIP2955 

TYPE NUMBER 
SURVEY 

Ptot 
envelope w 
T0-220 40 
T0--220 40 
TO -2?.0 40 
T0--2?0 50 
TO- 220 50 

TO 220 50 
T0--220 65 
T0--220 65 
T0--220 65 
T0-220 10 

T0-220 70 
T0-220 70 
SOT-93 125 
SOT-93 125 
SOT 93 125 

SOT 93 100 

TYPE NUMBER SURVEY ACCESSORIES 

type number 

56201d 
56201j 
56261a 
56326 
56339 
56352 
56353 
56354 
56359b 
56359c 
56359d 
56360a 
56363 
56364 
56367 
56368a 
56368b 
56369 
56378 
56379 
56387a 
56387b 

description 

mica washer (up to 500 V) 
insulating bushes (up to 500 V) 
insulating bushes (up to 500 V) 
metal washer 
mica washer (500 to 2000 V) 
insulating mounting support 
spring clip 
mica insulator 
mica washer (up to 1000 V) 
insulating bush (up to 800 V) 
rectangular insulating bush (up to 1000 V) 
rectangular washer (brass) 
spring clip (direct mounting) 
spring clip (insulated mounting) 
alumina insulator (up to 2000 V) 
mica insulator (up to 800 V) 
insulating bush (up to 800 V) 
mica insulator (up to 2 kV) 
mica insulator (up to 1500 V) 
spring clip 
mica insulator (up to 300 V) 
insulating bush (up to 300 V) 

envelope 
--- ----

T0-3 
T0-3 
T0-3 
T0-126 
T0-3 
T0-3 
T0-126/SOT-82 
T0-126/SOT-82 
T0-220 
T0-220 
T0-220 
T0-220 
T0-220 
T0-220 
T0-220 
SOT-93 
SOT-93 
T0-220 
SOT-93 
SOT-93 
T0-126 
T0-126 
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TRANSISTOR RA TINGS 

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 

V CB max 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. 

Vcsmax (IE; O) The maximum permissible instantaneous voltage between collector and base 
terminals, when the emitter terminal is open circuited. 

Emitter to base voltage ratings 

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

VEBmax (le; 0) The maximum permissible instantaneous reverse voltage between emitter and 
base terminals when the collector terminal is open circuited. 

Collector to emitter voltage ratings 

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

NOTE: The term "cut-off" is sometimes replaced by VsE > x volts, or Rs,<;;; y which are equivalent 
RE 

conditions under which the device may be cut-off. 

VcEmax (le; 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 Us; 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 VcE 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 ). 

i'. 
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TRANSISTOR 
RATINGS 
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This curve is divided into two areas: 

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

Rs Vss 
RE, Rs. Zsg. VsE· Is or RB. 

An example of this type of curve is given in Fig. 2 as V CE versus Rs for two different values of 
collector current. RE 

'c1------r 

area 1 

Fig. 1. 

7Z75911 

--1 
I 
I 
\ 
\ 
\ 

area 2 \ 
\ 
\ 

7Z75910 

VcE 1c ~ o 

1c ~ 1cmax 

Fig. 2. 

It should be noted that when RE is shunted by a capacitor, the collector voltage VcE 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 

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

lc(AV)max 

lcM 

Emitter current ratings 

The maximum permissible average value of the total collector current 

The maximum permissible instantaneous value of the total collector current. 

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

IE(AV)max 

IER(AV)max 

The maximum permissible average value of the total emitter current. 

The maximum permissible average value of the total emitter current when 
operating in the reverse emitter-base breakdown region. 

The maximum permissible instantaneous value of the total emitter current. 

The maximum permissible instantaneous value of the total reverse emitter 
current allowable in the reverse breakdown region. 

M"'" ""I 



Transistor ratings J TRANSISTOR 
RATINGS ----

Base current ratings 

lsmax 

ls(AV)max 

lsR(AV)max 

IBRM 

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

The maximum permissible average value of the total base current. 

The maximum permissible average value of the total reverse base current allow­
able in the reverse breakdown region. 

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

The maximum permissible instantaneous value of the total reverse current 
allowable in the reverse breakdown region. 

Transistor power ratings 

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

In order to distinguish between "steady state" and "pulse" conditions the terms "steady state power 
(P5)" 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. 

7Z75912 

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

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

23 
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Thus for any heatsink of known thermal resistance and any given ambient temperature, the maximum 
permissible power dissipation can be established. Alternatively, knowing the power dissipation which 
will occur and the ambient temperature, the necessary heatsink thermal resistance can be calculated. 

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

Tj - Tamb 
Ptot=---­

Rthj-a 

where Rth j-a is 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 (Rth j-mbl, the contact thermal resistance (Rth il and the heatsink thermal 
resistance Rth h· 

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

t 
d (duty factor) = T 

pulse width 

Fig. 4. 

7275913 

The general expression from which the maximum pulse power dissipation can be calculated is: 

Tj -Tamb · Ps x Rthj-a 
p = 

P Zth t + d ( Rth c-a) 

where Zth t and d are given in the above chart and Rth c-a is the thermal resistance between case and 
ambient for case rated device. For mounting base rated device, it is equal to Rth h + Rth i 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 Zth t· 

Temperature ratings 

Tjmax 

Tjmax (continous 
operation) 

Tjmax (intermittent 
operation) 

Tmb 

Tease 

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

The maximum permissible continuous value. 

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

The temperature of the surface making contact with a heatsink. This is confined 
to devices where a flange or stud for fixing onto a heatsink forms an integral 
part of the envelope. 

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

RATING 
SYSTEMS 

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

DEFINITIONS OF TERMS USED 

Electronic device. An electronic tube or valve, transistor or other semiconductor device. 

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

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

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

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

Note 
Limiting conditions may be either maxima or minima. 

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

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

ABSOLUTE MAXIMUM RATING SYSTEM 

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

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

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

DESIGN MAXIMUM RATING SYSTEM 

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

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

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

DESIGN CENTRE RATING SYSTEM 

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

These values are chosen by the device manufacturer to provide acceptable serviceability of the device 
in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation; environmental conditions, and variations in the characteristics of all electronic devices. 

The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal.supply 
voltage. 
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II 
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 shull be used for the representation of instuntaneous vulues 
which vary with time. 
In all other instances upper-case basic letters shall be used. 

Subscripts 

A. a 
(AV).(av) 
B. b 
(BR) 
C, c 
D. d 
E,e 
F, f 
G,g 
K. k 
M,m 
0. Cl 

R, r 

(RMS), (rn:s) 

S, s 

X,x 
Z, z 

Anode terminal 
Average value 
Base terminal, for MOS devices: Substrute 
Breakdown 
Collector terminal 
Drain terminal 
Emitter terminal 
Forward 
Gate terminal 
Cathode terminal 
Peak value 
As third subscript: The terminal not mentioned is open circuited 
As first subscript: Reverse. As second subscript: Repetitive. 
As third subscript: With a specified resistance between the terminal 

not mentioned and the reference terminal. 
R. M. S. value 

j As first or second subscript: Source terminal (for FETS only) 
As second subscript: Non-repetitive (not for FETS) 
As third subscript: Short circuit between the terminal not mentioned 

and the reference terminal 
Specified circuit 
Replaces R to indicate the actual working voltage, current or power 
of voltage reference and voltage regulator diodes. 

Note: No additional subscript is used for d. c. values. 
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Upper-case subscripts shall be used for the indication of: 

a) continuous (d. c.) values (without signal) 
Example IB 

b) instantaneous total values 
Example iB 

c) average total values 
Example IB(AV) 

d) peak total values 
Example IBM 

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

II 

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

a) instantaneous values 
Example ib 

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

c) peak values 
Example Ihm 

d) average values 
Example lb(av) 

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

Additional rules for subscripts 

Subscripts for currents 

Transistors: 1f it is necessary to indicate the terminal carrying the current, this should 
be done by the first subscript (conventional current flow from the external 
circuit into the terminal is positive). 

Diodes: 

28 

Examples: In, in. ib, Ihm 

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

Examples: IF, IR• iF, lf(rms) 
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LETTER SYMBOLS 

Subscripts for voltages 

Transistors: If it is necessary to iudicatc the points between which a voltage is meas­
ured, this should be done by the first two subscripts. The. first subscrirt 
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 mav be omitted. 

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 catl10de) the subscript R or r should be used. 

Subscripts for supply voltages or supply currents 

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

Examples: V , I 
CC EE 

Note: lf it is necessary to indicatP a q~ference terminal, this should be done by a third 
subscript 

Example: VccE 

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 
appr-ipriatc letter for tltc terminal followed by a number; in the case of multiple sub­
scripts, hyphens may be necessary to avoid misunderstanding. 

Subscripts for multiple devices 

Examples: 1132 = continuous (d. c.) current flowing 
into the second hasc terminal 

V 132 _ E = continuous (d. c.) voltage between 
, the terminals of second base and 

emitter 

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

February 1974 I 

Examples: 12c =continuous (d. c.) current flowing 
into the collector terminal of the 
second unit 

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

lc(avJ 

l 
le 

(no signal) 

0 .____,...,_._l ----'---'-----'------'--
time n•s••• 

LETTER SYMBOLS FOR ELECTRICAL PARAMETERS 

Definition 

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

Basic letters 

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

B, b susceptance~ imaginary part of an admittance 

C capacitance 

G, g conductance; real part of an admittance 

H, h hybrid parameter 

L inductance 

R, r resistance; real part of an impedance 

X, x reactance: imaginary part of an impedance 

Y, y admittance; 

Z, z impedance; 
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LETTER SYMBOLS 

Upper-case letters shall be used for the representation of: 

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

b) all inductances and capacitances. 

Lnwer-(~t~:c letter~; shJ.ll he u:;cd f()r the rcprcscnt~ltjon of clcctric~l par.:1;nctcr.s inher­
ent in the device (with the exception or inductances and capacitances). 

Subscripts 

General subscripts 

The following is a list of the most important general subscripts used for electrical parn­
mct"rs of sL·miconductor dtcviccs: 

F, f 
1, i (or 1) 
L, 1 
0, o (or 2) = 
R, r 
S, s 

forward; forward transfer 
input 
load 
output 
reverse; reverse transfer 
source 

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

st,1tic value of forward current transfer ratio in common­
emitter configuration (d. c. current gain) 

RE d. c. v<llue of the external emitter resistance. 

Note: The static value is the slope of the line from the origin to the operating point on 
the c1ppropriate ch<iracteristic curve, i.e. the (]Uotient of the appropriate dectri­
c<il quantities at the operating point. 

The lowC>r-case variant of ·1 subscript shall be used for the designation of small-signal 
vulues. 

Examples: h[e small-signal value of the short-circuit forward 
current transfer ratio in common-emitter confi­
guration 

Ze = Re+ jXe = 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 

February 1974 II II 31 



LETTER SYMBOLS 

II 
Subscripts for four-pole matrix parameters 

The first letter subscript (01: double numeric subscript) indicates input, output, forward 
transfer or reverse transfer 

Examples: hi (or h11) 
h (or h22) 
h~ (or h21 J 
hr (or li12) 

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

Examples: hfe (or h21e), hFE (or h21E) 

Distinction between real and imaginary parts 

If it is necessary to distinguish between real and imaginary parts of electrical parame­
ters, no additional subscripts should be used. If basic symbols for the real and imagina­
ry parts exist, these may be used. 

Examples: Zi = Ri + jXi 

yfe = gfe + jbfe 

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 \b 

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

TRANSISTOR SAFE OPERA TING AREA 

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

-· Maximum collector current. 
- Maximum collector-emitter voltage. 
- Maximum power dissipation. 
- Second breakdown limit. 

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

Collector current 

Maximum collector current lcmax is specified in the data sheets for d.c. operation. For pulsed 
operation a higher collector current lcmax is permitted, for a defined maximum pulse length 
(max. 20 ms) and duty factor (usually 0,01 ). 

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

Collector-emitter voltage 

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

Power dissipation 

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

80 

ptot 

IWI 

60 

40 

20 

-

1\. 

% 

50 

7Z82917 

~ 
~ 

"!.. cs 
100 150 

Tmb 1°c1 

150 ~~~~~~~~~-·-1z_11_0~" 
maximum permissible dissipation 
versus mounting base temperature 

p tot 1-++++--++++-+-+-1-+-+-+-H-+-+-+-+ 
(%) H--H-+-t-t-+-++-t-t-t+-H-Ht-t-+-f 

100H--t-l-!-tr++-++-t-+-t++-+-H-t-+-f 

50H--H-+-H-+-+-Hrl--t-+-+-+·-H-t-+-f 

Fig. 1 Power derating curve. 
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SOAR J 
Total power dissipation is given by 

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

junction 
mounting 

base 

Ptot-

j Rthj-mb mb 

o----c:::J---0 -

l_t.Tj-mb _I 
Tj Tmb 

7Z89359 

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

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

For pulsed operation a higher dissipation is permitted, because 

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

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

Analogy with 

P _ Tj -Tmb 
tot -

Rth j-mb 

yields 

Tj-Tmb 
PtotM=---

Zth j-mb 

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

7Z73019.1 

5=1 
i::::::::::::::::=:=::::;;~~:::::::===itr-~~~-RthJ-mb 

Zth (0=1) curve 
made to coincide 
with Rth j-mh curve 

pulse duration tp 

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

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

'2 
Ptot max . tp = f P · tp. 

•1 

7 ,5 l-++-t--t-+-+-t-t--+-+-1+ .T I TT-+--
t--+-+-t--+-+-t--+-+-t--+-+-1 equ 1va ent -+--
1-+-t-tr-+-+-+--+-+-+-+--ij_ /rectangular -+--
1-+-t-tr-+-+-1--+-+-+-+-J., pulse -+-­

7289360.1 

Ptot 

(W) i... 

IZILlLILIL p M -+-+--t-t--1 
~ 

2,5 J-1'-+-+-+--ilf-JZ'!'--,)'-JL]if-JLl?f-k'.:"*711+--t--+l+-+-+--i-+-i 

~ 
I _t-1 'l7J:/'ILV 

_L 

o "'4--'-'--'-.1...JLJ-"-"lLl:..i.wk:'l~IL.Ja.J.....J...Jl..!.L...L....J:~=-i-.i 
t1 t (µs) 

Fig. 4. 
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Second breakdown 

In the forward-biased condition second breakdown is thermally triggered. Consider the chip as a large 
number of elemental transistors in parallel, some of which will have a lower forward voltage drop than 
others. Current will tend to concentrate in these, raising their temperature and further lowering their 
forward voltage drop. Current will concentrate still further, leading to local overheating and eventually 

- to a short circuit between emitter and collector. This effect is dependent of mounting base tempera­
ture, which is related to the average junction temperature. Under reverse-bias conditions, when VcE is 
greater than VcEOmax. the chance of second breakdown is always present. This is a particular hazard 
in timebase and converter applications. 

36 

THE SOAR BOUNDARIES 

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

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

October 1985 
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EXTENDING THE SOAR FOR SINGLE-SHOT AND REPETITIVE PULSED OPERATION 

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

ICMmax 

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

le 

(A) 

10 

7Z89357 

leMmax 
~ 

::s: 
le max l'I.. 

-3: ~ 
~ 

ho 

\ 

VeEOmax 

l lll 
10 

VeE (V) 

Fig. 6 Maximum collector current and 
collector-emitter voltage boundaries. 
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Ptot max 
The Ptot max boundary given in the data sheet usually applies to: 

T mb = 25 oc; o = 0,01 and tp =a range of values, say, 5 µs to 2 ms. 

For any deviations from these values a new Ptot max boundary must be constructed. 
From 

p _ Tj max - T mb . 
tot Mmax - Z ' 

th j-mb 

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

Tj max = 150 °c; T mb = 80 oc; tp = 0,2 ms and o = 0, 1. 

From Fig. 7, Zth j-mb = 0,5 K/W for the given values of tp and o. 
150- 80 

Ptot Mmax = ---=140W. 
0,5 

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

Zthj-mbt---+-++-+-++rtt--+--+-+-+++t+t---+-++-t-++rtt--+--+-t--++tii1r--t--t--t-t-++-tt--+--+-t--++ttti 
(K/W)~--1--+-1+1-1+1-~--1--+-1-++++H--+--H-++++H--+--+-4~+++1--+--+-4~+++1--+-+-+-++H-H 

6 = 1 +-<-++++++--+-+-+-<-++++t--+--+-t-++++++--+-+-+-t-++t-tt--+--+-+-++++++--+--t Rth j-mb 

2~+:!=f+i+m==r++n++:~~H+~~44+!+~~1--i:±;tte+4;i--:;s;~e::~m:1 
~ I-" 

t-07 

I~ 

05 

._Q.O~~~J...1"9..H'fl'f---+-++++++H---1-+-+++++++---+-+++ti+H---!-+-++ti++---+--H+Mf+H 

0 ...-00,1 
10-s 10-2 tP (s) 10 

Fig. 7 Transient thermal impedance for example. 

38 October 1985 



TRANSISTOR DATA 





l ~419 

HIGH-VOLTAGE TRANSISTOR 

Silicon n-p-n transistor in T0-126 plastic envelope intended for use as a driver for line output transistors 
in colour tv receivers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T mb = 90 °c 

Junction temperature 

D.C. current gain 
Jc= 20 mA; Vee= 10 V 

Storage time 

MECHANICAL DATA 

Fig.1 T0-126 (SOT-32) 

Collector connected to 
mounting base 

max ..... 12,71.._ 

+ 
3,2 
3,0 

Vcso max. 

Vceo max. 

ICM max. 

Ptot max. 

Ti max. 

hFE typ. 

ts typ. 

I._ 7,8 max ..... I 

_th_ -3j5 I 
~ 11,1 

300 v 
250 v 
300 mA 

6 w 
150 oc 

45 

0.5 µs 

Dimensions in mm 

a / max 

......-,+r---n--l 
+ 

e c' 

..... t_ 
0,5 

o,ss __ l I.._ . . 
max :.J [.._ 

12,291 

i 
15,3 
min 

1 
7Z59324.2 

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

See also chapters Mounting Instructions and Accessories. 

-
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RATINGS 

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

Collector-base voltage (open emitter) Vcso max. 300 v 
Collector-emitter voltage (RBE.;;; 1 kn) VcER max. 300 v 
Collector-emitter voltage (open base) VcEO. max. 250 v 
Emitter-base voltage (open collector) VEBO max. 5 v 
Collector current (continuous) le max. 100 mA 

Collector current (peak value) * ICM max. 300 mA 

Tot;il power dissipation-up to T mb = 90 °c Ptot max. 6 w 
up to T amb = 70 °c Ptot max. 0.8 w 

Storage temperature Tstg -65 to +150 oc 

Operating junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 10 K/W 
From junction to ambient Rth j-a 100 K/W 

* Precautions should be taken during switch-on of the BF419 where an overshoot of current is I ikely 
to occur. The amplitude of the overshoot depends on the relative magnitude of stray external 
capacities to the transistor collector capacity. It is desirable to keep the stray capacities to a minimum 
by short lead lengths etc. so as to minimise the area of the switching path. 
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High-voltage transistor BF419 

CHARACTERISTICS 

Tj = 25 °c 

Collector cut-off current 
IE=O;Vcs=250V lcso < 50 nA 

Emitter cut-off current 
le= O; VEB = 3 V IEBO < 50 nA 

D.C. current gain 
le= 20 mA; VcE = 10 V hFE typ. 45 

Collector-emitter saturation voltage 
le= 200 mA; Is= 20 mA * VcEsat < 11 v 

Collector output capacitance at f = 1 MHz 
IE= O; Vcs = 30 v CTc < 4.5 pF 

Storage time 
(in the typical circuit below) ts typ. 0.5 µs 

* The SF419 is controlled to VcEsat max. 11.0 Vandis thermally stable under all operating 
conditions where Tj max of 150 oc is not exceeded. For the typical circuit shown below, a heatsink 
is not required for operation with T amb,;:;; 70 °c. 

** 

---------"'i160V 

AT4043/50 E 

BF419 

D8248A 

F ig.2 Typical circuit. 

Rs is chosen so that the end-of-scan base current for the SU508A is 1.4 A under nominal 
conditions. Typical value of Rs is 0.5 n plus 0.1 n lead resistance. 
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BF419 

082t.9 

I -~~-+-+-+-II .... II+----+---+---t-+ 6 = 0. 01 -~....._,.-+-+-+-+++----+---+-1.-+-+-+-+-++t 
CM max 

le 1---...__.__._......, ....... ...__-t-'IMl~-H"llt-lo~-r"""'il:-,tp = 1-++-++H-~..__....._-+-1-+-++H 
(mA) Repetitive pulse operation ~~ ~ 5µs Tmb ~ 90 'C 

Icmax 5m~ ~ ~O 
102 r~-~~~~E[tfj~~~~~~~~~~~8~lf30~~63~~~~E§~!ffl3 

I ~3; 50 1-++-++H--+---+--+-1-+-++H 
1----1--+--<1-+-+-+-1-H Second ~ >-+-<_,_~,._"X..,_~.,_K........,-+-+-i-+-+++---+--+--+--+-+-+++< 
\----+--+--+-1-+-+++l breakdown "".'\ 
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High-voltage transistor BF419 
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BF419 l __ _ 
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BF457 to BF459 

SILICON PLANAR TRANSISTORS 
for video output stages 

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

QUICK REFERENCE DATA 

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

Collector current (peak value) lcM 
Total power dissipation up to T mb = 90 °c Ptot 
Junction temperature Tj 

D.C. current gain at Tj = 25 oc 
le= 30 mA; VcE = 10 V hFE 

Transition frequency 
le= 15 mA; VcE = 10 V fT 

Feedback capacitance at f = 1 MHz 
IE= O; Vcs = 30 v Cre 

MECHANICAL DATA 

Collector connected to metal part of mounting surface 

T0-126 (SOT-32) -i~xl._ 

a + 
3,2 
3,0 

+ 

BF457 

max. 160 

max. 160 

max. 

max. 

max_ 

> 

typ. 

< 

1-1.emax-+1 

BF458 BF459 

250 300 v 
250 300 v 
300 mA 

6 w 
150 oc 

26 

90 MHz 

3,5 pF 

Dimensions in mm 

15,3 
min 

e c · b ,..· __________,_ 1 
JI_ 

0,5 

o,aa_jl._. . 
max ~ I._ 

12,291 

7Z59324.2 

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

See also chapters Mounting instructions and Accessories. 
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BF457 to 459 

11 
,. __ RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

BF457 BF458 BF459 

Collector ,·base voltage (open emitter) VcBO max. 160 250 300 v 
Collector-emitter voltage (open base) VcEO max. 160 250 300 v 
Emitter-base voltage (open collector) VEBO max. 5 5 5 v 

----. 

Collector current (d. c.) le max. 100 mA 

Collector current (peak value) IcM max. 300 mA 

Base current (d.c.) IB max. 50 mA 

Total power dissipation up to Tmb = 90 °c Ptot max. 6 w 

Storage temperature Tstg -55 to +150 QC 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient Rth j-a 104 K/W 

From junction to mounting base Rth j-mb 10 K/W 
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II 
CHARACTERISTICS 

Collector cut -off current 

IE= O; Vcs =JOO v for BF457 

IE = O; VcB = 200 v for BF458 

IE= 0; VCB = 2SO V for BF459 

Emitter cut -off current 

Ic = 0; VEB = 3 V 

D. C. current gain 

Ic = 30 mA; VcE = 10 V 

Collector -emitter saturation voltage 

Ic = 30 mA; IB = 6 mA 

High frequency knee voltage at Tj = 150 °c 

Ic = 50 mA 

Bf45i' to 459 

Ti = 25 °c unless otherwise specified 

< 50 

!EBO < 50 nA 

hFE > 2'' •:) 

VcEsat < v 

VcEK typ. 15 v 

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 VcE = 50 V. A further reduction of the collector-emitter volt~ge re­
sults in a rapid increase of the distortion of the signal. 

Transition frequency at f = J 00 MHz 

Ic = 15 mA; VcE = 10 V fT typ. 90 MHz 

Feedback capacitance at f = 1 MHz 

IE = O; VcB = 30 v Cre ,, 3,5 pF 

Output capacitance at f = 1 MHz 

IE = O; VcB = 30 v Coe < 4,5 pF 
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BF457 to 459 

II 
7Z670681 
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BF457 to 459 
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BF457 to 459 
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BF469 
BF471 

SILICON PLANAR EPITAXIAL TRANSISTORS 

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

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage 
open base 
ABE= 2,7 kil 

Collector current (peak value) 

Total power dissipation up to T mb <;;;; 114 oc 

Junction temperature 

D.C. current gain 
le= 25 mA; VcE = 20 V 

Transition frequency 
le= 10 mA; VcE = 10 V 

Feedback capacitance at f = 0,5 MHz 
IE= 0; VcB = 30 V 

MECHANICAL DATA 

Fig. 1 T0-126 (SOT-32). 

Collector connected 
to mounting base a 

__ 2.7 r 1max 

.. I I 4,58 I 1- __IL .. 
0,5 

See also chapters Mounting instructions and Accessories. 

BF469 BF471 

VcBO max. 250 300 v 

max. 250 - v Vern 
VcER max. 300 v 
lcM 

Ptot 

Tj 

max. 

max. 

max. 

> 

> 

< 

100 

1,8 

150 

50 

60 

1,8 

mA 

w 
oc 

MHz 

pF 

Dimensions in mrn 

+ 
3,2 
3,0 

+ 

1- 7,8 max --1 

.Th. T.f 
~ 11,1 

1 
max 

'--n--.h--n--'~ 
15,3 
min 

e e b .. ·_ ~i 
o,ee_jl._. . 
max ~ 1-

7Z59324.2 

12,291 
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BF469 
BF471 l __ _ 
RATINGS 

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

BF469 BF471 

Collector-base voltage (open emitter) Vcso max. 250 300 v 
Collector-emitter voltage 

RsE = 2,7 Hl VcER max. 300 v 
open base VcEO max. 250 v 

Emitter-base voltage (open collector) VEBO max. 5 v 
Collector current (d.c.) le max. 50 mA 

Collector current (peak value) lcM max. 100 mA 

Total power dissipation up to T mb = 114 °c * Ptot max. 1,8 w 
Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 20 K/W 
From junction to ambient in free air* Rth j-a 100 K/W 

* Transistor mounted on a printed-circuit board, maximum lead length 4 mm, mounting pad for 
collector lead minimum 10 mm x 10 mm. 
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Silicon planar epitaxial transistors BF469 
BF471 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE=O;Vcs=200V 'cso < 10 nA 
RsE = 2,7 kil; VcE = 200 V; Tj = 150 oc lcER < 10 µA 

Emitter cut-off current 
le= O; VEB = 5 V IEBO < 10 µA 

D.C. current gain 
lc=25mA;VcE=20V hFE > 50 

High-frequency knee voltage at Tj = 150 OC* 
le= 25 mA VcEK typ. 20 v 

Transistion frequency 
le= 10 mA; VcE = 10 V fT > 60 MHz 

Feedback capacitance at f = 0,5 MHz 
IE=O;Vcs=30V Cre < 1,8 pF 

* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
VcE = 50 V. 
A further reduction of the collector-emitter voltage results in a rapid increase of the distortion of 
the signal. 
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BF469 
BF471 l __ _ 

7Z78809 
10 3 r::::==c:=r::::c:icr::o:o::==::::::i~:::r:::r:::r:lr:ttn 

le 
(mA)l--~~l---+---1--+-+++++~~-+~+--+-+-l-++H 

1L-~~.____.___._,__._ ................. ~~-'-....L....._...._ .......................... 
10 102 VcE (V) 103 

Fig. 2 Safe Operating ARea at T mb = 114 oc. 

Region of permissible d.c. operation. 

11 Permissible extension for repetitive pulse operation. 

(1) Ptot max and Ppeak max lines. 
(2) Second breakdown limits (independent of temperature). 
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Silicon planar expitaxial transistors BF469 
BF471 

TTTJ 
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Silicon planar epitaxial transistors 
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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) 

Collector-emitter voltage 
open base 

RBE = 2,7 k.Q 

Collector current (peak value) 

Total power dissipation up to T mb = 114 oc 

Junction temperature 

D.C. current gain 
-le= 25 mA; -VcE = 20 V 

Transition frequency 
-le= 10 mA; -VcE = 10 V 

Feedback capacitance at f = 0,5 MHz 
IE= O;-Vcs = 30 v 

MECHANICAL DATA 

Fig. 1 T0-126 (SOT-32). 

Collector connected 
to mounting base. 

max -12,71..,._ 

JI.._ 
0,5 

See also chapters Accessories and Mounting Instructions. 

-Vcso 

-Vern 

-Vern 

-lcM 

Ptot 

Tj 

hFE 

fT 

Cre 

' 3,2 
3,0 

+ 

BF470 BF472 

max. 250 300 v 

max. 250 v 
max. 300 v 
max. 100 mA 

max. 1,8 w 
max. 150 oc 

> 50 

> 60 MHz 

< 1,8 pF 

Dimensions in mm 

I...__ 7,8 max_.., 

-~~ y 11,1 
[ max 

~~l 
I 

15,3 
min 

e c' b.,.·~ 1 
o,aa__,..[[..._. . 
max _J l--

7259324.1 

J2,29J 
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BF470 
BF472 l __ _ 
RATINGS 

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

BF470 BF472 

Collector-base voltage (open emitter) -Vcso max. 250 300 v 
Collector-emitter voltage 

RsE = 2,7 kQ -VcER max. 300 v 
open base -VcEO max. 250 v 

Emitter-base voltage (open collector) -VEBO max. 5 v 
Collector current (d.c.) -le max. 50 mA 

Collector current (peak value) -lcM max. 100 mA 

Total power dissipation up to T mb = 114 oc * Ptot max. 1,8 w 
Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

- THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 20 K/W 
From junction to ambient in free air • Rth j-a 100 K/W 

* Transistor mounted on a printed-circuit board, maximum lead length 4 mm; mounting pad for 
collector lead minimum 10 mm x 10 mm. 
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Silicon planar epitaxial transistors BF470 
BF472 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE =O;-Vcs = 200 v -lcso < 10 nA 
RsE = 2,7 krl; -VcE = 200 V; Tj = 150 oc -lcER < 10 µA 

Emitter cut-off current 
le= O; -VEB = 5 V -IEBO < 10 µA 

D.C. current gain 
-le= 25 mA; -VcE = 20 V hFE > 50 

High-frequency knee voltage at Tj = 150 OC* 
-le= 25 mA -VcEK typ. 20 v 

Transition frequency 
-le= 10 mA; -VcE = 10 V fy > 60 MHz 

Feedback capacitance at f = 0,5 MHz 
IE=O;-Vcs=30V Cre < 1,8 pF 

* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
-VcE = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of 
the distortion of the signal. I A"'"" 1983 63 



BF470 
BF472 

le 
(mA)l--~~~-l--+-+-+-+-1-++-~~-+-~-l---+-+-11-+++-1 

1L-~~L---1--...l.-l.-L...U..U...~~...L..-'-J..-...L-..l.....l ........ .L...U 

10 102 VcE (V) 103 

Fig. 2 Safe Operating ARea at T mb = 114 °c · 

I Region of permissible d.c. operation. 

11 Permissible extension for repetitive pulse operation. 

(1) Ptotmax and Ptotpeak max lines. 
(2) Second breakdown limits (independent of temperature). 
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Silicon planar epitaxial transistors BF470 
BF472 
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BF470 
BF472 l __ _ 
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Fig. 7 IE= O; f = 1 MHz; Tj = 25 oe. 



Silicon planar epitaxial transistors 
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7Z78604 

IL 
v 

max -)7 y 
v lL 

lZ 

Tl ?-
Wp,/ 

T7 v I 

7 

C1 
Vi 

0 50 100 T· (oe) 150 
J 

Fig. 10 -Vea= 200 v. 

BF470 
BF472 

f-----l--+--l-l--l-1-11-1-l-~-l----+--l-l-+HfH 

hFE 1----l-~f--+--++++++---l~f-~--++++H 

typ 

10 2 l---r 
1----l----" min 

1L----''--'--l.....l...J...J....U..L-__Jl-..'--'-....1...J....W...U 
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Fig. 9 -VeE = 20 V; Tamb = 25 °e. 
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Bf 583 
Bf 585 
Bf 587 

SILICON PLANAR EPITAXIAL TRANSISTORS 

N-P-N transistors in T0-202 plastic envelope, intended for use in video output stages in black-and­
white and in colour television receivers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Vcso 

VcEO 

Collector current (peak value) 

Total power dissipation (free air) 

D.C. current gain 
le= 25 mA; VcE = 20V 

Transition frequency 
-IE= 10 mA; Vcs = 10 V 

Junction temperature 

MECHANICAL DATA 

Fig. 1 T0-202. 

2 

lcM 

Ptot 

hFE 

fT 

Tj 

•-10,4max -.L-' 
__,.. 3,8 --

3,6 • 

' ';' 1 
I 2~.2 

max 

_+ ~"""'-"-· 11 2 4max 111 ' +-·--=>-< =!!<"- ·---t-

3() 
2,4max 

J l _jj~8:~ (3x) 

2,54 2,54 

( 1) Plastic flash allowed within this zone. 

I 
I 

max. 

max. 

max. 

max. 

min. 

max. 

BF583 
---

300 

250 

t 
8, 6 

x ma 
I • 
i 

12, 
mi 

I 

2 
n 

__ + 

BF585 BF587 

350 400 v 
300 350 v 

100 mA 

1,6 w 

50 

70 to 110 MHz 

150 oc 

Dimensions in mm 

§4~6 
max 

1 
10 7l75737 
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BF583 
BF585 
BF587 

RATINGS 

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

eF583 eF585 eF587 

Collector-base voltage (open emitter) Vceo max. 300 350 400 v 
Collector-emitter voltage (open base) VcEO max. 250 300 350 v 
Emitter-base voltage (open collector) VEeO max. 5 v 
Collector current 

d.c. le max. 50 mA 
peak value ICM max. 100 mA 

Total power dissipation in free air 
up to Tamb = 25 °c Ptot max. 1,6 w 

Total power dissipation 
up to T mb = 25 oc Ptot max. 5,0 w 

Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient Rthj-a max. 78 K/W 

From junction to mounting base Rth j-mb max. 25 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE= O; Vee= 300 v lceo .;;;; 20 nA 

Collector-emitter cut-off current 
VcE = 250 V; ReE = 2,7 kil; 
Tj = 150°c ICER .;;;; 20 µA 

Emitter cut-off current 
le= 0; VEB = 5 V IEeO .;;;; 10 µA 

High-frequency knee voltage 
le= 25 mA; Tj = 150 oc VcEK 20 v 

D.C. current gain 
le= 25 mA; VcE = 20 V 

hFE 
;;;., 50 

le= 40 mA; VcE = 20 V ;;;., 20 

Transition frequency 
-IE= 10 mA; Vee= 10 V fy 70to 110 MHz 

Feedback capacitance at f = 1 MHz 
IE= O; Vee =30V Cre .;;;; 1,8 pF 

Collector capacitance at f = 1 MHz 
IE=O;Vce=30V Cc .;;;; 2,5 pF 
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Silicon planar epitaxial transistors 
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7Z92782 
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Fig. 2 Maximum permissible 
power dissipation. 
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I">. 

"' ~ 
l\. 
-~ 

~ 
_s. 

40 80 120 
T mb 1°eJ 

Fig. 3 Typical values. 
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Fig. 4 Tj = 25 °c; VcE = 20 V; typical values. 
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Fig. 5 VcE = 10 V; f = 100 MHz; 
typical values. 
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\ 
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to., .:.:..-~ 

~ 
F- - -i 

max 

r-....... 
typ 
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Fig.6 IE=O;f=1MHz. 
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BF591 
BF593 

SWITCHING TRANSISTORS FOR TELEPHONY APPLICATIONS 

Silicon n-p-n transistors in a T0-202 outline, intended for use in PABX and similar telephone systems. 

QUICK REFERENCE DATA 

Collector-emitter voltage (open base) 

Collector-base voltage (open emitter) 

Collector current 

Total power dissipation 
up to Tamb = 55 oc 

Current gain 
le= 20 mA; VcE = 5 V 

le= 100 mA; VcE = 6 V 

Output admittance at f = 1 kHz 
le= 100 mA; VcE = 5 V 

MECHANICAL DATA 

Fig. 1 T0-202. 

1 

2-EQ 
3 

( 1) Plastic flash 
allowed within 
this zone. 

Vern max. 

VcBO max. 

le max. 

Ptot max. 

hFE = hfe min. 

hFE(hfe) 

- 3,8 --
-10,4max -1-. 

3,6 • 

y -'j' 

t 

24,2 
max 

j 
2,4max . 

min. 

typ. 

0,5 -rr 

BF591 

t 
8,6 

max 

+ 

I 
12,2 
min 

170 

210 

1. 2 3, 

J i-1~8:~t3x) 
_J 

f.11--o,5 
2,54 2,54 

-+I -1.6 e _j6 
ax 

10 7Z75737 

BF593 

210 v 
250 v 

150 mA 

1,3 w 

30 

30(20) 

7 mS 

Dimensions in mm 
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BF591 
BF593 l __ _ 
RATINGS 

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

Collector-emitter voltage (open base) 

Collector-base voltage (open emitter) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Total power dissipation 
up to Tamb = 55 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector-emitter breakdown voltage 
open base; le= 10 mA 

Collector-base breakdown voltage 
open emitter; le= 0, 1 mA 

Emitter-base breakdown voltage 
open collector; IE = 0, 1 mA 

Base-emitter voltage 
le= 25 mA; VcE = 5 V 

Collector cut-off current 
open emitter; Vcs = 60 V 

VsE = O;VcE = 60V;Tj = 140°C 

D.C. current gain* 
le= 20mA; VcE = 5 v 
le= 100mA;VcE=6V 

le= 150mA;VcE=7V 

Small-signal current gain 
le= 20 mA; VcE = 5 V 

le= 100mA; VcE = 6 v 
Output admittance at f = 1 kHz 

le= 100mA;VcE=5V 

VcEO 

Vcso 

VEBO 

le 

Ptot 

Tstg 

Tj 

Rth j-a 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

VsE 

lcso 

ICES 

hFE 

hFE 

hFE 

hfe 

hfe 

hoe 

* Measured under pulse conditions; tp = 300 µs; ll = 0,01. 
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max. 

max. 

max. 

max. 

max. 

max. 

max. 

;;;. 

;;;. 

;;;. 

;;;. 
.;;;. 

< 
< 

;;;. 
;;;. 

;;;. 

;;;. 

;;;. 

typ. 

BF591 BF593 

170 210 v 
210 250 v 

5 v 
150 mA 

1,3 w 
-65 to+ 150 oc 

BF591 

170 

210 

150 oc 

73 K/W 

BF593 

5 

0,65 
0,85 

50 

1,0 

30 

30 

20 

30 

20 

7 

210 v 

250 v 

v 

v 
v 

nA 

µA 

mS 



Switching transistors for telephony applications 
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Fig. 2 Maximum permissible power dissipation. 
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Fig. 4 Tj = 25 oc. 
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Fig. 5 Tj = 25 °C; VcE = 5 V; typical values. 
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l BF819 

SILICON PLANAR TRANSISTOR 

N-P-N transistor in T0-202 piastic envelope intended for use as a driver for line output transistors in 
colour television receivers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector current (peak value) 

Total power dissipation up to T mb = 75 °c 

Junction temperature 

D.C. current gain 
le= 20 mA, VcE = 10 V 

Storage ti me 

MECHANICAL DATA 

Fig. 1 T0-202. 

Collector connected 
to mounting base. 

( 1) Plastic flash allowed 
within this zone. 

BF819 

I 

L-~~-j I 
2 4max 111 ' 

2 

3-© 
BF819A 

'+--- ~t--
2,4max 

1. 2 3 

J i-1~8:~ (3x) 

2,54 2,54 

B --!,6 
max 

+­t 
10 

Vcso 

Vern 

lcM 

Ptot 

Tj 

hFE 

ts 

0,5 

-11-

t 
s:e 

max 

~~-+ 
I I 
~

. 12,2 
min 

_l 
I 1.-os 

- ---1,6 

7Z75737 

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

max. 300 v 
max. 250 v 
max. 300 mA 

max. 6 w 
max. 150 oc 

typ. 45 

typ. 0,5 µs 

Dimensions in mm 
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BF819 J 
RATINGS 

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

Collector-base voltage (open emitter) Vcso 

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 Tamb = 75 oc 

Total power dissipation up to T mb = 75 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient in free air 

From junction to mounting base 

- CHARACTERISTICS 

Tj = 25 °c 
Collector cut-off current 

IE=O;Vcs=250V 

Emitter cut-off current 
le= O; VEB = 3 V 

D.C. current gain 
le= 20 mA; VcE = 10 V 

Collector-emitter saturation voltage 
le= 200 mA; Is= 20 mA** 

Collector output capacitance at f = 1 MHz 
IE=O;Vcs=30V 

Storage time (see Fig. 2) 
Icon= 100 mA; I Bon= 10 mA; -IBoff = 20 mA 

VcEO 

VEBO 

le 

ICM 

Is 

Ptot 

Ptot 

Tstg 

Tj 

Rthj-a 

Rthj-mb 

ICBO 

IEBO 

hFE 

VcEsat 

Cob 

ts 

max. 300 v 
max. 250 v 
max. 5 v 
max. 100 mA 

max. 300 mA 

max. 50 mA 

max. 1,2 w 
max. 6W 

-65 to + 150 oc 

max. 150 °c 

62,5 K/W 

12,5 K/W 

< 50 nA 

< 50 nA 

typ. 45 

< 11 v 

< 4,5 pF 

< 1,4 µs 

Precautions should be taken during switch-on of the BF819 where an overshoot of current is likely 
to occur. The amplitude of the overshoot depends on the relative magnitude of stray external 
capacities to the transistor collector capacity. It is desirable to keep the stray capacities to a 
minimum by short lead lengths etc. so as to minimize the area of the switching path. 
The B FB 19 is control led to V CE sat max. 11,0 V and is thermally stable under all operating 
conditions where Tj max of 150 oc is not exceeded. For the typical circuit shown in Fig. 2, a 
heatsink is not required for operation with Tamb < 75 oc. 
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Si I icon planar transistor 
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Fig. 2 Test circuit and switching waveforms. -
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BF819 J 
7 Z85021. 1 

t-----t----+--+---+-+-+-++t-----+-+-+-1---1'-+-+--+-H 

BF819 y I 
10- 3 '--~-'--'--'--'-...__,_'-'-'--~~"'---'--'--'--'--'-....L..J...1.J...J 

April 1981 

10 VcE(V) 

Fig. 3 Safe Operating ARea; T mb = 25 °c. 
I Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 

( 1) Second breakdown I imits {independent of temperature). 



Silicon planar transistor l ____ s_Fa_1_9 __ 

10'1::===l=:::t=l::i:t±±±t==:±::±:±:±±±±±±==::±=±::i:±±±t±±===t:=±::::!=±:t±±±t==:±:~ 
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10-2 10 le (mAI 

Fig. 4 D.C. current gain. Vcs = 10 V. 
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Fig. 5 Pulse power rating chart. 
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BF819 J 
7282954 
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Fig. 6 S.B. voltage multiplying factor at the lcmax level. 
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Fig. 7 S.B. current multiplying factor at the V CE Orn ax level. 
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Silicon planar transistor 

7Z82951 

Cob 1-+-1-+-1-++-''+-+-1--+-1-+-1--+-+-11--+--+-1 
(pF)1-+-+--1--+-+-+-+-+-+-+-+4--+-11--+-+-+-+-+-l 
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Fig. 8 Collector output capacitance 
f=1 MHz;IE=O. 
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Bf 857 
Bf 858 
Bf 859 

SILICON PLANAR VIDEO OUTPUT TRANSISTORS 

N-P-N transistors in T0-202 plastic envelopes intended for video output stages in black-and-white 
and in colour television receivers. 

QUICK REFERENCE DATA 

BF857 BF858 BF859 

Collector-base voltage (open emitter) Vceo max. 160 250 300 

Collector-emitter voltage (open base) Vern max. 160 250 300 

Collector current (peak value) lcM max. 300 

Total power dissipation up to T mb = 75 °c Ptot max. 6 

Junction temperature Tj max. 150 

D.C. current gain 
le= 30 mA; VcE = 10 V hFE > 26 

Transition frequency at f = 35 MHz 
le= 15 mA; VcE = 10 V fT typ. 90 

Feedback capacitance at f = 1 MHz 
IE= O; Vee= 30 v Cre < 3 

v 
v 
mA 

w 
oc 

MHz 

pF 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-202. 

Collector connected 
to mounting base. 

( 1) Plastic flash allowed 
within this zone. 

2 

3-© 

A-version 

3,8 

24,2 
max 

_, -~-· j 2,4max111 
.--- --t-

2,4max 

1' 3, 

_I l i:8:~13x) 
2,54 2,54 

t 
8,6 

max 

+ 

I 
12,2 
mm 

I 

Jll~ 
-1,6 

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

Top view 

7Z7573? 
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BF857 
BF858 
BF859 

RATINGS 

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

BF857 BF858 BF859 

Collector-base voltage (open emitter) Vcso max. 160 250 300 v 
Collector-emitter voltage (open base) Vern max. 160 250 300 v 
Emitter-base voltage (open collector) VEBQ max. 5 5 5 v 
Collector current (d.c.) le max. 100 mA 

Collector current (peak value) lcM max. 300 mA 

Base current (d.c.) Is max. 50 mA 

Total power dissipation up to Tamb = 25 °c Ptot max. 2 w 
Total power dissipation up to T mb = 75 °c Ptot max. 6 w 
Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

from junction to ambient in free air Rth j-a 62,5 K/W 

from junction to mounting base Rthj-mb 12,5 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 
IE= O; Vea= 100 v for BF857 lcso < 0, 1 µA 
IE= O; Vcs = 200 v for BF858 'cso < 0, 1 µA 
IE= O; Vcs = 250 v for BF859 'cso < 0, 1 µA 

Emitter cut-off current 
le= O; VEB = 5 V IEBO < 100 µA 

D.C. current gain 
le= 30 mA; VcE = 10 V hFE > 26 

Collector-emitter saturation voltage 
le= 30 mA; Is= 13 mA VcEsat < v 

Transition frequency at f = 35 MHz 
le= 15 mA; VcE = 10 V fT typ. 90 MHz 

Feedback capacitance at f = 1 MHz 
IE =O; Vcs =30 v Cre < 3 pF 
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Silicon planar video output transistors 

(1)S~~ I 
--.., ~~1200 

7278531.1 

~~~ 500 
N~ ~ms +-+-+-+-t-t 
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10-2 ~ 
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10 VcE(V) 

Fig. 2 Safe Operating A Rea; T mb = 75 oc. 

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

(1) Second-breakdown limits (independent of temperature). 
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Bf 857 
Bf 858 
Bf 859 
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Fig. 3 Power derating curve. 
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Fig. 4 Feedback capacitance f = 1 MHz. 
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Fig. 5 Pulse power rating chart. 
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Silicon planar video output transistors 

BF857 
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BF859 
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Fig. 6 S.B. voltage multiplying factor at the lcmax level. 
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BFS57 
BF858 
BF859 
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BF869 
BF871 

SILICON PLANAR VIDEO OUTPUT TRANSISTORS 

N-P-N transistors in a T0-202 plastic envelope intended for class-B video output stages in colour 
television receivers. P-N-P complements are BF870 and BF872. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector-emitter voltage ( R BE= 2,7 k.Q) 

Collector current (peak value) 

Total power dissipation up to T mb = 25 oc 

Junction temperature 

D.C. current gain 
le= 25 mA; VcE = 20 V; Tj = 25 oc 

Transition frequency 
-IE=10mA;Vcs=10V 

Feedback capacitance at f = 1 MHz 
IE=O:Vcs=30V 

MECHANICAL DATA 

Fig. 1 T0-202. 

Collector connected 
to mounting base. 

-- 3,8 --
-10,4max -L~ 

3,6 + 

2 

3-© 
(1) Plastic flash allowed 

within this zone. 

3,8 

J l J1~g'.~ (3x) 

2,54 2,54 

24,2 
max 

Vcso 

Vern 

Vern 

lcM 

Ptot 

Tj 

hFE 

fy 

Cre 

0,5 

--11--

max. 

max. 

max. 

max. 

max. 

max. 

> 

> 

< 

t 
8,6 

max 

+ 

I 
12,2 
min 

_i 
-r.)11--o,5 

-- -1.6 

BF869 BF871 

250 300 v 
250 v 

300 v 
100 mA 

5 w 
150 oc 

50 

60 MHz 

2 pF 

Dimensions in mm 

top view 

7Z75?37 
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BF869 
BF871 

RATINGS 

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

BF869 BF871 

Collector-base voltage (open emitter) Vcso max. 250 300 v 
Collector-emitter voltage (open base) VcEO max. 250 v 
Collector-emitter voltage (RsE = 2,7 kn) Vern max. 300 v 
Emitter··base voltage (open collector) VEBO max. 5 v 
Collector current (d.c.) le max. 50 mA 

Collector current (peak value) ICM max. 100 mA 

Total power dissipation up to Tamb = 25 °c Ptot max. 1,6 w 
Total power dissipation up to T mb = 25 °c 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 78 K/W 

From junction to mounting base Rthj-mb 25 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified BF869 BF871 

Collector cut-off current 
IE= O; Vcs = 200 v lcso < 10 10 nA 

RsE = 2,7 kn; VcE = 300 v lcrn < µA 

RsE = 2,7 kn; VcE = 200 V; Tj = 150 oc le ER < 10 µA 

Emitter cut-off current 
le= O; VEB = 5 V Imo < 10 µA 

D.C. current gain 
I c = 25 mA; V CE = 20 V hFE > 50 

Base-emitter voltage 
lc=25mA;VcE=20V VsE typ. 0,75 v 

High frequency knee voltage 
le= 25 mA; Tj = 150 oc VcEK typ. 20 v 

Transitipn frequency 
-IE= 10 mA; Vcs = 10 V fT > 60 MHz 

Feedback capacitance at f = 1 MHz 
IE=O;Vcs=30V Cre < 2 pF 
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Silicon planar video output transistors 
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Fig. 2 Safe Operating ARea at T mb = 25 oc. 

I Region of permissible d.c. operation. 

7282567 

11 Permissible extension for repetitive pulse operation. 

( 1 l Ptot max and Ptot peak max lines. 

BF869 
BF871 
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Silicon planar video output transistors 
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Fig. 5 IE= O; f = 1 MHz; Tj = 25 oc. 
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BF870 
BF872 

SILICON PLANAR VIDEO OUTPUT TRANSISTORS 

P-N-P transistors in a T0-202 µlastic envelope intended for class-B video output stages 1n colour 
television receivers. N-P-N complements are BF869 and BF871. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (open base) 

Collector-emitter voltage (RsE = 2,7 k.Q) 

Collector current (peak value) 

Total power dissipation up to T mb = 25 °c 

Junction temperature 

D.C. current gain 
-le= 25 mA; -VcE = 20 V; Tj = 25 oc 

Transition frequency 
IE= 10 mA; -Vcs = 10 V 

Feedback capacitance at f = 1 MHz 
IE=O;-Vcs=30V 

-Vcso 

-Vern 
-Vern 
-lcM 

Ptot 

Tj 

BF870 

max. 250 

max. 250 

max. 

max. 

max. 

max. 

> 

> 

< 
-----------------------

MECH AN 1 CAL DATA 

Fig. 1 T0-202. 

Collector connected 
to mounting base. 

2 

3-© 
(1) Plastic flash allowed 

within this zone. 
1 ' 2 3 

. !I 
I 1-111 1--8;~ (3x) 

-- i -2,54 2,54 

--1 
8,6 

max 

~-+ 
r 

Ii 12,2 
min 

j l 
L11--~~-

_1 --1.'s 7275737 

BF872 

300 v 
v 

300 v 
100 rnA 

5 w 
150 oc 

50 

60 MHz 

2,2 pF 
------

Dimensions in mm 

top view 
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BF870 
BF872 

RATINGS 

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

BF870 BF872 

Collector-base voltage (open emitter) -Vcso max. 250 300 v 
Collector-emitter voltage (open base) -VcEO max. 250 - v 
Collector-emitter voltage (RsE = 2,7 kn) -Vern max. 300 v 
Emitter-base voltage (open collector) -VEBO max. 5 v 
Collector current (d.c.) -le max. 50 mA 

Collector current (peak value) -lcM max. 100 mA 

Total power dissipation up to T amb = 25 °c Ptot max. 1,6 w 
Total power dissipation up to T mb = 25 oc Ptot max. 5 w 
Storage temperature Tstg -65 to +150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to ambient Rthj-a 78 K/W 

From junction to mounting base Rthj-mb 25 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified BF870 BF872 

Collector cut-off current 
IE=O;-Vca=200V -lcso < 10 10 nA 

RaE = 2,7 k.11; -VcE = 300 v -lcER < µA 

RaE = 2,7 k.11; -VcE = 200 V; Tj = 150 °c -lcER < 10 µA 

Emitter cut-off current 
le= O; -VEB = 5 V -IEBO < 10 µA 

D.C. current gain 
-le= 25 mA; -VcE = 20 V hFE > 50 

Base emitter voltage 
-le= 25 mA; -VcE = 20 V -VaE typ. 0,75 v 

High-frequency knee voltage 
-le= 25 mA; Tj = 150 oc -VcEK typ. 20 v 

Transition frequency 
IE= 10 mA; -Vea= 10 V fr > 60 MHz 

Feedback capacitance at f = 1 MHz 
IE=O;-Vca=30V Cre < 2,2 pF 
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Silicon planar video output transistors 
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11 Permissible extension for repetitive pulse operation. 
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Silicon planar video output transistors 
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SUCCESSOR TYPE IS BUW11; BUW11A 

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 goo and 1100 colour television receivers. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 
tp = 2 ms 

Total power dissipation up to T mb = 73 oc 

Collector-emitter saturation voltage 
le= 2,5 A; Is= 0,5 A 

Fall time 
Icon= 2,5 A; Ison= 0,5 A; -lsoff = 1 A 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to 
mounting base 

_1s,2_ 
max 

See also chapters Mounting instructions and Accessories. 

VcESM 

Vern 

le 

lcM 

Ptot 

VcEsat 

SU426 426A 433 

max. 800 900 800 v 
max. 375 400 375 v 
max. 6 A 

max. 10 A 

max. 70 w 

< 1,5 v 

typ. 0,3 0,3 j0,45 µs 

Dimensions in mm 

1 
21 

ma>< 

max 12,7 j 

1
1.-o,4 ... -1,6 7Z75220.3 

-
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BU426 l BU426A 
BU433 

RATINGS 

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

BU426 426A 433 

Collector-emitter voltage (VBE = 0, peak value) VcESM max. 800 900 800 v 
Collector-emitter voltage (open base) Vern max. 375 400 375 v 
Collector current (d.c.) le max. 6 A 

Collector current (peak value) 
tp<2ms lcM max. 10 A 

Base current (d.c.) Is max. 2 A 

Base current (peak value) IBM max. 3 A 

Reverse base current (d.c. or average 
over any 20 ms period) -IB(AV) max. 100 mA 

Reverse base current (peak value)* -IBM max. 3 A 

Total power dissipation up to T mb = 73 oc Ptot max. 70 w 
Storage temperature T stg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1, 1 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current ** 
VcEM = 900 V; VsE = 0 ICES < 1 mA 

VcEM = 900 V; VsE = O; Tj = 125 oc ICES < 2 mA 

D.C. current gain 
typ. 30 le= 0,6 A; VcE = 5 V; BU426; BU426A hFE < 60 

le= 0,6 A; VcE = 5 V; BU433 hFE typ. 40 

Transition frequency at f = 1 MHz 
le= 0,2 A; VcE = 10 v fT typ. 6 MHz 

* Turn-off current. 
** Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors J 
__ . _ ____.. 

CHARACTERISTICS (continued) 

Tj = 25 oe unless otherwise specified 

Emitter cut-off current 
le= o; vrn = 10 v 

Saturation voltages 
le= 2.5 A: Is= 0,5 A 

lc=4A;IB=1,25A 

Collector-emitter sustaining voltage 
le= 100 mA; I Baff= O; L = 25 mH; BU426; BU433 

le= 100 mA; 'Baff= O; L = 25 mH; BU426A 

2 50 r------
200 
le 

(mAJ 
100 - - - - - - - - - - - - - - - -+ 

I 
I 
I 

'mo 

VcEsat 

VsEsat 

VcEsat 

VBEsat 

VcEOsust 

VcEOsust 

7Z?5254 

min VcE (VJ 
VcEOsust 

Fig. 2 Oscilloscope display for VcEOsust· 

19 + 
30'::'60Hz GV 

7Z62283 

Fig. 3 Test circuit for VcEOsust· 

< 

< 
< 
< 
< 

> 
> 

BU426 
BU426A 
BU433 

10 mA 

1,5 v 
1,4 v 

3 v 
1,6 v 

375 v 
400 v 
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BU426 l 
BU426A . 
BU433 _ 

CHARACTERISTICS (continued) 

-

Switching times (between 10% and 90% levels) 
Icon= 2,5 A; Vee= 250 v 
Ison= 0,5 A; -lsoff = 1 A 

Turn-on time 

Turn-off time (toff = ts+tf) 

Storage time 

Fall time 
BU426;426A 

BU433 

J BU433 
Fall time, T mb = 95 oc I 

. BU426;426A 

t, 7Z77499. 

-r-
90% 1----1-r 1--------F- I Bon 

IB 
10% ---

90% 1----h -----1- 1con 

10%f--- -----+--!-\_ 

ton 
typ. 0,5 µs 

< 0,6 µs 

ts 
typ. 2 µs 

< 3,5 µs 

tf typ. 0,3 µs 

tf 
typ. 0,45 µs 

< 0,7 µs 

tf 
typ. 0,7 µs 

< 1,0 µs 

tf < 0,75 µs 

..... .,.tf t 

-+- ts ..,.. 
.. t 0 tt 1..- Fig. 4 Waveforms. 

tp = 20 µs 
T = 2 ms 
V1M = 15 V 
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Silicon diffused power transistors j 
----

0 = 0,01 

tp= 

10µs 
20 

50 

100 

500 

r 1 ms 

(2) ~\,.~II 2 

10-1~~~~~tllt~~~~~~J~~!H~~5 ~ 1o=!=a=l 
r--+--t--+-+-++++t---+-ll:-'llf--±+-tftt-20-+___,--+-l 
r--+--+--+-H-++++--+--ru+-'llli--F-+++-W d. c.-+---+--+-1 

H 

BU426A ;--' 

VcE (V) 

Fig. 6 Safe Operating ARea. 

I Region of permissible d.c. operation. 

11 Permissible extension for repetitive pulse operation. 

BU426 
BU426A 
BU433 

111 Area of permissible operation during turn-on in single-transistor converters, provided 
RsE < 100 .\1 and tp < 0,6 µs. 

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

( 1) Ptot max and Ppeak max lines. 

(2) Second-breakdown limits (independent of temperature). 
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Fig. 8 Pulse power rating chart. 
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Silicon diffused power transistors J 
--·------

Mv 

S.B. voltage multiplying factor at the lcmax level 

1,00 

10 

Fig. 9 S. B. voltage multiplying factor at the I Cm ax level. 

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

0,05 

10 0, 10 

0,20 

0,33 

0,50 

0,75 

1 1 00 

10- 2 10 tp (ms) 

BU426 
BU426A 
BU433 

7 Z77022 

7Z77021 

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

1,5---~--~---~7Z,;_72,;_64~·~ 

typ. values 1---+--+---+·-->-:r+--+---t 
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Fig. 11 Typical values. Base-emitter saturation 
voltage for BU426 and BU426A. 

7Z77605 
1,5 ---~--~~~--~~ 
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Fig. 11 A. Typical values. Base-emitter saturation 
voltage for BU433; Tj = 25 oc. 
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Fig. 12 D.C. current gain BU426 and BU426A. Tj = 25 oc.---- at VcE = 5 V; -·--at VcE = 1 V. 
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0 I---+--+-+----+---+--+---+-'~~ 

0 500 VeE (V) 1000 

Fig. 14 Reverse bias SOAR. 
-Vdrive = 2 to 6 V; Ls= 0 to 4,7 µH; T mb = 100 °e. 
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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 17 up to 22 is based on these applications: 

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

R * _ T mb max - T amb max 
th mb-a max -

Ptot 

* Including additional thermal resistances resulting from mounting hardware. 

To ensure thermal stability minimum value of Tamb 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 /µs. Application of this transistor in low-power flyback converters is also possible, 
provided that the rate-of-rise is limited to 500 V/µs. For the BU426(A) a rate-of-rise of 1000 V/µs is 
permissible. Practical SMPS output circuits for an output power in the order of 180 W are given in 
Figs 17 and 20. At a collector current of 2,5 A and a base current of 0,25 A in these circuits the 
following turn-off times can be expected. 

__________ I 25 oc __ T_,mlf-b----100 oc 

BU426 (426A) Storage time ts ±----r---- typ. 1,4 < 2,0 µs 

Fall time tf Ll,15= < 0,5 µs 

BU433 Storage time ts typ. 1,4 < 2,0 µs 
Fall time tf 0, 18 < 0,6 µs 

------~--------- --~ ----
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Silicon diffused power transistors 
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Fig. 15 Relevant waveforms of switching transistor. 
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Fig. 16 Minimum required base inductance and recommended negative drive voltage versus maximum 
peak collector current. 
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+290V 

1akn 

5,6nF 

~ 

BAX12A 

T1 -.-

BYV96E 

1501F 22kQ 

" 

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

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

n2 = 25 turns 

Lstot ""'4,5 µH 

T2 (output transformer) 
Lp =6 mH 

VcE(t1) < 500 V {see Fig. 15) 
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Silicon diffused power transistors 

7Z77059 
600.-r..,.-,.--,...,.-,..-,-..,.-..-~~~~~----. 

1-+-+--+--+-+--+--+-+--l I c 1 I I CM = 0 or 0 .4 

1 B (end) 1-+-+--+--+-+--+--+-+--+-+-+--+-+-t-1-+-t-l-ll'l,L-t 
(mA) 

4001-+-Hl-++-t-t-+-+-+--H--H-JLHt--Hl-t-I 
l..tl 

1-+-+--1-+-+-+--+ T = 3 2 µ~*Jll--t--1--+-+-+-J21_,,J21'--I 

2001-+++~H-,p~[2++4p~J..!oc+-+-++-t-+-l-+-I 

lo"~ ~ 6 4 µs +-+-+-<--+-+-+-t 
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0 
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i.-1 

2 1cM (A) 3 

7Z77061 

81B(end) = ± 20% 
Tmb < 100°c 
T=32µsor64µs 

IL 

17 
1c11 1cM = o1Jl 
~ 12 

~ I IL 
0 ~ t-t-

"""' 
"""' ...... 

2 1CM (A) 3 

BU426 
BU426A 
BU433 

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

Fig. 19 Maximum total power dissipation of a 
limit-case transistor of the base current is chosen 
in accordance with Fig. 18. 
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BU426 
BU426A 
BU433 

290V 

+ 

7Z77610.A 

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

T (driver transformer): Core U20 
n1 = 400 turns; n2 = 25 turns 
Lstot ""'4,5 µH 

32µs 

0'---'--'-~..___..__,_~,___..__._~..__. 

1 2 ICM (A) 3 

Fig. 21 Recommended nominal "end" value 
of the base current versus maximum peak 
collector current . 
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Fig. 22 Maximum total power dissipation of a 
limit-case transistor if the base current is chosen 
in accordance with Fig. 21. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ____ s_u_s_o_s __ 

SILICON POWER TRANSISTOR 

High-voltage, high-speed switching, glass passivated n-p-n power transistor in a T0-220 envelope, 
intended for use in horizontal deflection circuits of television receivers. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VsE = 0; peak value) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value, tp = 2 ms) 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 2 A; Is= 0,9 A 

Fall time 
Icon= 2 A; Ison= 0,9 A 

MECHANICAL DATA 

Fig. 1 T0-220. 

Collector connected to 
mounting base 

2 ,-© L1t:;::,:::::;1;:::;:::;::::Y_i_ 
3,5 max J 

3 

not tinned 5•1 
max 

~~1., 
max 
(2xl 

-t 

2 3 

12,7 
min 

j -'i.!:-0,9max (3xl 

2,54 2,54 

See also chapters Mounting instructions and Accessories. 

VcESM 

VcEo 

le 

lcM 

Ptot 

VcEsat 

I 
I 
I 
I 

J 

max. 1500 v 
max. 700 v 
max. 2,5 A 

max. 4A 

max. 75 w 

< 5 v 

typ. 0.7 µs 

Dimensions in mm 

+ 15,8 
max 

- l 

-11-o,s 
... -+-2,4 

7265872.4 
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-BU505 Jl __ _ 
RATINGS 

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

Collector-emitter voltage (peak value; VsE = 0) VcESM max. 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value); tp < 2 ms 

Base current (d.c.) 

Base current (peak value); tp < 2 ms 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction tern peratu re 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut off current* 
VcE = VcESMmax; VsE = 0 

VcE = VcESMmax; VsE = O; Tj = 125 °c 

Emitter cut-off current 
le= O; VEB = 5 V 

Saturation voltages 
le= 2 A; Is= 0,9 A 

Collector-emitter sustaining voltage 
le= 100mA; ls=O; L=50mH 

D.C. current gain 
le= 2 A; VcE = 5 v 

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

118 January 1983 

VcEO 

le 

ICM 

Is 

IBM 

Ptot 

Tstg 

Tj 

max. 

max. 

max. 

max. 

max. 

max. 

-65to 

max. 

Rth j-mb = 

ICES < 
ICES < 

IEBO < 

VcEsat < 
VsEsat < 

VcEOsust> 

hFE > 

1500 v 
700 v 
2,5 A 

4 A 

2 A 

4 A 

75 w 
+ 150 oc 

150 °c 

1,67 K/W 

0,15 mA 

1 mA 

mA 

5 v 
1,3 v 

700 v 

2,22 



cl: 
1-
<l: 
0 
1-z 
w 
:1: 
0.. 
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w 
> w 
0 

Silicon power transistor 

2501-------
200 
Ic 

(mAl 

100 --------------+ 
min VcEO sust i 

I 
I 

ol.---------~-
VcEO (V) 

Fig. 2 Oscilloscope display for 
sustaining voltage. 

Second-breakdown current 
V CE = 120 V; T = 200 µs 

Transition frequency at f = 5 MHz 
lc=0,1 A;VcE=5V 

Collector capacitance at f = 1 MHz 
IE=le=O:Vcs=10V 

Switching times 
in horizontal deflection circuit 
-V1M = 4 V; Ls= 25 µH; 
lcM = 2 A; ls(end) = 0,9 A 
fall time 
storage time 

ic 

7Z62340 

BU505 

Fig. 3 Test circuit for VcEOsust 

lss > 

typ. 

typ. 

typ. 
typ. 

2 A 

7 MHz 

65 pF 

0,7 µs 
10 µs 

Fig. 4 Switching times waveforms. 
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BU505 J 

~lc-Mm_a_x -+---1--+-+-+--+-1-+-1 S = 0,01 --+---+--+--+-f-+-+--+-1 

Fig. 5 Safe Operating ARea at T mb < 25 oc. 

I 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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Fig. 6 Pulse power rating chart. 

7Z67257.1 

JS: 

T'\ 

rs 
l'\ 

~ 
K 

l'\ 
"K: 

JS: 

rs 
50 100 150 

T mb1°CJ 

Fig. 7 Power derating curve. 
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DEVELOPMENT DATA 
This data sheet contains advance Information and 

specifications are subject to change without notice. 
BU506 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed switching n-p-n transistor in plastic envelope (T0-220) and intended for use in 
horizontal deflection circuits of colour television receivers and in line-operated switch-mode applications. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector saturation current 

Collector current 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=3A;IB=1,33A 

Fall time 
le= 3 A; IB(end) = 1 A; LB= 12 µH 

MECHANICAL DATA 

Fig. 1 T0-220. 

Collector connected 
to case. 

2 

I j \ 

L __ t-__ J 
•-ll::;~;::::;=;=.! __ + -1-© 

3 

3,5 max t 
not tinned ~~x I 

\;. I --t 12.1 
max-.. min 
,~, I 

2 3 t 
j -.l1:-0,9max (3x) 

2,54 2,54 

VcESM max. 1500 v 
Vern max. 700 v 
lcsat 3 A 

le max. 5 A 

Ptot max. 100 w 

VcEsat < 5 v 

tt typ. 0,7 µs 

Dimensions in mm 

-+-

+ 
5,9 I min 

15,8 
max 

1 

7265872-4 

For Accesories and Mounting instructions refer to Handbook high-voltage and switching power 
transistors. 
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BU506 J 
RATINGS 

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

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VBE = 0 
VcE = VcESMmax; VBE = O; Tj = 125 °c 

Emitter cut-off current 
VEB = 6 V; le= 0 

Second breakdown current 
VcE = 300 V; tp = 200 µs 

Saturation voltages 
le= 3 A; Is= 1,33 A 

Collector-emitter sustaining voltage 
le= 0, 1 A; Is= O; L = 25 mH 

Switching times (in line deflection circuit) 
lcM = 3 A; ls(end) = 1 A; Ls= 12 µH 
fall time 
storage time 

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

'"'' 19851 

VcESM 

Vern 

'c 

ICM 

Is 

IBM 

Ptot 

Tstg 

Tj 

Rth j-mb 

ICES 

'EBO 

lss 

VcEsat 
VsEsat 

VcEOsust 

tf 
ts 

max. 1500 v 
max. 700 v 
max. 5 A 

max. 8 A 

max. 3 A 

max. 5 A 

max. 100 w 
-65 to+ 150 °c 

max. 150 oc 

1,25 K/W 

< 0,5 mA 
< 1,0 mA 

< 10 mA 

> 1 A 

< 5 v 
< 1,3 v 

> 700 v 

typ. 0,7 µs 
typ. 6,5 µs 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
BU506D 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed switching n-p-n transistor with integrated efficiency diode in plastic envelope 
and intended for use in horizontal deflection circuits of colour television receivers and in line-operated 
switch-mode applications. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector saturation current 

Collector current 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
1c=3A;1 8 =1,33A 

Diode forward voltage at IF = 3 A 

Fall time 
le= 3 A; ls(end) = 1 A; Ls= 12 µH 

MECHANICAL DATA 

Fig. 1 T0-220. 

Collector connected 
to case. 

: i : L __ +-__ J 

•- -•-3,5 max 
5,1 I not tinned 

~~-I 
max 

-1 ~--, 12,7 
max-. min 

12xl 

~-l 2 3 

_I _..[i'.:-0,9max 13xl 

2,54 2,54 

VcESM max. 1500 v 
Vern max. 700 v 
lcsat 3 A 

'c max. 5 A 

Ptot max. 100 w 

VcEsat < 5 v 
VF typ. 1,5 v 

tf typ. 0,7 µs 

Dimensions in mm 

15,8 
max 

-/1-o,s 
...... .._2,4 

7265872.4 

For Accessories and Mounting instructions refer to Handbook high-voltage and switching power 
transistors. 
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BU506D l_~ --
RATINGS 

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

Collector-emitter voltage (VaE = 0, peak value) VcESM 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 
VcE = VcESMmax; VaE = 0 
VcE = VcESMmax; VaE = O; Tj = 125 °c 

Emitter cut-off current 
VEB = 6 V; le= 0 

Second breakdown current 
VcE = 300 V; tp = 200 µs 

Saturation voltages 
lc=3A;18 =1,33A 

Collector-emitter sustaining voltage 
le= 0, 1 A; la= 0; L = 25 mH 

Diode forward voltage 
IF =3A 

Switching times (in line deflection circuit) 
lcM = 3 A; la(endl = 1 A; La= 12 µH 
fall time 
storage time 

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

VcEO 

le 

lcM 

la 

IBM 

Ptot 

Tstg 

Tj 

Rthj-mb 

ICES 

IEBO 

Isa 

VcEsat 
VaEsat 

VcEOsust 

VF 

tf 
ts 

max. 1500 v 
max. 700 v 
max. 5 A 

max. 8 A 

max. 3 A 

max. 5 A 

max. 100 w 
-65 to+ 150 oc 

max. 150 oc 

1,25 K/W 

< 0,5 mA 
< 1,0 mA 

< 10 mA 

> 1 A 

< 5 v 
< 1,3 v 

> 700 v 

typ. 1,5 v 
< 2,2 v 

typ. 0.7 µs 
typ. 6,5 µs 



BU508A 

SILICON DIFFUSED POWER TRANSISTOR 

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

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
le = 4,5 A; I B = 2 A 

Saturation collector current 

Fall time 
lcM = 4,5 A; ls(end) = 1,4 A 

MECHANICAL DATA 

Fig. 1 SOT-93A. 

Collector connected 
to mounting base. 

_ 1s,2 ____ 
max 

--14~-

See also chapters Mounting instructions and Accessories. 

VcESM max. 1500 v 
Vern max. 700 v 
le max. BA 

lcM max. 15A 

Ptot max. 125W 

VcEsat < 1 v 
lcsat typ. 4,5A 

tt typ. 0,7 µs 

Dimensions in mm 

-1~a~1-
-- 21-

!-,---J------------1 
-~ 

I::::: t 21 
max 

1a~ j -

j.111-o,4 - -1,6 7ZB3916.2 
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BU508A l __ _ 
RATINGS 

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

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

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

Reverse base current * (peak value) 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oe unless otherwise specified 

Collector cut-off current * 
VsE = 0; VcE = VcESMmax 

VsE = O; VcE = VcESMmax; Tj = 125 oc 

Emitter cut-off current 
VEs = 6 V; le= 0 

Saturation collector current 
VcEsat < 1 V 

Collector-emitter sustaining voltage 
Is= O; le= 100 mA; L = 25 mH 

Saturation voltage 
le= 4,5 A; Is= 2 A 

lc=4,5A;ls=2A 

Transition frequency at f = 5 MHz 
le=0,1 A;VcE=5V 

Collector capacitance at f = 1 MHz 
IE=le=O;Ves=10V 

Second-breakdown current 
VcE = 120 V; t = 200 µs 

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

"'~" 19821 

VcESM 

VcEO 

le 

lcM 

Is 

IBM 

-ls(AV) 

-lsM 

Ptot 

Tstg 

Tj 

Rth j-mb 

ICES 

ICES 

IEBO 

lcsat 

max. 1500 v 
max. 700 v 
max. BA 

max. 15A 

max. 4A 

max. 6A 

max. 100mA 

max. 5A 

max. 125W 

-65 to +150 oc 

max. 

< 
< 

< 

typ. 

150 oc 

1 K/W 

1,0 mA 

2,0mA 

10mA 

4,5A 

VeEOsust > 700 v 

VeEsat 

VsEsat 

l(SS) 

< 
< 

1 v 
1,3 v 

typ. 7 MHz 

typ. 125 pF 

> 11 A 



Sil icon diffused power transistor 
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Ic 
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VcEO(V) 
"IZ62340 

Fig. 2 Oscilloscope display for VcEOsust· 

Switching times (in line deflection circuit) 
Ls=6µH;-V1M=4V; 
lcM = 4,5 A; ls(end) = 1,4 A 
(-dls/dt = 0,6 A/µs) 

ic 1cM __ _ , ____ ::::::==---.. 

-10% 

time 

,-- t,-
1-------"-·-----------1Blend) 

time 

7Z59204.6 

BU508A 

Fig. 3 Test circuit for VcEOsust· 

typ. 
typ. 

0,7 µs 
6,5 µs 

Fig. 4 Switching times waveforms. 
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BU508A l.._____ __ 

le 

(Al f---+~+-t-+++-H+---+--+--+-++++++--+--+-t-+++t-H 

0: 0,01 
1CMmax 

f------l--l--+-i-l-+++t---l--+-+-+l-++++-\\\--\~~~-',1~--4~-+'kl--H·L500 

(~~~ 1ms 

io-· t==l=:EB=m£=±=t±tlm±==~~~ttttr 
f---~+-1--++-HH+---+--+-+-++++++---+--+K'<-+-'-AP.._..,.~5 
f---~+-l--++-HH+---+--+-+-++++++---+--+-'is:::~rt'd--loJ,l.-10 
f---~+-1--++-HH+---+--+-+-++++++---+--+-t>r~-l'<rt-+<_20 

f--~+-1-+++f++---+--+-+-++++++--+-+-+-+',._l\+tt-l d.c. 

Fig. 5 Safe Operating Area; T mb..;:; 25 oc. 

1. Ptot max line. 
2. Second-breakdown limits (independent of temperature) 

I Region of permissible d.c.operation. 
II Permissible extension for repetitive pulse operation. 
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Silicon diffused power transistor BU508A 

6=1 7288402 

r--- 0.75 
f--- 0,5 

Zthj.mb f--- 0,33 

IK/WI r-- o.~o 

Fig. 6 Pulse power rating chart. 

Fig. 7 Typical values d.c. current gain at VcE = 5 V; T mb = 25 °c. 

soo~~~~~~~~~-,-c.1nzsns:rr3s,s 

VcEsat 
lmV) 

5001---+-+-+-~f+++~-+--+---+-1-+--+++l 

4001---+-+-+-~f++t~-+--+---+-HH++l 

300f---+-+-f-~f+H~-+-+-+-H+-1++1 

200f---+-+--+-t-++t+f-~-+-~j/--f-~t-H++I 

100 l-----+---+-+-++-++H'--'_..,.-j"'--1-)7-+-+-~H-H 
P' 

Fig. 8 Typical values le/ls= 2; Tj = 25 °c. 
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BU508A l __ _ 
APPLICATION INFORMATION - HORIZONTAL DEFLECTION CIRCUIT WITH BU508A 

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

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

To obtain a short fall time and minimum turn-off dissipation with a high-voltage transistor, the storage 
time must 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-<Hs/dt, see Fig. 12. 

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

85-Tamb max 
The thermal resistance for the heatsink can be calculated from Rth mb-a = ------ in which 

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 T amb in the above 
equation is 45 oc. 

+ 

Rr 

I[ 
BY223 01 

I I 1-@I 
L -i• _J 

02 

?Z73468.1A 

Fig. 10 Simplified horizontal deflection !=ircuit. 
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Fig. 11 Fundamental waveforms. 

August 1983 133 



134 

BUSOBA J 
1Biend) 

(A) 

7Z88399 1 

T 
%= 1 - -d1 8 td1 

I- (A/µs) 

J 1,4 

17Y 
1 s(end~ , 

J7 7 

0 L.___L_---'---J _ _L____L__.L _ _L___L_-'------' 0 
0 5 

ICM (A) 
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Fig. 12 Nominal end value of the base current and 
its rate of fall during turn-off as a function of 
nominal peak collector current. 
A 15% spread allowance is included on these 
nominal values. QB is defined as IB1llB(end) 
(see Fig. 11 }. The reverse drive voltage during the 
storage and fall time (-V1Ml must be> 2 V}. 

Fig. 13 Worst-case dissipation of BU508A 
under limited operational conditions according 
to Fig. 12. T mb = 85 oc. 



l BU508D 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed switching n-p-n power transistor with integrated efficiency diode in a SOT-93A 
envelope intended for use in horizontal deflection circuits of colour television receivers. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
le= 4,5 A; Is= 2 A 

Saturation collector current 

Diode forward voltage (IF = 4,5 A) 

Fall time 
lcM = 4,5 A; ls(end) = 1,4 A 

MECHANICAL DATA 

Fig. 1 SOT-93A. 

Collector connected to case. 
1-- 15,2 ----· max I 
1-+--14--11 

4,251-- 11 

4,151 _J__r 
i1 
I 

VcESM max. 1500 v 

Vern max. 700 v 
le max. 8 A 

lcM max. 15 A 

Ptot max. 125 w 

VcEsat < 1 v 

lcsat typ. 4,5 A 

VF typ. 1,6 v 

tf typ. 0,7 µs 

Dimensions in mm 

..... [ 4,61~ 1max 1 
-·I 21..-i 

I 1_J_ __ _ 
- I t 

l__ I 
t 21 

max 

12,1 I 

--- m[J 

I 
1.11..-o,4 

-.I 1.._ 

1,6 7Z83S16.2 

For Accessories and Mounting instructions see handbook high-voltage and switching power transistors. 
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BU5080 J 
RATINGS 

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

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 
VeE = O; VcE = VcESMmax 

VeE = O; VcE = VcESMmax;Tj = 125 oc 

Emitter cut-off current 
VEB = 6 V; le= 0 

Collector-emitter sustaining voltage 
le= O; le= 100 mA; L = 25 mH 

Saturation voltages 
ic =4,5A;1 8 = 2 A 

Diode forward voltage 
IF= 4,5 A 

Transition frequency at f = 5 MHz 
lc=0,1 A;VcE=5V 

Collector capacitance at f = 1 MHz 
IE=le=O;Vce=10V 

Second-breakdown current 
VcE = 120V; t = 200µs 

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

VcEO 

le 

ICM 

le 

IBM 

Ptot 

T stg 

Tj 

Rth j-mb 

le ES 

ICES 

IEBO 

VcEOsust 

VcEsat 

VeEsat 

VF 

tr 

Cc 

l(SB) 

max. 1500 v 
max. 700 v 
max. 8 A 

max. 15 A 

max. 4 A 

max. 6 A 

max. 125 w 
-65 to + 150 oc 

max. 150 °c 

1 K/W 

< 1,0 mA 

< 2,0 mA 

< 10 mA 

> 700 v 

< 1 v 
< 1,3 v 

< 2 v 
typ. 1,6 v 

typ. 7 MHz 

typ. 125 pF 

> 11 A 



Silicon diffused power transistor 

2sor------
200 
Ic 

lmAJ 
100 --------------+ 

. V I 
min CEO sust i 

VcEO {VJ 

Fig. 2 Oscilloscope display for VcEOsust· 

Switching times (in line deflection circuit) 
Ls= 6 µH; -V1M = 4 V; 
lcM = 4,5 A; I B(end) = 1,4 A 
(-dls/dt = 0,6 A/µs) 

'C 
1 
_____ _:'C::;M~-°"'-~-~~ 

7259204,6 

l ____ s_u_s_o_ao __ _ 

1!l 

7Z62752 

Fig. 3 Test circuit for VcEOsust· 

---90% 

typ. 
typ. 

0,7 µs 
6,5 µs 

Fig. 4 Switching times waveforms. 
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BU508D J 
le i---l--l--l-l--l--l--1--1-l-------j--1-l--l-+++-l+--+-+-+-+++++-1 

I Al i---l--l--l-l--l--l--1--1-l-------j--1-+-H++-l+--+-+-+-+++++-1 

Fig. 5 Safe Operating Area; T mb.;;;; 25 oc. 
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Silicon diffused power transistor 
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i---+0,5 
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Fig. 6 Pulse power rating chart. 
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~ 

Fig. 7 Typical values d.c. current gain at VeE = 5 V; T mb = 25 °e. 
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Fig. 8 Typical values le/la= 2; Tj = 25 oe. 
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Fig. 9 Typical values le/la= 2; Tj = 25 oe. 
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~su-soa_o __ Jl ___ ~~--~~~-
APPLICATION INFORMATION - HORIZONTAL DEFLECTION CIRCUIT WITH BU508D 

In designing horizontal detlection 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 allow­
ance need not be higher than 15%, and the following recommended base-drive and heatsink conditions 
are based on this figure. 

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

The BU508D is essentially a BU508A with an integrated speed-up diode without parasitic base-emitter 
resistor. A circuit, optimized for BU508A, thus can be used with a BU508D without alterations. It 
should be remarked that the total device dissipation increases due to losses in the diode. 

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 -dlB/dt, see Fig. 12. 

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

85- Tamb max 
The thermal resistance for the heatsink can be calculated from Rth mb-a; p in which 

tot 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 T amb in the above equation 
is 45 °c. 
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Fig. 10 Simplified horizontal deflection circuit. 
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Fig. 11 Fundamental waveforms. 
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7288399.1 

ICM IA) 

Fig. 12 Nominal end value of the base current and 
its rate of fall during turn-off as a function of 
nominal peak collector current. 
A 15% spread allowance is included on these 
nominal values. Os is defined as ls1/ls(end) 
(see Fig.11 ). The reverse drive voltage during the 
storage and fall time (-V1M) must be> 2 V). 

Fig. 13 Worst-case dissipation of BU508D under 
limited operational conditions according to Fig. 12. 
T mb = 85 °c. 



BU705 

SILICON DIFFUSED POWER TRANSISTOR 

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

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value, tp < 2 ms) 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
le= 2 A; Is = 0,9 A 

Fall time 
Icon= 2 A; IB(end) = 0,9 A 

MECHANICAL DATA 

Fig. 1 SOT-93A. 

Collector connected to case. 
__ 1s,2_ 

max 

See also chapters Mounting instructions and Accessories. 

VcESM max. 1500 v 
Vern max. 700 v 
le max. 2,5 A 

lcM max. 4A 

Ptot max. 75 w 

VcEsat < 5 v 

tf typ. 0,9 µs 

Dimensions in mm 

.... 4 6 
I max 

.... 
21-
-

l- -
1-:-
~ 

J,,j 
max 

i 

~1:-0,4 
7ZB3916.2 
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BU705 J 
RATINGS 

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

Collector-emitter voltage (peak value; VsE = O) VcESM 

Collector-emitter voltage (open base} V CEO 

Collector current (d.c.) le 

Collector current (peak value; tp < 2 ms) 

Base current 

Base current (peak value; tp < 2 ms) 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VsE = 0 
VcE = VcESMmax; VsE = O;Tj = 125 °C 

Emitter cut-off current 
le = O; VEB = 5 V 

Emitter-base voltage 
le= O; IE= 10 mA 

Saturation voltage 
le =2 A; Is =0,9 A 

Collector-emitter sustaining voltage 
le= 100 mA; Is= O; L = 25 mH 

Collector saturation current 
VcE = 5 V 

D.C. current gain 
lc=2A;VcE=5V 

Second breakdown current 
VcE = 120 V;t = 200 µs 

Transition frequency at f = 5 MHz 
lc=0,1 A;VcE=5V 

Collector capacitance at f = 1 MHz 
IE=le=O;Vcs=10V 

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

ICES 
lcES 

VEBO 

VcEsat 
VsEsat 

VcEOsust 

lcsat 

hf E 

l(SB) 

max. 1500 v 
max. 700 v 
max. 2,5 A 

max. 4 A 

max. 2 A 

max. 4 A 

max. 75 w 
-65 to+ 150 oc 

max. 150 °c 

1,67 K/W 

< 0,15 mA 
< 1 mA 

< mA 

> 6 v 

< 5 v 
< 1,3 v 

> 700 v 

2 A 

> 2,2 

> 2,0 A 

typ. 7 MHz 

typ. 65 pf 



Silicon diffused power transistor 

250 r--------
200 
Ic 

lmA) 

100 --------------+ 
min VcEO sust i 

Vern {VI 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times (in horizontal deflection circuit) 
-V1M = 4 V; Ls= 15 µH; lcM = 2 A 
ls(end) = 0,9 A; -dl9/dt = 0,24 A/µs 

fall time 
storage time 

ic 
ICM_ 

BU705 

Fig. 3 Test circuit for sustaining voltage. 

--900/o 

time 

typ. 
typ. 

0,9 µs 
7,5 µs 

Fig. 4 Switching times waveform. 
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I 
10 VCE IV) 

Fig. 5 Safe Operating ARea; T mb = 25 oc. 

( 1 l Ptot max and Ppeak max lines. 
(2) Second breakdown limits (independent of temperature). 
I Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 
111 Repetitive pulse operation in this region is allowable, 

provided RsE < 100 il, tp = 20 µs, d = 0,25. 
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Fig. 6 Pulse power rating chart. t 

Rthj-mb = 1,67 K/W; le= 1A;VcE=25 V;d = -r. 
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Fig. 7 Typical d.c. current gain. Fig. 8 Typical values VcEsat 
lc/18 = 2; Ti= 25 oc. 
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Fig. 9 Typical values VsEsat; lcfls = 2; Tj = 25 °c. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l BU706 

~-

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed switching n-p-n transistor in plastic envelope SOT-93A, and intended for use 
in horizontal deflection circuits of colour television receivers and in line-operated switch-mode appli­
cations. 

QUICK REFERENCE DATA _____ _, _____ 
Collector-emitter voltage (VsE = 0, peak value) 

Collector-emitter voltage (open base) 

Collector saturation current 

Collector current 

Total power dissipation up to T mb = 25 °c 

Collector-emiter saturation voltage 
lc=3A;l 8 = 1,33A 

Fall time 
le= 3 A; ls(end) = 1 A; Ls= 12 µH 

VcESM 

Vern 

lcsat 

le 

ptot 

VcEsat 

tf 
------------~ 

MECHANICAL DATA 

Fig. 1 SOT-93A. 

Collector connected 
to case. 

--14.,6 1-max 1 

....... 21.-
1 I __ 

~-) 
i ~~. 

12,7 1' 
max 

I 

I 

_j__J 

~11-04 
--.1 1 ..... ' 

1,6 7Z63916. ') 

max. 1500 v 
max. 700 v 

3 A 

max. 5 A 

max. 100 w 

< 5 v 

typ. 0,7 µs 

Dimensions in mm 

For Accessories and Mounting instructions refer to Handbook high-voltage and switching power 
transistors. 
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BU706 J 
LIMITING VALUES (in accordance with the Absolute Maximum System IEC 134) 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 

VcE = VcESM max: VsE = 0 
VcE = VcESM max: VsE = O; Tj = 125 °c 

Emitter cut-off current 
VEB = 6 V; le= 0 

Second-breakdown current 
VcE = 300 V; tp = 200 µs 

Saturation voltages 
lc=3A;1 8 =1,33A 

Collector-emitter sustaining voltage 
le= 0, 1 A; Is= O; L = 25 mH 

Switching times (in line deflection circuit) 
lcM = 3 A; ls( end)= 1 A; Ls= 12 µH 

fall time 
storage ti me 

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

VcEO 

le 

ICM 

Is 

lsM 

Ptot 

Tstg 

Tj 

Rthj-mb 

ICES 

IEBo 

lss 

VcEsat 
VsEsat 

VcEOsus 

tf 
ts 

max. 1500 v 
max. 700 v 
max. 5 A 

max. 8 A 

max. 3 A 

max. 5 A 

max. 100 w 
-65 to+ 150 oc 

max. 150 °c 

1,25 K/W 

< 0,5 mA 
< 1,0 mA 

< 10 mA 

> 1A 

< 5 v 
< 1,3 v 

> 700 v 

typ. 0,7 µs 
typ. 6,5 µs 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ s_u_1_0_6_D __ 

SILICON DIFFUSED POWER TRANSISTOR 

Hiyh-voicage, high-speed switching n-p-n transistor with integrated efficiency diode in piastic envelope 
and intended for use in horizontal deflection circuits of colour television receivers and in line-operated 
switch-mode applications. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector saturation current 

Collector current 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=3A;18 = 1,33A 

Diode forward voltage at IF = 3 A 

Fall time 
le= 3 A; ls(end) = 1 A; Ls= 12 µH 

MECHANICAL DATA 

Fig. 1 SOT-93A. 

Collector connected 
to case. 

·~-----~---~ 

------------

VcESM max. 1500 v 
VcEO max. 700 v 
lcsat 3 A 

le max. 5 A 

Ptot max. 100 w 

VcEsat < 5 v 
VF typ. 1,5 v 

tf typ. 0.7 µs 

Dimensions in mm 

I 

I 

I 11-0,4 _r1_ 
1,6 7ZB3916.2 

For Accessories and Mounting instruction refer to Handbook high-voltage and switching power 
transistors. 
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BU706D J 
LIMITING VALUES (in accordance with the Absolute Maximum System I EC 134) 

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

Collector-emitter voltage (open base) VcEO 

Collector current (d.c.) le 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VcE = VcESM max; VBE = 0 
VcE = VcESM max; VBE = O; Tj = 125 °C 

Emitter cut-off current 
VEB = 6 V; le= 0 

Second-breakdown current 
VcE = 300 V; tp = 200 µs 

Saturation voltages 
lc=3A;IB=1,33A 

Collector-emitter sustaining voltage 
le= 0, 1 A; IB = O; L = 25 mH 

Diode forward voltage 
IF= 3 A 

Switching times (in line deflection circuit) 
lcM = 3 A; IB(end) = 1 A; LB= 12 µH 

fall time 
storage time 

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

ICES 

IEBO 

lsB 

VcEsat 
VBEsat 

VcEOsus 

VF 

tf 
ts 

max. 1500 v 
max. 700 v 
max. 5 A 

max. 8 A 

max. 3 A 

max. 5 A 

max. 100 w 
-65 to+ 100 oc 

max. 150 oc 

1,25 K/W 

< 0,5 mA 
< 1,0 mA 

< 10 mA 

> 1A 

< 5 v 
< 1,3 v 

> 700 v 

typ. 1,5 v 
< 2,2 v 

typ. 0,7 µ.s 
typ. 6,5 µs 



/BU806 
IBU80T 

SILICON DARLINGTON POWER TRANSISTORS 

High voltage n-p-n Darlington circuit with integrated speed-up diode in a plastic T0-220 envelope tor 
industrial fast switching applications and horizontal deflection circuits of monitors and b/w television 
receivers. 

QUICK REFERENCE DATA 

Collector-base voltage (open emitter) 

Collector-emitter voltage (VEB = 6 V) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 
tp = 0,3 ms; 8 = 10% 

Vcso 

VcEX 

Vern 

le 

lcM 

Total power dissipation up to T mb = 25 °c 

Junction temperature 

Ptot 

Tj 

Fall time 
Icon= 5 A; Ison= 50 mA; -lsoff = 500 mA tf 

MECHANICAL DATA 

Fig. 1 T0-220AB. 

Collector connected 
to mounting base. 

1 

2-© 
3 

top view 

: i : 
L __ t __ J 

•-ic~FL==~--· -
3,5 max I 

not tinned 5,1 
max 

~-, --t 12,7 
max_. min 
(2x) 

2 3 

j _..[i!:-0,9max (3x) 

2,54 2,54 

See also chapters Mounting instructions and Accessories. 

BU806 BU807 

max. 400 330 v 
max. 400 330 v 
max. 200 150 v 

max. 8 A 

max. 15 A 

max. 60 w 
max. 150 oc 

typ. 0,2 µs 

Dimensions in mm 

-1 ~a5x --
1,3-. 1- t 

~ 5,9 
min 

+ 15,8 
max 

-11--o,s 
.... --2,4 

7Z65872.4 

-
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BU806 
BU807 

RATINGS 

.-------...---+-- c 

b-+-----t 

7288074 

e 

Fig. 2 Circuit diagram. 

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

BU806 

Collector-base voltage (open emitter) 

Collector-emitter voltage (VEB = 6 V) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Collector current (peak value) 
tp = 0,3 ms; o = 0, 1 

Base current (d.c.) 

Vcso 

VcEx 

Vern 

VEBO 

le 

lcM 

Is 

Ptot 

max. 400 

max. 400 

max. 200 

max. 

max. 

max. 

max. 

max. 

BU807 

330 v 
330 v 
150 v 

6 v 
8 A 

15 A 

100 mA 

60 w Total power dissipation up to T mb = 25 oc 

Storage temperature Tstg -65to+150 oc 

Junction temperature* 

THERMAL RESISTANCE* 

From junction to mounting base 

CHARACTERISTICS 
Tj = 25 °c unless otherwise specified 

Collector cut-off current** 
VcE = VcESmax; VsE = 0 

VcE = VcEXmax; VEB = 6 V 

Emitter cut-off current 
le= O; VEB = 6 V 

Tj 

Rthj-mb 

ICES 

lcEX 

max. 

< 
< 

< 
BU806 

150 

2,08 

100 

100 

3 

BU807 

oc 

K/W 

µA 

µA 

mA 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH VcEOsust > 200 150 v 

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

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

Saturation voltages 

lc=5A;l 8 =50mA 

Diode, forward voltage 
If= 4 A 

250 -i------
200 
le 

(mA) 

100 

VcEsat 
VsEsat 

Vf 

< 
< 

< 

BU806 
BU807 

1,5 v 
2,B V 

2 v 

7Z75251. 

min VcE (V) 

VcEOsust 

Fig. 3 Test circuit for VcEOsust· Fig. 4 Oscilloscope display for VcEOsust· 

Switching times (between 10% and 90% levels) 
I Con = 5 A; V CC = 100 V 

Ison= 50 mA; -lsoff = 500 mA 

Turn-on time 

Turn-off time: Storage time 

Fall time 

7277499.5 

90% 

Is 
------ - 1son 

10% i=-==~-----41-----

Fig. 5 Waveforms. 

typ. 0,35 µs 

typ. 0,55 µs 

typ. 0,2 µs 

-
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BU806 
BU807 

7Z88115 

le 
(A) r-~~r-+-t-t-+HH--~+--+-.._..._-++1++-~-t--t--+-t-Hr++1 

( 1~'-1 _i 100 

(2) [ 
~ 

N !"\ ~ 0,5ms 

~ ~1 
~ 
~ 10 

d.c. t-H 

BUB07---i 
BUB06-l 

illill 10- 2 ~~~~~~~~__.___.._._..._........_......__.__.__.__._. ................. 
1 10 102 VcE (V) 103 

Fig. 6 D.C. Safe Operating ARea. 

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

(1 l Ptot max aiid Ptot peak max lines. 
(2) Second breakdown limits (independent of temperature). 
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l BU808 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed, glass-passivated n-p-n switching transistor in a T0-3 envelope, intended for 
use in three-phase a.c. motor control systems. 

QUICK REFERENCE DATA 
--···-----· 

Collector-emitter voltage (peak value; VsE = 0) VcESM max. 1500 v 
Collector-emitter voltage (open base) Vern max. 700 v 
Collector current (d.c.) le max. 12 A 

Collector current (peak value) tp < 2 ms ICM max. 20 A 

Total power dissipation up to T mb = 25 °c Ptot max. 160 w 
Collector-emitter saturation voltage 

lc=9A;lg=4A VcEsat < v 
Collector saturation current lcsat 9 A 

Fall time 

Icon= 9 A; Ison= -lsoff = 4 A tf typ. 0,5 µs 

MECHANICAL DATA Dimensions in mm 

Fig. 1 T0-3. 

Collector connected to case. 

--1 9max 1--I 

I 

--1 1--2,5 
I 

/c t - --4.,2 

r_j - -.4.,0 

I 
20,3 
max 

I 
I 

t __ 
l===-·j10 1---. ' 

I 

i 
I._ 12.aJ 

7Z83 745 11,2 -10,9-..I 

See also chapters Mounting instructions and Accessories. 
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RATINGS 

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

Collector-emitter voltage (peak value; VBE = 0) VcESM 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value); tp < 2 ms 

Base current (d.c.) 

Base current (peak value); tp < 2 ms 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 
VcE = VcESMmax; VBE = 0 

VcE = VcESMmax; VBE = 0; Tj = 125 °c 

Emitter cut-off current 
le =O;VEB = 5 V 

Saturation voltages 
le= 9 A; IB = 4 A 

lc=12V;IB=6A 

Collector-emitter sustaining voltage 
le= 200 mA; IB =O; L= 25 mH 

Second breakdown collector current 
VcE = 100 V; tp = 1 s 

Transition frequency at f = 5 MHz 
lc=0,1A;VcE=5V 

Collector capacitance at f = 1 MHz 
IE=le=O;VcB=10V 

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

Moy'"' I 

VcEO 

le 

lcM 

IB 

IBM 

Ptot 

Tstg 

Tj 

Rth j-mb 

ICES 

ICES 

IEBO 

VcEsat 
VBEsat 

VcEsat 

VcEOsust 

l(SB)C 

fT 

Cc 

max. 1500 v 
max. 700 v 
max. 12 A 

max. 20 A 

max. 8 A 

max. 12 A 

max. 160 w 
-65 to + 150 oc 

max. 150 °c 

0,78 K/W 

< 1 mA 

< 4 mA 

< 10 mA 

< 1 v 
< 1,5 v 
< 3 v 

> 700 v 

> 0,4 A 

typ. 7 MHz 

typ. 200 pF 



Silicon diffused power transistor 

Switching times resistive load (Figs 2 and 3) 
Icon= 9 A; Ison= -lsoff = 4 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

+ 
l._r_.I 

VIM ]l__Jl_ I t JI_ 
Ip V; 

tp = 20µs 

I T= 2ms 

V1M=15V 

7Z77499.3 

90 ---- --------Ison 
Is 

(°lo) 
10 

--·----It-~,,---

le 90 

(O/o) 

10 
o~---<'-+----+--+--1'~--

Fig. 2 Switching times waveforms 
with resistive load. 

120 + 
n 

56 
n 

33 + 
n 

Fig. 3 Test circuit resistive load. 

680 
µF 

27 
n 

T.U.T. 

l ____ su_s_o_a __ 

typ. 

typ. 
typ. 

+ 100 
µF 

1,5 

4,5 
0,5 

I 
Vee 
250V 

7288899-

µs 

µs 
µs 
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160 

BU808 J 
7ZBB225 1 

10 b,,. 

I= I 1 l _,J:-,,,_..,.+-+++++--+-+-+-++<cttt---+--+-+-+++++< 
le r--+--+-Hi-H+++--+--+-++++rH---+-+--+-+-+++H 

I A) t---+--+-++~H+++-- II -+-+-Hf-H+t---+--+-<-+-++t+< 

t---+--+-t-+f-H+\--+-+-+++-t+ft----1-t­
(2)~ 

l 

[l 
10-3 

10 102 103 VcE (V) 104 

Fig. 4 Safe Operating ARea at T mb,;;:; 25 °c. 
(1) Ptot max line. 
(2) Second-breakdown limits (independent of temperature). 

I Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 
111 Repetitive pulse operation in this region is permissible, 

provided VsE,;;:; 0 and tp,;;:; 5 ms . 

. ,,,, .. , 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l~_s_u_a_2_4 __ 

SILICON N-P-N DARLINGTON TRANSISTOR 

Monolithic high voltage n-p-n Darlington transistor with integrated speed-up diode in a T0-202 envelope 
intended for fast switching applications such as small motor control and switch-mode power supplies. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VsE = O; peak value 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation 
up to T amb = 25 °c 
up to T mb = 25 °c 

Collector-emitter saturation voltage 
le= 200 mA; Is= 600 µA 

Collector saturation current 

MECHANICAL DATA 

Fig. 1 T0-202. 

Collector connected 
to mounting base. 

2 

3-© 

. . 11 J i-1:8:~ (3xl 

2,54 2,54 

------------·-----

I 

VcESM 

Vern 

le 

lcM 

Ptot 
Ptot 

VcEsat 

lcsat 

--1 
8,6 

max 

+ ----t 
12,2 
min 

I 1

1

----

i..1 ... 05 
_....! 1-1.'6 

max. 650 v 
max. 375 v 
max. 0,5 A 

max. 1 A 

max. 2 w 
max. 12,5 w 

< 5 v 
0,2 A 

Dimensions in mm 

top view 

See also chapters Mounting instructions and Accessories. 
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BU824 J 
R typ. 600 !J. 

Fig. 2 Circuit diagram. 

RATINGS 

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

Collector-emitter voltage 
VBE = O; peak value VcESM max. 650 v 

Collector-emitter voltage (open base) Vern max. 375 v 
Collector current (d.c.) le max. 0,5 A 

Collector current (peak value) lcM max. 1 A 

Base current (d.c.) Is max. 0,2 A 

Base current IBM max. 1 A 

Total power dissipation 
up to T amb = 25 oc Ptot max. 2W 
up to T mb = 25 oc Ptot max. 12,5 w 

Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 °c 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 10 K/W 

From junction to ambient Rthj-amb 62,5 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VsE = 0 ICES < 0,1 mA 
VcE = VcESMmax; VsE = O;Tj = 125 °c ICES < 0,2 mA 

Emitter cut-off current 
le =O;VEB = 5 V IEBO 3,3 to 20 mA 

Collector-emitter sustaining voltage 
Is= O; le= 250 mA; L = 25 mH** VcEOsust > 375 v 

Saturation voltages 

le= 200 mA; Is= 600 µA VcEsat < 5 v 
VsEsat < 2 v 

* Measured with a half-sinewave voltage (curve tracer). 
•• Clamped at rated V CEOsust· 
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~ c 
1-z 
w 

== a.. 
0 
-I 
w 
> w 
c 

Silicon n-p-n Darlington transistor l ___ s_u_a_2_4 __ 

7Z87151.1 -
• For adjustment of Is= 0,9 mA, VEE= 0 V. 

Fig. 3 Switching times test circuit. 

Switching times 
Icon= 200 mA; Vee= 250 V; Tj = 100 °C; 
IBM= 5 mA; Is= 0,9 mA; VEE= 1 v 
rise time 
storage ti me 
fall time 

.:b I ___ _L 
~ 20µs--1 2ms - - -- -1 

'~: ~~~~- --- ~ ::J==ty---J~_ 
-v- 7Z87149.1 

Fig. 4 Input current and base current waveforms. 

< 
< 
< 

1 µs 
1,5 µs 

1 µs 

October 1985 
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BU824 J 
6=0,01 

lcMmax 7Z8714B.1 

1cmax 

le 
(A) 

~ \ 20 

\11100 

N d.c. 

10-2t:::=====t:::==i:=jt:=J~:±J::ti=====i==::±:::tl:=±::±±±±l 

10-3'--~~'------'~'--1-1.-'-L..J..J'--~--'~-'--'-'----'-'-...L...l--'-' 
10 102 VcE IV) 103 

Fig. 5 Safe Operating A Rea, T mb..;;; 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 (independent of temperature). 
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l BU826 

SILICON DARLINGTON POWER TRANSISTOR 

Monolithic high voltage n-p-n Darlington circuit with integrated speed-up diode in a plastic SOT-93 
envelope, intended for fast switching application. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 
tp <2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 2,5 A; Is= 55 mA 

le= 4A;ls=200mA 

Collector saturation current 

Fall time 
Icon= 2,5A; Ison= 55 mA; -lsoff = 1 A 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to 
mounting base. 

this zone are 
uncontrolled 

4,4 
t 

VcESM 

Vern 

le 

lcM 

Ptot 

VcEsat 

VcEsat 

lcsat 

tf 

- 46 I max~ 
21-

-

1 
H· 

'""' 1-: t 21 ma 

12,7 j max 

i 

~1:0,4 
-1,6 

7Z75220.3 

See also chapters Mounting instructions and Accessories in Data Handbook S4b. 

max. 800 v 
max. 375 v 
max. 6 A 

max. 8 A 

max. 125 w 

< 2,0 v 
< 2,5 v 

2,5 A 

typ. 0,2 µs 

Dimensions in mm 
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BU826 J 

Rl 

7288074 

Fig. 2 Circuit diagram. 

RATINGS 

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

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

Collector-emitter voltage (open base) V CEO 

Collector current (d.c.) le 

Collector current (peak value) 
tp < 2 ms 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature* 

THERMAL RESISTANCE* 

From junction to mounting base Rth j-mb 

R1 typ. 200 n 
R2 tvp. 100 n 

max. 800 v 
max. 375 v 
max. 6 A 

max. 8 A 

max. 2 A 

max. 3 A 

max. 125 w 
-65 to+ 150 oc 

max. 150 °c 

1,0 K/W 

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

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VsE = 0 

VcE = VcESMmax; VsE = O; Tj = 125 °c 

Emitter cut-off current 
lc=O;Vrn=8V 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH 

Saturation voltages 
le= 2,5 A; ls= 55 mA 

le= 4 A; Is= 200 mA 

Collector saturation current 
VcEsat < 2 V 

250-j-___ _ 

200 
le 

lmA) 

100 

l ...... __ s_u_a_26 __ _ 

ICES < mA 

ICES < 2 mA 

Imo 
< 150 mA 
> 50 mA 

VcEOsust > 375 v 

VcEsat < 2,0 v 
VsEsat < 2,2 v 
VcEsat < 2,5 v 

lcsat 2,5 A 

7277036.1 

min VcE IV) 

VcEOsust 

Fig. 3 Test circuit for VcEOsust- Fig. 4 Oscilloscope display for VcEOsust· 

* Measured with a half sine wave voltage (curve tracer). 
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BU826 j 
CHARACTERISTICS (continued) 

Switching times (between 10% and 90% levels) 
Icon= 2,5 A; Vee= 250 v 
Ison= 55 mA; -lsoff = 1 A 

Turn-on time 

Turn-off time: Storage time 

Fall time 

Fall time; T mb = 100 oe 

90% 
-IB 

7277491.4 

10% t""'-=r--------

[[_1Bot: 
90% f----1-1---------_--,+_--- -Icon 

10% 

Fig. 5 Waveforms. 

120 680 
!l µF 

Li Tl 

v,~]_Jl 

I t .. l l-
tp 

100 
V; !l + 

I 
82 680 
!l µF 

7Z73191.2 

+ 
100 
µF 

T.U.T. 

Fig. 6 Test circuit. T = 2 ms; tp = 20 µs; V1M = 15 V. 
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< 
< 
typ. 

< 

Vee 
250V 

I 

1,3 µs 

2,0 µs 

0,2 µs 

0,6 µs 



Silicon Darlington power transistor l BU826 

'-----

7Z88075.1 

TTTr 

III 

Fig. 7 Safe Operating ARea at Tamb ~ 25 oc. 

I Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 
111 Area of permissible operation during turn-on in single-transistor converters, provided 

tp < 1,3 µs. 
IV Repetitive pulse operation in this region is permissible, provided VBE.;;; 0 and tp.;;; 2 ms. 

(1) Ptot max and Ppeak max lines. 
(2) Second-breakdown limits (independent of temperature). 
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___ s_u_a_2_s __ J 
7Z88187 

10 ~~ml~!llE~BB~~!m~!!f!l~@all 
Zthj-mb1----+--+-+-Hf-H+t---+--+-t-H+++1---+--+->--++_.....,,__-+--+->-+-+_.....,,__-+--t-;>-+-++Hi--+--+-+--++++H 
(K/W) l----+--t-t-+1-++tt---t--t-t--H-++tl---+--+-H-t+t-Hl---t--~+-t-;H+tt----+--t-t-+1-++tl---+--+-t--H+tt1 

1) = 1 
0,75 

L--l--+-t-t'1'Tm o, 1 -t- P1 
10-1 0,05 !::: 

10 102 tp(ms) 103 

Fig. 8 Pulse power rating chart. 

1000 

100 

£' v 
10 

0,1 

I 

l 
i 'I 
J!114-

~ 

=t= I 

7Z90942 

I 

l 
I I 

I I 
i I I '-+-' 

l 
le (A) 10 

Fig. 9 D.C. current gain. 
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2.4 ~~~--~~-~~--"7""-;Z9'-'-09'-'4-', 1 

1----+--+l-+---+-+-c,......~---:..+---1 
VsE f---1----i---l-~"'-"'-IV--+---+-I 
(V) -- t--~-+--_,·--+---1--
1,6~ 

---11--+---+-----r-----~ 

~-i l-~r=1=---+-~+----1---c 
0,8 ~--' -----t-----t--1-----l 

- 1--f----+--•--" 

r----+--+---+--1--r-~--+----< 
i--~ l 

0 1--~~-~~-~~---'----J 

0 6 le (A) 8 

Fig. 10 VsEsat curve; Tj = 25° C; 
typical values. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
BUP22 SERIES 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VBE = O; peak value 

Collector-emitter voltage 
open base 

Collector saturation current 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation 
up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=6 A 

D.C. current gain 
le= 1 A; VcE = 5 v 
le= 6 A; VcE = 1,5 v 

MECHANICAL DATA 

Fig. 1 SOT-93. 
Collector connected to case. 

For accessories and mounting 
instructions see Handbook 
l.f. power transistors. 

VcESM max. 

VcEO max. 

lcsat 
le max. 

lcM max. 

Ptot max. 

VcEsat < 

typ. 
> 

15,2_ 
max 

-14-

4,25 
4,15 

BUP22 A 

550 650 

300 350 

6 6 
8 8 

20 20 

125 125 

1,5 

25 
10 

1,5 

25 
9 

B c 

750 850 v 

400 450 v 
6 6 A 

8 8 A 

20 20 A 

125 125 w 

1,5 

25 
7,5 

1,5 v 

25 
6 

Dimensions in mm 

t-. 
b. 
I- t 21 

ma 

12,7 j Jx 

- ... 1,6 7Z7522D.3 
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BUP22 SERIES l 
RATINGS 

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

SUP22 A S c 

Collector-emitter voltage 
VsE = O; peak value VcESM max. 550 650 750 850 v 

Collector-emitter voltage 
open base vcEo max. 300 350 400 450 v 

Collector current (d.c.) le max. 8 A 

Collector current (peak value) lcM max. 20 A 

Base current (d.c.) Is max. 4 A 

Total power dissipation 
up to T mb = 25 oc Ptot max. 125 w 

Storage temperature Tstg -65to+150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 
VcE = VcESMmax; VsE = 0 lcEs < mA 

-'-- VcE = VcESMmax; VsE = O; 
Tj = 125 oc ICES < 2 mA 

Emitter cut-off current 
le =O; VEs =9 V IESO < 10 mA 

D.C. current gain 
lc=l A;VcE=5V hFE typ. 25 

SUP22 A S c 
Collector-emitter sustaining voltage - ls=O;lc=0,1 A;L=25mH VcEOsust > 300 350 400 450 v 
Saturation voltages 

le= 6 A; Is= 0,6 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

le= 6 A; Is= 0,67 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

le= 6 A; Is= 0,8 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

le= 6 A; Is= 1 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

* Measured with half sine-wave voltage (curve tracer). 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
BUP23 SERIES 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VsE = O; peak value 

Collector-emitter voltage 
open base 

Collector saturation current 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation 
up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 10A 

D.C. current gain 
le= 1,5 A; VcE = 5 v 
le= 10 A; VcE = 1,5 v 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to case 

VcESM 

VcEO 

lcsat 

le 

lcM 

VcEsat 

BUP23 

max. 550 

max. 300 

10 

max. 15 

max. 30 

max. 175 

< 1,5 

typ. 25 

> 10 

____ 15,2~. 
max 

--14-

4,25._. 
4,15 

A B C 

650 750 850 v 

350 400 450 v 
10 10 10 A 

15 15 15 A 

30 30 30 A 

175 175 175 w 

1,5 1,5 1,5 v 

25 25 25 

f- . 
1:::-: 
I-

9 7,5 6 

Dimensions in mm 

rll-o,4 -- ,_. 
1,6 

7Z7S220.3 

For accessories and mounting instructions see Handbook l.f. power transistors. 
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BUP23 SERIES 

RATINGS 

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

BUP23 A B c 
Collector-emitter voltage 

VsE = O; peak value VcESM max. 550 650 750 850 v 
Collector-emitter voltage 

open base VcEO max. 300 350 400 450 v 
Collector current (d.c.) le max. 15 A 

Collector current (peak value) lcM max. 30 A 

Base current (d.c.) Is max. 6 A 

Base current (peak value) IBM max. 9 A 

Total power dissipation 
up to T mb = 25 oc Ptot max. 175 w 

Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 0,7 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax: VsE = 0 ICES < mA 

Emitter cut-off current 
le= O; VEB = 9 V IEBO < 10 mA 

D.C. current gain 
Jc=1,5A;VcE=5V hFE typ. 25 

BUP23 A B c 
Collector-emitter sustaining voltage 

I B = 0; le= 0, 1 A; L = 25 mH VcEOsust > 300 350 400 450 v 
Saturation voltages 

le= 10 A; lg= 1 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

le= 10A; Is= 1,11 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

le= 10 A; Is= 1,33 A VcEsat < 1,5 v 
VgEsat < 1,5 v 

le= 10A; lg= 1,67 A VcEsat < 1,5 v 
VgEsat < 1,5 v 

• Measured with half sine-wave voltage (curve tracer). 
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BUS11 
BUS11A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp,;;; 2 ms 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
le= 3A;l 8 =o,6A 
le= 2,5 A; Is= 0,5 A 

Fall time (resistive load) 
Icon= 3 A; 'Bon= -IBoff = 0,6 A 
Icon= 2,5 A; I Bon= --1 Boff = 0,5 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected 
to case. 

rr 
39,5 301 

max _1. -
b 

BUS11 l_BUS11A 
VcESM max. 850 1000 v 
Vern max. 400 450 v 
'c max. 5 A 

lcM max. 10 A 

Ptot max. 100 w 

VcEsat < 1,5 v 
VcEsat < 1,5 v 

tf < 0,8 - µs 

tf < 0,8 µs 

Dimensions in mm 

c 

~I 9max F 
--1 2,5 

I • I --4.2 J --4,0 r t 

6,85 
20,3 
max 

i_ 
t 

l=====l:-.1,0 

I ... _ 12.s_...l 
7Z69700.1 11,2 

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

See also chapters Mounting instructions and Accessories. 
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BUS11 
BUS11A 

RATINGS 

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

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 2 ms 

Base current (d.c.) 

Base current (peak value); tp < 2 ms 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current * 

VcE = VcESMmax; VBE = 0 

VcE = VcESMmax; VBE = O; Tj = 125 °c 

Emitter cut-off current 
le= O; VEB = 9 V 

Saturation voltages 
le= 3A;l 8 =o,6A 
le= 2,5 A; Is= 0,5 A 
le= 3A;1 8 =0,6A 
IC= 2,5 A; I B = 0,5 A 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH 

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

Vern max. 

le max. 

leM max. 

Is max. 

lsM max. 

Ptot max. 

Tstg 

Tj max. 

Rthj-mli 

lcES < 
lcES < 

IEBO < 

VcEsat < 
VcEsat < 
VBEsat < 
VBEsat < 

VcEOsust> 

BUS11 1""1A 850 1000 v 
400 450 v 

5 A 

10 A 

2 A 

3 A 

100 w 
-65 to +200 oe 

200 oe 

1,75 K/W 

1 mA 

2 mA 

10 mA 

BUS11 BUS11A 

1,5 v 
1,5 v 

1,4 v 
1,4 v 

400 450 v 



Silicon diffused power transistors j 
----

BUS11 
BUS11A 

CHARACTERISTICS (continued) 

7Z752SI. 

250 

200 
Tc 

Im Al 
100 

[9 vert. 

0 
min VcE (VJ 30-60Hz 

VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test. circuit for V CEOsust· 

Switching times resistive load (Figs 4 and 5) 
Icon= 3 A; Ison= I Baff= 0,6 A BUS11 BUS11A 

Turn-on time ton < µs 

Turn-off: Storage time ts < 4 µs 
Fall time tf < 0,8 µs 

Icon= 2,5 A; Ison= -lsoff = 0,5 A 
Turn-on time ton < µs 

Turn-off: Storage time ts < 4 µs 
Fall time tf < 0,8 µs 

Switching times inductive load (Figs 6 and 7) 
lc0 n=3A;lg=0,6A 

typ. 1, 1 µs 
Turn-off: Storage time ts < 1,4 µs 

Fall time 
typ. 80 ns 

tf < 150 ns 

Icon= 3 A; Is= 0,6 A; Tj = 100 °c 
typ. 1,2 µs 

Turn-off: Storage time ts < 1,5 µs 

Fall time 
typ. 140 ns 

tf < 300 ns 

Switching times inductive load (Figs 6 and 7) 
Icon= 2,5 A; 18 = 0,5 A 

typ. 1, 1 µs Turn-off: Storage time ts < 1,4 µs 

Fall time 
typ. 80 ns 

tf < 150 ns 

Icon= 2,5 A; lg= 0,5 A; Tj = 100 oc 
typ. 1,2 µs Turn-off: Storage time ts < 1,5 µs 

Fall time typ. 140 ns 
Cf < 300 ns 
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BUS11 
BUS11A l--.;___ __ 

odt:::Jl 
-11~ I -T- I 

7Z89210 

vee=2sov 
V1M=-6to+BV 

-tp 
= 0,01 

T 
tp =20µs 

Fig. 4 Test circuit resistive load. 

90% 
19 

10% 

90% 

10% 

t, 7Z77499.5 .. ... 
--- 1Bon 

[[ _IBof: 

r----1- ------ Icon 

I\ 
r--- -----+--

.... td .. -tf 
t ..... 

..... L.- ~ts-+-
t ... t I .. on off 

Fig. 5 Switching times waveforms 
with resistive load. 

+Is 

le 

Le= 
200µH 

7Z89212.1 

90% 1 ""---------·--Ison 

90% ----- - -

10% - -

Vee 

Fig. 6 Switching times waveforms 
with inductive load. 

7Z89211 

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

le 
(A) 1--~+--+--+-++~+-~-+--+--+-+-+--++++-~-t--+---+-i 

50 

100 

r-200 

;- 500 

1 ms 

\\f,.\ i-1 
2 

5 
l---10 

20 
;--- d.c. BUS 11 ----'---'''-'--'......., 

BUS11A t-
10-2 '--~-'--'---'-.....__._._.._...._~__._~.L....JLL.J......L...&......._.~~-'---'---'--' 

10- 2 

le 
(A) f--H 

BUS11 
BUS11 AL 

]'--.:: f:::j 
10-3 

BUS11 
BUS11A 

Ill I-

IV 
i 

10 10 2 10 3 VcE(V) 400 103 

Fig. 8 Safe Operating ARea at T mb < 25 °c. 

(1) Ptot max and Ptot peak max. lines. 
(2) Second-breakdown limits. 

I Region of permissible d.c. operation 
11 Permissible extension for repetitive pulse operation 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RsE < 100 n and tp < 0,6 µs. 
IV! Repetitive pulse operation in this region is permissible 

provided VsE ,,,;;; 0 and tp,,,;;; 2 ms. 

VcE(V) 

--
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BUS11 
BUS11A 

'\. ~ 
2 5 C--C--C--t----t-~t----r>.-~--+--1 

o~~~~s 
0 100 200 

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

le 
IAI 

Fig. 11 D.C. current gain. 
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I~ 

500 VcE IV) 1000 

Fig. 10 Reverse bias SOAR. 
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Silicon diffused power transistors BUS11 
BUS11A 

2 ..------.--....--.-..-.--.-.......... ----.--.---~-...~~--~~~-l~7Z~a-29~35 

1 
l 

V BE sat 1-----t--t--+-J--t-++++--...._,,__-+--+-~1-+-1-++---+---+--+--1-~...1-.!.--11J...l.-j....i, 
V eEsat 1-----+--+--+-+--+~H-+---+---1f--1--1-+--1-+-+.1---.1----1---1.--1-'...J..:.J~~ 

Nl ~~ 
f 

171 
1-----+--+--+-+--+~H-+---+---lf--l--I-+ v · T· = 25 °e ~V'--lf-1'-HH-H BE• J .# 

_...i--
~1-1--1 i;;--

10-1 

I 

j I 
o II V 

Vee: Ti= 100 ~/ 7 

i...+-IP ..--!" 
T · - 2 5 °e -+--+--+-+-+-+-!-! 

le (A) 10 

Fig. 12 Typical values base-emitter and collector-emitter voltage, le/I B = 5. 

[1 TI\ l'l T 
VeEsat 1---+--+--+--l-+lll+1+-=~\ ~-\-I-+--+-,~.+-+JH-t++-~ \-+---l-+-+-t-t-H-i 

(V) T\ \ \ 

\ \ + 
\ \ ~ \ 
\ \ \ \ 
I\ 

~ - 3 A i----t---t--+-+-+-+-H 

Fig. 13 Typ. (--)and max. (- - -) values collector-emitter saturation voltage at Tj = 25 oe. 
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BUS11 
BUS11A l __ _ 

1,6 ~~~--~.,.........~~~~-~ ......... ..--.~~~-~.,...........--.~~....,n ..... a ... 2e__,33 

VBEt-t-+--+--t--+--+-+--t-t-+--+--+---+-+-+-t-t-+--+--+---+-+-~t-t-+--+--+---+-1 
(V) t-t--+-+-t--+--+-+--t-t-+-+-+---+-+--+-t-t-+-+-+---+-+--+--t-t-+--+--+---+-1 

1,4t!DXt!DXttU=tlttU=tlttUJ:l~E::f1 
t-t-+--+--t--+--+-+--t-t-+--+-lc=5A-t---t:=l--l"""'fJ..-==t-!---t-f---ii----t-+-t--+--t--+-'r--i 

--+--
i...-+--' 

1 • 2 HjfEilllffE~ttE3IfHB3fijj-o ~ 

~ 1,5 A~,._1"'9HF-tl----+t-'"!-+-t--+-+-t---1--t-+-t---I 
y .....r--1 

1,0 t-+-+~-7"'+-+-f-i-+J....--+-i--i..-=::;ol-"""F'+-+-f-i-+-+--+-+-+-1-+-+--+-+-+-1-+-i 

0,8 ~-.......~--~~~~-_._~~~-.......~-_._~~~-.......~-_._~ 
0 0,5 18 (A) 1,5 

Fig. 14 Typical values at Tj = 25 oc. 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUS11 
BUS11A 

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

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

Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures lcM represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °c under the following conditions 
(see also Fig. 15): 
- collector current shape lc1/lcM = 0,9 
- duty factor tp/T = 0,45 
- rate of rise of I c during turn-on = 4 A/µ.s 
- rate of rise of V CE during tum·off = 1 kV /µ.s 
- reverse drive voltage during turn-off= 5 V 
- base current shape I B 1 /I Be= 1,5 

The required thermal resistance of the heatsink can be calculated from 

100- Tamb 
Rth mb-a < p K/W 

tot 
To ensure thermal stability the value of the ambient temperature Tamb > 40 °c. 

le ./j t ~~M __ LJI:f_LI 
0-- t --- t 

vcE h-, I 
OJ ____ Lj_ --t 

J. 
1B(end) 

-~-t 

_ _/_ 

-_r=-
TURN-ON 

==-----

..____ 
t 1 = 0,5µs 

u 
TURN·OFF 

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

7288781 
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BUS11 
BUS11A 

ls(endl I'.. V Lg 

I A I ~>-------+---<--+--+-o.L_,._,_-+-___, lµH I 

~ z 
N/ 

o,5 1--+--+--t .,,..~ ..... ~N1--+--+--+--1 

1---+~-~LC__L__-+--+---+.,._-.k.::~ 

Vis lend) 

O>--~--+-->---+---+---<--+-~O 

1,5 2,5 3,5 

ICM (Al 

Fig, 16 Recommended nominal "end" value of the base current (lsel and optimum base inductance 
(Ls) at -V drive= 5 V versus maximum peak collector current. d ls(end) = ± 20%. 

For other values of-Vdrive (3 V to 7 V) the related Ls is: 

(-Vdrivel + 1 
Lsnom 6 

Lsnom is the value given in this graph, 

Ptot 
IWI 

t,= I 
f---+---+---<f---+--+---+ --I 

_LJ 40 k1z 

z ~kHz 
~-z-

o~~--+---i~~--+-~--+-~ 

1,5 2,5 3,5 

lcM (Al 

Fig, 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. T mb = 100 °c; dls(end) = ± 20%. 
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BUS12 
BUS12A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control_ systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
1c=6A;1 8 =1,2A 
lc=5A;1 8 =1 A 

Fall time (resistive load) 
Icon= 6 A; Ison= -lsoff = 1,2 A 
I Con = 5 A; I Bon = -I Boff = 1 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

--26,6max-

b 

10,9---

c 

6,85 

f 

See also chapters Mounting instructions and Accessories. 

VcESM 

Vern 

le 

lcM 

Ptot 

VcEsat 
VcEsat 

BUS12 

max. 

max. 

max. 

max. 

max. 

< 
< 

< 
< 

850 

400 

1,5 

0,8 

J·;· F,,, 
_ _j 

4,2 
--4,0 

I t 

20,3 
max 

l_ 

8 

20 

125 

BUS12A 

1000 v 
450 v 

A 

A 

w 

v 
1,5 v 

µs 
0,8 µs 

Dimensions in mm 

' + 1,0 

l.__12,sJ 
7Z697001 11,2 

€ Products approved to CECC50 004-106 available on request. 
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BUS12 
BUS12A 

RATINGS 

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

Collector-emitter voltage (VsE = 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); tp,,;:; 2 ms 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current * 
VcE = VcESMmax: VsE = 0 
VcE = VcESMmax; VsE = 0; Tj = 125 °c 

Emitter cut-off current 
lc=O;VEB=9V 

Saturation voltages 
lc=6A;1 8 =1,2A 
1c=5A;1 8 =1 A 
1c=6A;1 8 =1,2A 
le= 5 A; Is= 1 A 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH 

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

Vern 

le 

lcM 

Is 

IBM 

Ptot 

Tstg 

Tj 

Rthj-mb 

ICES 
ICES 

IEBQ 

VcEsat 
VcEsat 
VsEsat 
VsEsat 

VcEOsust 

BUS12 BUS12A 

max. 850 1000 v 
max. 400 450 v 
max. 8 A 

max. 20 A 

max. 4 A 

max. 6 A 

max. 125 w 
-65 to +200 oc 

max. 200 oc 

1,4 K/W 

< 1 mA 
< 3 mA 

< 10 mA 

_'llJ~ BUS12A 

< - v 
< - 1,5 v 
< 1,5 v 
< 1,5 v 

> 400 450 v 



Silicon diffused power transistors 

CHARACTERISTICS (continued) 

2sor------
200 
le 

(mAl 
100 ----------------+ 

I 
I 
I 

7Z75254 

min VcE (V) 

VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 
Icon= 6 A; Ison= -I soft= 1,2 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 5 A; Ison= -lsoff = 1 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Switching times inductive load (Figs 6 and 7) 
'con= 6 A; Is= 1,2 A 

Turn-off: Storage time 

Fall time 

Icon= 6 A; Is= 1,2 A; Tj = 100 °c 

Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 7) 
lc0n=5A;ls=1A 

Turn-off: Storage time 

Fall time 

Icon= 5 A; Is= 1 A; Tj = 100 oc 
Turn-off; Storage time 

Fall time 

BUS12 
BUS12A 

Fig. 3 Test circuit for VcEOsust· 

SUS12 SUS12A 

ton < µs 

ts < 4 µs 

tf < 0,8 µs 

ton < 1 µs 

ts < 4 µs 

tf < 0,8 µs 

typ. 1,6 µs 

< 2,1 µs 

typ. 80 ns 

< 150 ns 

typ. 1,8 µs 

< 2,3 µs 

typ. 140 ns 

< 300 ns 

typ, 1,6 µs 
< 2,1 µs 

typ. 80 ns 
< 150 ns 

typ. 1,8 µs 

< 2,3 µs 

typ. 140 ns 

< 300 ns 
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BUS12 
BUS12A 

V1M 0.=f-ldt. 

-1 1~ I -T- I 
7289210 

Vee= 250 v 
VIM = -6 to + 8 V 
tp 

= 0,01 
T 
tp =20µs 

Fig. 4 Test circuit resistive load. 

90% 
Is 

10% 

90% 

10% 

t, 7Z77499 5 

- r-
1s on 1 

---

I Li _IBof: 

1----1- ------ Icon 

\ 
-- ----- -

..._td -tf t - -...... 1- ..- ts ...-
t 

- t 1-on off 

Fig. 5 Switching times waveforms 
with resistive load. 

+Is 

le 

Le= 
200µH 

7Z89212.1 

90% 

90% --- - - - -

10% - -

tf 
...... -

- ts -
- toff 1-

Fig. 6 Switching times waveforms 
with inductive load. 

Vee 

I 
7Z89211 

VeL=300V 
Vee= 30 v 
VEB= 5 V 

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

le 
(A) 1-----+--+-+--+ o = 0,01 -->---+--+--+-t-+-+-++---+-+-+--0 

tp = 

I CM max ~'""~""~+.'....,.,~l\,--i..N+-1..+++t---.~:-+-.,_,h++-lli+++-- ?Q µs --+-+-I 

rn t:.-t--=-:=::j'~~~f\ l\~f\w~:1t=· [i::::'l;::P;::~ =1==1:1:1:.}-::1=1:-n ml =-=l==l=:::l:=l) 
1 cmaxi---~~~:l:~.--\--1rl--'t~-H'<II-~::S:-+-::s:TT--t-1h~~~-t------+---+-+-< 

- ( 1) :S: ~ II *is:-->r-,:~_,,_<+-<-1-+++----1--+--+--1 

- 2 o o ==t=r-1 

BUS12 
BUS12A 

10-- 2 ~=tl+=~lt=t:t:tl' = 
le 

(A) 
I--+- Ill 

J 

1--

BUS12 I 
susn~l:'Y iv 

Fig. 8 Safe Operating A Rea at T mb < 25 °c. 
( 1 l Ptot max and Ptot peak max lines. 
(2) Second-breakdown limits (independent of temperature). 

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

10 - 3 l..__ __ ....__,__._._,_J...J...W-L-
400 10 3 

VcE(V) 

111 Area of permissible operation during turn-on in single transistor 
converters, provided RsE <:;;; 100 n and tp <:;;; 0,6 µs. 

IV Repetitive pulse operation in this region is permissible 

provided VsE < O and tp < 2 ms. 
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BUS12 
BUS12A. 

100 .--~~-~~--~-~-'"'''c,::";_'0::.:;'3 

~ I 

th~ sor----+-·->---+--+4'\-+-1"1..-"f'l~--i--' 

"l ~ 
2 5 f---1---+-->--~--l----P~~-l----l 

o~-'-~--'--~--"----'-__J_"\]--"' 
0 100 200 

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

le i-, -+--+-+-+-+--1 -+--+--+--+-+-! 
IAI 

f--1-t-·f--~l-t--t~-+~-

~I \ -~ 
t--+-t-- --1 'Nmsus10 

o ~~-~~~~~~~~~ 
0 500 VcE IVI 1000 

Fig. 10 Reverse bias SOAR. 

Tj=125°C+--t--+-+-++++---+--+-'-+-+-i-l-++---+-...+--+--1--l-4--H-1 
hFE I- - -J.-=.-:;._ I - 1-1- Ii--_ VcE = 5 V 

25°c ~~ 

Fig. 11 Typical values d.c. current gain. 
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Silicon diffused power transistors BUS12 
BUS12A 

2~~~~~~~~~~~~~~~~~~~,~~~~~~~7-Z8~2~94~0 

I 

VsEsat t-----+---+-+---+--+-+-+-+-+-----+--<------<r--+----+--<--+++-+-ll~ ,,~ /+---+--+---+-t-t-i-+-< 

VeEsati--~--r~-+--+--+-+-t-+++-~--t~-+--+-+-+-t-t-t-t-t-+L~ll_~t---+--r-+-+-t-t-H 
(V) J2'J 

~ 
>----+--+--+--+-+-+-+++- v · T· = 25 °e _.....-J~~<-+-++if--11---+----+--+---+-..++-H 

SE·_L J _L » I 

_i.--

1---...--l:-=-=-:::i:..:-=:::+·-l:+:-~r++-1-t~~__,=-+'T-'=25°e -+-->_,_._,_ __ ,~-+---+-~-+-~H 
0'--~--'-~-'--'--"--....._.._._.._._~___.~1 -i.__~_._._._-"-'_,_,_~--'-~"'---'-~--'--1....U 

VeEsat 
(V) 

10-1 10 le (A) 

Fig. 12 Typical values base and collector voltage at le/ls= 5. 

\ , 
ll 
\ 
[\_~ 

\ 

\ 
1 

ll 

I'. "~--i---r 6 A 

"N l"h t-- 3A 

10- 1 '----'---'--'-..l.......L--'--L..J....l.----L-__J'--J._J-'--'--'-1~1 ,_ _ _._ _ _,__._.l-...J.-i....J.....W 

10- 1 10 Is (A) 

Fig. 13 Typ. (-) and max. (- - -) values collector-emitter saturation voltage at Tj = 25 °e. 
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BUS12 
I l 

BUS12A -~~~~~~~~~~~~~~~~~-

VBE 1---.l-4-+----1--l--1--1---1--1--+.-...._,1--1-+-+-+---+--+--+-+--+-~1--1-+-+-+---+--+-l 
(V) 1--<-+---+--+---l--l-+-1-!-+---+--+--+-+-+-1-!-+-+-+--+-+-+--1--t-+-+--+--t-J 

1,41--1-l-+---l--+-+--+--+-+-+-+--l--l-+-+-+-+---l--!--1-+-+-l--l-t-+-+-+-t-i 

0,8L.....IL.l-l..-L-L-l-....1-...l-..L,_J...._1.......J-i,-l..-L-L-l-....l-...l-..L,_..L-J......J-l.--L----l--l.........J.........!........J 

0 2 18 (A) 3 

Fig. 14 Typical values base-emitter voltage at Tj = 25 oc. 
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Silicon diffus¢d power transis~Pf5 

APPLICATION INFORMATION 

BUS12 
BUS12A 

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

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

Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures lcM represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 'IOO oc under the following conditions 
(see also Fig. 15): 
-- collector current shape lc1/lcM = 0,9 
- duty factor tp/T = 0,45 
- rate of rise of le during turn-on= 8 A/µs 
-- rate of rise of V CE during turn-off= 1 kV /µs 
- reverse drive voltage during turn-off= 5 V 
- base current shape I 81 /I Be = 1,5 

The required thermal resistance of the heatsink can be calculated from 

100-Tamb 
Rth mb-a < ----- K/W 

Ptot 

To ensure thermal stability the value of the ambient temperature Tamb > 40 °c. 

le ---1 t 1/1~M _LJif ___ LI 
0- t ---- t 

Is r 
1s1 
t 

J. 
1B(end) 

0 lr~-+==t- t 

VsE H ~ 

1_J=:c1 

r-dt 
_ _/~':1~-- t 

-~--t 

_ _}_ __ 

--r=-t 
TURN-ON TURN-OFF 

7Z8B781 

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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ls(end) "'I"'-. ,..._ v~ Ls I A I f----+-"1-I~ .._,-<~--+--+----''---+---I (µH) 

~ 1---t--+-~--t.)/-T-t---t-=;...=t-~ 

v ks( end) +---!--+---+----1---+---I 

I 

QL----'---+--'---------'------'-___Jf-----L______jQ 
3 6 7 

1CM (A) 

Fig. 16 Recommended nominal "end" value of the base current (lse) and optimum base inductance 
(Ls) at -Vdrive = 5 V versus maximum peak collector current. dls(end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related Ls is: 

(--V drivel+ 1 
Lsnom ----6--

Lsnom is the value given in this graph. 

Z L 1 v v 

lcM (A) 

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum 
peak collector current. T mb = 100 °c; dls(end) = :t 20%. 
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BUS13 
BUS13A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=10A;IB=2 A 
le= BA;IB=1,6A 

Fall time (resistive load) 
Icon= 10 A; I Bon= -IBoff = 2 A 

. 'con= 8 A; I Bon= -IBoff = 1,6 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

VcESM 

VcEO 

'c 
lcM 

Ptot 

VcEsat 
VcEsat 

tf 
tt 

BUS13 

max. 850 

max. 400 

max. 

max. 

max. 

< 1,5 
< 

< 0,8 
< 

Collector connected to case. 

--2s,smax- J'iF,, 
_ _J 

4,2 
- --4,0 

I t 

10,9 

20,3 
max 

€ Products approved to CECC 50 004-125 available on request. 
See also chapters Mounting instructions and Accessories. 

7Z69700.1 

l_12,s 
11,2 

BUS13A 

1000 v 
450 v 

15 A 

30 A 

175 w 

v 
1,5 v 

µ.s 
0,8 µs 

Dimensions in mm 

.1.0 
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BUS13A 

RATINGS 

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

Collector-emitter voltage (VBE = 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); tp < 2 ms 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current• 
VcE = VcESMmax; VBE = 0 
VcE = VcESMmax; VBE = O; Ti= 125 °c 

Emitter cut-off current 
le= o; vrn = g v 

Saturation voltages 
lc=10A;IB=2 A 
IC = 8 A; I B = 1,6 A 
le= 10 A; IB = 2 A 
le= 8A;IB=1,6A 

Collector-emitter sustaining voltage 
le= 100 mA; I Bott= O; L = 25 mH 

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

Vern 

le 

lcM 

IB 

IBM 

Ptot 

Tstg 

Tj 

Rth j-mb 

ICES 
ICES 

Imo 

VcEsat 
VcEsat 
VBEsat 
VBEsat 

VcEOsust 

BUS13 

max. 850 

max. 400 

max. 15 

max. 30 

max. 6 

max. 9 

max. 175 

-65 to +200 

max. 200 

1,0 

< 1 

< 4 

< 10 

BUS13 

< 1,5 
< 
< 1,6 

< 

> 400 

BUS13A 

1000 v 
450 v 

A 

A 

A 

A 

w 
oc 

oc 

K/W 

mA 

mA 

mA 

BUS13A 

v 
1,5 v 

v 
1,6 v 

450 v 



Silicon diffused power transistors BUS13 
BUS13A 

CHARACTERISTICS (continued) 

7275251. 

250 

200 
le 

(mA) 

100 

[9 
0 

min VcE (V) 30-60Hz 

VcEOsust 
7Z62283 

Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VcEOsust· 

Switching times resistive load (Figs 4 and 5) 
Icon= 10 A; Ison= -lsoff = 2 A SUS13 SUS13A 

Turn-on time ton < 1 µs 

Turn-off: Storage time ts < 4 µs 
Fall time tf < 0,8 µs 

Icon= 8 A; Ison= -lsoff = 1,6 A 

Turn-on time ton < µs 

Turn-off: Storage time ts < 4 µs 
Fall time tf < 0,8 µs 

Switching times inductive load (Figs 6 and 7) 
lc0 n=10A;ls=2A 

2,3 
Turn-off: Storage time ts 

typ. µs 

< 3,0 µs 

Fall time 
typ. 80 ns 

tf < 150 ns 

Icon= 10 A; Is= 2 A; Tj = 100 °c 
typ. 2,5 µs 

Turn-off: Storage time ts < 3,2 µs 

Fall time 
typ. 140 ns 

tf < 300 ns 

Switching times inductive load (Figs 6 and 7) 
Icon= 8 A; Is= 1,6 A 

2,3 
Turn-off: Storage time ts 

typ. µs 

< 3,0 µs 

Fall time 
typ. 80 ns 

tf < 150 ns 

Icon= 8 A; Is= 1,6 A; Tj = 100 °c 
typ. 2,5 µs 

Turn-off: Storage time ts < 3,2 µs 

Fall time 
typ. 140 ns 

tf < 300 ns 
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BUS13 
BUS13A 

o~ 
-11~ I -T- I 

7Z89210 

Vee= 250 v 
VIM= -6 to+ 8 V 
tp =20µs 
tp 
T = 0,01 

Fig. 4 Test circuit resistive load. 

90% 
IB 

10% 

90% 

le 

10% 

t, 7277499.5 

- r·--- f - 1Bon 

- -

IT_ _IBof: 

f----1- -------1 1con 

I\ 
-- ----- -

....._td _,.. -11 
t -... 1- _,.. t, .... 

t .. t 
,_ 

on off 

Fig. 5 Switching times waveforms 
with resistive load. 

+Is 

le 

7289212.1 

90% I Ir---------"""'":-- IS on 

10% - -

tf __,... ~ 
- ts .......... 
- toff I-

Fig. 6 Switching times waveforms 
with inductive load. 

Vee 

7289211 

Vee= 30 v 
VeL =300V 
Ls = 1 µH 
Le = 200 µH 
VsE = 5 V 

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

tp = 

20µs 

}-100 

200 

t---+--+-+-t--+-t+til---1---l'l'Jrll'll\f-t-H-t+~ 2 0 -+--t--+--< 

H l-d.c. 

BUS13 .-+---1 
BUS13AH 

10-2 ---~_.._ .............................. _.._. .......... ~__..~_._._....._._......._.__~_._ .......... _._. 
10 102 

Fig. 8 Safe Operating ARea at Tmb < 25 °c. 
( 1) Ptot max and Ptot peak max lines. 

BUS13 
BUS13A 

10-2 ~:t=mlttm= 
le 
(A) 

t---+-++1m 

± 
I 

t­
i--

BUS 13A:--k_ IV 
BU S 1 3 °"'L:::-::::-4-.q.tt-lrl-1-tt-t--
~ 

10-3 ~-'-~~ ....... .L.-

400 10 3 

VcE(V) 

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

I Region of permissible d.c. operation 
II Permissible extension for repetitive pulse operation 
Ill Area of permissible operation during turn-on in single transistor 
. converters, provided RB E < 100 n and tp < 0,6 µs. 

IV Repetitive pulse operation in this region is permissible 
provided VsE,;;;; 0 and tp,;;;; 2 ms. 
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BUS13A 

100 ~-N~~-~·-~~-~'='rcB'-'-'-';073 

1%1 1---+-'<'~~1'-f--+--+--+--j 

751---+--+->..,.µ.,.---1----1--+-----l-----" 

~~ 

1. ·~ 
251---+--+-+---+-+-----P.""°"'\---'~ 

0 '-----'-----'-~__,___,___,_____,[S 
0 100 200 

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

20 

le 
IA) 

10 

0 

7Z88786 

I\ 
\ 

\ 
\ 

f\ .k'..BUS13 
BUS13A 

~ cl I 
0 500 VcEIVI 1000 

Fig. 10 Reverse bias SOAR. 

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

2.-----.,...--.-~.,......,.-,-r-rT----.----,c--,.-,-r--,--,-..--r-----,l..--.l-..,.._,..-.-~7Z~8~29...,...,45 

~ 
VS Esat t-----+--+--+-+-+--+-01-++---+---i-t--t--+-++++--~l-IL'-+---+--+--+--t-++-1 
V CEsat t----+-+-+-+-t-rt-++---+---lr--t-t-t-++++----+t'l.,-,..ll+-+-+-+-+-H--H 

( v) - ~----+---~-+--+-+--t---++-1----<-+---1--+--+-+-+-+-+--7~_Q']-,--+-+--+----+--<-+--t--+--+-1 

lL I 

o~-_.__..___._ ........... _.......'-'-"-__ _.___._.__._._........._......._ __ ..___.__....__._........_._._._. 
10-1 10 le (A) 

Fig. 12 Typical values base and collector voltage at le/ls= 5. 

V CEsat 1---++\---+--~+rf\-+-+....,.\+-+-+-_i-+:-+\-+--~...1_-+-+-+-+-+-1-+---+---+-+-+--+-+-t-t-t 
(V) 1 f\ ' 

I \ -11~ I 

~ \ .l ~ \ 
...1. 

_\. I'~ 10 A++t---+---+--+-+-+--+++-1 
' "~ ....... 

~ '-1---
~--+--+---l--+-J.--i-ji.++~--.... ~5A +-~~------+--+--<--+--+-+-+-H 

10-1 ~__.____..___,__._......_._._._.._____..____.J~....L......L....6-~~ ............... 
10- 1 10 102 

Is (A) 

Fig. 13 Typical(-) and maximum (- - -) values saturation voltage. Tj = 25 °c . 

. .fie 
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BUS13 
BUS13A 

VBE1--t!---t-+-+-+-+--+--+-+-+-t-!!---t-+-+-+--+--+--+-+-+-t--1--t--t-+-t--+---+-l 
(V) 1--<f--t-<--+--+--+--+--+---+-+--,_,--+--+-+-+--+--+--+--<--+--+--<--t-+-t---+--+----i--i 

1,41-1'--+-+-+-+-+-+--+--l-+-!--i--+-+-+-+-+-+--+--l=;j..-~~F-14-+-+-+-+-+--f 
t--<--+-+--+--+--+--+--+--+-+-~ I c= 15 A ......+--

~ 

~ T 
l-1--+-+-+-+_,.-~t-::.1"""1'-+-+-+-+-+-+10~ 

1,2 .i.-+--t'" 
~ T 

t-1--t-+-+V-t-...,-:;;;1--""T-+-+-+-t-1--t-+ 5 A -i-+-

i-H l,Ot-1--+-+-+,...-+-j..---b..+-"'F--+-+-+-1--+-+-+-+--l---+---+-+-+-+-1--+-+-+-+--+--+--l 

X 

0,8 ~--+~~~~~---~...__~~~~~~~~~-'--~--+__..._.__.__.__.__. 
0 2 4 18 (A) 6 

Fig. 14 Typical values base-emitter voltage at Tj = 25 oc. 

ill, 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUS13 
BUS13A 

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

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

Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures lcM represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 oc under the following conditions 
(see also Fig. 15): 
- collector current shape lc1/lcM=0,9 
- duty factor tp/T = 0,45 
- rate of rise of le during turn-on =10A/µs 
- rate of rise of V CE during turn-off= 1 kV /µs 
- reverse drive voltage during turn-off= 5 V 
- base current shape I B 1 /I Be = 1,5 

The required thermal resistance of the heatsink can be calculated from 

100- Tamb 
Rth mb-a < K/W 

Ptot 

To ensure thermal stability the value of the ambient temperature Tamb > 40 oc. 

vcE IL, l 
QJ ____ L_J_ --t ~-t 

1B(end) _ _/_ 

TURN-ON 

===---

0,91cM 

-t 1 = 0,5µs 

LI 
TURN-OFF 

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

7Z88781 
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1B(end) 
(A) 

7288792 

1---1--1---1-""-~Vr-+--1---+---1 !~~ 1 

L1~f': 

v f--""' 1B(endJ-t--+--+---t---t--I 

0 ~~-~~-~-~~-~--' 0 
4 10 12 

lcM IAI 

Fig. 16 Recommended nominal "end" value of the base current (I Bel and optimum base inductance 
(LB) at -Vdrive = 5 V versus maximum peak collector current. dlB(end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related LB is: 

(-Vdrivel + 1 
LBnom 6 

LBnom is the value given in this graph. 

~:~ ============~,f-,=-~l~~~:_~~7~Zr8-8~7-=c,87 40k'V 
201----+-+---t---t---fr--+--'----1 ;J rZ~kHz 

l--~'--1---1-~l---l----+-_j~ 
l l 

l ! 0 ~~-~~-~--~~-~-~ 
4 B 10 

ICM (A) 

12 

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. T mb = 100 °c; dlB(end) = ± 20%. 
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BUS14 
BUS14A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voitage, nigh-speed, giass-passivated n-p-n power transistors in a T0-3 envelope, indended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp ~ 2 ms 

Total power dissipation up to T mb = 25 °C 

Collector-emitter saturation voltage 
lc=20A;l9=4 A 
lc=16A;ls=3,2A 

Fall time (resistive load) 
Icon= 20 A; Ison= -lsoff = 4 A 
Icon= 16 A; Ison= -lsoff = 3,2 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

--26,6 max--• 

j ,!, 
39,5 301 

l .,________,..f 

c 

See also chapters Mounting instructions and Accessories. 

BUS14 SUS14A 

VeESM max. 850 1000 v 
Vern max. 400 450 v 
le max. 30 A 

lcM max. 50 A 

Ptot max. 250 w 

VeEsat < 1,5 v 
VeEsat < 1,5 v 

tf < 0,8 ·- µs 

tf < 0,8 µs 

Dimensions in mm 

J·1· F,,, 
_ _J 

4,2 
- --4,0 

i + 
20,3 
max 

t_ 

7Z83745A 
l_12,s_. 

11,2 

• .1.5 
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BUS14 
BUS14A l __ _ 
RATINGS 

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

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value); tp < 2 ms 

Base current (d.c.) 

Base current (peak value); tp < 2 ms 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current * 
VcE = VcESMmax; VBE = 0 
VcE = VcESMmax: VBE = O; Tj = 125 °c 

Emitter cut-off current 
le= O;VEB = 9 V 

Saturation voltages 
le= 20 A; IB = 4 A 
le= 16 A; IB = 3,2 A 
le= 20 A; IB = 4 A 
le= 16 A; IB = 3,2 A 

Collector-emitter sustaining voltage 
le= 100 mA; I Baff= O; L = 25 mH 

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

VcEO 

le 

ICM 

IB 

IBM 

Ptot 

Tstg 

Tj 

Rthj-mb 

lcES 
ICES 

IEBO 

VcEsat 
VcEsat 
VBEsat 
VBEsat 

VcEOsust 

BUS14 

max. 850 

max. 400 

max. 30 

max. 50 

max. 6 

max. 10 

max. 250 

-65 to +200 

max. 200 

0,7 

< 
< 5 

< 10 

BUS14 

< 1,5 
< 
< 1,7 
< 

> 400 

BUS14A 

1000 v 
450 v 

A 

A 

A 

A 

w 
oc 

oc 

K/W 

mA 
mA 

mA 

BUS14A 

v 
1,5 v 

v 
1,7 v 

450 v 



Silicon diffused power transistors 

CHARACTERISTICS (continued) 

2501------

200 
le 

Im Al 
100 

7Z75254 

min VcE (V} 

VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 

Icon= 20 A; Ison= -lsoff = 4 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 16 A; Ison= -lsoff = 3,2 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Switching times inductive load (Figs 6 and 7) 
lc0 n=20A;r 8 =4A 

Turn-off: Storage time 

Fail time 

Icon= 20 A; Is= 4A; Tj = 100°c 

Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 7) 
lc0 n=16A;ls=3,2A 

Turn-off: Storage time 

Fall time 

Icon= 16 A; Is= 3,2 A; Tj = 100 oc 

Turn-off: Storage time 

Fall time 

3Q-60Hz 

BUS14 
BUS14A 

~+50V '1 on 

- hor. 

- vert. 

7Z6Z233 

Fig. 3 Test circuit for VcEOsust· 

ton < 
_BUS]~S14A 

1 I - µs 
I 

ts < 4 µs 

tf < 0,8 µs 

ton < µs 

ts < 4 µs 

tf < 0,8 µs 

µs 
µs ts 

typ. 2,8 
< 3,6 

ns 
ns 

typ. 80 
1f < 150 

µs 
µs ts 

typ, 3,1 
< 4,0 

ns 
ns 

typ. 140 
tf < 300 

typ. 28 µs 
ts < 3,6 µs 

typ, 80 ns 
tf < 150 ns 

ts 
typ. 3,1 µs 

< 4,0 µs 
typ. 140 ns 

tf < 300 ns 
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BUS14 
BUS14A l __ _ 

90% 
Is 

10% 

90% 

10% 

o.dt:::Jt 
-1'~ I -T- I 

7Z89210 

Vee= 250 v 
V1M= -6to+BV 
tp = 20µs 
tp 
T = O.D1 

Fig. 4 Test circuit resistive load. 

t, 7Z77499.5 

... l ..... 
1son -- If 

---

U_,Bof: 
---1- ----- -~ 

1con 

\ 
-- ----- t--... --td .. -11 t 

- I .. ,..ts.,._ 
1on - t 1-off 

Fig. 5 Switching times waveforms 
with resistive load. 

le 

7Z89212.1 

90% 

90% ----- - -

10% --

-- ...!.!. 
- ts -
- toff 1-

Fig. 6 Switching times waveforms 
with inductive load. 

I 
7Z89211 

Vee= 30V 
VeL =300V 
La = 1 µH 
Le = 200µH 
VaE= 5 V 

Fig. 7 Test circuit inductive load. 
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Silicon diffused power transistors j 
----

7Z82378 1 

1----+--l--+-+-++H+---~+--~+-"i+'-'+-·-~--+-+-~"+~ 
l 

10 2 1===t:=t!ltatt===:t=::J=t=~-L~;;=:::=t==t=Jt=t:J::tljj 

le 
(A) 

1cMmax +-+-+++++---;-- ---t---l 0 £:_01 ,H 
1 

r- 1emax 

10 f-· 
--t-- · 

BUS14 
BUS14A 

10- 2 l=±::l:!±:±±ti±= 

f-----1--1-+~H+t+--+---l-+444+++---+--+\Hf++H-H 
1----1---t--t-+-t-tt+-+----+--+-+-++++++---+--+-tt+H+t±M-- d.c. 

le 
(A} 

10 - 3 '---'--.&..U-'-'...UU'--

400 103 

Fig. 8 Safe Operating A Rea at T mb < 25 °e. 
(1) Ptotmax and Ppeakmax lines. 
(2) Second-breakdown limits (independent of temperature). 
I Region of permissible d.c. operation 
11 Permissible extension for repetitive pulse operation 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RsE < 100 n and tp,;;;; 0,6 µs 
IV Repetitive pulse operation in this region is permissible 

provided VaE < 0 and tp,;;;; 2 ms. 

VcE(V) 
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BUS14 
BUS14A 

1%1 

0 ~--~---~~-~~-~~ 
0 100 200 

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

Fig. 10 Reverse bias SOAR. 

r---===:t:--+--t--t-+-;-~-H---- ---+--+-+-+-++-++---~--+---

~~===±=----+--+-~-+-+-+++---+--+--+-+--+-+-+++~=-====:==::=:=::=:::: 
T1· = 125°C 

F-= ....,~-,- ,.,.. ?'. hFE TI 1
- H u. ----""" -1- ,,vcE = 5 v 

10 r---

1 '----"'----'-"--J..-!_J_J...L.L_ __ J._--1-"'--'-'-"-.L..l...L----"'----'-"'--J......1-'--LI...J 
10-1 10 le (A) 

Fig. 11 Typical values d.c. current gain. 
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Silicon diffused power transistors BUS14 
BUS14A 
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Fig. 12 Typical values base and collector voltage. le/ls= 5. 

7Z82948 
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1------t-----i -----t-i- f-t-
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f--~--+--t--- 1 • 'i-....., ~ 10 A , Ill +J i-
10- 1 ~-~J.~.1~~~1-~~~-1-~1 l n 11 

10- 1 10 18 (A) 

Fig. 13 Typical(--) and maximum (- - --) values saturation voltage. Tj = 25 °c. 
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BUS14 
BUS14A 
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1.4 i--<--+--+---+--+-+-+--+--+--+--+--+- IC =;o A A-t-"t"" 

i--tl 
-

t~ 1,2 H'-t-+-t--+--t-t-t-t--+-t-._.-~Hi-:::::=:P-t"""F--+-+-t-t---t--t-t--++-+-t-t---t-i 
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Fig. 14 Typical values at Tj = 25 oc. 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUS14 
BUS14A 

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

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

Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures lcM represents the maximum 
repetitive peak collector current, which occurs during overload. The information is derived from 
limit-case transistors at a mounting base temperature of 100 °c under the following conditions (see 
also Fig. 15): 
- collector current shape lc1/lcM = 0,9 
- duty factor tp/T = 0,45 
- rate of rise of le during turn-on= 20 A/µs 
- rate of rise of VcE during turn-off= 1 kV/µs 
- reverse drive voltage during turn-off= 5 V 
- base current shape I B 1 /I Be = 1,5 

The required thermal resistance of the heatsink can be calculated from 

100-Tamb 
Rth mb-a < K/W 

Ptot 
To ensure thermal stability the value of the ambient temperature T amb > 40 oc. 

le~ t i../l~M _LJif_LI 
0- t -- t 

VcE I\-, l 
OJ ____ L_J_ --t 

1B(end) 

t t 

~-t 

_ _)_ 

TURN-ON 

t 1 =0,5µs 

u 
TURN-OFF 

7Z88781 

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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BUS14 
BUS14A 

6 ----------7~28_8_79~3-~ 1,2 

~ z 
1Biendl ~ IL_ Le 

I A I >---+--'"<-"+---+----+-+-Ll--,,-+--_, (µHI 

~ v 

~B 
1----+-k"-+--f----+--+-----t--+----< 0,4 

f-------1 1 Blend) --+--t--+--+--+-__, 

~ rsJ L 

o~--~--------~o 
8 12 16 20 24 

lcM (Al 

Fig. 16 Recommended nominal "end" value of the base current (lsel and optimum base inductance 
(Ls) at -Vdrive = 5 V versus maximum peak collector current. dls(end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related Ls is: 

(-Vdrivel + 1 
Lsnom 6 

Lsnom is the value given in this graph. 

60-----------~7_2~88_7~89 

Ptot 
IWI 

40 

>---+--+-->----+---+----tfs • w 
40kHz 

20>--_--:j_,~f--.-.---+-....--1-+p--..+--+-----<----< 

~ 

o~--~-~-------~ 8 12 16 20 
1cM (A) 

24 

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. T mb = 100 °c; dls(end) = ± 20%. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
BUS21 SERIES 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VsE = 0; peak value VcESM 

Collector-emitter voltage 
open base Vern 

Collector saturation current lcsat 
Collector current (d.c.) le 

Collector current (peak value) lcM 

Total power dissipation 
up to T mb = 25 oc Ptot 

Collector-emitter saturation voltage 
le= 3 A VcEsat 

D.C. current gain 
lc=0,5A;VcE=10 v 

hFE le= 3 A; VcE = 1,5 V 

MECHANICAL DATA 

Fig. 1 T0-3. 

l.-10,9 

BUS21 A B c 

max. 550 650 750 850 v 

max. 300 I 350 400 450 v 
3 3 3 3 A 

max. 5 5 5 5 A 

max. 10 10 10 10 A 

max. 100 100 100 100 w 

< 1,5 1,5 1,5 1,5 v 

typ. 25 25 25 25 

> IO 9 7,5 6 

Dimensions in mm 

_.I 
i 
i 

I r 
20,3 
max 

i_I 

9max 1--
-.I r2,5 

I 
- _ _J 

4,2 
__ t4,0 

l..._12,s_I 
7Z69700.1 11,2 

+ + 1,0 

For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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BUS21 SERIES 

RATINGS 

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

BUS21 A B c 
Collector-emitter voltage 

VBE = O; peak value VcESM max. 550 650 750 850 v 
Collector-emitter voltage 

open base VcEO max. 300 350 400 450 v 
Collector current (d.c.) le max. 5 A 

Collector current (peak value) lcM max. 10 A 

Base current ( d. c.) IB max. 2 A 

Base current (peak value) IBM max. 4 A 

Total power dissipation 
up to T mb = 25 oc Ptot max. 100 w 

Storage temperature Tstg -65 to+ 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 1,25 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 
VcE = VcESMmax; VBE = 0 le Es < mA 

Emitter cut-off current 
le= O; VEB = 9 V IEBO < 10 mA 

D.C. current gain 
BUS21 A B c 

le= 0,5 A; VcE = 10 v 
hFE 

typ. 25 25 25 25 
le =3 A;VcE = 1,5 V > 10 9 7,5 6 

Collector-emitter sustaining voltage 
IB =O; le= 0,1 A; L= 25 mH VcEOsust > 300 350 400 450 v 

Saturation voltages 
le= 3 A; IB = 0,3 A VcEsat < 1,5 v 

VBEsat < 1,5 v 
lc=3A;IB=0,34A VcEsat < 1,5 v 

VBEsat < 1,5 v 
le= 3 A; IB = 0,4 A VcEsat < 1,5 v 

VBEsat < 1,5 v 
le= 3 A; IB = 0,5 A VcEsat < 1,5 v 

VBEsat < 1,5 v 

* Measured with half sine-wave voltage (curve tracer). 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
BUS22 SERIES 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VBE = O; peak value 

Collector-emitter voltage; open base 

Collector saturation current 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation 
up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=6A 

D.C. current gain 
lc=1A;VcE=5V 
lc=6A;VcE=1,5V 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

-2s,6max-

r.t 
39,5 301 

max!~ 

10,9 

VcESM 

Vern 

lcsat 

le 

lcM 

Ptot 

VcEsat 

c 

BUS22 

max. 

max. 

max. 

max. 

max. 

< 

typ. 
> 

20,3 
max 

550 

300 

6 

8 

20 

125 

1,5 

18 
10 

A 

650 

350 

6 

8 

20 

125 

1,5 

18 
9 

B 

750 

400 

6 

8 

20 

125 

1,5 

18 
7,5 

c 

850 v 
450 v 

6 A 

8 A 

20 A 

125 w 

1,5 v 

18 
6 

Dimensions in mm 

• I==~ .1.0 

[._12,s_ 
7269700.1 11,2 

For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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BUS22 SERIES 

RATINGS 

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

BUS22 A B c 
Collector-emitter voltage 

VsE = O; peak value VcESM max. 550 650 750 850 v 
Collector-emitter voltage; open base Vern max. 300 350 400 450 v 

Collector current (d.c.) le max. 8 A 

Collector current (peak value) lcM max. 20 A 

Base current (d.c.) IB max. 4 A 

Base current (peak value) IBM max. 6 A 

Total power dissipation 
up to T mb = 25 °c Ptot max. 125 w 

Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1,4 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current• 

VcE = VcESMmax; VBE = 0 le ES < mA 

Emitter cut-off current 
le= O; VEB = 9 V IEBO < 10 mA 

D.C. current gain 
le= 1 A;VcE=5V hFE typ. 18 

BUS22 A B c 
Collector-emitter sustaining voltage 

IB = 0; le= 0, 1 A; L = 25 mH VcEOsust > 300 350 400 450 v 
Saturation voltages 

le= 6 A; IB = 0,6 A VcEsat < 1,5 v 
VBEsat < 1,5 v 

lc=6A;IB=0,67A VcEsat < 1,5 v 
VBEsat < 1,5 v 

le= 6 A; Is= 0,8 A VcEsat < 1,5 v 
VsEsat < 1,5 v 

lc=6A;IB=1A VcEsat < 1,5 v 
VsEsat < 1,5 v 

* Measured with half sine-wave voltage (curve tracer). 
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DEVELOPMENT DATA 
This data sheet contains advance Information and 
specifications ere subject to change without notice. 

BUS23 SERIES 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VBE = 0; peak value 

Collector-emitter voltage 
open base 

Collector saturation current 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation 
up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 10A 

D.C. current gain 
le= 1,5 A; VcE = 5 v 
le= 10A; VcE = 1,5 v 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case 

VcESM 

Vern 

lcsat 

le 

lcM 

Ptot 

VcEsat 

hFE 

--26,Smax-

39,5 301 

max -'-------"-!' 

10,9--+ 

max. 

max. 

max. 

max,. 

max. 

< 

typ. 
> 

c 

BUS23 A B c 

550 650 750 850 v 

300 350 400 450 v 
10 10 10 10 A 

15 15 15 15 A 

30 30 30 30 A 

175 175 175 175 w 

1,5 1,5 1,5 1,5 v 

25 25 25 25 
10 9 7,5 6 

Dimensions in mm 

20,3 
max 

--+ 9max F 
1 2,5 

--• 

7Z69700.1 

4,2 
+4,0 

I __ 12,B_. 
11,2 

+ + 1,0 

For accessories and mounting instructions see Handbook l.f. power transistors. 
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BUS23 SERIES 

RATINGS 

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

BUS23 A B c 
Collector-emitter voltage 

VBE = 0; peak value VcESM max. 550 650 750 850 v 
Collector-emitter voltage 

open base VcEO max. 300 350 400 450 v 
Collector current (d.c.) le max. 15 A 

Collector current (peak value) lcM max. 30 A 

Base current (d.c.) IB max. 6 A 

Base current (peak value) IBM max. 9 A 

Total power dissipation 
up to T mb = 25 °c Ptot max. 175 w 

Storage tempera tu re Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 0,7 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 
VcE = VcESMmax; VBE = 0 le ES < mA 

Emitter cut-off current 
le= 0; VEB = 9 V IEBO < 10 mA 

D.C. current gain 
le= 1,5A;VcE=5V hFE typ. 25 

BUS23 A B c 
Collector-emitter sustaining voltage 

IB = O; le= 0,1A;l=25 mH VcEOsust > 300 350 400 450 v 
Saturation voltages 

le= 10A; IB= 1 A VcEsat > 1,5 v 
VBEsat < 1,5 v 

lc=10A;1 8 =1,11A VcEsat < 1,5 v 
VBEsat < 1,5 v 

IC = 1 0 A; I B = 1,33 A VcEsat < 1,5 v 
VBEsat < 1,5 v 

le= 10 A; IB = 1,67 A VcEsat < 1,5 v 
VBEsat < 1,5 v 

• Measured with half sine-wave voltage (curve tracer). 
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BUT11 
BUT11A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-220 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp,,:;; 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 3A;ls=0,6A 
IC = 2,5 A; Is = 0,5 A 

Fall time 
Icon= 3 A; Ison= -lsoff = 0,6 A 
Icon= 2,5 A; Ison= -lsoff = 0,5 A 

MECHANICAL DATA 

Fig. 1 T0-220 

Collector 
connected to case 

: i \ L __ t-__ J 

+_ 1.t:;=;:::;:l:;::::;=>=>J + 
3,Smax ~ 

not tinned max I 

~J ·1 --t 12_.7 
max--- min 

12
x) 1 2 3 ___ J 

_J -..11:-0,9max (3x) 

2,54 2,54 

SUT11 

VcESM max. 

Vern max. 

le max. 

lcM max. 

Ptot max. 

VcEsat < 
VcEsat < 

tf < 
tf < 

4" --1 ma0
x I_. 

1,3-- 1-1 + 

I 
I 
I 
I 

J 

5,9 
min 

1 
.. 11 ...... 0,6 

.... 1 ...... 2,4 

?265872.4 

850 

400 

1,5 

0,8 

15,8 
max 

l 

See also chapters Mounting instructions and Accessories. 

SUT11A 

1000 v 
450 v 

5 A 

10 A 

100 w 

v 
1,5 v 

- µs 
0,8 µs 

Dimensions in mm 

top view 

2 

1-EQ 

October 1985 221 



BUT11 
BUT11A 

RATINGS 

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

BUT11 

Collector-emitter voltage (peak value, VsE = 0) VcESM max. 850 

Collector-emitter voltage (open base) Vern max. 400 

Collector current (d.c.) le max. 5 

Collector current (peak value) tp < 2 ms lcM max. 10 

Base current (d.c.) Is max. 2 

Base current (peak value); tp < 2 ms IBM max. 4 

Total power dissipation up to T mb = 25 °c Ptot max. 100 

Storage temperature Tstg -65to+150 

Junction temperature Tj max. 150 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 1,25 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current * 
VcE = VcESMmax; VsE = 0 ICES < 1 

VcE = VcESMmax; VsE = 0; Tj = 125 °c lcES < 2 

Emitter cut-off current 
le= O; VEB = 9 V IEBQ < 10 

Saturation voltages 
le= 3 A; Is= 0,6 A VcEsat < 1,5 

VsEsat < 1,3 
le= 2,5 A; Is= 0,5 A VcEsat < 

VsEsat < 
Collector-emitter sustaining voltage 

le= 100 mA; I soft= O; L = 25 mA VcEOsust> 400 

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

CHARACTERISTICS (continued) 

2sor------
200 
le 

(mAJ 

100 

7Z7525t. 

min Vee (VJ 
Veeosust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 
Icon= 3 A; Ison= -lsoff = 0,6 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 2,5 A; Ison= -lsoff = 0,5 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

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

Turn-off: Storage time 

Fall time 

Icon= 3 A; Is= 0,6 A; Tj = 100 oc 

Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 7) 
Icon= 2,5 A; Is= 0,5 A 

Turn-off: Storage time 

Fall time 

Icon= 2,5 A; Is= 0,5 A; Tj = 100 oc 

Turn-off: Storage time 

Fall time 

[9 
30-60Hz 

ton 

ts 
tf 

ton 

ts 
tf 

Fig. 3 

< 
< 
< 

< 
< 
< 

typ. 
< 
typ. 
< 

typ. 
< 
typ. 
< 

typ. 
< 
typ. 
< 

typ. 
< 
typ. 
< 

1.!l 

BUT11 
BUT11A 

7Z62283 

Test circuit for V CE Osust· 

SUT11 SUT11A 

1 µs 

4 µs 
0,8 µs 

1 µs 

4 µs 
0,8 µs 

1,1 µs 
1,4 µs 
80 ns 

150 ns 

1,2 µs 
1,5 µs 

140 ns 
300 ns 

1, 1 µs 
1,4 µs 
80 ns 

150 ns 

1,2 µs 
1,5 µs 

140 ns 
300 ns 
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BUT11 
BUT11A 

o.=f-l::dt 
-1 1~ I -T-

Fig. 4 Test circuit resistive load. 

90% 
Is 

10% 

90% 

le 

10% 

t, 7Z77499.5 ... ... 
-- 1son 

---

[I _IS of: 

1----1-1 ------ 1con 

\ 
-- -----+--

.... -td ... _tf t ... k ... ts..,. 
ton - t 1-off 

Fig. 5 Switching times waveforms 
with resistive load. 

Vee 

I 
7Z89210 

90% 

Vee= 25ov 
VIM = -6.to +8 V 

~ =001 T • 
tp =20µs 

The values of Rs and RL are 
selected in accordance with 
Icon and Is requirements. 

7Z89212.1 

1•----~-~_-.·~-lson 

90% ----- - -

10% - -

-- ...!i t 
- ts.,.._ 
- toff 1-

Fig. 6 Switching times waveforms 
with inductive load. 

VcL =300V 
Vee= 30 v 
VEs= 5 V 

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

lcMmax 

10 J_ 7ZBB797 

o• 001 

----+--l--l--+-++',H+---++-l-\-H1 ms t-- f---j -H 

r---+--+-+-+-+~++---1-++\~N~2+-1-1++---+--4--+-H--++~ 
\J 
!\ -N,J 

t------'--+-1-+-++-+++----+-~:_i..._.~TT--H-++-~+---1--+--1-1--~ 

1 I Nd.c. / 
10-2 1----l---4-_,_,__,__,_,_++------4----+__......._,j__,_._,_.._ _ ___,___.__--+-l---l--+-+-'-' 

l-----l--~-l-+-+-+-f-H-·--+----1-1--++--'H-+++---+---+--+--+-+-++H 
r---+---+-+-+,;-1+1-----j--+--+-"~+-'-'-"'-l----+---+----l--l--l-W-U 

f--l----+--+-4~~---f-+--HIU++++---+---1--+--H-~ 

1----e-+---f-l-~f-H-----'--t-=+-tHH-t-t+----+---+-t-+4;+H 

~~rn;l----1 

IV l 10-31----~1--~~~~-~-+~~l~l~~--~-'-~~~ 
10 

VcE IVJ 

Fig. 8 Safe Operating ARea at T mb..;; 25 oc. 

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

I Region of permissible d.c. operation 
11 Permissible extension for repetitive pulse operation 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RsE.;;;; 100 .n and tp.;;;; 0,6 µs. 
IV Repetitive pulse operation in this region is permissible 

provided VsE.;;;; 0 and tp.;;;; 5 ms. 

BUT11 
BUT11A 
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BUT11 
BUT11A 

7287073 
100 ~-,.,-N-.-.----.------,.-.--=,~.., 

(%) ."'-. ! 

75 r--+---t-~--"cl-b,.~--1------4--1---l 
I ~~ i 

~ "" 25 C---f--f--f--f--t--....... ~-+---< 

o~~-~~~ 
0 100 200 

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

le 
(A) 

7288782 A 

I I 

l~f--l~l~~~-----+---+--t--+---+-+­
f--f--f--f--f--~f-4-f--f----jf----j~ BUT 11 I'-- j7 B1U T111 A 

o~~~~~~~:tl~~~t:l_J_,I~~ 
0 500 VcEIVI 1000 

Fig. 10 Reverse bias SOAR. 

t----·--+-----t-+--+-t-+-++t----t---+-t--f-+-t-t-t-t---·~t---+-......,1-1-+-+-<f-H 

Fig. 11 D.C. current gain. 
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Silicon diffused power transistors BUT11 
BUT11A 

VBEsat 
V eEsat 

{V} 

I 
>----+--4--+--+-4-+-H-+-----+--+--+->--+-+-!-++---+--+---+--~l~t-++-I 

I 
T IV 

---j .. J~ 
~ 

~--+-+--+---+-+-1--H+-----+--+--+---+-+-1--H+---+-+--h~Kf;-HH-+l 

1-----+---+--+-+--+--+-+-+-1------+---+--+----+-+ V · T · = 2 5 °e ll_ ~ BE• J .;,# 

t------+--t---+-+-~-H++----1--+-+-f-+-t-H;:t;.-'~~~-t---lf--t~J't-i-++~ 
1-----+--1--+---+-+-+-+-1H-----+---i--+1--1--+1-1--"-._-1-+r-"'IA=--±l--'--K--~ = 106 oe 1- I 
1------t-t--t--t:±;;;l;;;l;;j;.p.--""f"=:±;-;.;;of-f-'tt-tit---r--+-~"fi-ttii 

- -1'..., rf-!-

l----+--t---t--b~~F~~~::..::~=f>-::;,;;-~-"'1~!F1...,::++~+l+Ti=25°e-+--+--+-+--+-+-+-I 
O.__ _ _._ _ _._...._.._,__.............._ __ _.___.__._.__.__._._._._ _ __,L_-"-_,_....._ ........... ..L..J....I 

10-2 
le (A) 

Fig. 12 Typical values base-emitter and collector-emitter voltage, le/ls= 5. 

\ ~ \ 
\ \ !l. 

10 

~ ~ ~- 3 A +---+---+-+---1-1-1-..... 

~ ~ ........ -t- -I 1,5A 

Fig. 13 Typ. (-)and max. (---)values collector-emitter saturation voltage at Tj = 25 oc. 

October 1985 227 



BUT11 
BUT11A 

7282933 
1,6 ,........,~~~-.--.--.,........,~~~-.--.--..--.--.---.--.-...,.-...,....-.,....-,.......,----,.~-r--r--r-r-1 

VBE~l---+---l---l--+--l-+-11---+---1---1--+-+-+-l--l-+--+--+-+-+-l--l-+-+-+--+-+-t--1 
(V) ~L........L-1--1---1--+-+--1L........L-1--1---1--+-+-1-+-4---+---+--+-+-1-+-+-+--t--+--+-+-1 

i..-1,21-+++-H-+-H-+-+-H-t---L-+-1-+-+_+-,_--bY..+-.+-H:::f=t==R 
1-->-+--+---+--+-_,_+->-+--+---+---+-+3A+:=J.-1--l'""'F---+--l-+---t-----Jf--l--+-t--+-+-1 

-t::r::r-
..>" 1 5 A µ-I-' 1--1---+-+-+-~:+--+-1-+-+-+--+- ' !:=~"""F=+--+--l-+--+-lf--1--+---+-+-+-I _y ~ 

1,0 H-+I /4"4--+-+-+--1.--+.i--b..i-A-+-+-+-+-1-+-t--t-+-1-+-t--t-+-1-+-t 

0 ,8 L-..J---1.---L..-L......l.-..1..-J........J---1.---L..-L......l.-..1..-J........JL........L---1...-L...-1--'--~L........l.--'--'--'---'--'--J.........1 

0 0,5 18 (A) 1,5 

Fig. 14 Typical values at Tj = 25 °c. 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUT11 
BUT11A 

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

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

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

collector current shape lc1/lcM = 0,9 
duty factor (tp/T) = 0,45 
rate of rise of le during turn-on= 4 A/µs 
rate of rise of V CE during turn-off= 1 kV /µs 
reverse drive voltage during turn-off= 5 V 
base current shape I B 1 /I Be= 1,5 

The required thermal resistance of the heatsink can be calculated from 

100-Tamb 
Rth mb-a < p K/W 

tot 

To ensure thermal stability the value of the ambient temperature Tamb > 40 °c. 

'c~ .~~ _LAf_LI 
0- t -- t 

'""_LJ_[ ~-t 
1B(end) _ _)_ 

-r=-· ==u====-t 
TURN-ON TURN-OFF 

7288781 

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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BUT11 
BUT11A 

!Blend) ~ J7 L8 

I A) 11--"--"l----1---l--+--+-,L-"'4--+----< lµH) 

7 

~.z 

o~~-~~-~-~~--+-~O 

1,5 2,5 3 3,5 

lcM IA) 

Fig. 16 Recommended nominal "end" value of the base current (lse) 
and optimum base inductance (Ls) at -V drive = 5 V versus maximum 
peak collector current. d Is (end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related Ls is: 

(-Vdrivel + 1 
Lsnom 6 

Lsnom is the value given in this graph. 

Ptot 
IW) 

--+---+--+--+--+--+Is= T 
40k~z~ 

v 2J 

o~~-~~-~-~~--+-~ 

1,5 2,5 3,5 

lcM IA) 

Fig. 17 Maximum transistor dissipation under worse-case operating 
condition versus maximum peak collector current. T mb = 100 °C; 
dls(end) = ± 20%. 
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BUT11F 
BUT11AF 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed, glass-passivated n-p-n power transistor in a SOT-186 envelope with an 
electrically insulated seating plane. The device is intended for use in converters, inverters, switching 
regulators motor control systems, etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
open base 
Vee= 0, peak value 

Collector saturation current 

Collector current 
d.c. 
peak value 

Vceo 
VcESM 

lcsat 

le 
lcM 

Total power dissipation up to Th= 25 oc 

Collector-emitter saturation voltage 
Ptot 

le= 3 A; Is= 0,6 A 
le= 2,5 A; Is= 0,5 A 

Fall time 
Icon= 3 A; Ison= lsoff = 0,6 A 
Icon= 2,5 A; Ison= lsoff = 0,5 A 

MECHANICAL DATA 

Fig. 1 SOT-186 (T0-220F). 

2 

1-© 

Vcesat 

f10,2maxk 

5,7mai-
3,2 0,9 
3,0 0,5 

I 
-, 4,4 

4,0 

_+ -'----

3 3,5 max --.---+r 
not tinned t:__)_4 -t --

Seating plane is electrically 
insulated from all terminals. 

1,5max 

1$1111a,4@µ,1_J, JLK~ 
I I-~ 
-~-

13.5 
min 

l 

max. 
max. 

max. 
max. 

max. 

< 
< 

< 
< 

BUT11 F BUT11AF 

400 450 v 
850 1000 v 

3 2,5 A 

5 A 
10 A 

20 w 

1,5 v 
1,5 v 

0,8 µs 
0,8 µs 

Dimensions in mm 

7:9 1 7,5 

_+ 17 
max 

_l 

'-0,55max 

7Z95293 
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BUT11F 
BUT11AF 

RATINGS 

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

Collector-emitter voltage BUT11F BUT11AF 

open base VcEO max. 400 450 
VsE = O; peak value VcESM max. B50 1000 

Collector current 
d.c. le max. 5 
peak value lcM max. 10 

Base current 
d.c. Is max. 2 
peak value IBM max. 4 

Total power dissipation 
up to Th= 25 OC* Ptot max. 20 

Storage temperature T stg -65 to+ 150 

Junction temperature Tj max. 150 

THERMAL RESISTANCE 

From junction to internal heatsink Rthj-mb 1.45 

From junction to external heatsink* Rthj-h 6.45 

From junction to external heatsink** Rthj-h 3,95 

From junction to ambient Rthj-a 55 

INSULATION 

Voltage allowed between al terminals 
and external heatsink, peak value Vinsul max. 1500 

Insulation capacitance between 
collector and external heatsink Cc-'1 typ. 12 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off currents 

VcE = VcESmax; VsE = 0 
ICES 

max. 1 
VcE = VcESmax; VsE = 0; Tj = 125 oc max. 2 

Emitter cut-off current 
VEB = 9 V; le= 0 IEBO max. 10 

D.C. current gain 
le= 0,5A;VcE =5 v hFE typ. 25 

* Mounted without heatsink compound and 30 ± 5 Newton pressure on centre of envelope. 
** Mounted with heatsink compound and 30 ± 5 Newton pressure on centre of envelope. 
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Silicon diffused power transistor 

Collector-emitter sustaining voltage 
le= 0, 1 A; Is= O; L = 25 µH 
(see Figs 2 and 3) 

Saturation voltages 
lc=3A;ls=0,6A 

le= 2,5 A; Is= 0,5 A 

Switching times resistive load (Figs 4 and 5) 
Icon= 3 A; Ison= lsoff = 0,6 A 

Icon= 2,5 A; Ison= lsoff = 0,5 A 

Switching times inductive load (Figs 6 and 7) 
lc0 n=3A;ls=0,6A 

Icon = 3 A; Is = 0,6 A; Tj = 100 oc 

Icon= 2,5 A; Is= 0,5 A 

Icon= 2,5 A; Is= 0,5 A; Tj = 100 °c 

250 -i------
200 
le 

(mA) 

100 

7 277036.1 

min VcE (V) 

VcEOsust 

Fig. 2 Oscilloscope display for 
sustaining voltage. 

BUT11F 
BUT11AF 

SUT11A SUT11AF 

VcEOsus min. 400 450 v 

VcEsat max. 1,5 v 
VsEsat max. 1,3 v 
VcEsat max. 1,5 v 
\lsEsat max. 1,5 v 

tan max. 1 µs 
ts max. 4 µs 
tf max. 0,8 µs 

tan max. 1 µs 
ts max. 4 µs 
tf max. 0,8 µs 

typ. 1, 1 
ts 

µs 
max. 1,4 µs 

tf 
typ. 80 ns 
max. 150 ns 

ts 
typ. 1,2 µs 
max. 1,5 µs 

tf 
typ. 140 ns 
max. 300 ns 

ts 
typ. 1,1 µs 
max. 1,4 µs 

tf 
typ. 80 ns 
max. 150 ns 

ts 
typ. 1,2 µs 
max. 1,5 µs 

tf 
typ. 140 ns 
max. 300 ns 

Fig. 3 Test circuit for VcEOsus· 
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BUT11F 
BUT11AF 

Vee 

n n Rs V1M O.::lt=::lt --C::::J--H 

-l~J 
7Z89210 

Fig. 4 Test circuit resistive load. 

90% 

'e 

" 
7Z77499.5 

-+ -
------ - 1Bon 

10% F"=•---~-ll--...----

--1sott 

90% ,,._-_-_-_-!_-.,- 1con 

'c 

Fig. 5 Switching times waveforms 
with resistive load. 

Vee 

7Z89211.2 

Fig. 7 Test circuit inductive load. 
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Vee =25ov 
V1M =-6to+8V 

= 20µs 

= 0,01 

90% 

7289212.2 

----- - 1son 
Is 

10%F"=-1=----+-~----~ 

90% 

'c 

Fig. 6 Switching times waveforms 
with inductive load. 

=300V 
30V 
5V 
1 µH 

= 200µH 



BUV82 
BUV83 

SILICON DIFFUSED POWER TRANSISTORS 

High voltage, high speed switching n-p-n power transistor in plastic SOT-93 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems and switching applications. 

QUICK REFERENCE DATA 

Collector-emitter voltage (Vs E ; 0, peak value) 

Collector-emitter voltage (RsE; 100 ,m 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 
tp; 2 ms 

Total power dissipation up to T mb; 73 oc 

Collector-emitter saturation voltage 
le; 2,5 A; Is; 0,5 A 

Fall time 
Icon; 2,5 A; Ison; 0,5 A; -lsoff; 1 A 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to 
mounting base 

__ 15,2_ 
max 

-14-1 
4,25._ 
4,15 

See also chapters Mounting instructions and Accessories. 

VcESM 

Vern 

Vern 

le 

lcM 

Ptot 

VcEsat 

tf 

BUV82 SUV83 

max. 850 1000 v 
max. 500 500 v 
max. 400 450 v 
max. 6 A 

max. 10 A 

max. 70 w 

< 1,5 v 

typ. 0,3 µs 

Dimensions in mm 

- 46 

[;~--
-

+-+ 
b. 
I-

t ~ 
12,7 j mr 

ax 

-
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BUV82 
BUV83 

RATINGS 

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

Collector-emitter voltage 
BUVB2 BUV83 

(VsE = O; peak value) VcESM max. 850 1000 v 
Collector-emitter voltage 

(RsE = 100 n) VcER max. 500 500 v 
Collector-emitter voltage (open base) VcEO max. 400 450 v 
Collector current (d.c.) le max. 6 A 

Collector current (peak value) 
tp = 2 ms lcM max. 10 A 

Base current ( d.c.) Is max. 2 A 

Base current (peak value) IBM max. 3 A 

Reverse base current (d.c. or average 
over any 20 ms period) -ls(AV) max. 100 mA 

Reverse base current (peak value)* -IBM max. 3 A 

Total power dissipation up to T mb = 73 oc Ptot max. 70 w 
Storage temperature Tstg -65 to +150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1, 1 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current** 
VcEM = VcESMmax; VsE = 0 lcES < mA 

VcEM = VcESMmax; VsE = O; Tj = 125 °c ICES < 2 mA 

D.C. current gain - le= 0,6 A; VcE = 5 v hfE typ. 22 

• Turn-off current. 
Measured with a half sine wave voltage (curve tracer). 
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Silicon diffused power transistors 

CHARACTERISTICS (continued) 

Tj = 25 oc unless otherwise specified 

Emitter cut-off current 
le= O; VEB = 10 V 

Saturation voltages 
Ir,= 2,5 A; IB = 0,5 A 

le= 4 A; I B = 1,25 A 

Collector-emitter sustaining voltages 
le= 100 mA; IBoff = O; L = 25 mH 

le= 100 mA; RBE = 100 !1; L = 15 mH 

2sot------
200 
le 

(mA) 

100 

IEBO < 10 

VcEsat < 1,5 

VsEsat < 1.4 

VcEsat < 3 

VBEsat < 1,6 

BUV82 

VcEOsust > 400 

VcERsust > 500 

7!72203 

min min VcE (V) 

VcEOsust VcERsust 

BUV82 
BUV83 

mA 

v 
v 
v 
v 

BUV83 

450 v 
500 v 

Fig. 2 Oscilloscope display for sustaining voltages. 

30-60 Hz 

7Z72202.1 

Fig. 3 Test circuit for VcEOsust· Fig. 4 Test circuit for VcERsust· 
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BUV82 
BUV83 l __ _ 

-

CHARACTERISTICS (continued) 

Tj = 25 oc unless otherwise specified 

Transition frequency at f = 1 MHz 
le= 0,2 A; VcE = 10 v 

Switching times 
Icon= 2,5 A; Vee= 250 v 
Ison= 0,5 A; -lsoff = 1 A 
Turn-on time 

Turn-off: Storage time 

Fall time 

Fall time, T mb = 95 oc 

Waveform 
90% 

19 

t, ...... 7 Z77499.5 

------ - 1Bon 

10% ~=or------11------

Test circuit 

tp =20µs 
T = 2 ms 
V1M = 15 V 

1 
v, 

I 

90% 

10% ----- -

Fig. 5 Switching times waveform. 

100 
n 

680 
µF 

680 
µF 

7Z?3191.1 

Fig. 6 Switching times test circuit. 
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ti- typ. 6 MHz 

ton 
typ. 0,3 µs 
< 0,6 µs 

ts 
typ. 2 µs 
< 3,5 µs 

tf typ. 0,3 µs 

tf < 0,75 µs 

+ 
100 Vee 
µF 250V 



Silicon diffused power transistors 

1CMmax 
1Cmax 

/j= 0,01 

l--~-+--+---+--+-4--+-+-++ BUV82 

500 

1 ms 

BUV83t=:::::•-++1-+++++~~f---+---+-1 

T mb.;;73°c 

10 VcE (V) 

Fig. 7 Safe Operating A Rea. 

I Region of permissible d.c. operation. 

11 Permissible extension for repetitive pulse operation. 

BUV82 
BUV83 

111 Area of permissible operation during turn-on in single-transistor converters, provided 
RsE,,,;; 100 SJ and tp,,,;; 0,6 µs. 

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

(1) Ptot max and Ppeak max lines. 

(2) Second-breakdown limits (independent of temperature). 
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zthj-mb 
(K/W) 

10 

.d v ...... ....p 

7Z82761 

P tot l--l---+--+--1-+-4---+--+--1-+--4---+--+-+-1 

(W) 
1-1-+-+--+-+-+-+-+--+-+-+-+-+--+-t 

' max 
l-!-+-+--+-+-+-+~-1--t-t--r-+-+--i 

~ 
501-+-l--l-~-+-+-l'--+~"-+---l-l-l--+-I 

rs:: 

' 0 ........ _.__..__._..__._.__..__._..__._.__.._~ 
0 50 100 150 

Tmb (oC) 

Fig. 8 Power derati ng curve. 
7Z77023 1 

_n_n_ 
-Jtpl- I tp 

ll=-
-T- T 

/) = 1 

0,75 ~ 0,50 
0,33 
0,20 ~ 0,10 

~ 0,05 

0,02 
r-0,01 

0 

l 10-2 
10-3 io- 2 10- 1 10 102 tp (ms) 103 

Fig. 9 Pulse power rating chart. 

240 April 1981 



Silicon diffused power transistors 

S.B. voltage multiplying factor at the lcmax level 

BUV82 
BUV83 

7 277022 

My 
t----+--+-+-+-1-H+t---+-+-t-+-+-1-i+t---+--+-+-+-+-++++---+-t-11-+-t-+++t 

1------1 0 = 0 t-t-+-l-i++---+--+-+--+-1-H+t---+-+-t-+-+-t-++f---+--+--+-+-+-+++t 

~0,01 
~O,Q2 

-M 
10~~Bll~mDll F l-0,05 

F===i' 0, 10 E'l ::--... 
~ 0,20 :::::-......'-

0,33 
N 

r-
0,50 

0,75 

1 1,00 

10-2 10 

Fig. 10 S.B. voltage multiplying factor at the lcmax level. 
7277021 

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

M1 
t----+--+-+-+-l~H+--t-+-t-+-+-1-i+t----+--+-+--+-1-+++t---+-+-t-+-+-t++t 

0,05 

10 0,10 

0,20 

0,33 

0,50 

0,75 

1 1 00 
10-2 10-1 10 

Fig. 11 S.B. current multiplying factor at the V CEO max level. 
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BUV82 
BUV83 

7Z?2648 
1,5 ....------.--.,.....-.....--.---...-----.-~ 

typ. values l-+--+--+--+-+----+---1 
Tj =25 °C ,I 

i------+-1-+--+--+--Ic= +----1 
VBEsat 4A 

(V) 
3A 

_J~ -2A 

l.~1A 

0,51-+--+--+--+-+--+--+--+-1---1 

O'---'---'--'---'-..___.___.___.__.........., 
0 Is (A) 2 

Fig. 12 Base-emitter saturation voltage. 

1Q2....---,.--,--.--,-,....,....,..,..,-------.--.--.--.-.,.....,....,...,..T"'""'-----.--.---,..--.-T7Z~8~27"T"'l88 
t-max-+--+---+-+-+-+-<H-+---+--+-+-+-t-+-rtt---+--+--t-+-1-+-tt-1 

- -i-
t N I"' 

t- Yl!..,_ - ~ ~ I' 

1 .__ _ __._ _ _.__.__._ .................. ....._ _ ___._.....__._....._ ................. ..__ _ __. _ __.__.___._..._._._._, 
10-1 10 lc(A) 

Fig. 13 D.C. current gain. Tj = 25 oc; - - - at VcE = 5 V;- at VcE = 1 V. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

BUV89 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed switching n-p-n transistor in a plastic SOT-93 envelope especially intended 
for use in a.c. motor control systems from three-phase mains. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
lc=4,5A;19=2A 

Turn-on fall time 

VcESM 

VcEO 

I~ 

lcM 

Ptot 

VcEsat 

tf 

max. 1200 v 
max. 800 v 
max. 8 A 

max. 15 A 

max. 125 w 

< 1 v 
typ. 0,5 µs 

MECHANICAL DATA Dimensions in mm 

Fig. 1 SOT93A 

Collector connected 
to mounting base. 

--1~c.~r-
--l21-1 
'-i-1 

- ' __ I 

t 21 
max 

12,7 '1 max 

____ Lt 

See also chapters Mounting instructions and Accessories in handbook l.f. power transistors. 

-
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BUV89 J 
RATINGS 

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

Collector-emitter voltage (peak value; VsE = 0) VcESM 

Collector-emitter voltage (open base) 

Collector current {d.c.) 

Collector current {peak value) 

Base current (d.c.) 

Base current (peak value) 

max. 1200 v 
max. 800 v 
max. 8 A 

max. 15 A 

max. 4 A 

max. 6 A 

max. 125 w Total power dissipation up to T mb = 25 oc 

Storage temperature 

Vern 
le 

lcM 

Is 

IBM 

Ptot 

Tstg 

Tj 

-65 to+ 150 oc 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 

VsE = O; VcE = VcESMmax 

VsE = O; VcE = VcESMmax; Tj = 125 °C 

Emitter cut-off current 
VEB = 5 V; le= 0 

Collector-emitter sustaining voltage 
Is= O; le= 100 mA; L = 25 mH 

Saturation voltage 
lc=4,5A;1 8 =2A 

1c=6A:1 8 =3A 

Transition frequency at f = 5 MHz 
le= 0, 1 A; VcE = 5 v 

Collector capacitance at f = 1 MHz 
IE=le=O;Vcs=10V 

Switching times in resistive switching circuit {Fig. 5) 
Icon= 4,5 A; Ison= -lsoff = 2 A 

Turn-on time 

Storage time 

Fall time 

Second-breakdown current 
VcE = 100 V; tp = 1 s 

* Measured with a half-sinewave voltage {curve tracer). 
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max. 150 °c 

Rth j-mb = 1,0 K/W 

le ES < 1,0 mA 

ICES < 2,0 mA 

IEBO < 10 mA 

VcEOsust> 800 v 

VcEsat < 1 v 
VsEsat < 1,3 v 
VcEsat typ. 1 v 

tr typ. 7 MHz 

Cc typ. 125 pF 

tan typ. 0,2 µs 

ts typ. 3,5 µs 

tf typ. 0,5 µs 

l(SB) > 0,3 A 



Silicon diffused power transistor l ___ s_uv_a_g __ _ 

2so r-------
200 
Ic 

lmAJ 

100 --------------+ 
min VcEO sust l 

I 
I 

VcEO (V) 
1162340 

Fig. 2 Test circuit for VcEOsust Fig. 3 Oscilloscope display for VcEOsust· 

7Z77499.5 

+ IT-+I 
v!MJLJl 

1 
l .. 1 l-

tp 

tp = 20µ~ 
V; 

T = 2 ms 

I V1M = 15V 

t, - ... 
90% ------ - 1son 

Is 
10% i;;.;;;;=;;.;i-------11------

90% ---

100 
n 

""' n121te.1A 
Fig. 5 Switching times test circuit. 

+ 

Fig. 4 Waveforms. 

100 
µF 

1 
Vee 

250V 

-
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-BU-V89 Jl_. --

'c 
(A) !-----1-t-t-H-t+l+--+-+-+-+++1f++---+--+~++++l 

1-----1-!-l--l-I~ = 0.01 _+-+-++++1-++---+-+-+-1-+-1-++l 

¥ :cs:: 100 -+-+-f-+-++!+l 

\~t\ l\f1Tms 
10-·~aM~~t\~ "N~l\m!~ili ~£m 

>------<-+-+--+-1-++H---+-~-s__,._~......._..,._5_-+--+-+-++-1++1 
>------<-+-+--+-1-++H---+-4-~~ ............. 10--+--+-+-++-1++1 

~ !~:. --+-+-+-+++t-H 

Fig. 6 Safe Operating ARea; T mb.;;; 25 oc. 

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

I Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
BUV90 
BUV90A 

SILICON DIFFUSED DARLINGTON POWER TRANSISTORS 

High-voltage, monolithic n-p-n power Darlington transistors in an SOT-93 envelope intended for use in 
car ignition systems, d.c. and a.c. motor controls, solenoid drivers, etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VsE = 0, peak value) VcESM 

Collector-emitter voltage (open base) VcEO 

Collector saturation current I Csat 

Collector current (d.c.) le 

Collector current (peak value) lcM 

Total power dissipation up to T mb = 25 °c Ptot 

Collector-emitter saturation voltage 
le= 5 A; Is= 0.05 A VcEsat 

le= 10 A; Is= 0.3 A VcEsat 

Fall time (inductive switching) 
Icon= 5 A; Ison= 50 mA; Le= 200 µH tf 

Icon= 10 A; Ison= 300 mA; Le= 200 µH tf 

MECHANICAL DATA 

Fig.1 SOT-93; Collector connected to mounting base 

l-~50~---•--14-­

. 4,25.._ 
4,15 
i.--<....---+t--1 

4,4 

t 

SUV90 I SUV90A 

max. 650 v 
max. 400 v 

10 A 

max. 12 A 

max. 30 A 

max. 125 w 

< 1.5 1.7 v 
< 2 v 

typ. 0.7 µs 

typ. µs 

Dimensions in mm 

... ,~a~ .... 
-1 21-r-·-+----

I 
t 21 

max 

,....,. __ 10~ j 

·t-. 
F-
t:-: 

~11-o,4 
...... , ...... 

1,6 7175220.3 

For Accessories and Mounting instructions see handbook: L.F. power transistors and modules. 
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248 

BUV90 
BUV90A 

,-----------
' 

b--<~----1 

_ _J 
7Z6641.S 2 

e 

RATINGS 

c 

Fig. 2 Darlington circuit diagram 

R 1 typical 500 .11. 
R2 typical 300 .11. 

Limiting values in accordance with the Absolute Maximum System (I EC134). 

Collector-~mitter voltage (VsE = 0, peak value) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to T mb = 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 
VeE = VeESMmax; VsE = 0 

VeE = VeESMmax; VsE = O; Tj = 125 °e 

Emitter cut-off current 
le= O; VEB = 6 V 

Collector-emitter sustaining voltage 
le= 5A;ls=O;L=8mH 

Diode forward voltage 
IF= 8 A; Is= 0 

VeESM 

VeEO 

le 

leM 

Is 

lsM 

Ptot 

Tstg 

Tj 

Rth j-mb 

ICES 

leES 

IEBO 

VcEOsust 

VF 

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

M•~h 19841 

max. 650 

max. 400 

max. 12 

max. 30 

max. 4 

max. 6 

max. 125 

-65 to +150 

max. 150 

< 1 

< 3 

< 20 

> 400 

< 3 

v 
v 
A 

A 

A 

A 

w 
oe 

oe 

K/W 

mA 

mA 

mA 

v 

v 



Silicon diffused Darlington power transistors BUV90 
BUV90A 

CHARACTERISTICS (continued) 
BUV90 BUV90A 

Saturation voltages 
le=5A;1 8 =o.o5A VeEsat < 1.5 1.7 v 

VsEsat < 2 v 
le= 5 A; Is= 0.06 A; Tj = -40 °e VeEsat < 1.5 1 8 v 

VsEsat < 2 v 
le= 6 A; Is= 0.1 A; Tj = 150 oe VeEsat < 1.5 1.7 v 

VsEsat < 2 v 
le=10A;l 8 =o.3A VcEsat < 2 v 

VsEsat < 2.5 v 
Turn-off breakdown energy, 
with inductive load (Fig.3) 

le= 10 A; Is= 0.3 A 

Le= 8 mH; VcL = 400 V E(BR) > 400 mJ 

Turn-on test (Fig.4) VeEon > 400 v 
<( 

!;( Fall time; inductive switching (Fig.5) 
Q Icon= 5 A; Ison= 50 mA; Le= 200 µH tf typ. 0.7 µs 
I-

Icon= 10 A; I Bon= 300 mA; Le= 200 µH z tf typ. µs 
w 
:iii a. 
0 .... 
w 
> w 
Q 

+25V VcE on +25V 

on on on 

oft o 
0.2µF 

off 

-, M0747 M0748 M0749 

F ig.3: Energy test Fig.4: Turn-on test Fig.5: Inductive switching 
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BUV90 
BUV90A 

le 
(A) 

10 

10-1 

10-2 

10- 3 

lcM max 

f- I 111 
C max 

(1)~ 

l" 
l\ 

II 

-

(2) 

" ~ 
I 

111 

10 

Fig. 6 Safe Operating Area; T mb.:;; 25 °c 
Region of permissible d.c. operation 

11 Permissible extension for repetitive pulse operation 

M0750 

111 Repetitive pulse operation in this region is permissible, provided VsE < 0 and tp < 5 ms. 

(1) Ptot max line. 

(2) Second-breakdown limits (independent of temperature). 
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BUW11 
BUW11A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors 1n a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp <;; 2 ms 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
le= 3 A; Is= 0,6 A 
le= 2,5 A; Is= 0,5 A 

Fall time (resistive load) 

Icon= 3 A; Ison= -Ison= 0,6 A 
Icon= 2,5 A; Ison= -lsoff = 0,5 A 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to 
mounting base. 

__ 1s,2_ 
max 

---14-

_.4,25_ 
4,15 

See also chapters Mounting instructions and Accessories. 

VcESM 

Vern 

le 

lcM 

Ptot 

VcEsat 
VcEsat 

tf 
tf 

SUW11 SUW11A 

max. 850 1000 v 
max. 400 450 v 
max. 5 A 

max. 10 A 

max. 100 w 

< 1,5 v 
< 1,5 v 

< 0,8 µs 
< 0,8 µs 

Dimensions in mm 

-14,6 .._ max 

-· 21-

·+-. 
1--:-
1- 1 i 21 

max 

max 12,7 j 
~-~-

i.11-a,4 
_.1,6..... 7Z75220.3 
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BUW11 
BUW11A 

RATINGS 

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

BUW11 BUW11A 

Collector-emitter voltage (VBE = 0, peak value) VcESM max. 850 1000 v 
Collector-emitter voltage (open base) Vern max. 400 450 v 
Collector current (d.c.) le max. 5 A 

Collector current (peak value) tp < 2 ms ICM max. 10 A 

Base current (d.c.) IB max. 2 A 

Base current {peak value); tp < 2 ms IBM max. 4 A 

Total power dissipation up to T mb = 25 oc Ptot max. 100 w 
Storage temperature Tstg -65to+150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1,25 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VsE = 0 lcEs < 1 mA 
VcE = VcESMmax; VsE = O; Tj = 125 oc ICES < 2 mA 

Emitter cut-off current 
le= O; VEB = 9 V IEBO < 10 mA 

Saturation voltages BUW11 BUW11A 

le= 3 A; IB =0,6 A VcEsat < 1,5 v 
VsEsat < 1.4 v 

le= 2,5 A; Is= 0,5 A VcEsat < 1,5 v 
VsEsat < 1.4 v 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH VcEOsust > 400 450 v 

Collector saturation current 
VcE = 1,5 V lcsat < 3 2,5 A 

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

CHARACTERISTICS (continued) 

7277036.1 

250 

200 

'c 
(mAI 

100 

min VCE (V) 

VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 
Icon= 3 A; Ison= lsoff = 0,6 A 
Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 2,5 A; Ison= -laoff = 0,5 A 
Turn-on time 

Turn-off: Storage time 
Fall time 

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

Fall time 

Icon =3 A; Is= 0,6A; Tj = 1oooc 
Turn-off: Storage time 

Fall time 

Switching times inductive load {Figs 6 and 7) 
Icon= 2,5 A; Is= 0,5 A 
Turn-off: Storage time 

Fall time 

Icon= 2,5 A; Is= 0,5 A; Tj = 100 oc 
Turn-off: Storage time 

Fall time 

v,:JLJL 

-11_.p I 
-+-T-.. 

7272202.2 

BUW11 
BUW11A 

Fig. 3 Test circuit for V CEOsust· 

SUW11 SUW11A 

ton < µs 

ts < 4 µs 
tf < 0,8 µs 

ton < µs 

ts < 4 µs 
tf < 0,8 µs 

typ. 1, 1 µs 
ts < 1,4 µs 

typ. 80 ns 
tf < 150 ns 

typ. 1,2 µs 
ts < 1,5 µs 

typ. 140 ns 
tf < 300 ns 

typ. 1,1 µs 
ts < 1,4 µs 

typ. 80 ns 
tf < 150 ns 

typ. 1,2 µs 
ts < 1,5 µs 

typ. 140 ns 
< 300 ns 
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BUW11 
BUW11A l __ · --

Vee 

Fig. 4 Test circuit resistive load. 

t, -·r ___ 1,f 1----- Ison 

7Z77499.4 

90% 
____ _,_ 1con 

10%1--- ----- - -t --1on 

Fig. 5 Switching times waveforms 
with resistive load. 

Vee= 25ov 
V1M =-6to+8V 
tp 

= 0,01 
T 
tp =20µs 
The values of Ra and RL are 
selected in accordance with 
Icon and Is requirements. 

Fig. 6 Switching times waveforms 
with inductive load. 

7289211.2 

VcL =300V 
Vee = 3ov 
-VsE= 5V 
Ls 1 µH 
Le = 200 µH 

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

r--+--+--+--++-1\H+----+--+-rtt--i-t++r--~-----+-+--+-+~­
' 

I~ 
---r--+, --t·-+-·t-H-H-·----- ,._---t--t·-tt--+--+1-++--- +-----+--+-+-++++< 

r----t---t-·-T-+--+--H-t-t----t--I~---t-ti III t------j----j----j--+-J-t-t--H 

r---- -f--+-·+-+-rrt-1-- ---t-----"J-'!--~H+--1-++t+-----t---+--+-ir+-l+-H 
~ _l 

I
. -, T 

d.c. I I 
10-2 r----- =+-=::l=l:=l=l::J:!:t==+==l=:::t:lt+:j::::j::l:J===l==+=J::::j:::j:::j::j::j:j r---+==-, ~-+--+--t--+--t-t-f-----+---+-++t--t--+f+t-+-----t--t---t-+--+-+++; 

-----+--t-~--t--+-t-+-H 

t---+---+--+-l--+-+-H-+-----+----+-++t--H-H-t---- ---l___,H-++-4-11 

f----t-----1-+-<--+-++i+----+---+--+-+t--t-++++----+---t---+-+-++-t-+-j 

l -·· +----t--+-+-+++tt- BUW11 '-'::~'-~1 Ti-I---- ·--t-t--t--t-1 
BUW11A--j IV 

10-'~-+-~-+-~~~--l~_l__~J.~~~--~-+--~~~ 
10 10' 

Fig. 8 Safe Operating ARea at T mb,,:;; 25 °c. 
(1) Ptot max line. 
(2) Second-breakdown limits. 

I Region of permissible d.c. operation 

VcE IVI 

11 Permissible extension for repetitive pulse operation 

10' 

111 Area of permissible operation during turn-on in single transistor 
converters, provided R BE ,,:;; 100 Q and tp,,:;; 0,6 µs. 

IV Repetitive pulse operation in this region is permissible 
provided VsE < 0 and tp,,:;; 5 ms. 

BUW11 
BUW11A 
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BUW11 
BUW11A 

7Z94073 

100 

Ptotmax 
(%) 

-

-

50 

0 
0 

=sJ 
f'... 

\ 
cs: 
~ rs: 

:'SJ 
f'..._ 

100 

Fig. 9 Total power dissipation 
derating curve. 

hFE t---T1·=125oC 
- -~- 1-1~ 

200 

le 
(Al 

6 

I-r-1 

L_ 0 
0 

I 

~ 

7Z88782 A 

~ ·-t-

~ I 
BUW11 

1"- f: 
V~W11A 

J. l 
500 Vee (VI 1000 

Fig. 10 Reverse bias SOAR. 

N 

Fig. 11 Typical values d.c. current gain. 
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Silicon diffused power transistors BUW11 
BUW11A 

T 

V BE sat l--·-+--+--+-+--t-+-+++----+--+--+-1-+-++++---~-1---+--+1~11-1 ,.a-.11~~ 
VeEsat1-----+---1--+---1-+-+-+-++--~f---+--+-+-4--<1-+-1e-i----+--+--+-1-~·~.:..1-l.-W 

(V) -··· ··+· .. +-- !---+----+--+-+-+-+-H+----t-·-l--t--+.IJ:i,11rJ4-i-+-i 
~ 

l---+--+-+-+-+-l-+-1-1-----4·--+---+--++ V · T· - 2 5 °e v 1i BE• l- ;:? f7 

o ~--+-+-+~~~*"-::=:..:-=1~:.; .... ~-~1-i++:J:+i+ Tj = 251oe -+--+--+-+-+++-1 

10- 2 10-1 
le (A) 10 

Fig. 12 Typical values base-emitter and collector-emitter voltage, le/ls= 5. 

7ZB2934 

1oc::==::c::=r=r::::r:r:::r:rn====r::=::::r:::::r::i=r::o::i::r.:::==::::::i==+=::i:::i=i=+++1 

VeEsat 
(V) 

\ 
\ 

\ 
\ 
\ 

l 

' 

]Y [ 

', I\ 
\ 
\ 

~ 
\ 

1 
_l 
\ 
t 
\ 
\ 

10-lL_ _ __Ll _ _J__L_j_.L...1...LJ...J._ _ __J_-l..-l..-l....l....l...LI..l---L---L-'--L_.__W....W 

10-2 10-1 16 (A) 10 

Fig. 13 Typ. (--) and max. (- - -) values collector-emitter saturation voltage at Tj = 25 oc. 
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BUW11 
BUW11A 

VBE1--1~4--+--+--1---+--+-!--!---1---+--+--1---1-+-1-1--+--+--1---+--1-+-1-1--+--1--1---+-1 
(V) ..._,-+-+--t--+--+-+-+-1-+-+--+--+-+-+-1-+-+--l--+--+-+-+--+-+--1--1---+-1 

1,4 ...-,-+-+--t--+--+-+-+-1-+-+-+--+-+-+-1-+-t--l--+--+-+-+-1-+-+-t--+-+.--i--I 

~ ~ 1--1-+--+-+-..l""-+--+-1-1---1---1---+-1,5 A 6.l-"""'1:::::+-+-l-+-+-+-1--1-+-+-+---l 
~ -i-rl 1,0 H-+_L'l--¥:+-+-t-+-+-..-1,_l--1-b~"F"'l-l--+-+-+-l-l--+-+-+-1-+-t--+-+-+-t-l 

o.a~'--L__.__...__...__._..__....._._.___.__..._.....__._.....__.'--'"__.__.__,__.__._.....__.'--'"__.__,__,__.__. 

0 0,5 IB (A) 1,5 

Fig. 14 Typical values at Tj = 25 oc. 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUW11 
BUW11A 

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

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

1 nformation on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures ICM represents the 
maximum repetitive peak c;ollector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 oc under the following conditions 
(see also Fig. 15): 
- collector current shape lc1/lcM = 0,9 
- duty factor tp/T = 0,45 
- rate of rise of le during turn-on= 4 A/µs 
- rate of rise of VcE during turn-off= 1 kV/µs 
- reverse drive voltage during turn-off= 5 V 
- base current shape 191/lse = 1,5 

The required thermal resistance of the heatsink can be calculated from 

100-Tamb 
Rth mb-a < K/W 

Ptot 
To ensure thermal stability the value of the ambient temperature Tamb > 40 oc. 

IB J_ 
1Biend) 

==--

0-
TURN-ON TURN-OFF 

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

7288781 
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BUW11 
BUW11A 

r--.-,-----,--,--,---7~ZB~B-79_0r--,lO 

v 
ls(end)~ ~ 

(A) L--"'. L 

~/ 
0,5 t--t---t---J,...;;:t--t---t---t---f 

IL t--h Ls r--
k::::J --+ 

La 
(µH) 

0 ~~-~-~-~-~-~-~- 0 
1,5 2,5 3,5 

1CM (A) 

Fig. 16 Recommended nominal "end" value of the base current Osel and optimum base inductance 
(Ls) at -V drive= 5 V versus maximum peak collector current. dls(end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related Ls is: 

(-Vdrivel + 1 
Lsnom 6 

Lsnom is the value given in this graph. 

12r--.--,-----,--,--,----,-~7Zr8~87-'--i83 

Ptot 
IWI 

f---+--1---1--1---+---+1,· T 
_)J 40kHz --I 

f---t---+---ji---+--+--+t--+---j 

L 20kHz 

~ z-

o~~-~~~-~-~~-~-
1,5 2,5 3 

lcM IAI 
3,5 

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. T mb = 100 °c; dls(end) = ± 20%. 
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BUW12 
BUW12A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp <;:; 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
1c=6A;ls=1,2A 
le= 5 A; Is= 1 A 

Fall time (resistive load) 
Icon= 6 A; Ison= -lsoff = 1,2 A 
Icon= 5 A; Ison= -lsoff = 1 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to 
mounting base. 

A 

.... _ 15,2 __ __ 

max 

See also chapters Mounting instructions and Accessories. 

VcESM 

Vern 

le 

lcM 

Ptot 

VcEsat 
VcEsat 

tf 
tf 

4,4 

-t 

SUW12 SUW12A 

max. 850 1000 v 
max. 400 450 v 
max. 8 A 

max. 20 A 

max. 125 w 

< 1,5 v 
< 1,5 v 

< 0,8 µs 
< 0,8 µs 

Dimensions in mm 

-14,61-
-~1-

I __ 1 
max t 21 

12,7 I max 

-~J 

ll .. 04 
... I ..... , 

1,6 
7Z75220.3 
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BUW12 
BUW12A 

RATINGS 

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

BUW12 BUW12A 

Collector-emitter voltage (peak value; VsE = 0) VcESM max. 850 1000 v 
Collector-emitter voltage (open base) VcEO max. 400 450 v 
Collector current (d.c.) le max. 8 A 

Collector current (peak value); tp < 2 ms lcM max. 20 A 

Base current (d.c.) Is max. 4 A 

Base current (peak value); tp.;;;; 2 ms IBM max. 6 A 

Total power dissipation up to T mb = 25 oc Ptot max. 125 w 
Storage temperature Tstg -65to + 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1,0 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VsE = 0 ICES < 1 mA 
VcE = VcESMmax; VsE = O; Tj = 125 °c ICES < 3 mA 

Emitter cut-off current 
le =O;VEB = 9 V IEBO < 10 mA 

Saturation voltages BUW12 BUW12A 

1c=6A;18 =1,2A VcEsat < 1,5 v 
VsEsat < 1,5 v 

1c=5A;18 =1,0A VcEsat < 1,5 v 
VsEsat < 1,5 v 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH VcEOsust > 400 450 v 

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

262 March 1983 



Silicon diffused power transistors 

CHARACTERISTICS (continued) 

7Z77036.1 

250 

200 
le 

(mAI 
100 

0 
min VcE (VI 

VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 
Icon= 6 A; Ison= -lsoff = 1,2 A 
Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 5 A; Ison= -lsoff = 1 A 
Turn-on time 

Turn-off: Storage time 
Fall time 

Switching times inductive load (Figs 6 and 7) 
lc0 n=6A;ls=1,2A 
Turn-off: Storage time 

Fall time 

Icon= 6 A; Is= 1,2 A; Tj = 100 oc 
Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 7) 
Icon= 5 A; Is= 1 A 
Turn-off: Storage time 

Fall time 

Icon= 5 A; Is= 1 A; Tj = 100 oc 
Turn-off: Storage time 

Fall time 

V1:JLJL 
·11_.p I 

-4--T _,.. 

7272202.2 

BUW12 
BUW12A 

+50V 

Fig. 3 Test circuit for V CEOsust· 

SUW12 SUW12A 

tan < µs 

ts < 4 µs 
tf < 0,8 µs 

tan < µs 

ts < 4 µs 
tf < 0,8 µs 

typ. 1,6 µs 
ts < 2,1 µs 

typ. 80 ns 
tf < 150 ns 

typ. 1,8 µs 
ts < 2,3 µs 

typ. 140 ns 
tf < 300 ns 

typ. 1,6 µs 
ts < 2,1 µs 

typ. 80 ns 
tf < 150 ns 

typ. 1,8 µs 
ts < 2,3 µs 

typ, 140 ns 
tf < 300 ns 
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BUW12 
BUW12A 

V1M 0.::f-ldl 

---/ I-'"'- I -T-

Vee 

7289210 

Vee= 2so v 
V 1 M = -6 to + 8 V 
tp 

= 0,01 
T 
tp = 20 µs 
The values of Rs and R Lare 
selected in accordance with 
Icon and Is requirements. 

Fig. 4 Test circuit resistive load. 

7277499.4 

90% 
Is 
10%,__-----~------<t-~-~ 

[I_ISof: 
90% 1----1-""----_-_-+-__ -_ ... -- 1con 

I\ 
10% -- ----- -

..... -..tf t 

-.. ts...._ 

.,.. toff 1-. 

Fig. 5 Switching times waveforms. 
with resistive load. 

7289212.2 

90% 
Is 

10%f-"'=-<!~----+-••~~---
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Fig. 6 Switching times waveforms 
with inductive load. 

7289211.2 

VcL = 300 V 
Vee = 30V 
-VsE = 5 V 
Ls 1 µH 
Le = 200 µH 

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

le 
(A) 
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Fig. 8 Safe Operating ARea at T mb < 25 °c. 
( 1) Ptot max line. 
(2) Second-breakdown limits. 

I Region of permissible d.c. operation. 

I 

nr 
d.c 

iJl 

11 Permissible extension for repetitive pulse operation. 

7ZB6932 

111 Area of permissible operation during turn-on in single transistor 
converters, provided RsE < 100 n and tp < 0,6 µs. 

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

BUW12 
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- Fig. 9 Total power dissipation 
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Fig. 10 Reverse bias SOAR. 

Fig. 11 Typical values d.c. current gain. 
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Silicon diffused power transistors BUW12 
BUW12A 

2~~~~~~~~~~~~~~~~~~~,~~~~~~~7-Z8~2~94~0 

I 
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Fig. 12 Typical values base and collector voltage at le/ls= 5. 
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Fig. 13 Typ. (-)and max. (- - -) values collector-emitter saturation voltage at Tj = 25 °c. 
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BUW12 
BUW12A 

VsE L-1----1---1--l----4--l---1---+----l-+---+---l----l--+-l--+--l---l--+--+-+-+--l----l-+-+-+-+--+-1 
(V) 
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0 2 16 (A) 3 

Fig. 14 Typical values base-emitter voltage at Tj = 25 oc. 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUW12 
BUW12A 

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

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

Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures lcM represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 oc under the following conditions 
(see also Fig. 15): 
- collector current shape lc1/lcM = 0,9 
- duty factor tp/T = 0,45 
- rate of rise of le during turn-on= 8 A/µs 
- rate of rise of V CE during turn-off= 1 kV /µs 
- reverse drive voltage during turn-off= 5 V 
- base current shape I B 1 /I Be = 1,5 

The required thermal resistance of the heatsink can be calculated from 

100-Tamb 
Rth mb-a < p K/W. 

tot 

To ensure thermal stability the value of the ambient temperature Tamb > 40 oc. 

le~ .~~M 
~Ud __ LI o~ t --- , 

J_ 
1B(end) 

t 
_ _}_, __ 

TURN-ON 

=-----

-t 1 =0,5µs 

TURN-OFF 

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

7Z8878t 
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BUW12 
BUW12A 

0 L___J._ _ _j__L___J_ __ L__j_ _ _J___.J 0 

3 6 7 
lcM IA) 

Fig. 16 Recommended nominal "end" value of the base current (I Bel and optimum base inductance 
(Ls) at -Vdrive = 5 V versus maximum peak collector current. dls(end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related Ls is: 

( --V drivel + 1 
Lsnom 6 

Lsnom is the value given in this graph. 

16 7ZB8I_~ 

Ptot ..____,_ __ __,___,_ __ ;o+-17=k--'H'"'zJ,_,_-n:, 
(W) T:PM 

12 _L 

J7 )7 

QL--+--'--'-----'---'------"'-------'-~' 
3 

1CM (A) 

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum 
peak collector current. T mb = 100 °c; dls(end) = ± 20%. 
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BUW13 
BUW13A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated 11-µ-n µower lransistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=10A;ls=2 A 
le= 8 A; Is= 1,6 A 

Fall time 

Icon= 10 A; Ison= -lsoff = 2 A 
Icon= 8 A; Ison= -lsoff = 1,6 A 

MECHANICAL DATA 

Fig. 1 SOT-93. 

Collector connected to 
mounting base 

___ 15,2 __ _ 

max 

1

-14-1 
._,4,25-

4,15 

See also chapters Mounting instructions and Accessories. 

VcESM 

Vern 

le 

lcM 

Ptot 

VcEsat 
VcEsat 

tf 
tf 

4,1. 

t 

BUW13 BUW13A 

max. 850 1000 v 
max. 400 450 v 
max. 15 A 

max. 30 A 

max. 175 w 

< 1,5 v 
< 1,5 v 

< 0,8 µs 
< 0,8 µs 

Dimensions in mm 

-14r6--max 

-·1 2 1-

Ll i 21 
max 

12,71' max 

__ i 
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BUW13 
BUW13A 

RATINGS 

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

BUW13 BUW13A 

Collector-emitter voltage (peak valu.e, VsE = 0) VcESM max. 850 1000 v 
Collector-emitter voltage (open base) VcEO max. 400 450 v 
Collector current (d.c.) le max. 15 A 

Collector current (peak value); tp < 2 ms lcM max. 30 A 

Base current (d.c.) Is max. 6 A 

Base current (peak value); tp < 2 ms IBM max. 9 A 

Total power dissipation up to T mb = 25 oc Ptot max. 175 w 
Storage temperature T stg -65to + 150 oc 

·-Junction temperature Tj max. 150 oc 
~. 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 0,7 K/W 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 
.. ,'---... VcE = VcESMmax; VsE = 0 ICES < 1 mA 

VcE = VcESMmax;VsE =O;Tj = 125°C lcEs < 4 mA 

Emitter cut-off current IEBO < 10 mA 

Saturation voltages BUW13 BUW13A 

1c=10A;16 =2 A VcEsat < 1,5 v 
VsEsat < 1,6 v 

le= 8A;ls=1,6A VcEsat < 1,5 v 
VsEsat < 1,6 v 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH VcEOsust > 400 450 v 

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

CHARACTERISTICS (continued) 

7Z77036.1 

250 

200 
le 

( rnA) 

100 

min VcE IV) 
VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 
Icon= 10 A; Ison= -lsoff = 2 A 
Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 8 A; Ison= -lsoff = 1,6 A 
Turn-on time 

Turn-off: Storage time 
Fall time 

Switching times inductive load (Figs 6 and 7) 
I Con =· 10 A; Is = 2 A 
Turn-off: Storage time 

Fall time 

I Con = 10 A; IS = 2 A; Tj = 100 °c 
Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 7) 
Icon =BA; Is= 1,6A 
Turn-off: Storage time 

Fall time 

Icon =BA; Is= 1,6A;Tj=100°c 
Turn-off: Storage time 

Fall time 

v,~JLJL 
_1 1~,p I 

~r _. 

7Z72202.2 

BUW13 
BUW13A 

+50V 

Fig. 3 Test circuit for V CEOsust· 

SUW13 SUW13A 

ton < 1 µs 

ts < 4 µs 

tf < 0,8 µs 

ton < 1 µs 

ts < 4 µs 
tf < 0,8 µs 

typ. 2,3 µs 
ts < 3,0 µs 

typ. 80 ns 
tf < 150 ns 

typ. 2,5 µs 
ts < 3,2 µs 

typ. 140 ns 
tf < 300 ns 

typ. 2,3 µs 
ts < 3,0 µs 

typ. 80 ns 
tf < 150 ns 

typ. 2,5 µs 
ts < 3,2 µs 

typ, 140 ns 
tf < 300 ns 
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BUW13 
BUW13A 

Vee 
Vee= 250 v 
V 1 M = --6 to + 8 V 
tp = 20 µs 

tp 
T = 0,01 

n n Rs 
VIM o_'j-1.==.lt ---i-1--1-1 The values of Rs and RL 

are selected in accordance 
with Icon and Is 
requirements. 

-/ 1..2 I 
-T-+-

7Z89210 

Fig. 4 Test circuit resistive load. 
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Is 
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I\ 
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Fig. 5 Switching times waveforms 
with resistive load. 
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Fig. 6 Switching times waveforms 
with inductive load. 

VcL =300V 
Vee = 30 v 
-VsE = 5 V 
Ls 1 µH 
Le = 200 µH 

7289211.2 

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

IC f-----+-t--t-t-+-HH+--+--+-+-+-t-t-t-H--+- -1---H-+H-H-- +-+-l--1-++l-+l 
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10 '~l-+- I 

II 
~- 1cmax -H·-++H+--+-- 4-
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Fig. 8 Safe Operating ARea at T mb < 25 °c. 
( 1) Ptot max I ine. 
(2) Second-breakdown limits. 

I Region of permissible d.c. operation. 

d.c 

11 Permissible extension for repetitive pulse operation. 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RsE < 100 n and tp < 0,6 µs. 
IV Repetitive pulse operation in this region is permissible 

provided VsE < 0 and tp < 5 ms. 

BUW13 
BUW13A 

-
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BUW13 
BUW13A 

100 

Ptot max 

(%) -- 50 

- Fig. 9 Total power dissipation 
derating curve. 

7Z88786 A 
20 

le 
(A) 

10 

500 VcE (VI 1000 

Fig. 10 Reverse bias SOAR. 

Fig. 11 Typical values d.c. current gain. 
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Silicon diffused power transistors BUW13 
BUW13A 
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Fig. 12 Typical values base and collector voltage at lc/IB = 5. 
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Fig. 13 Typical (-)and maximum (- - -) values saturation voltage. Tj = 25 oc. 
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BUW13 
BUW13A 
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Fig. 14 Typical values base-emitter voltage at Tj = 25 oc. 
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Silicon diffused power transistors 

APPLICATION INFORMATION 

BUW13 
BUW13A 

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

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

Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures lcM represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 oc under the following conditions 
(see also Fig. 15): 
- collector current shape lc1/lcM = 0,9 
- duty factor tp/T = 0,45 
- rate of rise of le during turn-on =10 A/µs 
- rate of rise of VcE during turn-off= 1 kV/µs 
- reverse drive voltage during turn-off= 5 V 
- base current shape I B 1 /I Be = 1,5 

The required thermal resistance of the heatsink can be calculated from 

100-Tamb 
Rth mb-a < K/W 

Ptot 

To ensure thermal stability the value of the ambient temperature Tamb > 40 oc. 

le /j .~~M __ Lltl_LI 
0-- t -- t 

lg J_ 
1Biend) 

~-t 

_ _/ ~t 

-r 
TURN-ON TURN-OFF 

7288781 

Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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BUW13 
BUW13A 

O'---'-~--'----'~--'--~-'-__J_~---'------'O 
4 10 12 

ICM (A) 

Fig. 16 Recommended nominal "end" value of the base current (I Bel and optimum base inductance 
(LB) at -Vdrive = 5 V versus maximum peak collector current. dlB(end) = ± 20%. 

For other values of -V drive (3 V to 7 V) the related LB is: 

(-Vdrivel + 1 
LBnom 6 

LBnom is the value given in this graph. 

QL__----'-~-'-~L__..-L~--'-__J~--'--____J 

4 10 
lcM(A) 

12 

Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. T mb = 100 °c; dlB(end) = ± 20%. 
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BUW84 
BUW85 

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 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 
tp = 2 ms 

Total power dissipation up to T mb = 45 °c 
Collector-emitter saturation voltage 

lc=1A;1 8 =0,2A 

Fall time 
Icon= 1 A; Ison= 0,2 A; -lsoff = 0,4 A 

MECHANICAL DATA 

Fig. 1 SOT-82. 

Collector connected 
to mounting base. 

I 
0 

--1 . 

JI~ 
0,5 

VcESM max. 

Vern max. 

le max. 

max. 

max. 

VcEsat < 

typ. 

BUWB4 

800 

400 

2 

3 

50 

0,4 

BUW85 

1000 

450 

v 
v 
A 

A 

w 

v 

µs 

Dimensions in mm 

l .. 1,2 

max 1
_1.0_

1 

-~__i_ 

++--+-3~.75 · I 
11,1 
max 

~-l 
I 

15,3 
min 

b c e.,.~l 
l+lo,2s4j@~[ /. j2,29~ 

0,88 

7Z65778.2 

max 

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

See also chapters Mounting Instructions and Accessories. 
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BUW84 
BUW85 

RATINGS 

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

Collector-emitter voltage (V BE = 0, peak value) 

Collector-emitter voltage (open base) 

Emitter-base voltage (open collector) 

Collector current (d.c.) 

Collector current (peak value) 
tp = 2 ms 

Base current (d.c.) 

Base current (peak value) 

Reverse base current (peak value) * 

Total power dissipation up to T mb = 45 oc 

Storage tamperature 

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** 

VcEM = VcESMmax: VsE = 0 

VcEM = VcESMmax: VsE = O; Tj = 125 °c 

D.C. current gain 
lc=0,1 A;VcE=5V 

* Turn-off current. 
**Measured with a half sine-wave voltage (curve tracer). 
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VcESM 

VcEO 

VEBo 

le 

lcM 

Is 

IBM 

-lsM 

Ptot 

Tstg 

Tj 

Rthj-mb 

Rthj-a 

le ES 

le ES 

BUW84 

max. 800 

max. 400 

max. 5 

max. 2 

max. 3 

max. 0,75 

max. 

max. 

max. 50 

-65to +150 

max. 

< 
< 

typ. 

150 

2,1 

100 

200 

1,5 

50 

BUW85 

1000 v 
450 v 

5 v 

A 

A 

A 

A 

A 

w 
oc 

oc 

K/W 

K/W 

µA 
mA 



Silicon diffused power transistors 

CHARACTERISTICS (continued) 

Tj = 25 °c unless otherwise specified 

Emitter cut-off current 
le= O; VEB = 5 V 

Saturation voltages 
le= 0,3 A; Is= 30 mA 
le= 1 A; Is= 0,2 A 
le= 1 A; Is= 0,2 A 

Collector-emitter sustaining voltage 
le= 100 mA; lsoff = O; L = 25 mH 

2sor------
200 
le 

(mA) 

IEBo < 

VcEsat < 
VcEsat < 
VaEsat < 

VcEOsust> 

7Z75254 

100 - - - - - - - - - - - - - - - -+ 
I 
I 
I 

oL--------~~---
min VcE (V) 

VcEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Fig. 3 Test circuit for V CEOsust· 

BUW84 
400 

0,8 
1 

1,1 

BUW84 
BUW85 

mA 

v 
v 
v 

SUW85 
450 v 
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BUW84 
BUW85 

CHARACTERISTICS (continued) 

Tj = 25 oc unless otherwise specified 

Transition frequency at f = 1 MHz 
le= 0,2 A; VcE = 10 v 

Switching times 
Icon= 1A;Vcc=250V 
Ison= 0,2 A; -IBoff = 0,4 A 
Turn-on time 

Turn-off: Storage time 

Fall time 

Fall time, T mb = 95 oc 

90% 
IB 

7Z77499.5 

------ - 1Bon 

10% F-==::..:r-----~-..,---

- - 1Boff 

Fig. 4 Waveforms. 

Ll--TI 

v~]_Jl 

I t _J L 
tp 

100 Vi n 

I 
50 680 
n µF 

Fig. 5 Test circuit. 
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Silicon diffused power transistors 

' 1 o .._._._,_.__----1-___.__._. 
d.c. 

Ill 

J:L.. 
IV 

10- 3 '-~-'---'--'--'-...... u..I..~--'~""-.......................... ..__~_.__.___.__. 

(1) Ptotmaxline. 

10 102 103 VcE IV) 

Fig. 6 Safe Operating ARea at T mb.;; 25 oc of BUW84. 

I Region of permissible d.c. operation 
11 Permissible extension for repetitive pulse operation 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RsE.;; 100 n and tp.;; 0,6 µs 
IV Repetitive pulse operation in this region is permissible, 

provided VsE.;; 0 and tp.;; 2 ms 

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

BUW84 
BUW85 
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BUW84 
BUW85 l __ _ 

7Z7794 7 

10 EE!ffi~~ffilf!Ea~ 
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10 102 103 VcE (V) 

Fig. 7 Safe Operating ARea at T mb .,;;; 25 oc of BUW85. 

I Region 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 RsE.,;;; 100 n and tp.,;;; 0,6 µs 
IV Repetitive pulse operation in this region is permissible, 

provided VsE .,;;; 0 and tp.,;;; 2 ms 

( 1 l Ptot max line. 
(2) Second-breakdown limits (independent of temperature). 
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Silicon diffused power transistors 

7Z672571 
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BUW84 
BUW85 

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

0,33 

~ 50 

6,75 

10 2 

Fig. 10. 

7Z77044A 

BUW84 

10 

7Z77043A 

S.B. current multiplying factor at the V CEOmax level ~~4---1--14+----l-~ BUW85 

0,05 

0,50 

0,75 

1 1 
10-2 

February 1979 

10--1 10 

Fig. 11. 



Silicon diffused power transistors 

Fig. 12 S.B. voltage multiplying factor at the le max level. 

BUW84 
BUW85 

7277945 

102~~~~~~~~~~~~~~~~~~~~~~~~~~-7-27_7_03~9 
l--~-1----1--l.-l.--l--W--W-~~--l-~~-l-~l--l--+-+~~--l~--l 
~---~ ~-'------"--1----'--,__.__-W---~~-l-~1---4-+---4-'--~1---~-+~~ VcE = 5 V 

Ti= 25 °c 

1L-~--J~-l...--L-'-....L..~.U...~~-'-~"'----'-..L....J'--'-.......... ..__~--'~--'---'----'-~.L...L..U 

10 

Fig. 13. 
le (mA) 
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BUW84 
BUW85 

7Z77037 

1---+-+--+-+-+-+--l--'1-+--i typ. values 

Tj =25 °c 

0, 5 1-+-+-+-1-+-+-+-1-+-t-+-f-+---t-! 

QL...i..--!--'-L-1...-l-..L.-l-L......l.-.!-J.-l-~ 

0 100 200 300 
18 (mA) 

lc=0,3A 0,5A0,7A 1A Fig.14. 

40_~~ 
l T ' 

VcEsat ± r ~ \ 
(VI J~ [ Li ·~ 

3 J. .i.T J. '·' 
JI \ \ I\ 

I 1 lU f\ 

0, 1 0,2 

7Z77040 2 

18 (A) 
0,3 

Fig. 15 Typical(-) and maximum(---) values saturation voltage at Tj = 25 oc. 
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BUX46 
BUX46A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VEs = 2,5 V) 

Collector-emitter voltage (RsE.;;; 10 n.) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp .;;; 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 2,5 A; Is= 0,5 A 

Fall time (resistive load) 
Icon= 2,5 A; Ison= -lsoff = 0,5 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

-2s,6max--

10,9 

c 

See also chapters Mounting instructions and Accessories. 

SUX46 SUX46A 

VcEX max. 850 1000 v 
VcER max. 850 1000 v 
VcEO max. 400 450 v 
le max. 3,5 A 

lcM max. 5 A 

Ptot max. 85 w 

VcEsat < 1,5 v 

tf < 0,8 µs 

Dimensions in mm 

--.. 9max F 
1 2,5 

H t 
--4,2 

~--1----'-11- ,4,0 

r 
20,3 
max 

l 
L... 

I_ 12,s__. 
7Z69700.1 11,2 
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BUX46 
BUX46A 

RATINGS 

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

BUX46 BUX46A 

Collector-emitter voltage (VEB = 2,5 V) VcEX max. 850 1000 v 
Collector-emitter voltage (RsE,;;;; 10 n) Vern max. 850 1000 v 
Collector-emitter voltage (open base) Vern max. 400 450 v 
Collector current (d.c.) le max. 3,5 A 

Collector current (peak value) tp < 2 ms ICM max. 5 A 

Base current (d.c.) Is max. 1,5 A 

Base current (peak value); tp < 2 ms IBM max. 3 A 

Total power dissipation up to T mb = 25 oc Ptot max. 85 w 
Storage temperature Tstg -65to+175 oc 

Junction temperature Tj max. 175 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1,75 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current * 
VcE = VcERmax; RsE,;;;; 10 ,Q, lcER < 0,3 mA 
VcE =Vern max; RsE < 10 n; Ti= 125 oc lcrn < 2 mA 

Emitter cut-off current 
le= O; VEB = 5 V IEBO < mA 

Saturation voltages 
IC = 3,5 A; I B = 0,7 A VcEsat < 5 v 
IC = 2,5 A; I B = 0,5 A VcEsat < 1,5 v 

VsEsat < 1,3 v 
Collector-emitter sustaining voltage 

le= 200 mA; la= O; L = 25 mH VcEOsust > 400 450 v 
Collector-emitter cut-off current 

VcE = VcEXmax; VsE = -2,5 v ICEX < 0,1 mA 

VcE = VcEXmax; VsE = -2,5 V; Tj = 125 °c lcEX < 1 mA 

Emitter-base breakdown voltage 
lc=O;IE=0,5A V(BR)EBO < 30 v 

Second breakdown collector current 
VcE=70V;t= 1 sec. l(SB)C > 0,5 A 

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

CHARACTERISTICS (continued) 

250-r-+-~~~~---

200 
le 

(mA) 

--------------., 

100 

I 
I 
I 
I 
I 

7Z84328 

V min VcE (V) 
CEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 

Icon= 2,5 A; Ison= -lsoff = 0,5 A 

Turn-on time 

Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 7) 
Icon= 2,5 A; Is= 0,5 A 
Fall time 

BUX46 
BUX46A 

Fig. 3 Test circuit for VcEOsust· 

0,5 µs 
ton 

typ. 

< 1 µs 

ts 
typ. 1,5 µs 

< 3 µs 

tf 
typ. 0,5 µs 

< 0,8 µs 

tf typ. 0,2 µs 
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BUX46 
BUX46A 

o.=f-ld: 
-11~ I -T- I 

7Z8921 0 

Vee= 250 v 
V1M = -6 to+ S V 
tp 
T =0,01 

= 20 µs 

Fig. 4 Test circuit resistive load. 
The values of Rs and Rl are selected in accordance with Icon and Is requirements. 

90% 
IB 

90% r---
lc I 

7277499.5 

------ - 1Bon 

Fig. 5 Switching times waveforms 
with resistive load. 

le 

7289212.1 

90% 1 •----------- I Bon 

90% ----- - -

10% - -

Fig. 6 Switching times waveforms 
with inductive load. 

Vee =300 v 
-VEs = 5 V 

Fig. 7 Test circuit inductive load. Le= 1 mH; Ls= 3 µH. 
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Silicon diffused power transistors BUX46 
BUX46A 

le 
(A) 

7288305 

10 t::==!=:t=t=Et:J=,t:tt:::=::=:==t:=t:=Elntt===E=t=EE=t:EE 
I >-----1-1--+-+-+ 8 - 2,01 +--+-<-+-+-++++ t P = 
CM max 10 µs --+-+-+-+-+++< 

1cmaxt:::::::'.">I ¥ n ~(-1'N--+---<l~-~+-+-+-H~-----~--+-+<-+-+-++++--+---+-+---+-H-~ 

1---1--+->-+-+-++ BUX 46 -i+.H-H++++++--+-+-+-++++-H 
BUX46AH 

l IV 
10-3~~~~~~~~~~~i~~~~~~~ 

10 VcE (V) 

Fig. 8 Safe Operating ARea at T mb < 60 °c. 
( 1) Ptot max and Ptot peak max. lines. 
(2) Second-breakdown limits. 

I Region of permissible d.c. operation. 

10- 2 ~:::t=:tt:r=!=f:::l:j:::I:= 
le 
(A) f--t- 111 t-

BUX46 
BUX46A'~t::-,,~,---+++-~,.;+--
~ IV 

10-3 ~~~~1-~"-'--
400 10 3 

VcE(V) 

11 Permissible extension for repetitive pulse operation. 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RBE < 100 n and tp < 0,6 µs. 
IV Repetitive pulse operation in this region is permissible, 

provided VsE < 0 and tp < 2 ms. 

-
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BUX46 
BUX46A 

1'------'---'--'--.J......J.......L....JU-1.---'----''--'--'-'-.J....L........._ __ ..__.__,___._....__.--L.J....j 
10-2 10-1 

le (A) 10 

Fig. 9 D.e. current gain. 

l 
1 

VB Esat 1----4---1---l---1--+-W--1-1----+----1-1---+-+-++++---+----+---+-+-i.+l-JH ).+-1 
V eEsat L---4---l---l---1--J.-W--l-l----l----'-l---+-+-++++---+-----+-----1----+-~...ot7~--1-1 

(V) If 
~, 

----~ 

1.-I~ 
1----l--+-+--b!~~~:.=::..::~L-::;.;·~~-;:;;;;~P-::j:::1=+:~+-W-Ti=25°e-+--+--+-+-+--1-+-1 

O'------'---'--'--.J......J.......wu..J.. __ -1----1_1........1_._.J....L..J...J......--.._i_.__,___._-"-'~ 
10-2 10-1 le (A) 10 

Fig. 10 Typical values base-emitter and collector-emitter voltage, le/ls= 5. 
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Silicon diffused power transistors BUX46 
BUX46A 

I 
1 
\ 
_1_ 

' \ 
\ 
-!. 

I' le; 5A t-H 
~ 

- 3A 

1,5A 

10- 1 '--~---'-~-'---'--'--..................... ..__~__.~_..___.__.._ ...................... ..__~__.~_.__.__._.....__.-"-'-' 
10- 2 10-1 

Is (A) 10 

Fig. 11 Typ. (-) and max. (- - -) values collector-emitter saturation voltage at Tj; 25 °c. 

VsE l--l--l-+--+-+--+--+--+-+--+--t--11-t-+-+-+--+--+--+-+--+--t--1--t-+-+-+--+--t--1 
(V) l--l--l-+--+-+--+--+--+-+--+-~l--l-+-+-+--+--+--+-+--+--t--1-+--+-+-+--+--+--1 

1.4ttn=tttnttnrttn=tnu=to::t:~E=l 
1c;5~+1--1-+..-::;;1;.-t-~1--=+1-1-ti---+i---+-+-+-+-+-t-l--l 

/ 1,5 A J=.j--'1"""1--F-1!---tl-1--tt--+-+-+-+-+-+-t-l--l x ~ 1.0 l--l-+lL__,,,.~+-+-1-+-i-+H--l+-'~-i==:c+-+-+-1-+-+--t-+-+-1-+-+--t-+-t-1r--t-i 

0,8 '--~~---'-~-'-~-'--~~~~~---'--'--'-~-'--~~~~---'----'--'-~~ 
0 0,5 Is (A) 1,5 

Fig. 12 Typical values at Tj; 25 oc. 
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BUX47 
BUX47A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VEs = 2,5 V) 

Collector-emitter voltage (RsE < 10 ,Q) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 5 ms 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
I c = 6 A; Is = 1,2 A 
lc=5A;ls=1A 

Fall time (resistive load) 
Icon= 6 A; Ison= -lsoff = 1,2 A 
Icon= 5 A; Ison= -lsoff = 1 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

.___ 26,6max -

),1, 
39,5 301 i 
m" j' 

b 

c 

6,85 

t 

See also chapters Muunting instructions and Accessories. 

VcEX max. 

Vern max. 

Vern max. 

le max. 

ICM max. 

Ptot max. 

VcEsat < 
VcEsat < 

< 
< 

SUX47 SUX47A 

850 

850 

400 

1,5 

0,8 

9 

15 

125 

1000 v 
1000 v 
450 v 

A 

A 

w 

v 
1,5 v 

µs 
0,8 µs 

Dimensions in mm 

J'i'F'·' ,., . 
- --4,2 
---4,0 I r-1 t 

20,3 
max 

l 

~\ ___ 12,s--. 

7269700.1 11,2 
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BUX47 l BUX47A 

RATINGS 

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

BUX47 BUX47A 

Collector-emitter voltage (VEB = 2,5 V) VcEX max. 850 1000 v 
Collector-emitter voltage (RBE < 10 S1) Vern max. 850 1000 v 
Collector-emitter voltage (open base) Vern max. 400 450 v 
Collector current (d.c.) le max. 9 A 

Collector current (peak value); tp < 5 ms lcM max. 15 A 

Base current (d.c.) Is max. 3 A 

Base current (peak value); tp < 5 ms IBM max. 6 A 

Total power dissipation up to T mb = 25 oc Ptot max. 125 w 
Storage temperature Tstg -65 to+ 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1,4 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 
VcE = VcERmax; RBE.;;;; 10 n 'cm < Q,4 mA 
VcE = VcERmax; RsE.;;;; 10 n;Tj = 125 °c lcER < 3 mA 

Emitter cut-off current 
le= O; VEB = 5 V IEBO < mA 

Saturation voltages 
lc=6A;1 8 =1,2A VcEsat < 1,5 v 
lc=9A;1 8 =1,8A VcEsat < 5 v 
le= 5 A; 18 = 1 A VcEsat < 1,5 v 
IC = 8 A; I B = 1,6 A VcEsat < 5 v 
IC = 6 A; I B = 1,2 A VsEsat < 1,6 v 
1c=5A;1 8 =1 A VsEsat < 1,6 v 

Collector-emitter sustaining voltage 
le= 200mA; Is= O; L = 25 mH VcEOsust > 400 450 v 

Emitter-base breakdown voltage 
IC = O; I B = 0,5 A V(BR)EBO 7 to 30 v 

Collector cut-off current 
VcE = VcEXmax; VsE = -2,5 v le EX < 0,15 mA 

VcE = VcEXmax; VsE = -2,5 V; Tj = 125 °c lcEX < 1,5 mA 

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

CHARACTERISTICS (continued) 

250r---~~~~~~ 

200 
le 

--------------, 
lmA) 

100 

I 
I 
I 
I 
I 

7Z84328 

v min VcE IV) 
CEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Figs 4 and 5) 
SUX47: lc0 n=6A; ls0 n=-ls0 tt= 1,2A 
SUX47A:lc0 n=5A; lson=-lsoff= 1 A 

Turn-on time 

Turn-off: Storage time 

Fall time 

Switching times inductive load (Figs 6 and 71 
SUX47: Icon= 6 A; Is= 1,2 A 
SUX47A: Icon= 5 A; Is= 1 A 

Turn-off: Storage time 

Storage time; Tj = 100 oc 

Fall time 

Fall time; Tj = 100 oc 

BUX47 
BUX47A 

Fig. 3 Test circuit for VcEOsust· 

ton 
typ. 0,6 µs 
< 1,0 µs 

ts 
typ. 2,8 µs 
< 3,0 µs 

tf 
typ. 0,45 µs 
< 0,8 µs 

ts typ. 2,5 µs 

ts < 4 µs 

tf typ. 80 ns 

tf < 400 ns 
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BUX47 
BUX47A 

-

90% 
Is 

o-*==Jl 
-/'~ I -T- I 

7Z89210 

Fig. 4 Test circuit resistive load. 

Vee= 250 v 
V1M = -6 to+ 8 V 
tp 
T = 0,01 

= 20 µs 

The values of Rs and RL are selected in accordance with Icon and Is requirements. 

7289212.1 

7277499.5 

------ - 1Bon 90% 
Is 

10% t---......... --1------11--.,..---

90% 

'c 

Fig. 5 Switching times waveforms 
with resistive load. 

le 

90% ----- - -

10% --

Vee 

-- .!I 
- ts -
- toff 1..-

Fig. 6 Switching times waveforms 
with inductive load. 

Vee =300 v 
VEB = 5 V 

Fig. 7 Test circuit inductive load. Le= 1,5 mH; Ls= 3 µH. 
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Silicon diffused power transistors BUX47 
BUX47A 

'c 
(A) 

7Z88306 

500 

1 ms 

t---t---t-t-+-t-t-H+--+--'C--ttit+-++H~10-+---+--+-l-4-I-+-+-< 

i----r--r-r-t-t-1i-ttt~-t----t't~-t\H--+::to~20-+--+-++++4~ 

d.c. 

1---t---t-t-++++ BUX 4 7 - +-j---»;-;._Hfl-1---t--+-t-+-t+l-H 
BUX47AH 

10 - 2 t=±=ttt=r I lt::t±:t:l= 
'c 

(A) 
1--1--+-~ Ill I--+_,_..._._._,_,_,__ 

BUX47 
BUX47A~"'l.-H+-++H++--

JI I IVI 10-3 .____.___..__.._.__._._u..L. _ __.___._._.U-J.-'...W...__ _ _.__,___,_....,w..LJ.J 10-3 l }j 11 
10 10 2 VcE (V) 

Fig. 8 Safe Operating ARea at T mb < 25 °c. 

( 1) Ptot max and Ptot peak max lines. 
(2) Second-breakdown limits. 

Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 
11 l Area of permissible operation during turn-on in single transistor 

converters, provided RsE < 100 Q and tp < 0,6 µs. 
IV Repetitive pulse operation in this region is permissible, 

provided VsE < 0 and tp < 2 ms. 

400 10 3 

VcE (V) 

-
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BUX47 
BUX47A 

'~N~ 1,sv4'~ N~ 
101=:=::±:=±=±:±:t±:tt±====±:::=~t··'-.J~r.::G:±:~~~:ttt::==:±:::±::±:±:t±:tt1 

1._ _ _._ _ _.____,_..._._._ ........... __ _.___,.__.__.._._.._._~ __ ..__.__.,_._...._........._. 
10-1 10 lc(A) 

Fig. 9 Typical values d.c. current gain. 

I VB Esat '----'----1---1__,___,_._._._..__ _ _.___,---1__,___,_._,_._..__, .... _j__,[Z,__.___.__._ ........... __._._._. 
V CE sat 1----+-+--+-+-+-Hl-++---+---t-f-+-l-++t+tjl-hly"--+--t-~-l-+-t-++I 

(V) ~ n 

Fig. 10 Typical values base and collector voltage at lcfls = 5. 
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Silicon diffused power transistors BUX47 
BUX47A 

VcEsat 
(V) 

I 

' 

\ 1'. 

\ 

ll~ 

• 
\ 
1 

1'-1 t-- 3A 

Fig. 11 Typ. (-) and max. (- - -) values collector-emitter saturation voltage at Tj = 25 oc. 

VBE >--<-+-+--+---+--+--+---+-+-+-->--<-+-+--+---+--+--+---+-+-+-->--<-+-+--+---+--+--+---< 

(V) l--l-+-+-+--+--+---+-+-+-+-l--l-+-+-+--+--+---+-+-+-+-1--l-+-+-+--+--+--+--l 

1 A l--l-+-+-+--+--+---+-+-+-+-1--1-+-+-+--+--+---+-+-+-t--11--1-+-+-+--+--+--+--l 

tj=j=i=t=tj=j=j=t=t~tj-~1 c~~sfA:tj:j:!:~Ei--~~t1+--:t:::::t~~:j::t'.j ~ 1,2 !-1 +--
r-1--t-+-+-+--t--t::...+-Tl--'i-+-+--+-+-~ 6A1=.......,~_,,i---+1-1-+-+--+-+-+-+-+-t-11--t 

J..--t"' -!::::::t:J-" 

l--l--l-+-+-""""_,.~}-11--l-+-+-+--+--1--1-~3.~A:.-,.-+""'T~-+j---+-l--1-+-+-+-+-t--1--t-t-+--l y ~ 
1,0 1-t-+.L1_,,...'+-+-+-+-+--i-+H-+!-'"1::P-+"""F-+-+-+-+-t-t-+-+-+-t-t-+-+-+--t-t--i 

0,8L-L..--C---L-'-_,_--'---"--'--'-,__'--'--'---'--'--'---'---"--'--'--,__'--'--'--'--'--'--'--'--' 
0 2 18 (A) 3 

Fig. 12 Typical values base-emitter voltage at Tj = 25 oc. 
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BUX48 
BUX48A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage (peak value; VsE; 0) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value; tp < 2 ms) 

Total power dissipation up to T mb = 25 °c 

Collector-emitter saturation voltage 
lc;10A;ls;2A 
le; 8 A; Is; 1,6 A 

Fall time (resistive load) 
Icon; 10A; lson;-lsoff;2A 
Icon; 8 A; Ison; -lsoff; 1,6 A 

---------------·---·-·-----------------· 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

See also chapters Mounting instructions and Accessories. 

SUX48 SUX48A 

VcESM max. 850 

Vern max. 400 

le max. 

lcM max. 

Ptot max. 

VcEsat < 1,5 

VcEsat < 

tf < 800 

tf < 

.....,..I 9max F 
--·1 2,5 

I - _ _j 
I 4,2 

_ __l - --{•,0 

I 
20,3 
max 

l_ 

1000 v 
450 v 

15 A 

30 A 

175 w 

v 
1,5 v 

ns 
800 ns 

Dimensions in mm 

' + 1,0 

-I __ 12,BJ 
7Z69700.1 11,2 
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BUX48 
E3UX4f3A 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BUX48 BUX48A 

Collector-emitter voltage (peak value; VBE = 0) VcESM max. 850 1000 v 
Collector-emitter voltage (peak value; VBE = -2,5 V) VcEX max. 850 1000 v 
Collector-emitter voltage (open base) VcEO max. 400 450 v 
Collector current (d.c.) 'c max. 15 A 

Collector current (peak value) lcM max. 30 A 

Base current (d.c.) IB max. 4 A 

Base current (peak value) IBM max. 20 A 

Total power dissipation up to T mb = 25 °c Ptot max. 175 w 
Storage temperature Tstg -65 to +200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 1,0 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector-emitter current 
VcE = VcEx; RaE.;:; 10 SJ; lcER < 0,5 mA 

VcE = VcEx; RaE.;:; 10 n; Tj = 125 °c 'cm < 4 mA 

Collector-emitter current 
VcE = VcEx; VaE = -2,5 v lcEX < 0,2 mA 

VcE = VcEx; VaE = -2,5 V; Tj = 125 °c ICEX < 2 mA 

Emitter cut-off current 
'c = o; vrn = 5 v IEBO < mA 

Saturation voltages 
lc=10A;1 8 =2A VcEsat < 1,5 v 

VBEsat < 1,6 v 
IC= 8 A; I B = 1,6 A VcEsat < 1,5 v 

VaEsat < 1,6 v 
lc=15A;l 8 =3A VcEsat < 5 v 
le= 12 A; 18 = 2,4 A VcEsat < 5 v 

Collector-emitter sustaining voltage 
le= 200 mA; laoff = 0; L = 25 mH V CEOsust > 400 450 v 

Emitter-base breakdown voltage 
le= 0; la= 50 mA; V(BR)EBO 7 to 30 v 

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

CHARACTERISTICS (continued) 

250r--+-~~~~~~ 

200 
'c 

(mA) 

---------------, 

100 

I 
I 
I 
I 
I 

7284328 

v min VcE (V) 
CEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load (Fig. 4 and 5) 
Icon= 10 A; I Bon= -18off = 2 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Icon= 8 A; I Bon= -IBoff = 1,6 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

Switching times inductive load (Fig. 6 and 7) 
Icon= 10 A; I Bon= 2 A; T mb = 25 oc 

Turn-off: Storage time 
Fall time 

Icon= 10 A; I Bon= 2 A; T mb = 100 oc 

Turn-off: Storage time 
Fall time 

Icon = 8 A; I Bon= 1,6 A; T mb = 25 °c 

Turn-off: Storage time 
Fall time 

Icon= 8 A; I Bon= 1,6 A; T mb = 100 oc 

Turn-off: Storage time 
Fall time 

ton 

ts 
tf 

ton 

ts 
tf 

ts 
tf 

ts 
tf 

ts 
tf 

ts 
tf 

BUX48 
BUX48A 

1ll. 

7Z622!3 

Fig. 3 Test circuit for V CEOsust· 

BUX48 BUX48A 

< µs 

< 3 µs 
< 0,8 µs 

< 1 µs 

< 3 µs 
< 0,8 µs 

typ. 3 µs 
typ. 80 ns 

< 5 µs 
< 0,4 µs 

typ. 3 µs 
typ. 80 ns 

< 5 µs 
< 0,4 µs 
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BUX48 
BUX48A 

-

90% 

Is 

10% 

90% 

10% 

odt:dl 
-/'~I -T- I 

7289210 

Vee= 150 v 
V1M = -6 to+ 8 V 
tp 
T = 0,01 

= 20 µ.s 

Fig. 4 Test circuit resistive load. 
The values of Rs and Rl are selected in accordance with Icon and Is requirements. 

7Z89212.1 

t, 7Z77499 5 ---
1--·- 1son 90% 1•----~-~_-.·~-lson 

---

Lf_ _ISof: 

1----1-, ----- --1 1con 

I\ 
1--- ----- -1-

tf 
-. --

- ts -

-td - -t1 t --- 1- _t, --t - t 1-

10% - -

on off 

- toff 1-
Fig. 5 Switching times waveforms 
with resistive load. 

Fig. 6 Switching times waveforms 
with inductive load. 

Fig. 7 Test circuit inductive load. 

Vee= 300 v 
Ls = 3 µH 
Le = 1,5 mH 
VEB= 5 V 
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(1) Ptot max and Ptot peak max lines. 
(2) Second-breakdown limits. 

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

operation. 
111 Repetitive pulse operation in this region is 
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BUX48 
BUX48A l __ _ 
Fig. 9 Forward bias safe operation area, Tj .;;; 125 oe. 

I Safe operation area during turn-off and during 
turn-on. 
For BUX4BA the right-hand limit is 450 V. 

11 Safe operation are during turn-on only provided 
tr< 0,2 µs. 

111 Safe operation area during turn-on only provided 
tr<0,5µsand RsE<l00.11. 

Fig. 10 Forward bias accidental overload area, 
Tj.;;; 125 oe. 

I Safe operation provided normal forward bias 
conditions are respected Os;s, Tj maxl· 

11 Safe operation area for non-repetitive pulses. 
During component life the number of pulses 
in area 11 should not exceed 3000 times. 
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Silicon diffused power transistors 

le 
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II 
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<{ 
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7288311 
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>< >< 
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+ \ 
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VcE (V) 

BUX48 
BUX48A 

Fig. 11 Reverse bias safe operation area, 
lcend/lsend;;. 5; -VsE = 3 V. 

I Normal reverse bias safe operation area, 
VBE <OV. 

11 Extension of the reverse bias safe operation 
area provided a desaturation network (Baker 
clamp) is used. 

Fig. 12 Reverse bias accidental overload area, 
-VsE = 3 V; Tj < 125 °C. 

I Operation at high currents (le> lcM) is 
permitted, provided the pulses are non repeti­
tive and VsE < 0. 

11 This area may be entered only through the 
broken line. Crossing the continuous line is 
not permitted. 

During component life the number of surge pulses 
in area I and 11 should not exceed 3000 times. 
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BUX48 
BUX48A 

?=-+fP '~ 
l---+--tt1 i r1f· l 
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1 l i ! JJ l l l 
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Fig. 13 Typical values d.c. current gain. 
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Fig. 14 Typical values base and collector voltage at le/ls= 5. 
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Silicon diffused power transistors BUX48 
BUX48A 

Fig. 15 Typical (-) and maximum (- - -) values saturation voltage. Tj = 25 oc. 

VBEt---1f---+-+-+---+--+--+---+-+-+->--+-+--+---+--+--+---+-+--+-t--1--r-+-+---+--+--+---+--1 
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1.4 1----1-+-+-+-+-+--+-+-+-t-f--i-+-+-+--+--+-+-+-+-=~""-::i-H-+-+-+-+--+-+-1 
f-t-+-+--+--+--+--+--+--+-+-1-+1c=~t;;;.1--41--1=--+H-++----+--+-+--+-+-+-+-r--t--l 

~ 10~ 
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~ I ~ 
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z ~ 
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0, B ~__..__.__,___.__.__._....__..__,__..___.___..__.__,__...__._....__..._,.__.___.__.__.__.___.__.__._...__, 

0 2 4 18 (A) 6 

Fig. 16 Typical values base-emitter voltage at Tj = 25 °c. 
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Fig. 17 Minimum base current to saturate the 
transistor as a function of the collector current. 
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Fig. 19 Typical values switching times resistive 
circuits as a function of collector current. 
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Fig. 18 Typical values collector-emitter voltage 
as a function of the base-emitter resistance. 
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Fig. 20 Increase of switching times as a function 
of temperature. To read in connection with Fig. 19. 



Silicon diffused power transistors 

7ZB8319 
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Fig. 21 Typical values switching times 
inductive circuits as a function of collector 
current. 
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Fig. 23 Typical values fall time as a function 
of dVcE/dt at T mb = 25 oc and le= 10 A. 
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Fig. 22 Increase of storage and fall times 
to read in connection with Fig. 21 as a function 
of junction temperature. 
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Fig. 24 Base-emitter voltage as a function of 
collector current at VcE = 1,5 V; T mb = 25 oc 
and 90% confidence. 
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II 
BUX80 
BOX8l 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed· switching n-p-n power transistors in T0-3 envelopes, intended 
for ww in convf'rtf'rR, invf'rtf'rs, Rwitching r<"gnlMorR ~nd motor control RyRtemR. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VBE = O. peak value) 

Collector-emitter voltage (RBE = 50 Q) 

Collector-emitter voltage (open base) 

Collector current (d. c.) 

Collector current (peak value) 
tp = 2 ms 

Total power dissipation up to T mb = 40 oc 

Collector-emitter saturation voltage 
Ic = 5 A ; IB = 1 A 

Fall time 
lean= 5 A; lBon = l A; -lBoff = 2 A 

MECHANICAL DATA 

T0-3 
Collector connected to case 

-2s,6max-

39,5 301 

max -'-------->Ll 

10,9--

c 

See also chapters Mounting instructions and Accessories. 

August 1976 

II 

BUX80 BUX81 

VcESM max. 800 1000 v 

VcER max. 500 500 v 

VcEO max. 400 450 v 
le max. 10 A 

lcM max. 15 A 

Ptot max. 100 w 

VcEsat < 1, 5 v 

tf typ. 0,3 µs 

Dimensions in mm 

-+- 9max F 
1 2,5 

r:-_j 
4,2 

~---1--~1- -+4,0 

r 
20,3 
max 

l 
f--1 
L....J 

L12,B_. 
7Z69700.1 11,2 

II 
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BUX SO 
BUX81 II 

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

Collector-emitter voltage 
BUX80 BUX81 

(VBE = 0, peak value) VcESM max. 800 1000 v 

Collector-emitter voltage 
(RBE = 50 Q) VcER max. 500 500 v 

Collector-emitter voltage (open base) VcEO max. 400 450 v 

Collector current (d. c.) le max. 10 A 

Collector current (peak value) 
tp = 2 ms 1CM max. 15 A 

Base current (d. c.) Is max. 4 A 

Base current (peak value) IBM max. 6 A 

Reverse base current (d. c. or average 
over any 20 ms period) -lB(AV) max. 100 mA 

Reverse base current (peak value) 1) -IBM max. 6 A 

Total power dissipation up to T mb = 40 oc Ptot max. 100 w 

Storage temperature Tstg -65 to +150 oc 

Junction temperature Tj max. 150 oc 

IBERMAL RESISTANCE 

From junction to mounting base Rth j-mb 1,1 K/W 

CHARACTERISTICS Tj = 25 °c unless otherwise specified 

Collector cut-off current 2) 

VcEM = v CESMmax: VsE = 0 1cEs < l mA 
0 

1cEs 3 mA VcEM = VcESMmax; VsE = O; Tj = 125 c < 

D. C. current gain 

le= 1,2 A; VcE = 5 v hpE typ. 30 

1) Turn-off current. 

2) Measured with a half sine wave voltage (curve tracer). 
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_JI BUX80 
BUX81 

CHARACTERISTICS (continued) T J = 25 oc unless otherwise spec ificd 

Emitter cut-off current 

le = O; VEfl = 10 V 

Saturation voltages 

Ie=SA;lg=lA 

le = 8 A; Is = 2' 5 A 

e olkctor-emitter sustaining voltages 

le = 100 mA; 'Hoff= O; L = 25 mH 

le= 100 mA;R1JE = 50Q; L = lS mH 

2sor------
200 
le 

(mA) 

VeEsat 

Vim s;H 

VeEsat 

Vim sat 

VeEOsust 

VeERsust 

100 - - - - - - - - - - - - - - - -I­
I 
I 
I 

< 

< 

< 

< 

> 

> 

7Z72203 

0 L--~~~~~~~.....::::;-~....,...L..~~ 
min min VcE (V), 

VcEOsust VcERsust 

Oscilloscope displny for sustaining voltages 

30-60Hz 

7Z72304 

10 mA 

1,5 v 
l, 4 v 

3 v 
1,8 v 

BUX SO BUX81 

400 450 v 
500 son v 

,-t,?"11- + 50 v 
100-2oon 

hor. 

oscilloscope 

'Test circuit for V eEOsust Test circuit for V eERsust 
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BUX80 
BUX81 II 
CHARACTERISTICS (continued) Tj = 25 oc unless otherwise specified 

Transition frequency at f = 1 MHz 

Ic =0,2A;VcE = lOV 

Switching times 

Icon= 5 A; Vee= 250 v 
!Bon = 1 A; -IBoff = 2 A 

Turn-on time 

Tum -off: Storage time 

Fall time 

Fall time, T mb = 95 oc 

Waveform 

Test circuit 

LIT-+! 
Vr~]_Jl 

I L.IL 
tp 

tp = 20 µs 
V; 

T = 2 ms 

I VrM = 1.5 V 

322 
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j_ 
BUX80 

10 2 "1212729. 2 

Tmb :!;;40°C 

le 
lA) ·- f-· ·+-1-+-++H 

f-ICMmax t-+-t+++--·-+-+-tli = 0,01 ++---+-r--t-++++H 

10 
Icmax 

t---1--

I-· 

f--

Ic 1-t~-++i 

( A l t-+-+-+->-H 

!"'-.~ Ni, b.._~ "h 

I 

~ 50g_j 

~ ~ 1ms 

i---+--+-+-+++++---+-+-+-t-t-++tt---+-+-~m~ 

Safe Operating ARea 

Region of permissible d. c. operation 

11 Permissible extension for repetitive pulse operation 

III Area of permissible operation during turn-on in single-transistor 
converters, provided RnE s 100 Q and tp s O, 6 ps 

IV Repetitive pulse operation in this region is permissible, 
provided VnE s 0 and tp s 2 ms 

1) Ptot max and Ppcak max lin.es. 

2) Second-breakdown limits (independent of temperature). 
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BUX SO 
BUX81 II 

BUXSI 

Ic 
(A)t---t--t-t-t-f-H-t---+---+--+-+-H-1-++----<-+-+-1-+-1-1-+-1 

l--JCMmax..._._._._,__ _ _,_._-1-_.l) = O,Oi H---+--<f--1-+++++l 

10t:=:IEcm~a~xa:JS:tl~~:;::=~l\~::s:~~S~~1'.¢N~~ttlN~~~~x~~~~:fl:tj=I:::-~ 
.:s.._ :s.: ""';;;: :s p-
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' ,'\jN ~~~T 

~ Ic .......___,__.__,_.... 
I- (A) l++-++++l 
I-

I-

I-
TII: 

10-1 I- 10-3 il 
I= V (V) 103 
I- CE 

..i. 500 
\ '.:. 

~ :S.I\ 1ms 

t---t--t-t-t-f-H-t---+---+--+-+-H-+-++---1----1--11.1d.c 

I 
m 

Safe Operating ARea 

Region of permissible d. c. operation 

II Permissible extension for repetitive pulse operation 

Ill Area of permissible operation during turn-on in single-transistor 
converters, provided RBE s 100 Q and tp s 0, 6 µs 

IV Repetitive pulse operation in this region is permissible, 
provided VBE s 0 and tp s 2 ms 

1) Prat max and Ppeak max lines· 

2) Second-breakdown limits (independent of temperature). 
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BUX81 

Mv 

II 
7Z726461 

S.B. voltage multiplying factor at the lcmax level 
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11 BUXSO LJ~xa1 

104~~~±!l§l~E:!~~-;-'~"~26~4~3 
VcE 5 V 

1---+--+-+-+-HH-H--1--+-1-+-l-1 T j = 2 5 °C 
hFE•~-+---+-+.-W-+'4+----t--,-.w~~~~~ 
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t+ILH--<-+---+--11-+Ic = 6 A __,_ll.~,-+---+--1---<--+-+-__,__.__-+--+-- +-+--->--+-+--+--+--+---+--+-_.,__, 
l-F.-11 -H-tf---Jl,..f'-/-+/ ~ J ! 

I "'\! 

H'llr-tt-t~,-t--'t--~-i-t-+-+~--+--+-+-+--t---11--f--+-+-+--+--+-+-+-+--f-l--+-l-

I \] ~ 
W' _i 

t-t-'l--l+-+--+~,+-'l--lf--+--+--+--+-+--+--+--?...+-,-1--+--+--l--~·--+---+--l-_,__+--,t-I--

\ 1 ~-~ ~ "r .... ---+--+--+-+---i'---+--+--1---t-
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BUX80 
BUX81 

APPLICATION INFORMATION ON BUXBO (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 lcM 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-T amb max 
Rth mb-a = ------

Ptot 
To ensure thermal stability the minimum value of T amb in the above equation is 40 oc. 

A practical SMPS output circuit for an output power in the order of 400 Wis 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. 

Storage time 
Fall time 
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typ 2 
typ 0,18 

'c LLIIM 
t 

-t 
19 1stend) 

+ 

-Vdrive 

u__,,:___,FlJ= 
Fig. 1 Relevant waveforms of switching transistor. 

2,7 
0,5 

µs 
µs 



Silicon diffused power transistors 

..IUL 
T = 50 µs 
/) = 0,33 

330 
n 

68 
n 

-6V 

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) < 300 V (see Fig. 1) 

330 
n 

BUX80 
BUX81 
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IX v 
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4 

2 
6 

Vdrive 
(V) 

Fig. 3 Recommended nominal "end" value of 
the base current versus maximum peak col lec­
tor current. 

Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

Fig. 5 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 3. Solid lines 
for transformer drive and dotted lines for 
collector-coupled current drive. 



II 
BUX82 
BUX83 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed switching n-p-n power transistors in T0-3 envelopes, intended 
for use in converters. inverters. switching regulators and motor control systems. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (RBE = 100 Q) 

Collector-emitter voltage (open base) 

Collector current (d. c.) 

Collector current (peak value) 
tp = 2 ms 

Total power dissipation up to T mb = 50 °c 

Collector-emitter saturation voltage 
le = 2, 5 A; lB = 0, 5 A 

Fall time 
Icon= 2, 5 A; lnon = 0, 5 A; -lBoff = 1 A 

MECHANICAL DATA 

T0-3 
Collector connected to case 

--2s,Smax 

c 

VcESM 

VcER 

VCEO 

Ic 

IcM 

Ptot 

VcEsat 

tf 

20,3 
max 

l 

BUX82 BUX83 

max. 800 1000 v 
max. 500 500 v 
max. 400 450 v 
max. 6 A 

max. 8 A 

max. 60 w 

< 1,5 v 

typ. 0,3 µs 

Dimensions in mm 

9max F 
1 2,5 

_ _J4 
,2 

t4,0 

.1.0 

10,9 l ...... 12,B__.. 
7Z69700.1 11,2 

See also chapters Mounting instructions and Accessories. 
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BUX82 
BUX83 II II 
RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

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

Collector-emitter voltage 
(R1m ·= 100 Q) 

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) l) 

Total power dissipation up to T mb = 50 °c 

Storage temperature 

Junction temperature 

THERi\1AL RESISTANCE 

From junction to mounting base 

VcESM 

VcER 

VCEO 

Ic 

lcM 

lB 

IBM 

-lB(AV) 

-IBM 

ptot 

Tstg 

Tj 

Rth j-mb 

BUX82 BUX83 

max. 800 1000 v 

max. 500 500 v 
max. 400 450 v 

max. 6 A 

max. 8 AO 

max. 2 A 

max. 3 A 

max. 100 mA 

max. 3 A 

max. 60 w 

-65 to +150 oc 

max. 150 oc 

1,65 K/W 

CHARACTERISTICS 

Collector cut-off current 2) 

Tj = 25 °c unless otherwise specified 

VcEM = VcESMmax: VBE = 0 
0 

VcEM = VcESMmax; VBE = 0; Ti= 125 c 

D. C. current gain 

Ic=0,6A;VcE=5V 

1) Turn -off current. 

ICES 

IcEs 

hp£ 

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

332 

II 

< mA 

< 2 mA 

typ. 30 

II 
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II 
CHARACTERISTICS (continued) 

Emitter cut- off current 

le = O; VEB = 10 V 

Saturation voltages 

le = 2 , 5 A ; l B = ll, 5 A 

Ic 4A;lu=l,25A 

C ollector-emittcr sustaining voltages 

Ic = 100 mA; IJ3off = O; L = 25 mH 

Ic = 100 mA; RBE = 100 Q; L = l.S mH 

2so 1 -----
200 
le 

(mAJ 

BUX82 
BUX83 

Tj = 25 oc unless otherwise specified 

< 10 mA 

v CE sat < 1,5 v 
v ·BE sat < 1, 4 v 

VcEsat < 3 v 

VgE sat < 1, 6 v 

BUX82 BUX83 

VcEOsust > 400 450 v 

V CERsust > 500 500 v 

7272203 

100 -- - - - - - - - - - - - - - -+­
I 
I 
I 

min min VcE (VJ 

VcEOsust VcERsust 

Oscilloscope display for sustaining voltages 

30-60Hz 

7272202.1 

.-G".::Jr- + so v 
100-2000 

t-----hor. 

oscilloscope 

Test circuit for V CEOsust Test circuit for V ERsust 
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BUX82 
BUX83 II II 
CHARACTERISTICS (continued) Tj = 25 °c unless otherwise specified 

Transition frequency at f = 1 MHz 

le = 0, 2 A; VcE = 10 v 

Switching times 

Icon= 2, 5 A; Vee= 250 v 

lBon = 0, 5 A; -lBoff = 1 A 

Turn-on time 

Turn-off: Storage time 

Fall time 

Fall time, Tmb = 95 °c 

typ. 

ton 
typ. 
< 

typ. 
ts < 

tf typ. 

tf < 

t,E:30ns 7Z12640 

Waveform 

Test circuit 

LITI 
V1M]_Jl I 

f-.1 L 
tp 

tp = 20 µs V; 

VIM= 15 V 

90 

iel°lol 
10 ---

90 

ic 
(°lo) 

10 

------- ---Ison 

0 ~---¥"-+-.__----1-----i..,,.P.--t-' 

100 
n 

ton 

680 
µF 

680 
µF T = 2ms I 

....:...._.,__ ____ ._ __ _..._ ... 
7273191.1 

334 

II II 

+ 

6 

0,3 
0,5 

2 
3,5 

0,3 

100 
µF 

1 

MHz 

µs 
µs 

µs 
µs 

µs 

µs 

1 
Vee 

250V 
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BUX82 

10EicMmax 
6=0,01 727264.4..1 

rr ~:S200 

T 
m 

Safe Operating ARea 

Region of permissible d. c. operation 

II Permissible extension for repetitive pulse operation 

III Area of permissible operation during turn -on in single-transistor 
converters, provided RBE 5 100 Q and tp 5 0, 6 µs 

IV Repetitive pulse operation in this region is permissible, 
provided VBE 5 0 and tp 5 2 ms 

l) Ptot max and Ppeak max lines. 

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

August 1976 

II II 
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BUX82 
BUX83 II II 

BUX83 

10i:=IcMmax 
Ii= 0,01 7Z72740 

I 

' 5 

1---+-+-IT mb ~ 50 °C 1---+--+-1-+-+-Hf+---+---l--+-1-t--+-1-1-H 

Safe Operating ARea 

Region of permissible d. c. operation 

II Permissible extension for repetitive pulse operation 

III Area of permissible operation during turn-on in single-transistor 
converters, provided RBE :S 100 Q and tp :s 0, 6 µs 

IV Repetitive pulse operation in this region is permissible, 
provided VBE :s O and tp :s 2 ms 

1) Ptot max and Ppeak max lines. 

2) Second-breakdown limits (independent of temperature). 
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Zth i-mb 

(K/W) 

10 

6=1 
1--0,75 
e--.0 • .:1: 

1==033 

t==p.2 
plO'~( 
~.as 

t;,;;;.,0.02 

~~·~ 
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50 

~ 
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II 

~ 
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I\ 
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~ 
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\ 

::s 
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~ 
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T mb (°C) 

I i Ill 

~· 

10-3 10-2 

BUX82 
BUX83 

7Z726531 

_n_n_ 
-1tp1+-1 

-T-+ 
t):!.e. 

T 

10-1 tp (s) 

II 
337 



___ :_~_~_:_~ _ ___.JI II 
7Z726521 

S.B. voltage multiplying factor at the I cmax level 

Mv 

0,5 

0,75 

110-s 10-4 10-3 10-2 tp (s) 
10-1 

7Z72651.1 

S.B. current multiplying factor at the Vceomax level 

O= 
102 0,01 

1-0,02 !';;:"" - T°'f.... ,... 

0,05 t-r:s:_ 
-i-+- " ~ 

01 
,._..... 

~ ~ 10 

l-0,2 

0 33 
,.... ~ ~ ..... r-.; 

~ 05 - !§a::. 

0,75 ~ 

10-4 10-3 10-2 
tp (s) 

io-1 
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hFEt---+-+-+-H-++++---+--+-1-He+l-H 

BUX82 
BUX83 

1,5 r----,----.----r--,--..,.-;.::.7Z7;.;.;25:,:;4•:...._, 

typ. values t--+---+--+--+--+--r+---1 
Tj =25 °C •· 

t---r--...,---+--+--+--+--+-Ic = +--! 
VBEsat 4 A 

(V) 

0,5 f--+--+--+--+--+--+-----1----l-l----..I 

10,0 r-TT~TT"'""T'Trr"""TT"-r-T--r.,..,---r--,---r--..----r--,---.-.....,....\...--,.--,--,--,.--.----~7Z:;.,:.:'2;;::S4~1 1:...., 

I ri; 1 /\ Tj =25 °C 
VcEsat 1-Hr-T-l-1-+'1'-l-l-+-..-,~-+--l-+L----,_1-llo-4c-=-1-4~A1-1---1-+,.-\~l-1-~ - -- max. values 

( V l 1-H+1 -ll--+-'1H-l+-~-4~-,__.l--!......4'::..+-'";--...,:..:...:.~--i-N~-l--l-l---l --typ. values 

I \ I °\ 7,5 t-tt ..... T-+t-t--\'tl --tt----+--+--tt\ .... \]+-+-+-+--i-+-+-+-+-+--+-l--l--+--+--+--l--1--1---l--I 

I 3~In_ 

i I 

I .il [l\ ' 5•0 t-1t-i-i:t-tt-:-2 A~I \T-t---t-+-lr+-t-\\Tt---1-t-+-+-l-+-t-+-+-+:..+-\j+-l-+-+-4-+-1--l 

I ' ' ' ' 

-... 

1,0 1,25 1,5 
18 (Al 
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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 heats ink requirements of the 
supply output transistor and the base drive conditions during turn-off. In SMPS circuits with mains 
isolation the duty factor of the collector current generally varies between 0,25 and 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

Information on optimum base drive and device dissipation of the BUX82 in a flyback converter is 
given in Figs 3 to 5. Figs 6 to 8 apply to a forward converter. In these figures lcM represents the high­
est repetitive peak collector current that can occur in the given circuit, e.g. during overload. 

The total power dissipation for a limit-case transistor is given in Figs 5 and 8 which applies for a mount­
ing base temperature of 100 °c. The required thermal resistance for the heatsink can be calculated from 

100-T amb max 
Rth mb-a = p 

tot 
To ensure thermal stability the minimum value of Tamb in the above equation is 40 °c. 

A practical forward converter output circuit for an output power in the order of 200 Wis 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. 

Storage time 
Fall time 
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__! 

1s(end) 

T mb = 25 °c 

typ 
typ 

1,9 
0,17 

vcE (t1l 

=-c;== 
7Z77367 

Fig. 1 Relevant waveforms of switching transistor. 

100 °c 

2,7 
0,7 

µs 
µs 



Silicon diffused power transistors 

+24 v 

2,1 v 

T = 50µs 
5 = 0,33 

+ 290 v -------~----~ 

Fig. 2 Practical forward converter SMPS output circuit. 

T1 (driver transformer): Core U20; n1 = 75 turns; n2 = 20 turns 
T2 (output transformer): Core E55; n1 = n2 = 72 turns; n3 = 19 turns 

VCE(t1) < 300 V (see Fig. 1) 

BUX82 
BUX83 

7277366 

August 1977 341 



BUX82 
BUX83 

GOO....-r-.-,--,.....,......,.-.....,..-.-,......,.....,.....,.....,.-,-,--,1z_1r1~31~1 

1 s (end) 1-+--+-+-+-+-+-+-+-+-+-+-+-+-+-1-+-+lL__,,_+---1 
(mA) 

1-+-t-+-1-+--1--1-+-+-+ T = 2 5µs 11-1V-t-+-+-1 

4001-+-+-t-t-+-+-t--t-t-+-+-+-t!Ll~Jz:l'-+-+-+-+-H 

V! d2-

200 ~ 
Pl I.'.".' 

! ± 0 .._.._.__._.__._~>-+--1-'--'--'-..__.__._.._.__._~ 
1 2 lcM (A) 3 

Fig. 3. 

7277372 
15~-.-~-.-~~-.-~....,....~-....,....-~ 

1-+-+-+-+-+-+--+--+-+--< t. I S (end) = ± 2 0 % 

1-+-+-+-+-+-+--+--+-+--< Tm b ~ 10 0 o C 
P tot 1-+-+-+-+-+-+--+--+--+-0-.------.--.--1 

(W) 

10>-+-,-+-+-+-+-+--+-+--+--">-+--+-l-+--+-.._.-IZJ......,___, 

1-+-+-+-+-+-+--+-+--+-+ IC 1 ~ 
1-+-+-+-+-+-+--+-+--+--"f-~- = 0,4 ~ 
1-+-+-+-+-+-+-+-+--+-+ I CM JT._,.,_-+->-+--< 

o..._._._.._.__.__.__._.__._J......1._._.1-1._._..L...J__.__.__. 

1 2 ICM (A) 3 

Fig. 5. 
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Fig. 3 Recommended nominal "end" value of 
the base current versus maximum peak collec­
tor current in a flyback converter. 

Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

Fig. 5 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 3. 



Silicon diffused power transistors 

II 
1-+-+-+-+-+-+-+-+T = 2 5µs ..,_J-+-+-1-+-+---1-fT-11 

1B(end) 7 
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ir 1l 

IZ 
IL 

100..._.__._ ......... _._ ......... _._._.__._._.__._._.__._.__.._. 

1 2 1cM (A) 3 
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f-f-+-+-+-+-+-f-+-+4 t.IB(end) = ± 20% 
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Fig. 8. 
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4 

I~ 

Fig. 7. 

Fig. 6 Recommended nominal "end" value of 
the base current versus maximum peak collec­
tor current in a forward converter. 

Fig. 7 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

Fig. 8 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 6. 
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SILICON DIFFUSED POWER TRANSISTORS 

BUX84 
BUX85 

High-voltage, high-speed, glass-passivated n-p-n power transistors in T0-220 envelopes, intended for use 
in converters, inverters, switching regulators, motor control systems and switching applications. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 
tp = 2 ms 

Total power dissipation up to T mb = 50 °c 

Collector-emitter saturation voltage 
le= 1 A; Is =0,2 A 

Fall time 
Icon= 1 A; Ison= 0,2 A; -lsoff = 0,4 A 

MECHANICAL DATA 

T0-220 
Collector connected 
to mounting base 

1 

: i : L__t __ J 

• 3,5 max 
+ 

SUXS4 SUXB5 

VcESM max 800 1000 v 
VcEO max 400 450 v 
le max 2 A 

ICM max 3 A 

Ptot max 40 w 

VcEsat < v 

tf typ 0,4 µs 

Dimensions in mm 
- 45 I max -

1--- + 
~ 5,9 

min 

I + 
I 
I 

J 

I 
15, 8 

x ma 

l 
2-© not tinned ~ -

3 

+--
~~x-
(2x) 

2 3 

--t 12,7 
min 

_j ... /i:-0,9max (3x) 

2,54 2,54 

See also chapters Mounting Instructions and Accessories. 

'..11--o,s 
-+-24 

7Z65872.4 
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BUX84 
BUX85 l __ _ 
RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Collector-emitter voltage 
(VsE = 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 (peak value) • 

Total power dissipation up to.T mb = 50 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

From junction to ambient in free air 

CHARACTERISTICS 

Collector cut-off current ** 
VcEM = VcESMmax; VsE = 0 

VcEM = VcESMmax; VsE = O; Tj = 125 °c 

D.C. current gain 

lc=0,1 A;VcE=5V 

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

346 March 1977 

VcESM 

Vern 

le 

lcM 

Is 

IBM 

-lsM 

Ptot 

Tstg 

Tj 

Rth j-mb 

Rth j-a 

BUXB4 BUXB5 

max 800 1000 v 
max 400 450 v 

max 2 A 

max 3 A 

max 0,75 A 

max A 

max A 

max 40 w 

-65 to +150 oc 

max 150 oc 

2,5 K/W 

70 K/W 

Tj = 25 oc unless otherwise specified 

ICES < 200 µ.A 

ICES < 1,5 mA 

hFE typ 50 



Silicon diffused power transistors BUX84 
BUX85 

CHARACTERISTICS (continued) Tj = 25 °e unless otherwise specified 

Emitter cut,off current 

le= O; vrn = 5 v 

Saturation voltages 

lc=0,3A;l 8 = 30mA 

le= 1A;19=0,2A 

le= 1A;l9=0,2A 

Imo < 

VeEsat < 
VeEsat < 
VsEsat < 

Collector-emitter sustaining voltage 

le= 100 mA; IBoff = O; L = 25 mH VcEOsust > 

2sor----~ 

200 
le 

Im Al 
100 ---- - - - ---- - - ---+ 

I 
I 
I 

7Z75254 

min Vee (V) 
Veeosust 

Oscilloscope display for sustaining voltage. 

Test circuit for VcEOsust· 

mA 

0,8 v 
1,0 v 
1, 1 v 

BUX84 BUX85 

400 450 v 
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BUX84 
BUX85 l __ _ 
CHARACTERISTICS (continued) Tj = 25 oc unless otherwise specified 

Transition frequency at f = 1 MHz 

le= 0,2 A; VcE = 10 v 

Switching times 

Icon= 1 A;Vcc=250V 

Ison= 0,2 A; -lsott = 0,4 A 

Turn-on time 

Turn-off: Storage time 

Fall time 

Fall time, T mb = 95 oc 

t,E;30ns 

90 --\ ----------Ison 
i9(°1o) 

Waveform 

Test circuit 

tp =20µs 
T = 2 ms 
V1M = 15 V 

348 August 1977 

10 l"---!------Jl--.,,--~ 

90 ------ -

ic 
( 0 /o) 

10 
0 ;.---+'-1-----1---1---41'----

-+ +-· 
lon 

fy typ 20 MHz 

ton 
typ 0,2 µs 
< 0,5 µs 

typ 2 µs 
ts < 3,5 µs 

tf typ 0,4 µs 

tt < 1,4 µs 

7Z726t..0 

I 
100 Vee 
µF 250V 
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Silicon diffused power transistors 

Notes 

10- 21::::::==±:::::±::±:±±±±±1==:::::::l==±::::l:±±±±l±==::±:::::::ll::±::J 

l-----l---+--+--l-+-1-+H--4--1--4- II I l-++H---1----1---1-~ 

T mb,;;; 50 °c 

Safe Operating ARea 

I Region 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 RsE.;;; 100 n and tp.;;; 0,6 µs 

IV Repetitive pulse operation in this region is permissible, 
provided VB E .;;; 0 and tp .;;; 2 ms 

1. Ptotmax and Ppeakmax lines. 
2. Second-breakdown limits (independent of temperature). 

BUX84 
BUX85 
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BUX84 
BUX85 

Notes 

7Z77042 

10~~u!E~~tiffi~§§§J I= BUX85 

50 
:"'\:~-:s~ 

200 

t----t---+-+-+-+-++-tt--+--+-+Hil I ++tt---+-+-+-1 

T mb,,;; 50 °c 

Safe Operating ARea 

I Region of permissible d.c. operation 

11 Permissible extension for repetitive pulse operation 

111 Area of permissible operation during turn-on in single transistor 
converters, provided RsE,,;; 100 n and tp.;;;; 0,6 JLS 

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

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

7272731 

\ 
ptot max f--t---1-+-+--+-+-->--+-+---+--+-- +-+-

(°lo) 1' 
\ 

OL-J..-'---'-'--'--'--'-'---'"--'--'-'---'"--'-"'::SJ 
0 50 100 150 

T mb (°C) 

Z th j - mb t----t-~e++tttt--+--++++++++--1--+--H-+++-++--+-+++H++l 
(K/W) 

t---t Ii~ 1 

F=-90,75 
1---! 0,50 

BUX84 
BUX85 

rn- 2 ....__.__._L.J...L.J..W--'--'--'--1...U.J.J.L_.L.......J-L..JLI..J.J..Ll.---J.--'-...L..l..u..u"----'--'-L.J...1..J..W _ _,_-'--'-..l...U..w 

10-3 10-2 10-1 10 102 tp (ms) 103 
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BUX84 
BUX85 

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

10 2 

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

7277044 1 

BUX84 

10 

7277043 1 

-+--'-'-_.,_._..,___--+---+---' B U X 85 

l=..2 ,02 +---+-""'°~-l-.-1-++f+-- +----+--+-+++t-jct-- l---+--+-1--.+-+-+-1-1--- ---+- --1-~H--l-H 

f- 0,20 l--++-l++++~-+--~-kH~H--+--+-+-H-H+t----t---t-++-1--H+I 

0,33 

0,50 

0,75 

1 1 
10-2 
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Silicon diffused power transistors 

S.B. voltage multiplying factor at the lcmax level 

Mv 

1 1J_ 
10- 2 10 1 

I 

10 

BUX84 
BUX85 

727704!) .1 

102~~~~~~~~~~~~~~~~~~~~~~~-'-~~~-1_z_11_0--.39 
1--~--t---+~r--+-4-+-+++-~~+----+~+-1--+-+-t+-I--~--~-~ 

VcE=5V 

1---~~+---+~+-->-+-+-+-+-+--~~+---+~1---j>-+-+->-+,1--~---~-~ Tj=25°C 

h ~ FE 1---~--+--+~1--1-+-t-1-+-1--~~1---+1-"c"-..._.,>-+·-t-l-+lt---~--1~-+--1--t-+--H-t--1 

~ 

1'--~~'----'-~'--L.....l..-'-'-'-'--~~'----'-~L-J--1.-'-......... ~~--'~-'---'--'--'---'-' ......... 
10 le (mA) 
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BUX84 
BUX85 

7Z77037 

t-+-+--+-t-+-+-+-1--t----i typ. values 

Ti= 25 °c 

t-+-t--t-+-lr-+---t--l-t-+--t---t-l~l_ 
1-t-t--t-+-lr-+--t-+-t--t-t-1--1---±=r1A-

~j;~1--;+-§t-"'1~¥~~~~0,5 A f-- 0,3 A 
VBEsat ~ 

( v) ~t-+-+--+-+-1-+----+--1----jf-+--t--+-t-+--l 

0,5 1-+-+--+-+--ir-+-t-+--1--t--+--t-t-+-1 

O'--'-"---'-.i.-J'-'---"--'-.._.....__.__._..___._. 

0 100 200 300 
18 (mA) 

Fig. 14 Typical values saturation voltage, Tj = 25 °c. 
le= 0,3A 0,5A 0,7 A 1 A 

4A~~ 
l 1 \ 

VcEsat i j ~. 
(V) _i fT Lt '. 

7Z77040.2 

3,.........~i...._,..-++--+-+u+-+-~~-Ht--+--t--+--+--~-+--'-+--+_,_-+--<t--+---+-+--+-+--+--1-+----+-< 
JJ _i -11 ~ 

\ ~ \ 

' 

0,1 0,2 
Is (A) 

0,3 

Fig. 15 Typical (-) and maximum (---)values saturation voltage at Tj = 25 oc. 
~~~~~~~~~, 
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Silicon diffused power transistors 

APPLICATION INFORMATION ON BUX84 (detailed information on request) 

BUX84 
BUX85 

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the 
supply output transistor and the base drive conditions during turn-off. In most SM.PS circuits with 
mains isolation the duty factor of the collector current generally varies between 0,25 and 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

Information on optimum base drive and device dissipation of the BUX84 in a flyback converter is 
given in Figs 3 to 5. Figs 6 to 8 apply to a forward converter. In these figures lcM represents the high­
est repetitive peak collector current that can occur in the given circuit, e.g. during overload. 

The total power dissipation for a limit-case transistor is given in Figs 5 and 8 which apply for a mounting 
base temperature of 100 °c. The required thermal resistance for the heatsink can be calculated from 

100-T amb max 
Rth mb-a = p 

tot 
To ensure thermal stability the minimum value of Tamb in the above equation is 40 °c. 

A practical SMPS output circuit for an output power in the order of 50 Wis given in Fig. 2. 

At a collector current of 0, 7 A and a base current of 70 mA in this circuit the following turn-off times 
can be expected. 

Storage time 
Fall time 

_1 
'B(end) 

-Vcirive 

T mb = 25 °c 

typ 
typ 

2,2 
0,25 

=tr 
LJ== IZl44fi8 2 

Fig. 1 Relevant waveforms of switching transistor. 

100 °c 

2,8 
0,85 

µs 
µs 
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BUX84 
BUX85 

22 kn 

22 nF 

~ 

.J1.f1_ 
T = 30µs 

b "'0,5 

BAX12 

n1 

• 

100k!1 

0,47 µF 

Ls _ _.___.__.__.___.._~-·--~__.__. 
• 
n2 2,1 v 100 SI 

4701F 
1kH 

, 

Fig. 2 Practical SMPS output circuit. 

T1 (driver transformer): Core U 15; n1 = 360 turns; n2 = 60 turns 
total inductance in base circuit"" 15 µH 

T2 (output transformer): Core E55; primary inductance Lp = 16 mH 
n1 = 116 turns; n2 = 12 turns 

VCE(t1) < 300 V (see Fig. 1) 

356 August 1977 

BYX71 

T2 
I ~.-+-11-+ ....... -- +24 V 

I 
I 
I n2 
I 
I 



Silicon diffused power transistors 

150 

1B(end) 
(mA) 

100 

50 

0 
0 

T= 25µs or 50µs 

itf 
L2I 

.ti 

~ 

0,5 

Fig. 3. 

7Z77380 

L 

L 

-H - -tt~ +--1 

rr 
II 

Il +-t-t--

rI-
·t-t---+-t-

1CM (A) 

7277378 

10 1--1-+-+--+--+--l--I 

t.IB(end) = ± 20% 

T mb.;;; 100°C 

P tot t--1--+-+---+--+--+-+-+-t--1--+-+---+--t--1 
(W) l--l--+-+---+--1-1-+--+--+-+~-+--+--+--1 

7,51--1--+-+---+--+--+--+-+-l--l-+-+--+--+--I 

2 

o .................... _.._....._.._..._....._..._._.._.__._~ 
0,25 0,5 0,751CM(A) 1 

Fig. 5. 

BUX84 
BUX85 

7Z77376 

30.......,--+-+--+--+--+--+--+-1--t-+--+--+--+-16 

~ -~riw 
(µ H) H-+-+--+--+-+-t-+-+--+-+-t--t--+--t--1 (V) 
~ Ls -+---r-+---t---r--t--1-+-t--.-+·--+--l 

2 5 l---l~-+-+--+--+--+-+-1--1-+-+-+--+--I 5 

I\ -Vdriv7 
201-+-1-;~t--+--+-+-11-+--+---+-+-+V1-7"'+-l4 

~ Id'~ 

10 ....... __. ........ _.._....._...._..._.____._.._._....._............, 2 

0,25 0,5 0,75 ICM (A) 1 

Fig. 4. 

Fig. 3 Recommended nominal. "end" value of 
the base current versus maximum peak collec­
tor current in a flyback converter. 

Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

Fig. 5 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 3. Solid lines 
for lc1/lcM = 0,4 and dotted lines for 
1c1llcM =o. 
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BUX84 
BUX85 

7277377 

1c11 1cM = 0,9 f 
200 

1B(end 
(mA) 

150 

100 

~ 

- rf 
_j_ 

T=25µs lL ..lv_ 50µs 

1 I 
v ~ JJ rz 

lL r/ 
rz: lZ: 

_i_ IZ 
lL 

lL"l 50 v I/ v 
k'.'.1 

0 
0,25 

10 

Ptot 
(W) 

7,5 

5 

2,5 

v 

~ 
I-: ~ 

0 
0,25 

I 

l 

0,5 0,75 lcM(A) 1 

Fig. 6. 

7Z77375 

61 B(end) = ± 20% 

Tmb,,;;; 100°c 

1c11 1cM = 0,9 

T=25µ11 

50µ.L' v 
lL ..L1 

lL V'l 
lL1 v v ).A"' 
I-"""" y 

0,5 0,75 ICM (A) 1 

Fig. 8. 
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7277376 

3 0 1--l-+-+-+--+--+-+-+--r-+-+-+-+--+-l 6 

Ls .......... --+-+-+--1--+-+-+-1--+·-+-+--+--+--< -V drive 

(µH)I\ (V) 
1-\ Ls+-+-t--t-+-+--+--t-+-+-t--t--< 

2 5 ,___.-+-+-+--+--+-+-+-<l--+-+-+--1--+--< 5 

1--l-+\'<-+-+-+-+-+-+-+-+- -V driv~ 
20 K y 4 

~ bd 

10 ~--+-+-l--l-~~~--+-+-1--1--'--' 2 

0,25 0,5 0,75 ICM (A) 1 

Fig. 7. 

Fig. 6 Recommended nominal "end" value of 
the base current versus maximum peak col lee· 
tor current in a forward converter. 

Fig. 7 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

Fig. 8 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 6. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

BUX84F 
BUX85F 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistor in a SOT-186 envelope with an 
electrically isolated seating plane. The device is intended for use in converters, inverters, switching 
regulators, motor control systems, etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
open base 
VBE = 0, peak value 

Collector saturation current 

Collector current 
d.c. 
peak value 

Total power dissipation up to Th = 25 oc 

Collector-emitter saturation voltage 
1c=1 A;1 8 =0.2A 

Fall time 
Icon = 1 A; I Bon= 0,2 A; 
IBoff = 0,4 A 

MECHANICAL DATA 

See Fig. 1. 

VcEQ 
VcESM 

lcsat 

le 
ICM 

Ptot 

VcEsat 

tf 

BUX84F BUX85F 

max. 400 450 v 
max. 800 1000 v 

A 

max. 2 A 
max. 3 A 

max. 18 w 

< 1,0 v 

typ. 0,4 µs 
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BUX84F 
BUX85F 

MECHANICAL DATA 

Fig. 1 SOT-186 (T0-220F). 

2 

1-© 
3 

\ 

Seating plane is electrically 
isolated from all terminals. 

RATINGS 

f10,2moxk 

5,7mof 
3,2 o,g 
3,0 0,5 

i 
-t 4,4 

4,0 

-~ -L--~.-J---
3,5 mox + 

not tinned 1 414 t - c._______i 

1,5max-1 

1~10a.4@f-IJ_.JI_~·~ 
1 _11~ 

- 15,0BI -

1~ ~1 

13,5 
min 

! 

Dimensions in mm 

14,4 -
max 

- I 2,9max 

7,g 1 
7,5 

_J 17 
max 

_J 

-0,55max 

1,3 

7Z95293 

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

Collector-emitter voltage 
open base VcEo 
VBE = 0; peak value VCESM 

Collector current, d.c. ic 
Collector current, peak value ICM 
Base current, d.c. la 

peak value IBM 
Total power dissipation 

up to Th = 25 oc (note 1) Ptot 
Storage temperature Tstg 
Junction temperature Tj 

September 1985 

max. 
max. 

max. 

max. 

max. 
max. 

max. 

max. 

BUX84F BUX85F 

400 450 v 
800 1000 v 

2 A 

3 A 

0,75 A 
1 A 

18 w 
-65 to +150 oc 

150 oc 
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Silicon diffused power transistors BUX84F 
BUX85F 

THERMAL RESISTANCE 

BUX84F BUX85F 

From junction to internal heatsink Rth j-ih 2,2 K/W 

From junction to external heatsink (note 1) Rth j-h 7,2 K/W 

From junction to external heatsink (note 2) Rth j-h 4,7 K/W 

From junction to ambient Rth j-a 55 K/W 

INSULATION 

Voltage allowed between al I terminals 
and external heatsink, peak value Vinsul max. 1500 v 

Insulation capacitance between 
collector and external heatsink Cc-h typ. 12 pF 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off currents 
VcE = VcESmax; VBE = 0 

ICES 
max. 0,2 mA 

VcE = VcESmax; VBE = O; Tj = 125 oc max. 1,5 mA 

Emitter cut-off current 
Vrn=5V;lc=O irno max. mA 

D.C. current gain 
le= 0,1 A; VcE = 5 v hFE typ. 50 

Transition frequency at f = 1 MHz 
le= 0,2 A; VcE = 10 v fT typ. 20 MHz 

(1) Mounted without heatsink compound and 30 ± 5 N pressure on centre of envelope. 
(2) Mounted with heatsink compound and 30 ± 5 N pressure on centre of envelope. 
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SILICON DIFFUSED POWER TRANSISTORS 

BUX86 
BUX87 

High-voltage, high-speed, glass-passivated n-p-n power transistors in SOT-32 envelopes, for use in con­
verters, inverters, switching regulators, motor control systems and switching applications. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value): tp = 2 ms 

Total power dissipation up to T mb = 60 °c 

Collector-emitter saturation voltage: le = 0,2 A; I B = 20 mA 

Fall time: Icon= 0,2 A; I Bon= 20 mA; -I Baff= 40 mA 

VcESM 

VcEO 

le 

lcM 

Ptot 

VcEsat 

tf 

max 

max 

max 

max 

max 

< 
typ 

BUX86 BUX87 

800 1000 v 
400 450 v 

0,5 A 

A 

20 w 
1 v 

0.4 µs 

MECHANICAL DATA Dimensions in mm 

T0-126 (SOT-32) 

Collector connected to metal part of mounting surface 

max -12,71._ 

'-------"-· 2,54 * 
max 

JI_ 
0,5 

• 3,2 
3,0 

+ 

I._ 7 ,8 max _.I 

-~~ 
~ 11,1 

[ max 

'-rr---.+r--rr--1 
I 

15,3 
min 

e c' b'~l 
0,00 __ .[ I._ . 
max ~ j._ 

7259324.2 

12,291 

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

See chapters Mounting Instructions and Accessories. 
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BUX86 
BUX87 

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

BUX86 BUX87 

Collector-emitter voltage (VsE = 0, peak value) VcESM max. 800 1000 v 
Collector-emitter voltage (open base) VcEO max. 400 450 v 
Emitter-base voltage (open collector) VEBO max. 5 5 v 

Collector current (d.c.) le max. 0,5 A 

Collector current (peak value) tp = 2 ms ICM max. 1 A 

Base current (d.c.) Is max. 0,2 A 

Base current (peak value) lsM max. 0,3 A 

Reverse base current (peak value) (note 1) -lsM max. 0,3 A 

Total power dissipation up to T mb = 60 °c Ptot max. 20 w 

Storage temperature Tstg -65 to+ 150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rthj-mb 4,5 K/W 
From junction to ambient in free air Rthj-a 100 K/W 

CHARACTERISTICS Tj = 25 oc unless otherwise specified 

Collector-cut-off current (note 2) 

VcEM = VcESMmax; VsE = 0 ICES < 100 µA 

VcEM = VcESMmax; VsE = O; Tj = 125 °c ICES < mA 

D.C. current gain 

le= 50 mA; VcE = 5 V hFE typ. 50 

Notes 
1. Turn-off current. 
2. Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors BUX86 
BUX87 

CHARACTERISTICS (continued) Tj = 25 oc unless otherwise specified 

Emitter cut,off current 

le= O; VEB = 5 V 

Saturation voltage 

le~ 0, 1 A; Is~ 10 mA 

le= 0,2 A; Is= 20 mA 

le= 0,2 A; Is= 20 mA 

IEBO < 

VcEsat < 
VeEsat < 
VsEsat < 

Collector-emitter sustaining voltages 

le= 100 mA; lsoff = O; L = 25 mH VcEOsust > 

2so-i------
200 
Ic 

(mAJ 

7Z75254 

100 ----------------+ 
I 
I 
I 

min VcE (VJ 

VcEOsust 

Oscilloscope display for sustaining voltage 

19 + 
30:60Hz SV 

7Z62263 

Test circuit for V CEOsust 

mA 

0,8 v 
1,0 v 
1,0 v 

SUX86 SUX87 

400 450 v 
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BUX86 
BUX87 

CHARACTERISTICS (continued) 

Transition frequency at f = 1 MHz 

le= 50 mA; VcE = 10 V 

Switching times 

Icon= 0,2 A; Vee= 250 v 

Ison= 20 mA; -lsoff = 40 mA 

Turn-on time 

Turn-off: Storage time 

Fall time 

Fall time, T mb = 95 °c 

Waveform 
90 __ J ------ -
ic 

(°lo) 

m ------- _J 

Tj = 25 °c unless otherwise specified 

20 MHz 

ton 
typ 0,25 µs 
< 0,5 µs 

typ 2 µs 
ts < 3,5 µs 

tf typ 0,4 µs 

tf < 1,3 µs 

7Z?2540 

0 1----l'-+--- ----+-+-f"----

Test circuit 

tp = 20 µs 
T = 2 ms 
V1M=15V 

366 March 1977 

1 rT1 
v;;;-JLIL 
C11_ 

tp 

+ 100 Vee 

1 
100 V; n 

I 

µF 250V 
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Silicon diffused power transistors 

Notes 

le l----+---l---1---1---1--1--1-+-1---+-----1---1-~i--1-11++--L--+--+--1 
(A)L---'---"--'---'-'-W._LJ.._ _ __,__L-L-J-..J_J_-W-j>----'--~-'-' 

I I 10=0,01 I 
1 CM max --'---'---'--'-~~'----'---'---' 11 

tp = 
5µs 

1---note 1""' ~~ ~ 10-1----+-+-1 
1 Cmax 1\1'\ I\~ """' 20-1----+--+--1 

le 
( mA) l :::f±±::bttt 

400 800 
VCE (V) 

10- 3 ._ _________ _.___.__,__._J.....L..J...J...l.--.i...--'--...J.....J 

10 103 VCE (V) 

Safe Operating ARea 

Region 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 R BE .;;; 100 SJ and tp.;;; 0,6 µs 

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

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

BUX86 
BUX87 
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BUX86 
BUX87 

Notes 

7277053 

10 ~~~~~±Effitl§§J§~ IT mb,,:; 6o 0 e BUXB7 

le r-~-1--+-t-~-++++-~-+~~-+++++1~~+--+--+-1 
(A)t--~+--+--+-+-+-++++-~-+--+---+-++-+-+-1+-~--+--1---+-1 

I o =0.01 tp= 
1eMmax ' I 5µs 

1--note 1 !"\" ~ 10 

~ T 

"'' ~' 500 
\.'\ \" \ v ~ ~ I~ 

1 ms 

2 t -+ 
.v 2 

le l ~ y 5 
10 

10-2 (mA) 
1 

I y d.c. 

- Hv 
0,5 I Ill I 

400 1000 
VeE (V) 

10·-3 

10 102 103 VeE (V) 

Safe Operating ARea 

I Region of permissible d.c. operation 

11 Permissible extension for repetitive pulse operation 

111 Area of permissible operation during turn-on in single-transistor 
converters, provided RB E <;:; 100 n an tp ..:;; 0,6 µs 

IV Repetitive pulse operation in this region is permissible, 
provided VsE..:;; 0 and tp..:;; 2 ms 

1. Ppeak max lines. 
2. Second-breakdown limits (independent of temperature). 
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Silicon diffused power transistors 

100 

Ptot max 
(%) 

75 

50 

25 

00 

I\ 
-1 

1 
[I 

50 

7Z77049 

\ 
\ 

\ 
:"\ 

[I 

1\ 

\ 
100 150 

T mb(OC) 

BUX86 
BUX87 

10 ~g$$iji~~Etimi~~im~EtiEEE!1E~~mll~~:lfml I l-0=1-+++++--+--+-+-H>+<+~-+-__._.-++-++H-~+-..._._H+....._---<-+-++-+++++--+--+-+-H-+++< 

I :J=cO 75 
Wo:5o 
I 1-0.33 

..... 0,20 

b -j;0, 10 
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10-3 10-2 10-1 10 102 tp (ms) 103 
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BUX86 
BUX87 

102 

10 

1 
10-2 

I--

I 

7Z77050 

VcE 5V 

Tj = 25°c 

1'.. 
~ 
~p 

~ 

10- 1 le (A) 

7Z77051 

l-l---l-!-1-+-+-1-4-1-+-+-1-4 typ. values 

1-1---l-1-1--1-1--1-4-1--1-1--1-4 Tj=25°C 

T 
TT 
TT 

l-l---l-l-1-+-+-1-4-+-+-+-l-l--+-+ I C = t-H 
~-1-4-+-+-+-1-4-+-+-+-l-l--+-+0,2 A+-+-

i-1-
H-+i-+-++-H...!-~+i-HO, 1 A~ 

10 18 (mA) 20 

\ I Tj = 25 °c 
V CEsat '--'-'JT~1 '-'----'-'\"--'-l"--1----1-+-+-.__.__i-+---+-----+--+--+--1----1--+-+-+--+---+--1 - -max values 

(V) 1 \ --typ values 

rr ' 3L--W-~ • .L-l--~'--"rr-'--"--1---+-~~,__,__._...J-J___.__,_-l----l--+-_,__-l-l--+--I-_,___,--+-_,__-+-< 

: I~~ \ 
; I l ' 
I j 

21-1-~ • .4--+--l--l,+-l--l-+--+-+-------+--+-+--+-!--il--+---+--+-+--+--+--+-+--+-!--1-+-I 
'--'-l-l-l~--+--+--4--1-lc=-+--f..---1---+-+--+-1--11--+--+-+-+--1--+--+--+--+-1--1-+-1 

1- L{-~ ~ 1 ~ ~ 0, 21~_,___TT..._1 •_,___,____,_--+-_,___,__.1--1----+---+--+--1---+----1---+--1--+----"---' 

""I-

20 40 18 (mA) 60 
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Silicon diffused power transi~tors BUX86 
BUX87 

APPLICATION INFORMATION ON BUX86 (detailed information on request) 

Important factors in the design of SMPS circuits are the power losses and heats ink 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 to 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

As the BUX86 will mainly be used in low-power flyback converters the information on optimum base 
drive and device dissipation given in the graphs on page 13 is concentrated on this application. In these 
figures lcM 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-T amb max 
Rth mb-a = p 

tot 
To ensure thermal stability the minimum value of T amb in the above equation is 40 °c. 

A practical SMPS output circuit for an output of power in the order of 15 W is given in Fig. 2. 

At a collector current of 200 mA and a base current of 20 mA in this circuit the following turn-off 
times can be expected. 

Storage time 
Fall time 

's 
j 

1B(end) 

-vdnve 

Tmb = 25 oc 

ts typ 

tf typ 

0,9 lcM 

0,1 lcM 

1~ 

lY 

1,3 
0,2 

_____ 1 

[-=;== 7Z7441'9 2 

Fig. 1 Relevant waveforms of switching transistor. 

100 oc 

1,8 
0,8 

µs 
µs 
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BUX86 
BUX87 

+290V 

to start 
and 

control 
circuit 

sm_ 
T = 30µs 

/j °"0,5 

BAW62 

10 
kn 

Fig. 2 Practical SMPS output circuit. 

BY206 

Tl (output transformer): Core U20; primary inductance Lp = 23 mH 
nl = 252 turns; n2 = 27 turns; n3 = 22 turns 

VCE(tl) <300V (see Fig. 1) 
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+24V 
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Silicon diffused power transistors 

7Z77382 

401--t-+--+-+---1-+-+-+-+--+---lf-IZ-+-+--+-1 

1 B (end) l-l-+-+--+--1-+--1--+-+-¥-7+-+-1--+--1 
(mA) ~ 

t-~--+-+- 1--+--·--+--+-71_,,_-+-+-+--+--i--l 
301-l--l--+-+--+-+-+-.JJ.-l--+-+-+--+--+--l 

17 
J 

201--t-+--+-+-.ill"-+-+-+-+--+-+--+-+--+-I 
l/l 

.L 

O'-'---'-'--'--'--'--'-.._._.'--'-'--'--'---' 
100 200 300 400 

lcM (mA) 

Fig. 3. 

7Z77384 

~ 1 B(end); ±. 20% 

4,___._..__.__..__..__._. Tmb~100°c 

P tot 1--1--+-+-+--+--+-+-+--1---<1--+--1--+--+--1 
(W) t-t-+-+--+-+---1-+-+--+-+---11-t--+---t-t 

21--t-+--+-+---1-+v.-+-+-+--+~++--~~~.,.+---+-t 

I v ~'i-, 

O.__.__._,__.__.__.__._.._._.'--'-'--'--'---' 
100 200 300 400 

lcM (mA) 

Fig. 5. 

,, 

BUX86 
BUX87 

7Z77383 

100 1--1--+-'--+--+--+-+-+ -Vdrive +-+-+-I 4 
k 

LB Hi--+-+-+-+-+-f-+-+"""''/:.+V-+-+--+--l -V drive 
(µH) _.)? (V) 

..d-'1 

5 o +--+-+-~"-.,,.,....rs-1--+---1-+-+-.........,1---+-+--+---1 2 

H-+-t-+-HN-T'..,.._±-1-t LB +--+-1 
t-+-1-. 

25!--+-+-+-+-+-l-l-+-+--+-+-l-l-+-I 

0 .__._,__.__.__._J........J.....J......i.....1-...L.-J........J'--L-' 0 
100 200 300 400 

lcM (mA) 
Fig. 4. 

Fig. 3 Recommended nominal "end" value of 
the base current versus maximum peak col lec­
tor current. 

Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

Fig. 5 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 3. Solid lines 
for lc1llcM; 0,4 and dotted lines for 
1c1/lcM; o. 

August 1977 373 





l BUXOO 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed, glass-passivated n-p-n switching transistor in a T0-3 envelope, intended for 
use in three-phase a.c. motor control systems. 

QUICK REFERENCE DATA 

Collector-emitter voltage (peak value; VsE = 0) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 2 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=9A;l 8 =4A 

Collector saturation current 

Fall time 
Icon= 9 A; Ison= -lsotf = 4 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

p, 
39,5 301 ~ 

~· !_~ 

10,s-. 

See also chapters Mounting instructions and Accessories. 

VcESM max. 1200 v 
VcEO max. 800 v 
le max. 12 A 

lcM max. 20 A 

Ptot max. 160 w 

VcEsat < 1 v 
lcsat 9 A 

tf typ. 0,5 µs 

Dimensions in mm 

_,. 9max 1-

r 
I 

20,3 
max 

~-j 

--1 r· 2,5 

' . 
- ~-4,2 

- _t4,0 

' i--.1,0 

I 

7Z83745 

l._12,sJ 
11,2 
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BUX BB J 
RATINGS 

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

Collector-emitter voltage (peak value; VsE = 0) VcESM 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value); tp < 2 ms 

Base current (d.c.) 

Base current (peak value); tp < 2 ms 

Total power dissipation up to T mb = 25 °c 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 

VcE = VcESMmax; VsE = 0 

VcE = VcESMmax; VsE = 0; Tj = 125 °C 

Emitter cut-off current 
le= 0; VEB = 5 V 

Saturation voltages 
lc=9A;ls=4A 

1c=12v;1 8 =6A 

Collector-emitter sustaining voltage 
le= 200 mA; Is= O; L = 25 mH 

Second breakdown collector current 
VcE = 100 V; tp = 1 s 

Transition frequency at f = 5 MHz 
lc=0,1 A;VcE=5V 

Collector capacitance at f = 1 MHz 
IE= le= O; Vcs = 10 v 

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

376 April 1983 

Vern 

ic 

ICM 

Is 

IBM 

Ptot 

Tstg 

Tj 

Rthj-mb 

lcES 

ICES 

IEBO 

VcEsat 
VsEsat 

VcEsat 

VcEOsust 

l(SB)C 

fT 

Cc 

max. 1200 v 

max. 800 v 

max. 12 A 

max. 20 A 

max. 8 A 

max. 12 A 

max. 160 w 
-65 to+ 150 oc 

max. 150 °c 

0,78 K/W 

< 1 mA 

< 4 mA 

< 10 mA 

< 1 v 
< 1,5 v 

< 3 v 

> 800 v 

> 0,4 A 

typ, 7 MHz 

typ. 200 pF 



Silicon diffused power transistor 

Switching times resistive load (Figs 2 and 3) 

Icon= 9 A; Ison= -lsoff = 4 A 

Turn-on time 

Turn-off: Storage time 
Fall time 

90% 

Is 

'r 
~ -

10% ~c=.:::.:r-~~~~~~~~~-

t 1..-T-.I 
VIM JLJL 
t JI._ 

tp 

tp"" 20µs 
T==2ms 
V1M•15V 

90% 

10% -----

Fig. 2 Switching times waveforms 
with resistive load. 

120 
n 

r 
56 

V; n 

I 

33 
n 

Fig. 3 Test circuit resistive load. 

+ 

l ____ s_u_xa_a __ _ 

typ. 

typ. 
typ. 

680 
µF 

680 
µF 

27 
n 

T.U.T. 

1,5 

4,5 
0,5 

+ 100 
µF 

µs 

µs 
µs 

I 

-

Vee 
250V 

7288899 
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BUX88 J 
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7Z88225 1 

_ (l I _lSp;..f+tHt---t---j-f-t+++tt----i--1-
1 C l---f---+-+.1-l-H++----1--+++H-44-l----f---l--l--H~l-H 

IAI ['J 1 I I 

I ' I ' I: I 
l==I 

H121 D -+---+-+-++tt+----+-+_,c++t+H 

10-1 FF::::~~!ll=!*~°"i~~$jij!ml~--~ffj-
f= :::±:: -'IS L_J 

~- '' 
t--

1---+--+-+--t--1--H++--+-+-++++tj+--+--+-+--) 
f- T1 ! 

I I ' 1
1 

10·-2§Bl~~~mtt• ic:c:_ 
r==t=-::t 
r---,__--_-18>--+--:±+-++++++-t-----__ -++----1,-+-+-++,..t--~---:-'_;--_ -+-+ _,--H~-+_,.,++c+·H, 

I I l I 

1--li ! '. I I I' ' llllll 
l'll 10-3 ~~-~~~~~-~~~~-~~~~ 

10 102 103 VcE (VI 104 

Fig. 4 Safe Operating ARea at T mb <: 25 oc. 

(1) Ptot max line. 
(2) Second-breakdown limits {independent of temperature). 

I Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 
111 Repetitive pulse operation in this region is permissible, 

provided VBE <: 0 and tp <: 5 ms. 



l BUX90 

DARLINGTON POWER TRANSISTOR 

High voltage, N-P-N monolithic Darlington power transistor, primarily intended for use in car ignition 
systems. 

QUICK REFERENCE DATA 

Collector-emitter ·1oltage (VsE = O; peak value) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp < 5 ms 

Total power dissipation up to T mb = 25 °c 

Junction temperature 

Collector-emitter saturation voltage 
le= 5A;l 8 = 50mA 
le= 10 A; Is= 300 mA 

Collector saturation current 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

-26,6max--

39,5 301 

m~ j' 
b 

c 

6,85 

See also chapters Mounting instructions and Accessories. 

VcESM max. 650 v 
Vern max. 400 v 
le max. 12 A 

lcM max. 30 A 

Ptot max. 125 w 
Tj max. 200 °c 

VcEsat < 1,5 v 
VcEsat < 2,0 v 
lcsat typ. 10 A 

Dimensions in mm 

- ·:1 F"· 
- -•4,2 

~-+---'I - _t4,0 

20,3 • max • 1,0 

l_ 

I._ 12,s_. 
7269700.1 11,2 
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BUX90 J 

RATINGS 

,-----------
' 

b------1 

_ _J 
7Z6644S 2 

e 

Fig. 2 Circuit diagram. 

R1 typ. 500 n 
R2 typ. 300 n 

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

Collector-emitter voltage (V EB = 0); peak value VcESM max. 650 v 
Collector-emitter voltage (open base) Vern i:nax. 400 v 
Emitter-base voltage (open collector) VEBo max. 6 v 
Collector current (d.c.) le max. 12 A 

Collector current (peak value); tp < 5 ms lcM max. 30 A 

Base current (d.c.) Is max. 4 A 

Base current (peak value); tp < 5 ms IBM max. 6 A 

Total power dissipation up to T mb = 25 °c Ptot max. 125 w 
Storage temperature Tstg -65 to + 200 oc 

Junction temperature* Tj max. 200 oc 

THERMAL RESISTANCE* 

From junction to mounting base Rth j-mb 1,4 K/W 

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

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current* 

VsE = O; VcE = VcESMmax 

VsE = O; VcE = VcESMmax; Tj = 125 oc 

[initter cut-off <.:une11l 

lc=O;VEB=6V 

Collector-emitter sustaining voltage 
le= 5 A; lsoff = O; L = 8 mH 

Saturation voltages 
lc=5A;ls=50mA 

le= 5 A; Is= 60 mA;Tj = -400C 

le= 6 A; Is= 100 mA;Tj = 150 oc 

le= 10 A; Is= 300 mA 

Turn-off breakdown energy with inductive load (Fig. 3) 
-lsoff = O; Ice= 10 A; L = 8 mH; Ison= 300 mA; 
VcL = 400 V 

Collector-emitter diode, forward voltage 
IF=SA;ls=O 

Vcc=25V 

+Is 

off o 

100.12 

7Z84872 

Fig. 3 Energy test circuit. 

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

BUX90 

le ES < mA 

le ES < 3 mA 

IESO < 20 mA 

VcEOsust > 400 v 

VcEsat < 1,5 v 
VsEsat < 2,0 v 
VcEsat < 1,5 v 
VsEsat < 2,0 v 
VcEsat < 1,5 v 
VsEsat < 2,0 v 
VcEsat < 2,0 v 
VsEsat < 2,5 v 

E(SR) > 400 mJ 

VF < 3,0 v 
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le 

(A) 

10- 2 

382 September 1981 

7Z84870 

I 
t----t--+--·-t-++H+--t----t-t-+1\H+H+----+--t-+-14 

-----f---1---+-+-+++H---<f--+-l--++4'>1-++--+-;--+-+-t+++-i 
f------ J--1-+-++++H---- -t--+-(2)N 

I I 
t--··+--+--+-+-H++->---- --+-'>-+++H+-- -·-1--+-<-Hl+H 

T 
I 

r=-·· t-·-1 t- -

!-----t-----+--+-+++H+--·-+--i-,~H-·t-t+t---+---1--+-i-H++-i 

Fig. 4 Safe Operating ARea at T mb.;;;; 25 °c. 
( 1) Ptot max and Ptot peak max lines. 
(2) Second-breakdown limits (independent of temperature). 

I Region of permissible d.c. operation 
11 Permissible extension for repetitive pulse operation 
111 Repetitive pulse operation in this region is permissible, 

provided VsE.;;;; 0 and tp.;;;; 5 ms. 



BUX98 
BUX98A 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 

QUICK REFERENCE DATA 

Collector-emitter voltage (VEs = 3 V) 

Collector-emitter voltage (RsE < 5 .11) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp ~ 5 ms 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
lc=20A;ls=4A 
le= 16 A; Is= 3,2 A 

Fall time (resistive load) 
Icon= 20 A; Ison= -lsoff = 4 A 
Icon= 16 A; Ison= -I soft= 3,2 A 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

),!, 
39,s 301 I 

m" L~ 

10,9_,.. 

/c 

See also chapters Mounting instructions and Accessories. 

SUX98 SUX98A 

VcEX max. 850 1000 v 
Vern max. 850 1000 v 
Vern max. 400 450 v 
le max. 30 A 

lcM max. 60 A 

Ptot max. 250 w 

VcEsat < 1,5 v 
VcEsat < 1,5 v 

tf < 0,8 µs 

tf < 0,8 µs 

Dimensions in mm 

J 9m:i_F';' 
4-,2 

- --4-,0 

i t 
20,3 + max + 1,5 

i_' 

I..._ 12,s__,.. 
7Z83745A 11,2 
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BUX98 
BUX98A 

RATINGS 

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

BUX98 BUX98A 

Collector-emitter voltage (VEB = 3 V) VcEx max. 850 1000 v 
Collector-emitter voltage (RBE < 5 ,n) Vern max. 850 1000 v 
Collector-emitter voltage (open base) VcEO max. 400 450 v 
Collector current (d.c.) le max. 30 A 

Collector current (peak value); tp < 5 ms lcM max. 60 A 

Base current (d.c.) IB max. 8 A 

Base current (peak value); tp < 5 ms IBM max. 30 A 

Total power dissipation up to T mb = 25 °c Ptot max. 250 w 
Storage temperature Tstg -65 to+ 200 oc 

Junction temperature Tj max. 200 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 0,7 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current* 
VcE = VcERmax; RBE < 5 !J lcER < 1 mA 
VcE = VcERmax; RBE < 5 !J; Tj = 125 °c lcrn < 8 mA 

Collector cut-off current 
VcE = VcEXmax: VEB = 2,5 v lcEX < 0,4 mA 

VcE = VcEXmax; VEB = 2,5 V; Tj = 125 °c lcEX < 4 mA 

Emitter cut-off current 
le= O; VEB = 5 V IEBQ < 2 mA 

Saturation voltages 
lc=20A;IB=4A VcEsat < 1,5 v 

VBEsat < 1,6 v 
le= 30 A; la= 8 A VcEsat < 3,5 v 
le= 16 A; la= 3,2 A VcEsat < 1,5 v 

VaEsat < 1,6 v 
ic=24A;la=5A VcEsat < 5 v 

Collector-emitter sustaining voltage 
le= 200 mA; laoff = O; L = 25 mH VcEOsust > 400 450 v 

Transition frequency at f = 1 MHz 
IC = 1 A; V CE = 10 V fr typ. 5 MHz 

Emitter-base breakdown voltage 
lc=O;l9=0,1A V(BR)EBO 7 to 30 v 

Collector capacitance at f = 1 MHz 
VcE = 10 V Cc typ. 500 pF 

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

CHARACTERISTICS (continued) 

250-r--+-~~~~---~ 

200 
lc 

(mA) 

---------------, 

100 

I 
I 
I 
I 
I 

7Z911328 

V min VcE (V) 
CEOsust 

Fig. 2 Oscilloscope display for sustaining voltage. 

Switching times resistive load 

Icon= 20 A; Ison= -lsoff = 4 A 

Turn-on time 

Turn-off: Storage time 

Fall time 

Icon= 16 A; Ison= -lsoff = 3,2 A 

Turn-on time 

Turn-off: Storage time 

Fall time 

Switching times inductive load 
Icon= 20 A; Is= 4 A 

Turn-off: Storage time 

Fall time 

Icon= 20 A; Is= 4 A; Tj = 100 cc 
Storage time 

Fall time 

Icon= 16 A; Is= 3,2 A 

Turn-off: Storage time 

Fall time 

Icon= 16 A; Is= 3,2 A; Tj = 100 °c 

Turn-off: Storage time 

Fall time 

ton 

ts 

tf 

ton 

ts 

tf 

ts 

tf 

ts 

tf 

ts 

tf 

ts 

tf 

BUX98 
BUX98A 

Fig. 3 Test circuit for V CEOsust· 

SUX98 SUX98A 

typ. 0,55 µs 

< 1 µs 

typ. 1,5 µs 

< 3 µs 

typ. 0,3 µs 

< 0,8 µs 

typ. 0,55 µs 
< 1 µs 

typ. 1,5 µs 

< 3 µs 

typ. 0,3 µs 

< 0,8 µs 

typ. 3,5 µs 

typ. 80 ns 

< 5 µs 

< 400 ns 

typ. 3,5 µs 

typ. 80 ns 

< 5 µs 

< 400 ns 

( '""' 1982 
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BUX98 
BUX98A l __ _ 

90% 
Is 

t, ... -

ojtdl 
-1 1~ I -T-

Fig. 4 Test circuit resistive load. 

I 
7Z89210 

The values of RB and RL are selected in accordance with 
I eon and IB requirements. 

7Z77499.5 

------ - 1son 
90% 

10% i;..;;;;=.;;;;.;r _____ -11------

90% 

10% - -

Vee= 250 v 
V1M = -6 to+B V 

~ T =0,01 

= 20µs 

7Z89212.1 

-- ..:i 
- ts -
- !off I.,_ 

Fig. 5 Switching times waveforms 
with resistive load. 

Fig. 6 Switching times waveforms 
with inductive load. 

Fig. 7 Test circuit inductive load. 

Vee=300 v 
LB = 3 µH 
Le = 1,5mH 
VEB= 5 V 
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Silicon diffu5ed power transistors 

tp= 
.20µs 

I ~H 
100 

200 

-500 

f--- --1--1--+-+.U+I--- +-- - --+-+-l.+H~ d.c. +--+-+-H++-H 

f---+- -•~4+-U+---~C-+-+-W-+4+---1---l---1-1-1--1-1-1-H--~- . 

BUX98 .J--
10-2 ~-1--1-­

\----L-LL.1-W-UL-- - ·-

' BUX98A-

Fig. 8 Safe Operating ARea at T mb < 25 oc. 

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

Region of permissible d.c. operation. 

\--

11 Permissible extension for repetitive pulse operation. 
111 Area of permissible operation during turn-on in single transistor 

converters, provided RsE < 100 n and tp < 0,6 µs. 
IV Repetitive pulse operation in this region is permissible, 

provided VsE < 0 and tp < 2 ms. 

BUX98 
BUX98A 
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BUX98 
BUX98A l __ _ 

le 

(A) 1---+--+--+_...,c-t~f--t-+--t--I 
I~ 

"-. 
201--1--+--l~.f--l--!-~-3'1,...-+--l-4 

II 

m 

0L-.J........L..--l,...-.l-.J........L..--l,...-.L.-.J..........I 

0 500 VeE (V) 1000 

le 

(A) ~...J--1--+--1~+--+--+----+---+----l 

I II 
201----1----1----1~..._-1----1---1~+--l----I 

I\ 
'\ BUX98A 

l~UX98 f\ 

500 VeE (V) 1000 

"'"' 19821 

Fig. 9 Forward bias safe operation area, Tj ..;; 125 oe. 
I Safe operation area during turn-off and during 

turn-on. 
For BUX9BA the right-hand limit is 450 V. 

11 Safe operation are during turn-on only provided 
tr< 0,2 µs. 

111 Safe operation area during turn-on only; provided 
tr< 0,5 µsand RBE < 50 !2. 

Fig. 10 Reverse bias safe operation area, 
leend/lsend > 5; -VsE = 3 V. 

I Normal reverse bias safe operation area 
VaE<OV. 

11 Extension of the reverse bias safe operation 
area provided a desaturation network (Baker 
clamp) is used. 

For BUX98A VeE limit= 450 V. 



Silicon diffused power transistors BUX98 
BUX98A 

10 

VcEsat 

(V) 
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\ 
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~ I \[I l 
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Fig. 11 Typical(-) and maximum (- - --) values saturation voltage. Tj = 25 oc. 

1,6 ~~~~~~~~~~~~~~~~~~~~~~~~~7~Z-82~9~47 
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Fig. 12 Typical values at Tj = 25 oc. 
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BUX98 
BUX98A 

Fig. 13 Typical values d.c. current gain. 

7Z82949 
2..-~.......----.--..-...,.....,....,...,...,...,....~--"T~..--,.-,---r-r-rrr--~,--,,Trrr--r-rTn 

T 

I VBEsatL-~---L~-i---1-+--1.--1--1--1-1-~~-+--4~1-+-+-++++--~~+---t-~T-u;,il'-t--t-t-t-1 
VcEsatl--~-l-~-1--1-+-+~++~~-!---l~l--i-l-++H-~~t--+[ti-H''tt-+-t-+-H 

(V) ~ 

7 -l 

_____.-
____ ..i- -
~ i -I ~ -;- 100 OC ---1---1-+++-+-+-+-I~ 

....I. Jill ~'11 

Fig. 14 Typical values base and collector voltage. le/ls= 5. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l BUX99 

~-

SILICON TRIPLE DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed, glass-passivated n-p-n power transistor in a T0-126 envelope, intended for 
use in fast switching applications. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
--VsE = 1,5 V; peak value VcEVM max. 730 v 

Collector-emitter voltage, open base VcEO max. 300 v 
Collector current (d.c.) le max. 1,5 A 

Total power dissipation up to T mb = 25 °c Ptot max. 28 w 
Collector-emitter saturation voltage 

le= 0,2 A; IB = 20 mA VcEsat max. 2 v 
D.C. current gain 

lc=10mA;VcE=2V hFE min. 10 

Fall time; le= 0,2 A; Is = 20 rnA tf max. 0,8 µs 
----------------------------------- -----
MECHANICAL DATA 

Fig. 1 T0-126 (SOT-32). 

Dimensions in mm 

! 
I 

____... 1•·1,2 

JI __ 
0,5 

L 
3,2 
3,0 
r 

1-- 7,8 max _.I 
-+-t 

~J\ . _: _ _;s I -v 11,1 
max 

L----.!.-1 ___, ____ J 
i 
i 

15,3 
min 

e c' b' __ J 
o,es_ll-. 
max ..... I I..,_. 

~ 

For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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BUX99 J 
RATINGS 

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

Collector-emitter voltage 
VsE = O; peak value VcESM max. 730 v 

Collector-emitter voltage 
VsE = -1,5 V; peak value VcEVM max. 730 v 

Collector-emitter voltage, open base VcEO max. 300 v 

Emitter-base voltage, open collector VEBO max. 12 v 

Collector current (d.c.) 'c max. 1,5 A 

Collector current (peak value) ICM max. 3 A 

Base current (d.c.) 19 max. 0,75 A 

Base current (peak value) IBM max. 1,5 A 

Emitter current (d.c.) IE max. 2,25 A 

Emitter current (peak value) IEM max. 4,5 A 

Total power dissipation up to T mb = 25 °c Ptot max. 28 w 
Storage temperature Tstg -65 to +150 oc 

Junction temperature Tj max. 150 oc 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 4,5 K/W 

From junction to ambient Rth j-a 100 K/W 

CHARACTERISTICS 

Tj = 25 °c unless otherwise specified 

Collector cut-off current 
VcE = 400 V; VsE = 0 lcEs ,;;;; 5 µA 

VcE = 730 V; VsE = -1,5 v 
le Ev 

,;;;; 50 µA 
VcE = 730 V; VsE = -1,5 V;Tj = 100 oc ,;;;; 250 µA 

Emitter cut-off current 
le= O; VEa = 12 v IEBo ,;;;; 1 mA 

Collector-emitter sustaining voltage 
l9=0;lc=0,1 A; L=25mH VcEOsust ;;;. 300 v 

D.C. current gain 
le= 10 mA; VcE = 2 V hFE ;;;. 10 

lc=50mA;VcE=5V 
hFE 

;;;. 16 
,;;;; 42 
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___ Jl ____ BUY89 

SILICON DIFFUSED POWER TRANSISTOR 

High-voltage, high-speed switching n-p-n transistor in a T0-3 envelope especially intended for use in 
a.c. motor control systems from three-phase mains. 

QUICK REFERENCE DATA 

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

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Total power dissipation up to T mb = 60 oc 

Collector-emitter saturation voltage 
le= 4,5 A; IB = 2 A 

D.C. current gain 
le= 4,5 A; VcE = 5 v 

MECHANICAL DATA 

Fig. 1 T0-3. 

Collector connected to case. 

-2s,smax 

39,5 301 

max~r 

10,9-+ 

c 

See also chapters Mounting instructions and Accessories. 

VcESM max. 1500 v 
Vern max. 800 v 
le. max. 6 A 

Ptot max. 80 w 

VcEsat < 1 v 

hFE > 2,5 

Dimensions in mm 

-- ·~'F 1 2,5 

_ _J 2 
4, 

--i4,0 

20,3 
max __...1,0 

!_12,s ... 
7Z69700.1 11,2 
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BUY89 J 
RATINGS 

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

Collector-emitter voltage (VsE = 0, peak value) VcESM 

Collector-emitter voltage (open base) VcEO 

Collector current (d.c.) 

Collector current (peak value) 

Collector current (non-repetitive peak) 

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) • 

-IB(AV) 

-lsM 

max. 1500 v 
max. 800 v 
max. 6 A 

max. 10 A 

max. 15 A 

max. 4 A 

max. 6 A 

max. 100 mA 

max. 4 A 

max. 80 w Total power dissipation up to T mb = 60 °c 

Storage temperature 

Ptot 

Tstg 

Tj 

-65 to+ 150 oc 

Junction temperature 

THERMAL RESISTANCE 

From junction to mounting base 

100 

Ptot 
(W) 

50 

0 

* Turn-off current. 

394 September 1980 

0 

max. 150 oc 

Rth j-mb max. 1,12 K/W 

7Z82765 

II 
J_J_ 

~~ 
~ 

f"' 

~ 
~ 

1'-

"""' !'-. 
~ 

50 100 T mb (oC) 150 

Fig. 2 Power derating curve. 



Silicon diffused power transistor 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector cut-off current 

VsE = O; VcE = VcESMmax; Tj = 125 °C 

D.C. current gain 
lc=4,5A;VcE=5V 

Emitter cut-off current 
lc=O;Vrn=5V 

Saturation voltage 
lc=4,5A;l 8 =2A 

lc=4,5A;1 8 =2A 

Collector-emitter sustaining voltage 
Is= O; le= 100 mA; L = 25 mH 

250 r--------
200 
Ic 

(mA) 

100 --------------+ 
min VcEO sust i 

I 
I 

oL.....--------::::f--
Vern (V l 

7Z62340 

Fig. 3 Oscilloscope display for VcEOsust· 

Second-breakdown collector current 
· VcE = 100 V; tp = 1 s 

Transition frequency at f = 5 MHz 
le= 0, 1 A; VcE = 5 v 

Collector capacitance at f = 1 MHz 
IE=le=O;Vcs=10V 

l ____ s_u_v_a_g __ 

le ES < 1,0 mA 

hFE > 2,5 

Imo < 10 mA 

VcEsat < 1 v 
VsEsat < 1,5 v 

VcEOsust > 800 v 

Fig. 4 Test circuit for VcEOsust· 

l(SB) > 0,3 A 

typ. 7 MHz 

typ. 125 pF 
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BUY89 J 
CHARACTERISTICS (continued) 

Switching times (between 10% and 90% levels) 
in resistive switching circuit 
Icon= 4,5 A; Vee= 250 V; RL = 56 n 
Ison= -lsoff = 2 A 

Turn-on time 

Storage time (ts= t 0 ff-tf) 

Fall time 

tp = 20µs 
T = 2 ms 
V1M=15V 

1 
V; 

I 

90% 

Is 

7277499.5 

------ - 1son 

10% F-=='f'-----11---,,---

- -Is off 

90% ---- -

10% ----- -

... ..,.tf 
.,... ts ..,._ 

... toff 1.-

Fig. 5 Waveforms. 

39fl 

Fig. 6 Test circuit. 
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typ. 1,5 µs 

typ. 4,5 µs 

typ. 0,5 µs 

+ 
100 
µF 

1 
Vee 

250V 



Silicon diffused power transistor l ____ s_uv_s_g __ 

7Z82763 1 

1 ---1-1--+-l-W-W-----1---1---1---1-+-+-l-l-l-------1+-+-+-+-++++I 
1csM 

,\\ ['.. l\ l\ 500 

IV 

Fig. 7 Safe Operating ARea with the transistor forward biased. 

T mb,;:;; 60 °c; o = 0,01. 

1. Ptot max and Ppeak max lines. 
2. Second-breakdown limits. 

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

provided VsE,;:;; 0 V; tp,;:;; 20 µs; o,;:;; 0,25. 
IV Transient lc/VcE limit 

for V CE less than 700 V then tp less than or equal to 25 µs 
for V CE greater than 700 V then tp less than 5 µs. 

-
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BUY89 J 
750 

7Z82766 7Z82767 

VcEsat 
(mV) 

500 

250 

i-H-1 
r-

7 

17 
typ [2J 

2 

1250 

VBEsat 
(mV) 

1000 

750 

500 

r-

~ 
~ v 

'j_ 

r/-
typ v 
L v 

0 
0,1 le (A) 10 0,1 le (A) 10 

Fig. 8 Collector-emitter saturation voltage 
at le/ls= 2; Ti= 25 oc. 

Fig. 9 Base-emitter saturation voltage 
at le/ls= 2; Ti= 25 oc. 

102...-~---.~~~~~~~~~~~...-....-..-.~.,....,....-~---.~~~~7~Z8~2~76~4.-.1 

hFE f-----T--+--+-+-+-+-+-,~++-------T-1--~~~~-~.,.=1=--+-1-+-++----+--~+-+-t-+-++-t 
~+-+- +-1-+n "li-l'i VcE = 

f-----f--+--+-+-+-+-+-++----+--~+-+-t-+-+++1 v..:; ""' ~ -.... 
.. ~" I' 

1 '--~--'~-'--'--'-~ ............... ~~~~.__,._..._._,_......._.__~__.~_,__,__._~ ............. 
10-2 

le (A) 10 

Fig. 10 D.C. current gain at VcE = 5 V; Tj = 25 oc; · · · · - · - - at VcE = 1 V. 
~~~~~~~~~-...... 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PH13002 
PH13003 

SILICON DIFFUSED POWER TRANSISTORS 

High-voltage, high-speed, glass-passivated n-p-n power transistors in a T0-126 envelope, intended for 
use in switching regulators, inverters, motor control, solenoid/relay drivers and deflection circuits. 

QUICK REFERENCE DATA 

Collector-emitter voltage 
VBE = -1,5 V 

Collector-emitter voltage, open base 

Collector current (d.c.) 

Total power dissipation up to T mb = 25 oc 

Collector-emitter saturation voltage 
le= 1 A; Is= 0,25 A 

D.C. current gain 
lc=0,5mA;VcE=2V 

MECHANICAL DATA 

Fig. 1 T0-126 (SOT-32). 

VcEsat 

PH13002 _ f H130£--

max. 600 700 V 

max. 300 400 V 

max. 1,5 A 

max. 28 w 

< 1,0 v 

> 8 to 40 

Dimensions in mm 

max _.12,71·- 1-7,Bmax-1 

Collector connected to case. 
a 
~~ ~~;111 

--~t 

J_ 
0,5 

·~ 3,2 
3,0 

+ 

_fh --3j5 I 
~ 11,1 

1 

max 

~-l 
I 

15,3 
min 

e c' b' _ __,! 
o,ss_J I.._ . 
max _.j j.,._ 

7Z59324.2 

~ 

For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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PH13002 
PH13003 

RATINGS 

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

Collector-emitter voltage 
VsE = -1,5 V 

Collector-emitter voltage, open base 

Emitter-base voltage 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Emitter current (d.c.) 

Emitter current (peak value) 

Total power dissipation up to T amb = 25 oc 
Derate above 25 oc 

Total power dissipation up to Tc= 25 oc 
Derate above 25 oc 

Storage temperature 

Junction temperature 

THERMAL RESISTANCE 

From junction to case 

From junction to ambient 

CHARACTERISTICS 

Tj = 25 oc unless otherwise specified 

Collector-emitter sustaining voltage 
Is= O; le= 10 mA 

Collector cut-off current 
VcE = VcEVmax; VsE = -1,5 v 
VcE = VcEVmax; VsE = -1,5 V; Tc= 100 °c 

Emitter cut-off current 
le= O; VEB = 9 V 

D.C. current gain 
le= 0,5 A; VcE = 2 v 

le= 1 A; VcE = 2 v 

July 1985 

VcEX max. 

VcEO max. 

VEBO max. 

le max. 

ICM max. 

lg max. 

IBM max. 

IE max. 

IEM max. 

Ptot max. 

Ptot max. 

T stg 

Tj max. 

Rth j-c 

Rth j-a 

VcEOsus > 

'cEx 
< 
< 

IEBO < 

hFE 
> 
< 

hFE 
> 
< 

PH13002 PH13003 

600 700 v 
300 400 v 

9 v 
1,5 A 

3 A 

0,75 A 

1,5 A 

2,25 A 

4,5 A 

1,25 w 
10 mW/K 

28 w 
224 mW/K 

-65 to +150 oc 

150 oc 

4,5 K/W 

100 K/W 

300 400 v 

1,0 mA 
5,0 mA 

1,0 mA 

8 
40 
5 

25 



ACCESSORIES 



ACCESSORIES 

TYPE NUMBER SURVEY ACCESSORIES 

type number description envelope 

56201d mica washer (up to 500 V) T0-3 

56201j insulating bushes (up to 500 V) T0-3 

56261a insulating bushes (up to 500 V) T0-3 

56326 metal washer T0-126 

56339 mica washer (500 to 2000 V) T0-3 

56352 insulating mounting support T0-3 

56353 spring clip T0-126/SOT-82 

56354 mica insulator T0-126/SOT-82 
56359b mica washer (up to 1000 V) T0-220 

56359c insulating bush (up to 800 V) T0-220 

56359d rectangular insulating bush (up to 1000 V) T0-220 

56360a rectangular washer (brass) T0-220 
56363 spring clip (direct mounting) T0-220 

56364 spring clip (insulated mounting) T0-220 

56367 alumina insulator (up to 2000 V) T0-220 

56368a mica insulator (up to 800 V) SOT-93 

56368b insulating bush (up to 800 V) SOT-93 

56369 mica insulator (up to 2 kV) T0-220 

56378 mica insulator (up to 1500 V) SOT-93 

56379 spring clip SOT-93 

56387a mica insulator (up to 300 V) T0-126 

56387b insulating bush (up to 300 V) T0-126 
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ACCESSORIES 

SELECTION GUIDE 

CLIP MOUNTING 

direct mounting 
envelope 

clip mica 

T0-126 56353 56354 
(SOT-32) 

SOT-82 56353 56354 

T0-220 56363 56369 or 
(SOT-78) 

SOT-93 56379 56378 

SCREW MOUNTING 

direct mounting 
envelope 

metal washer 
mounting 

mica washer material 

T0-126 
(SOT-32) 56326 M3 
up to 300 V 56387a 

T0-220 
(SOT-78) 56360a M3 
up to 800 V 56359b 
up to 1000 V 56359b 

SOT-93 - M4 56368a 

T0-3 - M4 
(SOT-3) 
up to 500 V 56201d 

up to 2000 V 56339 

The accessories mentioned can be supplied on request. 

See also chapter Mounting Instructions. 

insulated mounting 

alumina clip 

56353 

56353 

56367 56364 

56379 

insulated mounting 

insul. bush metal washer 
mounting 
material 

56387b 56326 M2,5 

56359c 56360a M3 
56359d 56360a M3 

56368b M3 

56201j or M3 
56261a 
56352 M3 
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ACCESSORIES 

Mounting T0-126 and SOT-82 envelopes. 

56353 CLIP 
for T0-126 and SOT-82 envelopes 

MECHANICAL DATA 

Material: high carbon spring steel Dimensions in mm 

t 4,45 
+ 

I 
4.t 

~~ 
2,28 I.,.____~ 11,68 ---•I J 3,18 I_ 

7269101 

Spring clip suitable for heatsink of 1,5 to 2 mm. 

56354 MICA INSULATOR 
for T0-126 and SOT-82 envelopes 

MECHANICAL DATA Dimensions in mm 

0,06±0,02 

1--- 10 -----1 -r-

1 
14 

L.__________. 
7Z6910J.1 
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________________ ___.J ACCESSORIES 

Mounting of T0-126 envelopes 

56326 WASHER 
for direct mounting of T0-126 envelopes 

MECHANICAL DATA 

Material: brass, nickel plated 

56387a 

' Em @ 16 

J 3,1 L 7Z653~: 

MICA WASHER 

Dimensions in mm 

for insulated screw mounting of T0-126 envelopes (up to 300 V) 

MECHANICAL DATA 

+ 0,06 
+±0,02 

7Z83856:1 

Dimensions in mm 

405 



ACCESSORIES 

Mounting of T0-126 envelopes 

56387b INSULATING BUSH 
for insulated screw mounting of T0-126 envelopes (up to 300 V) 

MECHANICAL DATA 

Material: polyester 

TEMPERATURE 

Maximum permissible temperature 

406 August 1983 

Dimensions in mm 

.,.___ 8,1 ______. 7Z8385'7.1 

T max 150 oc 



Clip mounting T0-220 envelopes 

56363 SPRING CLIP 

for direct mounting of T0-220 envelopes 

MECHANICAL DATA 

Material: stainless steel; for mounting on heatsink of 1.0 to 2.0 mm. 

Recommended force 
of clip on device 
is 20 N (2 kgf). 

56364 

LL=~-----

. .,;J 'l 

SPRING CLIP 

ACCESSORIES 

Dimensions in mm 

for insulated mounting of T0-220 envelopes 

MECHANICAL DATA 

Material: stainless steel; for mounting on heatsink of 1.0 to 1.5 mm. 

Recommended force 
of clip on device 
is 20 N (2 kgf). 

L 
j L 

17 

3.5 

--t 
4.5 

__t 
_J 3.5 I-

Dimensions in mm 

To be used in 
conjunction with 
insulators 56367 
or 56369 
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ACCESSORIES 

Clip mounting T0-220 envelopes 

56367 ALUMINA INSULATOR 

for insulated clip mounting of T0-220 envelopes (up to 2 kV) 

MECHANICAL DATA 

Material: 96-alumina. 

1 
21 

j 

Dimensions in mm 

0,25 -r 

•aecause alumina is brittle, extreme care must be taken when mounting devices not to crack the 
alumina, particularly when used without heatsink compound. 

56369 MICA INSULATOR 

for insulated clip mounting of T0-220 envelopes (up to 2 kV) 

MECHANICAL DATA 

1 
21 

j 

408 August 1983 

0.10 
0.05 -r-

M145B 

Dimensions in mm 



ACCESSORIES 

Mounting T0-220 envelopes 

56359b MICA WASHER 

for T0-220 envelopes (up to 1000 V) 

Dimensions in mm 

3,6± 0,05 
-+ .... 

0,06±0,02 -r 
l : '---t--- --$--
19 

j 
,:=-t_1s-/ 

56360a RECTANGULAR WASHER 

for direct and insulated mounting of T0-220 envelopes 

MECHANICAL DATA 

Material: brass; nickel plated. 

,t . tP 
i_~ 

l .... s,aJ 

Dimensions in mm 

7Z 73141 
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ACCESSORIES 

Mounting T0-220 envelopes 

56359c 

MECHANICAL DATA 

Material: polyester 

TEMPERATURE 

Maximum permissible 
temperature 

INSULATING BUSH 

for T0-220 envelopes (up to 800 V) 

T max= 150 °c 

0 3,5 
_.lmaxj-+-

1 + g 
+ l--07-1 

7Z73143.1 

Dimensions in mm 

' il 2+7 

... I 1--
0 3,1 

56359d RECTANGULAR INSULATING BUSH 

MECHANICAL DATA 

TEMPERATURE 

Maximum permissible 
temperature 

410 August 1983 

for T0-220 envelopes (up to 1000 V) 

Dimensions in mm 

1-s,s-...I 
T max= 150 oc 

f@J 



ACCESSORIES 

Clip mounting of SOT-93 envelopes 

56378 MICA INSULATOR 
for SOT-93 clip mounting (up to 1500 V) 

MECHANICAL DATA Dimensions in mm 

0,06 ±0,02 

-11._ 

7Z75851.1 

56379 SPRING CLIP 
for direct and insulated mounting of SOT-93 envelopes 

MECHANICAL DATA 

Material: 
CrNi steel N LN-939; 
thickness 0,4 ± 0,04. 

Dimensions in mm 

1.s-/ 

_iJ J~ 
'-----30----1 7Z758S0.1 
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ACCESSORIES 

Screw mounting of SOT-93 envelopes 

56368a MICA INSULATOR 

for insulated screw mounting of SOT-93 envelopes (up to 800 V) 

MECHANICAL DATA 

56368b 

1 i 28 

~j_J 
1--2s-~ 

7Z75330.1 

• 0,06 
t±0,02 

INSULATING BUSH 

Dimensions in mm 

for insulated screw mounting of SOT-93 envelopes (up to 800 V) 

MECHANICAL DATA 

Material: polyester 

TEMPERATURE 

Maximum permissible temperature 

412 August 1983 

Dimensions in mm 

_..
1 

03,85 r 
±0,05 

T max= 150 °c 



Mounting T0-3 envelopes 

56201d MICA WASHER 

Mica washer for up to 500 V insulation of T0--3 envelopes. 

MECHANICAL DATA 

,._ _____ 43~-~~--1 

-----30, 1----· 

10,9 

• 

7Z75li.44.1 

56201j 2 INSULATING BUSHES 

Two insulating bushes for up to 500 V insulation of T0-3 envelopes. 

MECHANICAL DATA 

material: polyester 

-103,81- 1"'3·1r 

t 0,06 
+±0,02 

g1 il '} 
1-06,S_J 7Z75448 

TEMPERATURE 

Maximum permissible temperature 

ACCESSORIES 

Dimensions in mm 

Dimensions in mm 

T max= 150 °c 
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ACCESSORIES 

Mounting T0-3 envelopes 

56261a 2 INSULATING BUSHES 

Two insulating bushes for up to 500 V insulation of T0-3 envelopes. 

MECHANICAL DATA 

Material: polyester 

TEMPERATURE 

--, 03,8 1·- -103,1 , .... 

g,;, Jl l 
'-06,5-.I 7275449 

Maximum permissible temperature 

56339 MICA WASHER 

Dimensions in mm 

T max= 150 oc 

Mica washer for 500 to 2000 V insulation of T0-3 envelopes, for which it should be combined with 
mounting support 56352. 

M.ECHANICAL DATA Dimensions in mm 

·-------46 
·------ 30,1-----<~• 

---16,9---

32 

j 
...... 2 ... 

7Z70265.1 
! 0,075:!: 0,025 

414 August 1983 



ACCESSORIES 

Mounting T0-3 envelopes 

56352 MOUNTING SUPPORT 

Mounting support for 500 to 2000 V insulation of T0-3 envelopes, for which it should be combined 
with mica washer 56339. 

MECHANICAL DATA 

Material: polyester 

t 
10,9 

• 

TEMPERATURE 

Maximum permissible temperature 

-- 2-+-

Dimensions in mm 

--, 
21 

l 

1270266.1 

Tmax = 125 °c 
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MOUNTING INSTRUCTIONS 



INTRODUCTION 

General note on flat heatsinks 

All information on thermal resistances of the accessories combined with flat heatsiRks is valid for 
square heats.inks of 1,5 mm blackened aluminium. 

For a few variations the thermal resistance may be derived as follows: 

• Rectangular heatsinks (sides a and 2a) 
When mounted with long side horizontal, multiply by 0,95. 
When mounted with short side horizontal, multiply by 1, 10. 

• Unblackened or thinner heatsinks 
Multiply by the factor given in Fig. 1 as a function of the heatsink size A. 

7Z78580 

B 

12 1,3 l-l-+-+-+-11-+-+-++-+-+-+-1--1-+-+-11-+-+-++-+-+-1-+-+-+:J;"-+iz~ 

17 

J...,o 

.L-1-
1· 1 t:tt=tii!::t;~t:t::t:t±:tti'.:E:tt:tt=ttt:t=tt:t:Jj 1-1-+- ( 1) 

lL..1....L...L.....L....L...L.....L....L...L.....L....L...L.....L....L...._._....L...L.....L....L...L...1.....L...L...l....l-L...l...L-J 

0 10 20 30 
A (cm 2 ) one side 

Fig. 1 Multiplication factor (B) as a function of heatsink area (A). 
(1) 1 mm blackened aluminium. 
(2) 1,5 mm unblackened aluminium. 
(3) 1 mm unblackened aluminium. 
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__ J MOUNTING 
INSTRUCTIONS 

T0-3 

MOUNTING INSTRUCTIONS FOR T0-3 ENVELOPES 

GENERAL DATA AND INSTRUCTIONS 

Instructions for direct mounting. 

Mounting instructions for up to 500 V insulation. 
Using insulating bushes 56201j or 56261a and mica washer 56201d. 

Mounting instructions for 500 to 2000 V insulation. 
Using mounting support 56352 and mica washer 56339. 

Heatsink requirements 

Flatness in the mounting area: 0,05 mm per 40 mm 

Mounting holes must be deburred. 

Mounting torques 

Minimum torque (for good heat transfer) 

Maximum torque (to avoid damaging the transistor) 

0,4 Nm (4 kgcm) 

0,6 Nm (6 kgcm) 

N.B.: When the driven nut or screw is in direct contact with a toothed lock washer (e.g. Fig. 10), the 
torques are as follows: 

Minimum torque 

Maximum torque 

Thermal data 

0,55 Nm (5,5 kgcm) 

0,8 Nm (8 kgcm) 

The thermal resistance from mounting base to heats ink ( Rth mb-h) can be reduced by applying a heat 
Donducting compound between transistor and heatsink. For insulated mounting the compound should 
be applied to the bottom of both device and insulator. 

From mounting base to heatsink 
without heatsink compound 

with heatsink compound 

. . ~f Insulated mounting 
Direct mounting 500 V mica 2000 v· mica 

----
Rth mb-h 0,6 1,0 1,25 K/W 

Rth rnb-h 0, 1 j 0,3 0,5 K/W 
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MOUNTING 
INSTRUCTIONS 

T0-3 

INSTRUCTIONS FOR DIRECT MOUNTING 

The transistors should be mounted with M4 screws, see Figs 1 and 2. Minimum heatsink thickness (for 
good heat transfer) 1,5 mm. Hole pattern: Fig. 3. 
A heatsink with tapped holes or insert nuts can also be used, but a torque washer is necessary between 
metal washer and transistor. See Fig. 4. 

CD M4 

I 
I 

® 
0) 

1 •. s L._T/_/_3_.J._ __ ~~~~~~1~~ mm+ ---~ VZZZZZZZZ/272?22/ZJ fZZl 

==f=o 
® 
0) 

® 
@) M4 

~ 
+ 
aµJ 

7Z703801 

rrtD 
=r 

~----~ ' 

I 

1,5 L I I min + i:r zz:;z:;iJ::j::I :ir:::z2zzzzz::zz::zr:.z2zzzzz::zz::z:;:z2/ZZZZ::/lr:j=:Erzzziz1 

==t== 

~ 
m 

mow JJ! i 
Figs 1 and 2. Direct mounting with nuts. 

Legend 

( 1) =screw 
(2) = T0-3 
(4) =mica 
(5) = heatsink 
(6) =insulating bush 
(7) = metal washer 
(8) =soldering tag 
(9) = lock washer j 

(10) =nut 

'--(-1-1)_=_t_a-pp_e_d_h_ol-e~-J ( 12) = insert nut 
Dimensions in mm 
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Mounting instructions for T0-3 envelopes 

5,0±0,1 -, . ,-
4 ·g,. $ s ~-=---$----1-0.-9~0,1 

+ $--- ' + 

,_169+0T 

----30,1±0,1~1 7270376 

Fig. 3 Hole pattern for direct mounting with nuts. 

CD M4 

CJ) 

® 
CJ) 

® 

® 

® 

Fig. 4 Direct mounting with tapped holes or insert nuts. 

MOUNTING 
INSTRUCTIONS 

T0-3 
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MOUNTING 
INSTRUCTIONS 

T0-3 

MOUNTING INSTRUCTIONS FOR UP TO 500 V INSULATION 

Using insulating bushes 56201j and mica washer 56201d 

For the component arrangement with minimum heatsink thickness see Figs 5 and 6. For hole pattern 
and shape of holes see Figs 7 and 8. 

Using insulating bush 56261a and mica washer 56201d 

For an arrangement with M3 screws and nuts see Fig. 9, mounting holes are given in Figs 7 and 8. 
The accessories can also be used in combination with M3 screws and heatsinks provided with tapped 
holes or insert nuts. Lock washers are necessary between screw-head and metal washer, see Fig. 10. 
For an assembly drawing with tapped holes see Fig. 11, with insert nuts see Fig. 12. 

i ' 
$ crj:D 

CD M3 + + ' 
I I 

® 

® 56201d 

-~'./j 
0?tj=@Z0?fl//ZW~ ® J!L ~ 

© 56201j ~ Jtl ==f= I 

I I 
0) + I =I= ® ' ==f= 
0) ~ + i """" i ® + + I 

@) M3 crjIJ 7Z70Jfl3.3$ 

Figs 5 and 6. Insulated mounting (500 V) with 56201j and 56201d. Heatsink thickness: 1,5 to 2,5 mm. 

5,0±0,1 

-1~1~ • -tV- ----, --~t 
4~ - -- + -- - ~. 10,9~0,1 
t ' -$--~ 

l-1s 9+01--1 

~30,1±0,1_____.. 7270377 

Fig. 7 Hole pattern for 500 V 
insulation, nut fastening. 

For legend see page 420. 
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Fig. 8 Shape of hole for 500 V 
insulation, nut fastening. 



Mounting instructions for T0-3 envelopes 

Q) M3 

G) (M3) 

@ 56261a 

G)or@* 
(M4) 

® 

@ 56201d 

® 
@!M3) 

@) M3 

' + 
t 
dQ 

vza$.zmk 
' t =/= 2,Smin 

C*1 7Z70J85.3 

Fig. 9 Insulated mounting 
(500 V) with nuts. 

@!M31 

G) (M3) 

MOUNTING 
INSTRUCTIONS 

T0-3 

@ 56261a 1l:r 
G) or @ * a::::::zz:ccz=:i::= 

(M4) 

@ 56201d 

@+@ ~ 
@+® 

+ ' ' 
~5~ 
+ I 7Z70J86,J 

Fig. 10 Insulated mounting (500 V) 
with tapped holes or insert nuts. 

-+ 
Q 

'"-~'---IL-..Ll-"-+-.t-c+-..'-+-.L.4---'' 

...... 04±0,1 -

-0s.s+g.2 __. 7Z?0387.3 

Fig. 11 Assembly (partial) for Fig. 10 - tapped holes. 
a minimum 2,5 mm. 

For legend see page 420. 

* Thickness approximately 0,6 mm, outer diameter 7,5 mm. 
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T0-3 

MOUNTING l 
INSTRUCTIONS 

..._~~~~~~~~~~~~~~~~~~~~~~~~~~ 

56261a 

56201d 
0,6min _+_ 

t + 
Q 

Fig. 12 Assembly (partial) for Fig. 10- insert nuts Q minimum 2,5 mm. 

For legend see page 420. Dimensions in mm 

* Thickness approximately 0,6 mm, outer diameter 7,5 mm. 
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Mounting instructions for T0-3 envelopes 

MOUNTING INSTRUCTIONS FOR 500VT02000V INSULATION 

Using mounting support 56352 and mica washer 56339 

MOUNTING 
INSTRUCTIONS 

T0-3 

The transistor should be mounted with M3 screws. For compon•mt arrangement see Figs 13 and 14. 
For hole pattern see Fig. 15. Thickness of heatsink 2,5 mm to 3 mm. 

® 56339 

® 

56352 

' I I 

I 

I tw#MWWM I@ 
I ' 

4JiL 
~ " i 

' I 

$ 
+ ' 

I 

(j) 

® 
(j) 

=zz:z:::l=i I + ==!== 
+ ® 

@) M3 $ 7170390 

Figs 13 and 14. Insulated mounting (500 V-2000 V). 

I . -~~---'----' -
7.5±0,1 ID _ --,- __ Lb. 10.9f 0.1 

+ ' . $----+~-----' 
l-16,9±0,1-1 

-4----- 30.1 ±0.1 _______.. 7270378 

Fig. 15 Hole pattern for Figs 13 and 14. 

For legend see page 420. 

C$ 

+ ' 
I 
I 

' ' 
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MOUNTING 
INSTRUCTIONS 
T0-126/SOT-82 

MOUNTING INSTRUCTIONS 

FOR T0-126 AND SOT -82 ENVELOPES 

GENERAL DATA AND INSTRUCTIONS 

General rules 

1. First fasten the devices to the heatsink before soldering the leads. 
2. Avoid axial stress to the leads. 
3. Keep mounting tool (e.g. screwdriver) clear of the plastic body. 

Heatsink requirements 

Minimum thickness: 2 mm. 
Flatness in the mounting area: 0,02 mm maximum per 10 mm. 
Mounting holes must be deburred and should also be perpendicular to the plane of the heatsink, within 
10° tolerance for M2,5 thread and within 20 tolerance for M3 thread. If the hole in the heatsink is 
threaded, it should be counter-sunk and free of burrs. 

Heatsink compound 

Values of the thermal resistance from mounting base to heatsink (Rth mb-hl given for mounting with 
heatsink compound refer to the use of a metallic oxide-loaded compound. Ordinary silicone grease is 
not recommended. 

For insulated mounting, the compound should be applied to the bottom of both device and insulator. 

Mounting methods for power transistors 

1. Clip mounting (T0-126 and SOT-82) 

Mounting by means of spring clip offers: 

a. A good thermal contact under the crystal area. 
b. Safe insulation for mains and high voltage operation 

2. M2,5 and M3 screw mounting. (T0-126 only). 

The spacing washer should be inserted between screw head and body. 

Mounting torque for screw mounting: 
Minimum torque (for good heat transfer) 
Maximum torque (to avoid damaging the device) 

0,4 Nm (4 kgcm) 
0,6 Nm (6 kgcm) 

N.B. when the driven nut or screw is in direct contact with a toothed lock washer the torques are 
as follows: 

Minimum torque (for good heat transfer) 
Maximum torque (to avoid damaging the device) 

3. Body mounting (SOT-82). 

0,55 Nm (5,5 kgcm) 
0,80 Nm (8,0 kgcm) 

A SOT-82 envelope can be adhesive mounted or soldered into a hybrid circuit. 
For soldering a copper plate or an anodized aluminium plate with copper layer is recommended. 
When adhesive mounting is applied also a ceramic substrate may be used. 
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Thermal data 

From mounting base to heatsink Rth mb-h (K/W) 

clip mounting 
direct insulated 

screw mounting 
direct insulated 

T0-126, with heatsink compound 
T0-126, without heatsink compound 

SOT-82, with heatsink compound 
SOT-82, without heatsink compound 

Lead bending 

1,0 
3,0 

0,4 
2,0 

3,0 
6,0 

2,0 
5,0 

Maximum permissible tensile force on the body, for 5 seconds is 20 N (2 kgf). 

0,5 
1,0 

3,0 
6,0 

The leads can be bent through goo maximum, twisted or straightened. To keep forces within the above­
mentioned limits, the leads are generally clamped near the body, using pliers. The leads should neither 
be bent nor twisted less than 2,4 mm from the body. 

Lead soldering 

For devices with a maximum junction temperature<( 150 oc. 

a. Dip or wave soldering 
Temperature<( 260 oc at a distance from the body> 5 mm and for a total contact time with 
soldering bath or waves< 7 s. 

b. Hand soldering 
Temperature at a distance from the body> 3 mm for a total contact time< 5 sis< 275 oc or 
< 250 °c for a total contact time of< 10 s. 

The body of the device must be kept clear of anything with a temperature> 200 oc. 
Avoid any force on body and leads during or after soldering; do not correct the position of the device 
or of its leads after soldering. 

Mounting base soldering 

Recommended metal-alloy of solder paste (85% metal weight) 
62 Sm/36 Pb/2 Ag or 60 Sn/40 Pb. 
Maximum soldering temperature<( 200 oc (tab-temperature). 
Solderlng cycle duration including pre-heating<( 30 sec. 

For good soldering and avoiding damage to the encapsulation pre-heating is recommended to a 
temperature<( 165 oc at a duration<( 10 s. 
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Mounting instructions for T0-126 and SOT-82 envelopes 

MOUNTING 
INSTRUCTIONS 
T0-126/SOT-82 

INSTRUCTIONS FOR CLIP MOUNTING 

Direct mounting with clip 56353 

1. Place the device on the heatsink, applying heatsink compound to the mounting base. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to 
300 to the vertical (see Figs 1 and 2). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body (see Fig. 3). 

Fig. 1 Heatsink requirements. 

10°~ l•-30° 

' ............ 1 
1

1 ', 

\ !---
' J 
/ 

2,0 
1,5 

~~~~:E::]' ___ J 
-t 

Fig. 2 Mounting 
spring clip. 

7Z7B762 

Insulated mounting with clip 56353 and mica 56354 (up to 1000 V insulation) 

Fig. 3 Position of 
transistor (top view). 

1. Place the device with the insulator on the heatsink, applying heatsink compound to the bottom of 
both device and insulator. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to 
300 to the vertical (see Figs 4 and 5). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body (Fig. 6). Ensure that the device is centred on the 
mica insulator to prevent creepage. 

1-t-=~c=j1 __ -8- ' . .----j--, . ' -B t . +---+ ·h·-J-{-+ . . i;~ 
[_j '·--1-.-· . ' • 

I I f---+---l I 1-
-- 1,6 ' 11,5 ' 1,8 --

1,4 11,0 min 

Fig. 4 Heatsink requirements. 

10°----.._ l
._30° 

' ............. 1 
I\ /~-fl 
' J 
/ 

Fig. 5 Mounting. 
(1) spring clip 56353. 
(2) insulator 56354. 

Fig. 6 Position of 
transistor (top view). 
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MOUNTING 
INSTRUCTIONS 
T0-126/SOT-82 

INSTRUCTIONS FOR SCREW MOUNTING 

Direct mounting with screw and spacing washer 

~ M3 bo" 

~ 56326 

===t=UIJ T0-126 

tV?ZVJ I f'ava heatsink 

lock washer 

nut' 
7265398 

Fig. 7 Assembly through heatsink with nut. 

~ M3 bo" 

~ 56326 

===r.--:_r1i1nJ ro-126 

f??<WJ ! f<ZZZ3 heatsink 

Fig. 9 Assembly into tapped heatsink. 
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Dimensions in mm 

Fig. 8 Heatsink requirements. 

Fig. 10 Heatsink requirements. 



Mounting instructions for T0-126 and SOT-82 envelopes 
MOUNTING 

INSTRUCTIONS 
T0-126/SOT-82 

INSTRUCTIONS FOR SCREW MOUNTING 

Insulated mounting with 56326, 56387a and 56387b (up to 300 V) 

Fig. 15 Assembly through heatsink with nut. Fig. 16 Heatsink requirements. 

t 6 
min 

_I 7Z89318 

M2,5 

Fig. 17 Assembly with tapped heatsink. Fig. 18 Heatsink requirements. 

Legend 

1 M2,5 screw 4 mica washer 56387 a 
2 metal washer 56326 5 lock washer 
3 insulating bush 56387b 6 M2,5 nut 
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MOUNTING 

INSTRUCTIONS 

T0-220/SOT-186 -

MOUNTING INSTRUCTIONS FOR T0-220 

AND SOT -186 ENVELOPES 

GENERAL DATA AND INSTRUCTIONS 

General rules 

1. First fasten the device to the heatsink before soldering the leads. 
2. Avoid axial stress to the leads. 
3. Keep mounting tool (e.g. screwdriver) clear of the plastic body. 
4. The rectangular washer may only touch the plastic part of the body; it should not exert any force on 

that part (screw mounting). 

Heatsink requirements 

Flatness in the mounting area: 0,02 mm maximum per 10 mm. 
Mounting holes must be deburred, see further mounting instructions. 

Heatsink compound 

Values of the thermal resistance from mounting base to heatsink ( Rth mb-h) given for mounting with 
heatsink compound refer to the use of a metallic oxide-loaded compound. Ordinary silicone grease is 
not recommended. 

For insulated mounting, the compound should be applied to the bottom of both device and insulator. 

Mounting methods for power transistors 

1. Clip mounting 

Mounting with a spring clip gives: 

a. A good thermal contact under the crystal area, and slightly lower Rth mb-h values than screw 
mounting. 

b. Safe insulation for mains operation. 

2. M3 screw mounting 

It is recommended that the rectangular spacing washer is inserted between screw head and mounting 
tab. 

Mounting torque for screw mounting: 

(For thread-forming screws these are final values. Do not use self-tapping screws.) 

Minimum torque (for good heat transfer) 0,55 Nm (5,5 kgcm) 
Maximum torque (to avoid damaging the device) 0,80 Nm (8,0 kgcm) 

N.B.: When a nut or screw is not driven direct against a curved spring washer or lock washer (not for 
thread-forming screw), the torques are as follows: 

Minimum torque (for good heat transfer) 
Maximum torque (to avoid damaging the device) 

N.B.: Data on accessories are given in separate data sheets. 

0,4 Nm (4 kgcm) 
0,6 Nm (6 kgcm) 
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MOUNTING 

INSTRUCTIONS 

T0-220/SOT-186 

3. Rivet mounting non-insulated 

The device should not be pop-rivetted to the heatsink. However, it is permissible to press-rivet pro­
viding that eyelet rivets of soft material are used, and the press forces are slowly and carefully con­
trolled so as to avoid shock and deformation of either heatsink or mounting tab. 

Thermal data clip screw 

From mounting base to heatsink 
mounting mounting 

with heatsink compound, direct mounting Rth mb-h 0,3 0,5 K/W 

without heatsink compound, direct mounting Rth mb-h 1,4 1,4 K/W 

with heatsink compound and 0, 1 mm 
maximum mica washer Rth mb-h 2,2 K/W 

with heatsink compound and 0,25 mm 
maximum alumina insulator Rth mb-h 0,8 K/W 

with heatsink compound and 0,05 mm mica washer 
insulated up to 500 V Rth mb-h 1,4 K/W 
insulated up to 800 V/1000 V Rth mb-h 1,6 K/W 

without heatsink compound and 0,05 mm mica washer 
insulated up to 500 V Rth mb-h 3,0 K/W 
insulated up to 800 V /1000 V Rth mb-h 4,5 K/W 

Lead bending 

Maximum permissible tensile force on the body, for 5 seconds is 20 N (2 kgf). 

The leads can be bent through 90° maximum, twisted or straightened. To keep forces within the above­
mentioned limits, the leads are generally clamped near the body, using pliers. The leads should neither 
be bent nor twisted less than 2,4 mm from the body. 

Soldering 

Lead soldering temperature at> 3 mm from the body; tsld < 5 s: 

Devices with Tj max< 175 °c, soldering temperature Tsld max= 275 °c. 
Devices with Tj max< 110 °c, soldering temperature Tsld max= 240 °c. 

Avoid any force on body and leads during or after soldering: do not correct the position of the device 
or of its leads after soldering. 

It is not permitted to solder the metal tab of the device to a heatsink, otherwise its junction temperature 
rating will be exceeded. 

Mounting base soldering 

Recommended metal-alloy of solder paste (85% metal weight) 
62 Sm/36 Pb/2 Ag or 60 Sn/40 Pb. 
Maximum soldering temperature< 200 °c (tab-temperature). 
Soldering cycle duration including pre-heating< 30 sec. 

For good soldering and avoiding damage to the encapsulation pre-heating is recommended to a 
temperature< 165 °c at a duration< 10 s. 
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MOUNTING 

INSTRUCTIONS 

T0-220/SOT-186 

INSTRUCTIONS FOR CLIP MOUNTING 

Direct mounting with clip 56363 

1. Apply heatsink compound to the mounting base, then place the transistor on the heatsink. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to 
300 to the vertical (see Figs 1 and 2). 

3. Push down the clip over the device until the lonq end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 2a). 

Fig. 1 Heatsink requirements. Fig. 2 Mounting. 
(1) spring clip 56363. 

Insulated mounting with clip 56364 

With the insulators 56367 or 56369 insulation up to 2 kV is obtained. 

Fig. 2a Position o'f 
transistor (top view). 

1. Apply heatsink compound to the bottom of both transistor and insulator, then place the transistor 
with the insulator on the heatsink. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to 
300 to the vertical (see Figs 3 and 4). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab. Ensure that the device is 
centred on the mica insulator to prevent creepage. 

-• D D 4,0 
-3,B 

1,6_J l. __ 16,a __ l l.)amin 
1,4 16,3 ' • 

021 P?VZZT:?T//1 f'%ZJ 2.0 
-+1,0 

Fig. 3 Heatsink requirements. 

7Z75437 

Fig. 4 Mounting. 
(1) spring clip 56364. 
(2) insulator 56369 or 56367. 

Fig. 4a Position of 
transistor (top view). 
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MOUNTING 

NSTRUCTIONS 
T0-220/SOT-186 

INSTRUCTIONS FOR SCREW MOUNTING 

Direct mounting with screw and spacing washer 

• through heatsink with nut 

Fig. 5 Assembly. 

(1) M3 screw. 
(2) rectangular washer (56360a). 
(3) lock washer. 
(4) M3 nut. 
(5) heatsink. 
(8) plain washer. 

• into tapped heatsink 

Fig. 7 Assembly. 

(1) M3screw. 
(2) rectangular washer 56360a. 
(5) heatsink. 
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L(IJ3.3J 
3,1 

Dimensions in mm 

7Z69693.2 

+ 
1,5 

min 

+ 

Fig. 6 Heatsink requirements. 

Fig. 8 Heatsink requirements. 



Insulated mounting with screw and spacing washer 

MOUNTING 

INSTRUCTIONS 
T0-220/SOT-186 

Dimensions in mm 
(not recommended where mounting tab is on mains voltage) 

• through heatsink with nut 

~ rectangular washer 56360 a 

-~ T0-220 T mica insulator 56359 b 

heatsink 

nsulat1ng bush 56359 c 

j== plain washer 

===t= lock washer 

CijIJ M3 nut 
nss253 

Fig. 9 Insulated screw mounting with 
rectangu I ar washer. Known as a "bottom 
mounting". 

180° 

~I :.~~0~1 
L~ . / +0.1 

2,0 I ~ t+o,1 
±0,1 i 
+ J ¢3 5+0.2 I __ 

I 0 7Z75£.34 

Fig. 10 Heatsink requirements for 500 V 
insulation. 

1
-05,5±0,1----1 

L . t 
fo~1 ~ f ~0,1 

--' 03 6 +0.2 I __ 
' Q 7Z75433 

Fig. 11 Heatsink requirements for 800 V 
insulation. 

• into tappe1 heatsink 

a rectangular washer 56360a 

U rectangular insulating bush 56359d 

u I~ ro-220 

mica insulator 56359 b 

~ heatsink 

Fig. 12 Insulated screw mounting with 
rectangular washer into tapped heatsink. 
Known as a "top mounting". 

Fig. 13 Heatsink requirements for 500 V 
insulation. 

Fig. 14 Heatsink requirements for 1000 V 
insulation. 

October 1985 437 





MOUNTING 

INSTRUCTIONS 

SOT-93 

MOUNTING INSTRUCTIONS FOR SOT-93 ENVELOPES 

GENERAL DATA AND INSTRUCTIONS 

General rule 

Avoid any sudden forces on leads and body; these forces, such as from falling on a hard surface, are 
easily underestimated. In the direct screw mounting an M4 screw must be used; an M3 screw in the 
insulating mounting. 

Heatsink requirements 

Flatness in the mounting area: 0,02 mm maximum per 10 mm. 
The mounting hole must be deburred. 

Heatsink compound 

The thermal resistance from mounting base to heatsink ( Rth mb-h) can be reduced by applying a 
metallic-oxide heatsink compound between the contact surfaces. For insulated mounting the compound 
should be applied to the bottom of both device and insulator. 

Maximum play 

The bush or the washer may only just touch the plastic part of the body, but should not exert any 
force on that part. Keep mounting tool (e.g. screwdriver) clear of the plastic body. 

Mounting torques 

For M3 screw (insulated mounting): 
Minimum torque (for good heat transfer) 
Maximum torque (to avoid damaging the device) 

For M4 screw (direct mounting only): 
Minimum torque (for good heat transfer) 
Maximum torque (to avoid damaging the device) 

Note: The M4 screw head should not touch the plastic part of the envelope. 

Lead bending 

Maximum permissible tensile force on the body for 5 s 

No torsion is permitted at the emergence of the leads. 

Bending or twisting is not permitted within a lead length of 0,3 mm. 

0,4 Nm ( 4 kgcm) 
0,6 Nm ( 6 kgcm) 

0,4 Nm ( 4 kgcm) 
1,0 Nm (10 kgcm) 

20 N (2 kgf) 

The leads can be bent through 90° maximum, twisted or straightened; to keep forces within the above­
mentioned limits, the leads are generally clamped near the body. 

N.B.: Data on accessories are given in chapter Accessories. 
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MOUNTING 
INSTRUCTIONS 

SOT-93 
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Soldering 

Recommendations for devices with a maximum junction temperature rating..;;; 175 oc: 

a. Dip or wave soldering 

Maximum permissible solder temperature is 260 °c at a distance from the body of> 5 mm and for 
a total contact time with soldering bath or waves of< 7 s. 

b. Hand soldering 

Maximum permissible temperature is 275 °c at a distance from the body of> 3 mm and for a total 
contact time with the soldering iron of< 5 s. 

The body of the device must not touch anything with a temperature> 200 oc. 

It is not permitted to solder the metal tab of the device to a heatsink, otherwise the junction tempera­
ture rating will be exceeded. 

· Avoid any force on body and leads during or after soldering; do not correct the position of the device 
or of its leads after soldering. 

Thermal data 

Thermal resistance from mounting base to heatsink 
direct mounting 
with heatsink compound 
without heatsink compound 

with 0,05 mm mica washer 
with heatsink compound 
without heatsink compound 

INSTRUCTIONS FOR CLIP MOUNTING 

Direct mounting with clip 56379 

Rth mb-h 
Rth mb-h 

Rth mb-h 
Rth mb-h 

clip 
mounting 

0,3 
1,5 

0,8 
3,0 

screw 
mounting 

0,3 K/W 
0,8 K/W 

0,8 K/W 
2,2 K/W 

1. Place the device on the heatsink, applying heatsink compound to the mounting base. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 100 to 
200 to the vertical (see Fig. 1 b). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 1 (c)) . 

• D 0~6 7,4 

3,1J l.__30,2 __ 1 l .. }smin 
2,9 29,B ' 

•2.1 p?Zd f?t?Z?ZZZZZZZZJ vzza + 1,9 

Fig. la Heatsink requirements. 
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Fig. lb Mounting. 
(1) =spring clip 56379. 

Fig. 1 c Position 
of the device. 



Mounting instructions for SOT-93 envelopes 

MOUNTING 

INSTRUCTIONS 
SOT-93 

Insulated mounting with clip 56379 

With the mica 56378 insulation up to 1500 V is obtained. 

1. Place the device with the insulator on the heatsink, applying heatsink compound to the bottom of 
both device and insulator. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to 
20° to the vertical (see Figs 2a and 2b). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not pn the tab (see Fig. 2c). There should be 
minimum 3 mm distance between the device and the edge of the insulator for adequate creepage. 

+ D D-7:6 
7,4 

3,1J l.__30,2 ____ l l ... }5min 
2~ 29~ , 

t 2,1 vzza pzzzzzzzzzzzz;a e;za t 1,9 

Fig. 2a Heatsink requirements. 

INSTRUCTIONS FOR SCREW MOUNTING 

Fig. 2b Mounting. 
(1) =spring clip 56379 
(2) = insulator 56378 

7Z75848 

Fig. 2c Position 
of the device. 

~:~ 
'--~ t:{ J 7Z89316 t 

-1 ~ 4,5 max ,--

+ 
2 

min 

Fig. 3a Assembly through heatsink with nut. Fig. 3b Heatsink requirements. 

When screw mounting the SOT-93 envelope, it is particularly important to apply a thin, even layer of 
heatsink compound to the mounting base, and to apply torque to the screw slowly so that the 
compound has time to flow and the mounting base is not deformed. Most SOT-93 envelopes contain 
a crystal larger tnan that in the other plastic envelopes, and it is more likely to crack if the mounting 
base is deformed. 

Legend: ( 1) M4 screw; (2) plain washer; (6) M4 nut. 
Where vibrations are to be expected the use of a lock washer or of a curved spring washer is recommen­
ded, with a plain washer between aluminium heatsink and spring washer. 
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MOUNTING 
INSTRUCTIONS 

SOT-93 

Insulated screw mounting with nut; up to 800 V. 

Fig. 4 Assembly. 
See also Fig. 9. 

(1) M3 screw 
(2) plain washer 
(3) insulating bush 
(4) mica insulator 
(5) lock washer 
(6) M3 nut 

(56368b) 
(56368a) 

Insulated screw mounting with tapped hole; up to 800 V. 

Fig. 6 Assembly. 
See also Fig. 9. 
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Fig. 5 Heatsink requirements 
up to 800 V insulation. 

Fig. 7 Heatsink requirements 
up to 800 V insulation. 

(1) M3 screw 
(2) plain washer 
(3) insulating bush 
(4) mica insulator 
(5) lock washer 

(56368b) 
(56368a) 



Mounting instructions for SOT-93 envelopes 

Insulated screw mounting with insert nut; up to 500 V 

t 2,5 
min 

t 

7Z75323.1 

Fig. 8 Assembly and heatsink requirements 
for 500 V insulation. See also Fig. 3. 

(1) M3 screw 
(2) plain washer 
(3) insulating bush 
(4) mica insulator 
(5) lock washer 

I 
I 

I , I 

l ___ J ___ J 

(56368b) 
(56368a) 

SOT-93 

insulator 

7Z75329 

Fig. 9 Mica insulator. 

MOUNTING 

INSTRUCTIONS 
SOT-93 

The axial deviation (a) between SOT-93 and mica should not exceed 50. 
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l INDEX 

INDEX OF TYPE NUMBERS 

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

type no. book section 

BA220 S1 SD 
BA221 S1 SD 
BA223 S1 T 
BA281 S1 SD 
BA314 S1 Vrg 

BA315 S1 Vrq 
BA316 S1 SD 
BA317 S1 SD 
BA318 S1 SD 
BA423 S1 T 

BA480 S1 T 
BA481 S1 T 
BA482 S1 T 
BA483 S1 T 
BA484 S1 T 

BA682 S1 T 
BA683 S1 T 
BAS11 S1 SD 
BAS15 S1 SD 
BAS16 S7/S1 Mm/SD 

BAS17 S7/S1 Mm/Vrg 
BAS19 S7/S1 Mm/SD 
BAS20 S7/S1 Mm/SD 
BAS21 S7/S1 Mm/SD 
BAS28 S7/S1 Mm/SD 

Mm = Microminiature semiconductors 
for hybrid circuits 

SD = Small-signal diodes 

type no. 

BAS29 
BAS31 
BAS32 
BAS35 
BAS45 

BAS56 
BAT17 
BAT18 
BAT54 
BAT74 

BAT81 
BAT82 
BAT83 
BAT85 
BAT86 

BAV10 
BAV18 
BAV19 
BAV20 
BAV21 

BAV23 
BAV45 
BAV70 
BAV99 
BAV100 

book section type no. book 

S7/S1 Mm/SD BAV101 S7/S1 
S7/S1 Mm/SD BAV102 S7/S1 
S7/S1 Mm/SD BAV103 S7/S1 
S7/S1 Mm/SD BAW56 S7/S1 
S1 SD BAW62 S1 

S1 SD BAX12 S1 
S7/S1 Mm/T BAX14 S1 
S7/S1 Mm/T BAX18 S1 
S1 SD BAY80 S1 
S1 SD BB112 S1 

S1 T BB119 S1 
S1 T BB130 S1 
S1 T BB204B S1 
S1 T BB204G S1 
S1 T BB212 S1 

S1 SD BB405B S1 
S1 SD BB417 S1 
S1 SD BB809 S1 
S1 SD BB909A S1 
S1 SD BB909B S1 

S7/S1 Mm/SD BBY31 S7/S1 
S1 Sp BBY40 S7/S1 
S7/S1 Mm/SD BC107 S3 
S7/S1 Mm/SD BC108 S3 
S7/S1 Mm/SD BC109 S3 

Sp = Special diodes 
T =Tuner diodes 
Vrg =Voltage regulator diodes 
Sm = Small-signal transistors 

section 

Mm/SD 
Mm/SD 
Mm/SD 
Mm/SD 
SD 

SD 
SD 
SD 
SD 
T 

T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

Mm/T 
Mm/T 
Sm 
Sm 
Sm 



INDEX j 
type no. book section 

BC140 S3 Sm 
BC141 53 Sm 
BC146 53 Sm 
BC160 S3 Sm 
BC161 53 Sm 

BC177 S3 Sm 
BC178 S3 Sm 
BC179 S3 Sm 
BC200 S3 Sm 
BC264A 55 FET 

BC264B SS FET 
BC264C 55 FET 
BC264D 55 FET 
BC327;A S3 Sm 
BC328 53 Sm 

BC337;A S3 Sm 
BC338 53 Sm 
BC368 53 Sm 
BC369 53 Sm 
BC375 S3 Sm 

BC376 S3 Sm 
BC546 53 Sm 
BC547 S3 Sm 
BC548 S3 Sm 
BC549 S3 Sm 

BC550 53 Sm 
BC556 S3 Sm 
BC557 S3 Sm 
BC558 S3 Sm 
BC559 S3 Sm 

BC560 S3 Sm 
BC635 S3 Sm 
BC636 S3 Sm 
BC637 53 Sm 
BC638 S3 Sm 

BC639 S3 Sm 
BC640 S3 Sm 
BC807 S7 Mm 
BC808 S7 Mm 
BC817 S7 Mm 

=series 
FET = Field-effect transistors 
Mm = Microminiature semicondcutors 

for hybrid circuits 

October 1985 

type no. 

BC818 
BC846 
BC847 
BC848 
BC849 

BC850 
BC856 
BC857 
BC858 
BC859 

BC860 
BC868 
BC869 
BCF29;R 
BCF30;R 

BCF32;R 
BCF33;R 
BCF70;R 
BCF81 ;R 
BCV61 

BCV62 
BCV71 ;R 
BCV72;R 
BCW29;R 
BCW30;R 

BCW31 ;R 
BCW32;R 
BCW33;R 
BCW60* 
BCW61* 

BCW69;R 
BCW70;R 
BCW71 ;R 
BCW72;R 
BCW81 ;R 

BCW89 R 
BCX17 R 
BCX18 R 
BCX19 R 
BCX20 R 

book 

S7 
S7 
S7 
S7 
S7 

S7 
S7 
S7 
S7 
S7 

S7 
S7 
57 
S7 
57 

S7 
57 
S7 
S7 
S7 

S7 
S7 
S7 
S7 
S7 

57 
57 
S7 
S7 
S7 

S7 
S7 
S7 
S7 
S7 

S7 
S7 
S7 
S7 
S7 

section type no. book 

Mm BCX51 S7 
Mm BCX52 S7 
Mm BCX53 57 
Mm BCX54 S7 
Mm BCX55 S7 

Mm BCX56 S7 
Mm BCX68 S7 
Mm BCX69 S7 
Mm BCX70* S7 
Mm BCX71* S7 

Mm BCY56 S3 
Mm BCY57 53 
Mm BCY58 53 
Mm BCY59 S3 
Mm BCY70 S3 

Mm BCY71 S3 
Mm BCY72 S3 
Mm BCY78 S3 
Mm BCY79 S3 
Mm BCY87 S3 

Mm BCY88 53 
Mm BCY89 S3 
Mm BD131 S4a 
Mm BD132 S4a 
Mm BD135 S4a 

Mm BD136 S4a 
Mm BD137 S4a 
Mm BD138 S4a 
Mm BD139 S4a 
Mm BD140 S4a 

Mm BD201 S4a 
Mm BD202 S4a 
Mm BD203 S4a 
Mm BD204 S4a 
Mm BD226 S4a 

Mm BD227 S4a 
Mm BD228 S4a 
Mm BD229 S4a 
Mm BD230 S4a 
Mm BD231 S4a 

P = Low-frequency power transistors 
Sm =Small-signal transistors 

section 

Mm 
Mm 
Mm 
Mm 
Mm 

Mm 
Mm 
mm 
Mm 
Mm 

Sm 
Sm 
Sm 
Sm 
Sm 

Sm 
Sm 
Sm 
Sm 
Sm 

Sm 
Sm 
p 
p 
p 

p 
p 
p 
p 
p 

p 
p 
p 
p 
p 

p 
p 
p 
p 
p 



l INDEX 

type no. book section type no. book section type no. book section 

BD233 S4a p BD433 S4a p BD843 S4a p 

BD234 S4a p BD434 S4a p B0844 S4a p 

BD235 S4a p BD435 S4a p B0845 S4a p 

B0236 S4a p B0436 S4a p B0846 S4a p 

BD237 S4a p BD437 S4a p B0847 S4a p 

B0238 S4a p B0438 S4a p B0848 S4a p 
BD239 S4a p BD645 S4a p B0849 S4a p 

B023'JA S4a p 80646 S4a p B0850 S4a p 

BD239B S4a p BD647 S4a p BD933 S4a p 

B0239C S4a p 80648 S4a p B0934 S4a p 

BD240 S4a p BD649 S4a p B0935 S4a p 

B0240A S4a p B0650 S4a p B0936 S4a p 

BD240B S4a p BD651 S4a p BD937 S4a p 

B0240C S4a p 80652 S4a p B0938 S4a p 

BD241 S4a p BD675 S4a p BD939 S4a p 

BD241A S4a p B0676 S4a p B0940 S4a p 

BD241B S4a p BD677 S4a p BD941 S4a p 

BD241C S4a p B0678 S4a p B0942 S4a p 

BD242 S4a p BD679 S4a p BD943 S4a p 

BD242A S4a p BD680 S4a p B0944 S4a p 

BD242B S4a p BD681 S4a p BD945 S4a p 
BD242C S4a p BD682 S4a p BD946 S4a p 

BD243 S4a p BD683 S4a p BD947 S4a p 
8D243A S4a p BD684 S4a p BD948 S4a p 
BD243B S4a p BD813 S4a p BD949 S4a p 

B0243C S4a p B0814 S4a p BD950 S4a p 
BD244 S4a p BD815 S4a p BD951 S4a p 
BD244A S4a p BD816 S4a p BD952 S4a p 
BD244B S4a p BD817 S4a p BD953 S4a p 
BD244C 54a p 80818 S4a p BD954 54a p 

BD329 S4a p BD825 S4a p BD955 S4a p 

BD330 S4a p B0826 54a p 80956 S4a p 
BD331 S4a p BD827 S4a p BDT20 S4a p 

BD332 S4a p BD828 S4a p 8DT21 S4a p 

BD333 S4a p BD829 S4a p BDT29 54a p 

BD334 54a p BD830 54a p BDT29A S4a p 

BD335 S4a p BD839 S4a p BDT29B S4a p 
BD336 S4a p 80840 54a p BDT29C S4a p 
BD337 S4a p BD841 S4a p BDT30 S4a p 
B0338 S4a p BD842 S4a p BDT30A S4a p 

P = Low-frequency power transistors 

October 1985 



INDEX J 
type no. book section type no. book section type no. book section 

BDT30B S4a p BDT63B S4a p BDV91 S4a p 

BDT30C S4a p BDT63C S4a p BDV92 S4a p 

BDT31 S4a p BDT64 S4a p BDV93 S4a p 

BDT31A S4a p BDT64A S4a p BDV94 S4a p 

BDT31B S4a p BDT64B S4a p BDV95 S4a p 

BDT31C S4a p BDT64C S4a p BDV96 S4a p 

BDT32 S4a p BDT65 S4a ·p BDW55 S4a p 

BDT32A S4a p BDT65A S4a p BDW56 S4a p 

BDT32B S4a p BDT65B S4a p BDW57 S4a p 

BDT32C S4a p BDT65C S4a p BDW58 S4a p 

BDT41 S4a p BDT81 S4a p BDW59 S4a p 

BDT41A S4a p BDT82 S4a p BDW60 S4a p 

BDT41B S4a p BDT83 S4a p BDX35 S4a p 

BDT41C S4a p BDT84 S4a p BDX36 S4a p 

BDT42 S4a p BDT85 S4a p BDX37 S4a p 

BDT42A 54a p BDT86 54a p BDX42 54a p 

BDT42B 54a p BDT87 54a p BDX43 54a p 

BDT42C S4a p BDT88 S4a p BDX44 S4a p 
BDT51 S4a p BDT91 S4a p BDX45 S4a p 
BDT52 S4a p BDT92 S4a p BDX46 S4a p 

BDT53 S4a p BDT93 S4a p BDX47 S4a p 
BDT54 S4a p BDT94 S4a p BDX62 S4a p 
BDT55 S4a p BDT95 S4a p BDX62A S4a p 
BDT56 S4a p BDT96 S4a p BDX62B S4a p 
BDT57 S4a p BDV64 S4a p BDX62C S4a p 

BDT58 S4a p BDV64A S4a p BDX63 S4a p 
BDT60 S4a p BDV64B S4a p BDX63A S4a p 
BDT60A S4a p BDV64C S4a p BDX63B S4a p 
BDT60B S4a p BDV65 S4a p BDX63C S4a p 
BDT60C S4a p BDV65A S4a p BDX64 S4a p 

BDT61 S4a p BDV65B S4a p BDX64A S4a p 
BDT61A S4a p BDV65C S4a p BDX64B S4a p 
BDT61B S4a p BDV66A 54a p BDX64C S4a p 
BDT61C S4a p BDV66B S4a p BDX65 54a p 

BDT62 S4a p BDV66C S4a p BDX65A S4a p 

BDT62A S4a p BDV66D S4a p BDX65B S4a p 

BDT62B S4a p BDV67A S4a p BDX65C S4a p 
BDT62C 54a p BDV67B S4a p BDX66 S4a p 
BDT63 S4a p BDV67C S4a p BDX66A S4a p 
BDT63A S4a p BDV67D S4a p BDX66B S4a p 

P; Low-frequency power transistors 
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type no. book section type no. book section type no. book section 

BDX66C S4a p BF410A S5 FET BF623 S7 Mm 
BDX67 S4a p BF410B S5 FET BF660;R S7 Mm 
BDX67A S4a p BF410C S5 FET BF689K S10 WBT 
BDX67B S4a p BF4100 S5 FET BF763 S10 WBT 
BDX67C S4a p BF419 S4b HVP BF767 S7 Mm 

BDX68 S4a p BF420 S3 Sm BF819 S4b HVP 
BDX68A S4a p BF421 S3 Sm BF820 S7 Mm 
BDX68B S4a p BF422 S3 Sm BF821 S7 Mm 
BDX68C S4a p BF423 S3 Sm BF822 S7 Mm 
BDX69 S4a p BF450 S3 Sm BF823 S7 Mm 

BDX69A S4a p BF451 S3 Sm BF824 S7 Mm 
BDX69B S4a p BF457 S4b HVP BF857 S4b HVP 
BDX69C S4a p BF458 S4b HVP BF858 S4b HVP 
BDX77 S4a p BF459 S4b HVP BF859 S4b HVP 
BDX78 S4a p BF469 S4b HVP BF869 S4b HVP 

BDX91 S4a p BF470 S4b HVP BF870 S4b HVP 
BOX92 S4a p BF471 S4b HVP BF871 S4b HVP 
BOX93 S4a p BF472 S4b HVP BF872 S4b HVP 
BDX94 S4a p BF483 S3 Sm I BF926 S3 Sm 
BDX95 S4a p BF485 S3 Sm BF936 S3 Sm 

BDX96 S4a p BF487 S3 Sm BF939 S3 Sm 
BDY90 S4a p BF494 S3 Sm BF960 S5 FET 
BDY90A S4a p BF495 S3 Sm BF964 S5 FET 
BOY91 S4a p BF496 S3 Sm BF966 S5 FET 
BDY92 S4a p BF510 S7/S5 Mm/FET BF967 S3 Sm 

BF198 S3 Sm BF511 S7/S5 Mm/FET BF970 S3 Sm 
BF199 S3 Sm BF512 S7/S5 Mm/FET BF979 S3 Sm 
BF240 S3 Sm BF513 S7/S5 Mm/FET BF980 S5 FET 
BF241 S3 Sm BF536 S7 Mm BF981 S5 FET 
BF245A S5 FET BF550;R S7 Mm BF982 S5 FET 

BF245B SS FET BF569 
BF245C S5 FET BF579 
BF247A SS FET BF583 
BF247B S5 FET BF585 
BF247C S5 FET BF587 

BF256A S5 FET BF591 
BF256B SS FET BF593 
BF256C S5 FET BF620 
BF324 S3 Sm BF621 
BF370 S3 Sm BF622 

FET = Field-effect transistors 
HVP = High-voltage power transistors 
Mm = Microminiature semiconductors 

for hybrid circuits 

S7 Mm BF989 S7/S5 Mm/FET 
S7 Mm BF990 S7/S5 Mm/FET 
S4b HVP BF991 S7/S5 Mm/FET 
S4b HVP BF992 S7/S5 Mm/FET 
S4b HVP BF994 S7/S5 Mm/FET 

S4b HVP BF996 S7/S5 Mm/FET 
S4b HVP BFG23 S10 WBT 
S7 Mm BFG32 S10 WBT 
S7 Mm BFG34 S10 WBT 
S7 Mm BFG51 S10 WBT 

P = Low-frequency power transistors 
Sm = Small-signal transistors 
WBT =Wideband hybrid IC transistors 
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INDEX J 
type no. book section 

BFG65 S10 WBT 
BFG90A S10 WBT 
BFG91A S10 WBT 
BFG96 S10 WBT 
BFP90A S10 WBT 

BFP91A S10 WBT 
BFP96 S10 WBT 
BFQ10 S5 FET 
BFQ11 S5 FET 
BFQ12 S5 FET 

BFQ13 S5 FET 
BFQ14 S5 FET 
BFQ15 S5 FET 
BFQ16 S5 FET 
BFQ17 S7 Mm 

BFQ18A S7 Mm 
BFQ19 S7 Mm 
BFQ22S S10 WBT 
BFQ23 S10 WBT 
BFQ23C S10 WBT 

BFQ24 S10 WBT 
BFQ32 S10 WBT 
BFQ32C S10 WBT 
BFQ32S S10 WBT 
BFQ33 S10 WBT 

BFQ34 S10 WBT 
BFQ34T S10 WBT 
BFQ42 S6 RFP 
BFQ43 S6 RFP 
BFQ51 S10 WBT 

BFQ51C S10 WBT 
BFQ52 S10 WBT 
BFQ53 S10 WBT 
BFQ63 S10 WBT 
BFQ65 S10 WBT 

BFQ66 S10 WBT 
BFQ68 S10 WBT 
BFQ136 S10 WBT 
BFR29 55 FET 
BFR30 S5/S7 FET/Mm 

* =series 
FET = Field-effect transistors 

type no. book section type no. 

BFR31 S5/S7 FET/Mm BFW17A 
BFR49 S10 WBT BFW30 
BFR53;R S7 Mm BFW61 
BFR54 S3 Sm BFW92 
BFR64 s10 WBT BFW92A 

BFR65 S10 WBT BFW93 
BFR84 S5 FET BFX29 
BFR90 S10 WBT BFX30 
BFR90A S10 WBT BFX34 
BFR91 S10 WBT BFX84 

BFR91A S10 WBT BFX85 
BFR92;R S7 Mm BFX86 
BFR92A;R S7 Mm BFX87 
BFR93;R S7 Mm BFX88 
BFR93A;R S7 Mm BFX89 

BFR94 S10 WBT BFY50 
BFR95 S10 WBT BFY51 
BFR96 S10 WBT BFY52 
BFR96S S10 WBT BFY55 
BFR101A;B S7/S5 Mm/FET BFY90 

BFS17 ;R S7 Mm BG2000 
BFS18;R S7 Mm BG2097 
BFS19;R S7 Mm BGD102 
BFS20;R S7 Mm BGD102E 
BFS21 S5 FET BGD104 

BFS21A S5 FET BGD104E 
BFS22A S6 RFP BGX11* 
BFS23A S6 RFP BGX12* 
BFT24 S10 WBT BGX13* 
BFT25;R S7 Mm BGX14* 

BFT44 S3 Sm BGX15* 
BFT45 S3 Sm BGX17* 
BFT46 S7/55 Mm/FET BGX25 
BFT92;R S7 Mm BGY22 
BFT93;R S7 Mm BGY22A 

BFW10 S5 FET BGY23 
BFW11 S5 FET BGY23A 
BFW12 S5 FET BGY32 
BFW13 S5 FET BGY33 
BFW16A S10 WBT BGY35 

Sm =Small-signal transistors 
ThM =Thyristor modules 

book 

S10 
S10 
S5 
S10 
S10 

S10 
S3 
S3 
S3 
S3 

S3 
S3 
S3 
S3 
S10 

S3 
S3 
S3 
S3 
S10 

S1 
S1 
S10 
S10 
S10 

S10 
S2b 
S2b 
S2b 
S2b 

S2b 
S2b 
S2a 
S6 
S6 

S6 
S6 
S6 
S6 
S6 

Mm = Microminiature semiconductors 
for hybrid circuits 

WBM =Wideband hybrid IC modules 
WBT =Wideband hybrid IC transistors 

RFP = R.F. power transistors and modules 
RT = Tripler 
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section 

WBT 
WBT 
FET 
WBT 
WBT 

WBT 
Sm 
Sm 
Sm 
Sm 

Sm 
Sm 
Sm 
Sm 
WBT 

Sm 
Sm 
Sm 
Sm 
WBT 

RT 
RT 
WBM 
WBM 
WBM 

WBM 
ThM 
ThM 
ThM 
ThM 

ThM 
ThM 
ThM 
RFP 
RFP 

RFP 
RFP 
RFP 
RFP 
RFP 



type no. book section type no. book 

BGY36 56 RFP BLU45/12 56 
BGY40A 56 RFP BLU50 56 
BGY40B 56 RFP BLU51 56 
BGY41A 56 RFP BLU52 56 
BGY41B 56 RFP BLU53 56 

BGY43 56 RFP BLU60/12 56 
BGY45A 56 RFP BLU97 56 
BGY45B 56 RFP BLU98 56 
BGY46A 56 RFP BLU99 56 
BGY46B 56 RFP BLV10 56 

* BGY47 56 RFP BLV11 56 
BGY50 510 WBM BLV20 56 
BGY51 510 WBM BLV21 56 
BGY52 510 WBM BLV25 56 
BGY53 510 WBM BLV30 56 

BGY54 510 WBM BLV30/12 56 
BGY55 510 WBM BLV31 56 
BGY56 510 WBM BLV32F 56 
BGY57 510 WBM BLV33 56 
BGY58 510 WBM BLV33F 56 

BGY58A 510 WBM BLV36 56 
BGY59 510 WBM BLV37 56 
BGY60 510 WBM BLV45/12 56 
BGY61 510 WBM BLV57 56 
BGY65 510 WBM BLV59 56 

BGY67 510 WBM BLV75/12 56 
BGY67A 510 WBM BLV80/28 56 
BGY70 510 WBM BLV90 56 
BGY71 510 WBM BLV91 56 
BGY74 510 WBM BLV92 56 

BGY75 510 WBM BLV93 56 
BGY84 510 WBM BLV94 56 
BGY84A 510 WBM BLV95 56 
BGY85 510 WBM BLV96 56 
BGY85A 510 WBM BLV97 56 

BGY93A 56 RFP BLV98 56 
BGY93B 56 RFP BLV99 56 
BGY93C 56 RFP BLW29 56 
BLU20/12 56 RFP BLW31 56 
BLU30/12 56 RFP BLW32 56 

=series 

RFP = R.F. power transistors and modules 
WBM =Wideband hybrid IC modules 

l INDEX 

section type no. book section 

RFP BLW33 56 RFP 
RFP BLW34 56 RFP 
RFP BLW50F 56 RFP 
RFP BLW60 56 RFP 
RFP BLW60C 56 RFP 

RFP BLW76 56 RFP 
RFP BLW77 56 RFP 
RFP BLW78 56 RFP 
RFP BLW79 56 RFP 
RFP BLWBO 56 RFP 

RFP BLW81 56 RFP 
RFP BLW82 56 RFP 
RFP BLW83 56 RFP 
RFP BLW84 56 RFP 
RFP BLW85 56 RFP 

RFP BLW86 56 RFP 
RFP BLW87 56 RFP 
RFP BLW89 56 RFP 
RFP BLW90 56 RFP 
RFP BLW91 56 RFP 

RFP BLW95 56 RFP 
RFP BLW96 56 RFP 
RFP BLW97 56 RFP 
RFP BLW98 56 RFP 
RFP BLW99 56 RFP 

RFP BLX13 56 RFP 
RFP BLX13C 56 RFP 
RFP BLX14 56 RFP 
RFP BLX15 56 RFP 
RFP BLX39 56 RFP 

RFP BLX65 56 RFP 
RFP BLX65E 56 RFP 
RFP BLX67 56 RFP 
RFP BLX68 56 RFP 
RFP BLX69A 56 RFP 

RFP BLX91A 56 RFP 
RFP BLX91CB 56 RFP 
RFP BLX92A 56 RFP 
RFP BLX93A 56 RFP 
RFP BLX94A 56 RFP 
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type no. book section type no. book section type no. book 

BLX94C S6 RFP BS170 S5 FET BSS61 S3 
BLX95 S6 RFP 8SD10 S5 FET 8SS62 S3 
8LX96 S6 RFP 8SD12 S5 FET 8SS63;R S7 
8LX97 S6 RFP 8SD20 S5/7 FET 8SS64;R S7 
BLX98 S6 RFP BSD22 S5/7 FET 8SS68 S3 

8LY85 S6 RFP 8SD212 S5 FET 8SS83 S5/7 
8LY87A S6 RFP BSD213 S5 FET 8ST15 S7 
8LY87C S6 RFP 8SD214 S5 FET BST16 S7 
BLY SSA S6 RFP BSD215 S5 FET BST39 S7 
8LYSSC S6 RFP BSR12;R S7 Mm 8ST40 S7 

BLYS9A S6 RFP BSR13;R S7 Mm 8ST50 S7 
8LYS9C S6 RFP 8SR14;R S7 Mm 8ST51 S7 
BLY90 56 RFP BSR15;R S7 Mm BST52 57 
8LY91A 56 RFP 8SR16;R 57 Mm 8ST60 57 
8LY91C S6 RFP 8SR17;R 57 Mm 8ST61 S7 

8LY92A S6 RFP 8SR17A;R 57 Mm 8ST62 57 
BLY92C 56 RFP 8SR1S;R S7 Mm 8ST70A S5 
8LY93A S6 RFP 8SR1SA;R S7 Mm 8ST72A S5 
BLY93C S6 RFP BSR30 
8LY94 S6 RFP 8SR31 

BLY97 S6 RFP BSR32 
8PF10 SS PDT BSR33 
BPF24 SS PDT BSR40 
BPW22A SS PDT BSR41 
BPW50 SS PDT 8SR42 

8PX25 SS PDT BSR43 
BPX29 SS PDT BSR50 
BPX40 SS PDT BSR51 
BPX41 SS PDT BSR52 
BPX42 SS PDT BSR56 

BPX71 SS PDT BSR57 
BPX72 SS PDT BSR5S 
BPX95C SS PDT BSR60 
BR100/03 S2b Th BSR61 
BR101 S3 Sm 8SR62 

BRY39 S3 Sm BSS3S 
BRY56 S3 Sm BSS50 
BRY61 S7 Mm BSS51 
BRY62 S7 Mm BSS52 
BS107 S5 FET BSS60 

FET = Field-effect transistors 
Mm = Microminiature semiconductors 

for hybrid circuits 

S7 Mm BST74A S5 
57 Mm BST76A S5 

57 Mm BST7S S5 
S7 Mm BS TSO S5 
S7 Mm BSTS2 S5 
S7 Mm BSTS4 S5 
S7 Mm BSTS6 S5 

S7 Mm BST90 S5 
S3 Sm BST97 SS 
S3 Sm BST100 S5 
S3 Sm BST110 S5 
S7/S5 Mm/FET BST120 S5 

S7/S5 Mm/FET BST122 S5 
S7/S5 Mm/FET BSV15 S3 
S3 Sm BSV16 S3 
S3 Sm BSV17 S3 
S3 Sm BSV52;R S7 

S3 Sm BSV64 S3 
53 Sm BSV78 SS 
S3 Sm BSV79 S5 
S3 Sm BSV80 S5 
S3 Sm BSVS1 S5 

PDT = Photodiodes or transistors 
Th = Thyristors 
Tri = Triacs 

section 

Sm 
Sm 
Mm 
Mm 
Sm 

FET/Mm 
Mm 
Mm 
Mm 
Mm 

Mm 
Mm 
Mm 
Mm 
Mm 

Mm 
FET 
FET 
FET 
FET 

FET 
FET 
FET 
FET 
FET 

FET 
FET 
FET 
FET 
FET 

FET 
Sm 
Sm 
Sm 
Mm 

Sm 
FET 
FET 
FET 
FET 

Sm = Small-signal transistors R FP = R.F. power transistors and modules 
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8SW66A S3 Sm 8TY91* 
8SW67A S3 Sm 80426 
8SW68A S3 Sm 80426A 
8SX19 S3 Sm 80433 
8SX20 S3 Sm 80505 

8SX45 S3 Sm 80506 
8SX46 S3 Sm 80506D 
8SX47 S3 Sm 80508A 
8SX59 S3 Sm 80508D 
8SX60 S3 Sm 80705 

8SX61 S3 Sm 80706 
8SY95A S3 Sm 80706D 
8T136* S2b Tri 80806 
8T137* S2b Tri 80807 
8T138* S2b Tri 80804 

8T139* S2b Tri 80824 
8T149* S2b Th 80826 
8T151* S2b Th 80P22* 
8T152* S2b Th 80P23* 
8T153 S2b Th 80S11 ;A 

BT155* S2b Th BOS12;A 
8T157* S2b Th BOS13;A 
BTV24* S2b Th BOS14;A 
BTV34* S2b Tri BOS21* 
BTV58* S2b Th BOS22* 

BTV59* S2b Th BOS23* 
BTV60* S2b Th BOT11;A 
BTW23* S2b Th BOT11F 
BTW38* S2b Th BOT11AF 
BTW40* S2b Th BOV82 

BTW42* S2b Th BOV83 
BTW43* S2b Tri BOV89 
BTW45* S2b Th BOV90;A 
BTW58* S2b Th BOW11;A 
BTW59* S2b Th BOW12;A 

8TW63* S2b Th BOW13;A 
BTW92* S2b Th BOW84 
BTX18* S2b Th 80W85 
BTX94* S2b Tri BOX46;A 
BTY79* S2b Th BOX47;A 

* =series 
PM = Power MOS transistors 
R = Rectifier diodes 
SP = Low-frequency switching power transistors 

book 

S2b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

S4b 
S4b 
S4b 
S4b 
S4b 

l INDEX 

section type no. book section 

Th 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

80X48;A S4b 
80X80 S4b 
80X81 S4b 
80X82 S4b 
80X83 S4b 

80X84 S4b 
80X84F S4b 
80X85 S4b 
80X85F S4b 
80X86 S4b 

80X87 S4b 
80X88 S4b 
80X90 S4b 
80X98 S4b 
80X98A S4b 

80X99 S4b 
80Y89 S4b 
80Z10 S9 
80Z10A S9 
80Z11 S9 

BOZ 11A S9 
BOZ14 S9 
BOZ15 S9 
BOZ20 S9 
BOZ21 S9 

BOZ23 S9 
BOZ24 59 
BOZ25 S9 
BOZ30 S9 
BOZ31 S9 

BOZ32 S9 
BOZ33 S9 
BOZ34 S9 
BOZ35 S9 
BOZ36 S9 

BOZ40 S9 
BOZ41A S9 
BOZ42 S9 
BOZ43 S9 
BOZ44A S9 

Sm = Smal I-signal transistors 
Th = Thyristors 
Tri = Triacs 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 

SP 
SP 
PM 
PM 
PM 

PM 
PM 
PM 
PM 
PM 

PM 
PM 
PM 
PM 
PM 

PM 
PM 
PM 
PM 
PM 

PM 
PM 
PM 
PM 
PM 
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type no. book section type no. book section type no. book section 

BUZ45 59 PM BY505 51 * R BYV36 51 R 
BUZ45A 59 PM BY509 51 R BYV39* S2a R 
BUZ458 59 PM BY527 51 R BYV42* 52a R 
BUZ45C 59 PM BY584 51 R BYV43* 52a R 
BUZ46 59 PM BY588 51 R BYV72* 52a R 

BUZSOA 59 PM BY609 51 R BYV73* S2a R 
BUZSOB 59 PM BY610 51 R BYV79* 52a R 
BUZ53A 59 PM BY614 51 R BYV92* 52a R 
BUZ54 59 PM BY619 51 R BYV95A 51 R 
BUZ54A 59 PM BY620 S1 R BYV95B S1 R 

BUZ60 59 PM BY707 51 R BYV95C 51 R 
BUZ60B 59 PM BY708 51 R BYV96D S1 R 
BUZ63 59 PM BY709 S1 R BYV96E 51 R 
BUZ63B 59 PM BY710 51 R BYW25* 52a R 
BUZ64 59 PM BY711 51 R BYW29* 52a R 

BUZ71 59 PM BY712 S1 R BYW30* 52a R 
BUZ71A S9 PM BY713 51 R BYW31* S2a R 
BUZ72 S9 PM BY714 51 R BYW54 51 R 
BUZ72A 59 PM * BYW55 51 R BYD13* 51 R 
BUZ73A 59 PM BYD33 51 R BYW56 S1 R 

BUZ74 * BYW92* 59 PM BYD73* 51 R 52a R 
BUZ74A 59 PM BYM56 51 R BYW93* S2a R 
BUZ76 59 PM BYQ28* S2a R BYW94* S2a R 
BUZ76A S9 PM BYR29* 52a R BYW95A S1 R 
BUZ80 S9 PM BYT79* 52a R BYW95B S1 R 

BUZ80A 59 PM BYV10 51 R BYW95C S1 R 
BUZ83 59 PM BYV19* S2a R BYW96D 51 R 
BUZ83A 59 PM BYV20* 52a R BYW96E s1 R 
BUZ84 59 PM BYV21* 52a R BYX25* 52a R 
BUZ84A 59 PM BYV22* 52a R BYX30* 52a R 

BY228 51 R BYV23* S2a R BYX32* 52a R 
BY229* 52a R BYV24: 52a R BYX38* 52a R 
BY249* S2a R BYV26 51 R BYX39* 52a R 
BY260* 52a R BYV27* 51/52a R BYX42* 52a R 
BY261* S2a R BYV28* 51/52a R BYX46* 52a R 

BY329* 52a R BYV29* S2a R BYXSO* S2a R 
BY359* 52a R BYV30* S2a R BYX52* 52a R 
BY438 51 R BYV32* S2a R BYX56* S2a R 
BY448 51 R BYV33* S2a R BYX90G 51 R 
BY458 51 R BYV34* S2a R BYX94 51 R 

=series 
R = Rectifier diodes 
PM = Power MOS transistors 
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type no. book section type no. book section type no. book section 

BYX96* S2a R CFX33 S11 M CQV61A(L) SB LED 
BYX97* S2a R CNX21 SB PhC CQV62(L) SB LED 
BYX9B* S2a R CNX35 SB PhC CQV70(L) SB LED 
BYX99* S2a R CNX36 SB PhC CQV70A(L) S8 LED 
BZD23 S1 Vrg CNX37 S8 PhC CQV71A(L) S8 LED 

BZT03 S1 Vrg CNX38 S8 PhC CQV72(L) SB LED 
BZV10 S1 Vrf CNX44 58 PhC CQV80L 58 LED 
BZV11 S1 Vrf CNX48 58 PhC CQV80AL 58 LED 
BZV12 S1 Vrf CNX62 58 PhC CQVB1L 58 LED 
BZV13 S1 Vrf CNY50 58 PhC CQV82L 58 LED 

BZV14 S1 Vrf CNY52 58 PhC CQW10(L) SB LED 
BZV37 S1 Vrf CNY53 58 PhC CQW10A(L) 58 LED 
BZV46 51 Vrg CNY57 58 PhC CQW10B(L) S8 LED 
BZV49* S1/S7 Vrg/Mm CNY57A S8 PhC CQW11A(L) 58 LED 
BZV55* S7 Mm CNY62 58 PhC CQW11B(L) SB LED 

• CNY63 S8 PhC CQW12(L) 58 BZV85* 51 Vrg LED 
BZW03 51 Vrg CQ209S S8 D CQW12B(L) SB LED 
BZW14 S1 Vrg CQ216X SB D CQW20A SB LED 
BZW70* S2a TS CQ216Y S8 D CQW21 5B LED 
BZW86* S2a TS CQ327;R 58 D CQW22 58 LED 

BZW91* S2a TS CQ330;R 58 D CQW24(L) 58 LED 
BZX55 • S1 CQ331 ;R 58 D CQW54 58 LED Vrg 
BZX70* 52a Vrg CQ332;R SS D CQX10 58 LED • CQ427;R SS D CQX11 5S LED BZX75 51 Vrg 
BZX79* 51 Vrg CQ430;R 58 D CQX12 5S LED 

BZXB4* 57/51 Mm/Vrg CQ431;R SS D CQX24(L) 58 LED 
BZX90 51 Vrf CQ432;R 58 D CQX51 SS LED 
BZX91 51 Vrf CQF24 SS Ph CQX54(L) SS LED 
BZX92 51 Vrf CQL10A 5S Ph CQX64(L) 5S LED 
BZX93 51 Vrf CQL13 5S Ph CQX74(L) SS LED 

BZX94 S1 Vrf CQL13A 5S Ph CQX74Y SS LED 
BZY91* 52a Vrg CQL14A 5S Ph CQY11B 5S LED 
BZY93* S2a Vrg CQL14B 5S Ph CQY11C SB LED 
BZY95* 52a Vrg CQN10 5S LED CQY24B(L) SS LED 
BZY96* S2a Vrg CQN11 5S LED CQY49B S8 LED 

CFX13 s 11 M CQT10 SS LED CQY49C SB LED 
CFX21 S11 M CQT11 SS LED CQY50 SS LED 
CFX30 s 11 M CQT12 SS LED CQY52 SS LED 
CFX31 s 11 M CQV60(L) SS LED CQY54A SS LED 
CFX32 S11 M 

=series 
D =Displays 
LED= Light-emitting diodes 
M = Microwave transistors 
Mm = Microminiature semiconductors 
Ph = Photoconductive devices 

CQV60A(L)SS LED CQY5SA 

PhC = Photocouplers 
R = Rectifier diodes 
TS =Transient suppressor diodes 
Vrf = Voltage reference diodes 
Vrg = Voltage regulator diodes 

SS LED 
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CQY89A 58 LED 
CQY94 58 LED 
CQY94B(L) SB LED 
CQY95B S8 LED 
CQY96(L) S8 LED 

I 
CQY97A sa LED 
LAE2001R S11 M 
LAE4001Q 511 M 
LAE4001R 511 M 
LAE4002S 511 M 

LAE6000Q 511 M 
LBE1004R 511 M 
LBE1010R S11 M 
LBE20035 511 M 
LBE2005Q S11 M 

LBE2008T S11 M 
LBE2009S S11 M 
LCE1010R S11 M 
LCE2003S 511 M 
LCE2005Q S11 M 

LCE2008T S11 M 
LCE2009S S11 M 
LJE42002T 511 M 
LKE1004R S11 M 
LKE2002T 511 M 

LKE2004T S11 M 
LKE2015T 511 M 
LKE21004R S11 M 
LKE21015T 511 M 
LKE21050T 511 M 

LKE27010R S11 M 
LKE27025R 511 M 
LKE32002T S11 M 
LKE32004T S11 M 
LTE42005S S11 M 

LTE42008R S11 M 
LTE42012R S11 M 
LV1721E50R S 11 M 
LV2024E45R S11 M 
LV2327E40R S11 M 

F ET = Field-effect transistors 
LED= Light-emitting diodes 
M = Microwave transistors 

type no. book section type no. 

LV3742E16R 511 M OSB9210 
LV3742E24R S11 M OSB9215 
LWE2015R S11 M OSB9410 
LWE2025R S11 M OSB9415 
LZ1418E100RS11 M OSM9110 

MKB12040WS 511 M OSM9115 
MKB12100WS S11 M OSM9210 
MKB12140W 511 M OSM9215 
M06075B200ZS11 M OSM9410 
M06075B400Z511 M 05M9415 

MRB12175YR 511 M OSM9510 
MRB12350YR 511 M OSM9511 
MS1011B700YS11 M OSM9512 
MS6075B800ZS11 M OSS9110 
M5B12900Y S11 M OSS9115 

MZ0912B75Y S11 M OSS9210 
MZ0912B150YS11 M OSS9215 
OM286 S13 SEN OSS9410 
OM287 s 13 SEN 0559415 
OM320 510 WBM PBMF4391 

OM321 S10 WBM PBMF4392 
OM322 S10 WBM PBMF4393 
OM323 510 WBM PDE1001U 
OM323A 510 WBM PDE1003U 
OM335 510 WBM PDE1005U 

OM336 510 WBM PDE1010U 
OM337 510 WBM PEE1001U 
OM337A 510 WBM PEE1003U 
OM339 510 WBM PEE1005U 
OM345 510 WBM PEE1010U 

OM350 S10 WBM PH2222;R 
OM360 S10 WBM PH2222A;R 
OM361 S10 WBM PH2369 
OM370 S10 WBM PH2907;R 
OM386 S13 SEN PH2907A;R 

OM387 S13 SEN PH2955T 
OM931 S4a p PH3055T 
OM961 S4a p PH5415 
OSB9110 S2a St PH5416 
OSB9115 S2a St PH13002 

SEN =Sensors 
Sm =Small-signal transistors 
St = Rectifier stacks 

P = Low-frequency power transistors WBM= Wideband hybrid IC modules 
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S2a St 
S2a St 
S2a St 
S2a St 
S2a St 

S2a St 
S2a St 
S2a St 
S2a St 
S2a St 

I 

52a St 
52a St 
S2a St 
S2a St 
S2a St 

S2a St 
S2a St 
S2a St 
S2a St 
55 FET 

SS FET 
55 FET 
511 M 
S11 M 
511 M 

I 
511 M 
511 M 
511 M 
511 M 
S11 M 

53 Sm 
S3 Sm 
S3 Sm 
S3 Sm 
S3 Sm 

S4a p 

S4a p 
53 Sm 
S3 Sm 
S4b SP 



l INDEX 

type no. book section type no. book section type no. book section 

PH13003 S4b SP RPYB9 SB I TIP115 · S4a p 

PHSD51 S2a R RPY90* SB I TIP116 S4a p 

PKB3001U S11 M RPY91* SB I TIP117 S4a p 

PKB3003U S11 M RPY93 SB I TIP120 S4a p 

PKB3005U S11 M RPY94 SB I TIP121 S4a p 

PKB12005U 511 M RPY95 SB I TIP122 S4a p 

PKB20010U 511 M RPY96 SB I TIP125 S4a p 

PKB23001U 511 M RPY97 SB I TIP126 S4a p 

PKB23003U S11 M RV3135B5X S11 M TIP127 S4a p 

PKB23005U S11 M RX1214B300Y 511 M TIP130 S4a p 

PKB25006T 511 M RXB12350Y 511 M TIP131 S4a p 

PKB32001U 511 M RZ1214B35Y S11 M TIP132 S4a p 

PKB32003U 511 M RZ1214B60W S11 M TIP135 S4a p 

PKB32005U S11 M RZ1214B65Y S11 M TIP136 S4a p 

PPC5001T S11 M RZ1214B125W S11 M TIP137 S4a p 

PQC5001T S11 M RZ1214B125Y S11 M TIP140 S4a p 

PTB23001X S11 M RZ1214B150Y S11 M TIP141 S4a p 

PTB23003X S11 M RZ2B33B45W 511 M TIP145 S4a p 

PTB23005X 511 M RZ3135B15U S11 M TIP146 S4a p 

PTB32001X 511 M RZ3135B15W S11 M TIP147 S4a p 

PTB32003X S11 M RZ3135B25U 511 M TIP2955 S4a p 

PTB32005X 511 M RZ3135B30W 511 M TIP3055 S4a p 

PTB42001X S11 M RZB12100Y S11 M 1N821 ;A 51 Vrf 
PTB42002X S11 M RZB12350Y S11 M 1NB23;A 51 Vrf 
PTB42003X S11 M RZZ1214B300YS11 M 1N825;A S1 Vrf 

PV3742B4X S11 M TIP29* S4a p 1N827 ;A 51 Vrf 
PVB42004X S11 M TIP30* 54a p 1N829;A 51 Vrf 
PZ1418B15U 511 M TIP31* 54a p 1N914 51 SD 
PZ1418B30U 511 M TIP32* S4a p 1N916 51 SD 
PZ1721B12U S11 M TIP33* S4a p 1N3B79 S2a R 

PZ1721B25U S11 M TIP34* S4a p 1N3B80 S2a R 
PZ2024B10U S11 M TIP41 * S4a p 1N3881 S2a R 
PZ2024B20U S11 M TIP42* S4a p 1N3882 52a R 
PZB16035U S11 M TIP47 S4a p 1N3883 S2a R 
PZB27020U S11 M TIP48 S4a p 1N38B9 S2a R 

RPY5BA SB Ph TIP49 S4a p 1N3B90 S2a R 
RPY76B SB Ph TIP50 S4a p 1N3B91 S2a R 
RPYB6 SB I TIP110 S4a p 1N3B92 S2a R 
RPYB7 SB I TIP111 S4a p 1N3893 S2a R 
RPYBB sa I TIP112 S4a p 1N3909 S2a R 

=series RFP = R.F. power transistors and modules 
I = Infrared devices SD =Small-signal diodes 
M = Microwave transistors Sm =Small-signal transistors 
P = Low-frequency power transistors SP = Low-frequency switching power transistors 
Ph = Photoconductive devices Vrf =Voltage reference diodes 
R = Rectifier diodes 
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1N3910 S2a R 
1N3911 S2a R 
1N3912 S2a R 
1N3913 S2a R 
1N4001G S1 R 

1N4002G S1 R 
1N4003G S1 R 
1N4004G S1 R 
1N4005G S1 R 
1N4006G S1 R 

1N4007G S1 R 
1N414B S1 SD 
1N4150 S1 SD 
1N4151 S1 SD 
1N4153 S1 SD 

1N4446 S1 SD 
1N444B S1 SD 
1N4531 S1 SD 
1N4532 S1 SD 
1N5059 S1 R 

1N5060 S1 R 
1N5061 S1 R 
1N5062 S1 R 
1N5B32 S2a R 
1N5B33 S2a R 

1N5B34 S2a R 
1N6097 S2a R 
1N609B S2a R 
2N91B S10 WBT 
2N929 S3 Sm 

2N930 S3 Sm 
2N1613 S3 Sm 
2N1711 S3 Sm 
2N1B93 S3 Sm 
2N2219 S3 Sm 

2N2219A S3 Sm 
2N2222 S3 Sm 
2N2222A S3 Sm 
2N2297 S3 Sm 
2N236B 53 Sm 

A = Accessories 
F ET = Field-effect transistors 
I = Infrared devices 
Ph = Photoconductive devices 
R = Rectifier diodes 
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type no. 

2N2369 
2N2369A 
2N24B3 
2N24B4 
2N2904 

2N2904A 
2N2905 
2N2905A 
2N2906 
2N2906A 

2N2907 
2N2907A 
2N3019 
2N3020 
2N3053 

2N3375 
2N3553 
2N3632 
2N3B22 
2N3B23 

2N3866 
2N3903 
2N3904 
2N3905 
2N3906 

2N3924 
2N3926 
2N3927 
2N3966 
2N4030 

2N4031 
2N4032 
2N4033 
2N4091 
2N4092 

2N4093 
2N4123 
2N4124 
2N4125 
2N4126 

book section type no. book section 

SJ Sm 2N4391 S5 FET 
S3 Sm 2N4392 S5 FET 
S3 Sm 2N4393 S5 FET 
S3 Sm 2N4427 S6 RFP 
S3 Sm 2N4B56 S5 FET 

S3 Sm 2N4B57 S5 FET 
S3 Sm 2N4B5B S5 FET 
S3 Sm 2N4B59 S5 FET 
S3 Sm 2N4B60 S5 FET 
S3 Sm 2N4B61 S5 FET 

S3 Sm 2N5400 S3 Sm 
S3 Sm 2N5401 S3 Sm 
S3 Sm 2N5415 S3 Sm 
S3 Sm 2N5416 S3 Sm 
S3 Sm 2N5550 S3 Sm 

S6 RFP 2N5551 S3 Sm 
S6 RFP 2N6659 S5 FET 
S6 RFP 2N6660 S5 FET 
SS FET 2N6661 S5 FET 
S5 FET 61SV SB I 

56 RFP 375CQY/B SB Ph 
S3 Sm 497CQF/A SB Ph 
S3 Sm 49BCQL SB Ph 
S3 Sm 56201d S4b A 
S3 Sm 56201 j S4b A 

S6 RFP 56245 53, 10 A 
S6 RFP 56246 S3, 10 A 
S6 RFP 56261a S4b A 
S5 FET 56264a,b S2a/b A 
S3 Sm 56295 S2a/b A 

S3 Sm 56326 S4b A 
S3 Sm 56339 S4b A 
S3 Sm 56352 S4b A 
S5 FET 56353 S4b A 
S5 FET 56354 S4b A 

55 FET 56359b S2,4b A 
S3 Sm 56359c S2,4b A 
S3 Sm 56359d S2,4b A 
S3 Sm 56360a S2,4b A 
S3 Sm 56363 S2,4b A 

RFP = R.F. power transistors and modules 
SD =Small-signal diodes 
Sm =Small-signal transistors 
WBT= Wideband transistors 

I 
! 

I 



type no. 

56364 
56367 
56368a 
56368b 
56369 

56378 
56379 
56387a,b 

A = Accessories 

book section 

S2,4b A 
S2a/b A 
S2,4b A 
S2,4b A 
S2,4b A 

S2,4b A 
S2,4b A 
S4b A 

l INDEX 
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